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This study was stimulated by a recent U.S. Environ-
mental Protection Agency (EPA, 1994} statement in
draft environmental carcinogen risk assessment
guidelines: “Several kinds of observations from animal
studies can contribute to the judgment whether ani-
mal responses indicate a significant carcinogenic haz-
ard to humans.” We have investigated each of these
kinds of observation using the cancer biocassay data
system database. We obtained concordances from rat
to mouse (and vice versa) for various subgroups of
chemicals as follows: chemicals that induced tumors
at multiple sites, chemicals that indace cancer in both
sexes, chemicals that display reduced latency, and
--chemicals increasing the rates of rare tumors. The con-
cordances are much higher for these chemical sub-
groups than the chemical groups that induee tumor at

a single site, in only cne sex, or without reduced la- -

tency, respectively. Thus, our findings support some
of the EPA’s suggested factors. o 1885 Acsdemic Press, Inc

INTRODUCTION

Long-term rodent bioassays are a primary source of
information about potentizl human carcinogenic risk.
However, there is considerable scientific uncertainty in
generalizing the results of these tests from rodents te
humans and in extrapolating the dose response from
the high doses used in the animal bieassay to the lower
doses encountered by humans in the workplace or envi-
ronment. - Scientists and risk assessors have been
searching for factors which influence the ability of ani-
mal tests to predict human hazard. The U.S, Environ-

mental Protection Agency (EPA), in draft revisions to

its carcinogen risk assessment guidelines (EPA, 1994),
identified several observations from animal bioassays
which the agency believes increase the likelihood that
a rodent carcinogen could also be a human carcinogen.
According to EPA a compound would be considered

! To whom correspondence should be addressed.
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more likely to be a human carcinogenic hazard if it
(i) causes an increase in uncommon tumeor type(s); (ii)
causes increased tumor rates at muitiple sites; (iii) in-
duces tumors by more than one route of administration;
(iv) causes tumors in multiple species, strains, or in
both sexes of one test species; (v) is associated with
reduced latency in tumor formation; (vi) leads to meta-
static tumors; (vii) causes an unusual (presumably
large) magnitude of tumor response; (viii) increases the
proportion of malignant tumors in animals; or (ix) is
associated with a clear dose-related increase in tumor
rate. Many of these factors have been proposed as in-
creasing human carcinogenic hazard before (e.g., EPA,
1986; IARC, 1987; Huff et gl., 1991} althouglrofien with
little or no supporting. ing evidence (e.g., Byrd, 1988). The
identification of these factors has been based on biologi-
cal intuition and some experimental evidence. Qur goal
is to quantiiatively evaluate these factors in a large
database. o

Ideally, to identify important factors which may in-

fiuence the predictive value of rodent carcinogenicity

tests for humans we would study the response of hu-
mans and laboratory redents to known human carcine-
gens. However, due to the rather limited number of
known human carcinogens which have been tested in
standard animal bioassays, few conclusions can be
drawn. On the other hand, there are a large number
of chemical carcinogenicity tests that have been con-
ducted on the two common laboratory species, rats and
mice. Concordance of carcinogenic response across
these phylogenetically similar species should probably
be considered an upper bound on the concordance that
could be expected between rodents and humans.
Several investigators have examined the prediction

‘of carcinogenic response across species including

Crouch and Wilson (1979), Purchase (1980), Haseman
and’ Huff (1987), Gold et al. (1989, 1992), Byrd et al.
(1990), and Piegorsch ef al. (1992). All find relatively
high concordance of carcinogenic response between ro-
dent species. Some have investigated the predictive
ability of particular subsets of chemicals. For example,
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Gold et al. (1989) found that cross-species prediction
was higher for mutagens than nonmutagens and for
substances which are toxic at low doses. Piegorsch et
al. (1992) demonstrated that cross-species concordance
is higher for chemicals with a high carcinogenic po-
tency. Because carcinogenic petency is correlated (at
least in the standard bioassay) with acute toxicity (Par-
odi et al., 1982; Zeise et al., 1984), this is equivalent to
an increase in concordance with low maximum toler-
ated dose (MTD) as found by Gold et al. (1989).

This study uses the cancer bioassay.data. system
(CBDS), a computerized database of long-term animal
bioassays conducted by the National Cancer Institute
and National Toxicology Program, to evaluate several
of the factors listed previously to see which increase
the concordance of carcinogenic response between rats
and mice. Specifically, we examine whether chemicals
which cause increases in rare tumors, which induce
tumors at multiple sites, which cause iricreased tumor
rates in both sexes of a test species, which reduce la-
tency of neoplasia, or which cause a clear dose-related
trend in tumor incidence are better cross-species pre-
dictors of carcinogenicity. We hope that this empirical
analysis will allow identification of factors which in-
fluence prediction of carcinogenic response in general.

We realize that knowledge of biological and pharmaco-

kinetic factors, which may strongly infiuence carcino-
genic response in different species, would be very use-

chemicals will be useful in the case of newly tested
* chemicals with few mechanistic data yet developed. We
+ also hope that this type of analysis will be useful as a

hypothesis-generating tool. -

‘We examine the positive predictive value (PPV) and
negative predictive value (NPV) across species for
chémicals with these attributes. We begin with the ini-

" tial hypothesis that, in fact, there are no differences
between chemicals that influence response in two dif-

ferent species. We are, therefore, testing the EPA state-

 ments-as alternative hypotheses. There is one strong
assumption which we make in using these data. We
assume that the standard 2-year bioassay, with expo-
sures near the maximum tolerated dose, is appropriate
for evaluating carcinogenicity. It must be clear that we

are only evaluating the question of prediction of high--

dose animal carcinogenic response. The study is rele-
vant to the validity of extrapolation tolow-dose human
risk only if further assumptions are made. An addi-
tional assumption is'also made—that the group of

- chemicals tested by. NTP. from the universe of chemi-

cals is representative of the particular chemical for
which we may wish to make a.prediction. It is, in fact,
unlikely that tested ehemicals are a random selection
because testing has focused on chemicals thought likely
to be carcinogenic or with widespread human exposure.
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METHODS

Database

- The carcinogenesis bioassays performed under NCI/
NTP program are the primary source of data for our
analysis. The data are contained in the CBDS and in-

clude results up to December 1987 (Arnold, 1988), at

which point the CBDS format was abandoned by NTP.
The extent of the database in this analysis is slightly
different from that in Byrd et al. (1990). The database

‘consists of bioassays on 18 strains of mice, hamsters,

and rats and seven routes of administration (details in
Byrd et al., 1990) and includes a total of 587 combina-
tions of substances. Most of these bioassays have data
for both male and female animals.

The computation methods were developed by Dr. Ed-
‘mund Crouch and are described in Byrd et al. (1990).
We will reiterate a few key factors. First, CBDS experi-

-ments had to meet certain criteria before being ana-

lyzed. Each experiment consisted of groups of animals
treated by-a-chemical substance at different dose. Each

. combination of chemieal, species, strain, sex, and route

of administration was:considered a separate experi-
ment. The following three criteria were set in our study:

1’.' Eac:h“,T experiment had to have at least one control
group, and each group was required to have data avail-

- Tesp aueren , US€-.. able on some animals. ;
_ful_ However, mechanistic information of sufficient de-. Rt
///?:all is available on only a handful of the chemicals being -
studied. In addition, study of the general attributes of .

2. Relative magnitudes of the.first dose adminis-
teredto th- - Fferent dosed groups were taken as repre-
sentative (... ‘oseschanged during the bloass«; *he

‘beginning dose vas used).

-3. Only long-term experiments (the longest lifetime
recorded for any animal exceeded 70 weeks) were in-
cluded. - : '

Because we are primarily interested in the interspecies
concordance between mouse and rat, only those sub-
stances tested on both mouse and rat are analyzed. All

. the mouse strains and ratstrains were used. Further-

‘more, only experiments conducted using food; water, or
gavage as routes of exposure were used in the analysis.
Second, the statistical significance within each ex-

- periment was calculated. For each dosed group, a one-

sided Fisher’s exact significance value was obtained by

* comparing the tumor incidence with the control group.

The numbers of tumors in each group were those at

“the end'of the experiment. The numbers of animals

at risk  were taken to be either the initial numbers
of animals in a ‘group (“unadjusted” analysis) or the

-number of animals when the first animal was found

to have a tumor of the classification under analysis
(“adjusted” analysis). In addition, a mortality-adjusted
Cochran—Armitage dose trend test (Gart ef al., 1986)
was performed. ~ ,

For each experiment, the response was classified as
positive, negative, or weak. A response was considered
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TABLE 1 :
Summary of Responses in the CBDS Databasge®
No. of

chemicals %
Chemicals tested on both mouse and rat 317
Chemicails positive in either mouse or rat 268 83
Chemicals positive in both species 155 49
Chemicais positive in single site 156 49
Chemicale positive in two sites 60 19
Chemicals positive in three or more sites 67 21
Chemicals positive in single sex of one spectes 118 37
Chemicals positivé in hoth sexes of one species 150 47

“ Weak evidence counted as positive.

positive if the Fisher’s exact test P < 0.025 for any one
dosed group of P < 0.05 for two dosed groups. A weak
response was defined if the criteria for positive were not
met but a dose-trend test with P < 0.025 was observed.
Otherwise, the response was negative. In our investiga-
tions the weak responses can be assigned to either the

positive or the negative response category. The weak -

was included as positive throughout this analysis. A

summary of the responses in the database is provided

in Table 1.

The same tumor classification system used by Byrd .
et al. (1990) was implemented in this work, There are . -
a total of 102 classifications which include both tumeor

types and tumor sites (shown in Table 2). Among the
102 classifications, 66 were classified as malignant pri-
mary neoplasms and 36 as benign primary neoplasms.
This classification excludes metastatic lesions or unas-
signable lesions as to primary or metasiatic. -
A total of 317 chemicais tested on both mouse and
rat satisfy all of the requirements. Further statistic
. details of these chemicals are shown in Table 1. Within
the 317 substances that met our criteria, 109 are muta-
gens and 208 are nonmutagens. Data on mutagenicity
was provided by Zeiger (1994).

Data Analysis
. Toinvestigate the factors identified by EPA as poten-

tially increasing the likelthood of a “serious” carcino- -

genic effect, we investigated interspecies and intra-
species. concordances grouping chemicals in the CBDS
to correspond to the different factors. In the context of
this paper, concordance refers to the agreement of tu-
.mor induction at any site between different species/
strain/route/sex combinations in resporise to the same
chemical substance. Higher concordance or positive
. predictive vaiue indicates a better chance of observing
a response in one group when it is already found in
another group. The obvious notion is that a good inter-
. species coneordance in animals may imply a good con-

cordance between animals and humans (Crouch and

Wilson, 1979).
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-- Tumor responses were analyzed on the basis of 2 X
2 concordance tables. A sample concordance table is

-shown in Table 3. The columns and rows represent the

same or different groups of tumor site/type classifica-
tions in one or another combination of species, strains,

routes, and sexes. The numbers in the cells designated

A=D represent numbers of tested chemical substances
that had positive or negative response for an animal
group (species or sex). Perfect concordance would be
defined as B = C = 0, meaning that a tumor found in
the row selection always predicts a tumor in the column

- selection and not finding a tumor in the row selection
' guarantees not finding a tumor in the column selection.
Throughout our analysis, a chemical went to the posi-

tive cells for a species when it caused a tumor in at
least one sex and in at least one site.

A concordance. plot (Byrd e al, 1991) was used to
iilustrate both PPV and NPV between two groups of
tumor site/type classifications. The PPV and NPV are
defined as PPV = A{A + B) and NPV = DAC + D).
Confidence limits for PPV and NPV were obtained by

‘treating each value as binomial samples from an infi-

nite population of substances. The reported error bars
represent a confidence interval corresponding to a 68%,
one-sided binomial distribution (approximately 1 SD).
Definitions _

It was required thai we interpret many of the EPA

" factors to conduct the analysis. Within the CBDS the

following definitions were used for the EPA factors ex-
amined (EPA statement first, our definition following).
The exact EPA statement is as follows: “Several kinds
of observations from animal studies can contribute to
the judgment whether animal responses indicate a sig-
niftcant carcinogenic hazard to humans. . . . The fol-
lowing observations add significance:”

Uncommon tumor types. Chemicals which cause an
increase in a type of tumor with a historical back-
ground rate lower than 2% in control animals. Common
tumors are defined as those with a background rate
higher thar 10% for a particular species/strain/sex.
‘About 80% of the 102 classifications were consudered
rare tumors;

Tumors at multiple sites. Chemicals causing in-
crease in tumors in two sites or three or more sites in
at least one group (séx, species) of treated animals were
examined. These are compared to chemicais which in-
duce tumors in a single site.

Tumors by more than one route of administration.
The CBDS has too few chemicals with muitiple tests
via different exposure routes to examine this factor.

Tumors in multiple species, strains, or in both sexes.
Chemicals which cause tumors in both species in the
bicassay have perfeci predictive value in our analysis
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. Skin, breast, papilloma, +

. Respiratory, oral + papilloma, +
. GI papilloma, +

Urinary, reprod. papillma, +
Skin. breast adenomsa, +
Respiratory, oral adenoma, +
Liver adenoma, + .

. GI adenoma

Urinary, reprod. adenoma

. Pitnitary adenoma

. Endocrine + sdenome, +

. Skin, urinary + adenomas

. Reprod., endocrine + adenocmas
. Tubular cell adenoma, +

. Follicular, clear cell adenomas

. Cortical adenoma

. Skin, breast, liver, and cystadenomas

b Rl e et e g
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. Keratoacanthoma, +
Tubular adenoma, +
Interstitial cell tumor
Pheochromocytoma, +

Skin, breast fibroma

. Blood, bone fibroma
Fibroma, other sites

Lipoma, +-

Leiomyoma, +

. Endometrial stromal polyp, +
. Fibroadenoma, +
Hemangioma, +

. Osteoma, +

Hamartoma, +

?83"33885585?55‘3555

. Skin, breast carcinoma
. Bleod. bone carcinoma

GRAY ET Al.
TABLE 2
Tumor Classification
. Gangﬁmemﬁa, “+ 6£9. Cortical carcinoma
. Chromophobe adenoma 70. Clear cell carcinoms

. Adnexal, sebaceous, + carcinoma
. Thymoma

35

36

37

38

39. Lung carcinoma 73. Granulous cell carcinoma
40. Oral, GI carcinoma 74. Interstitial cell carcinoma
41. Urinary carcinoma 75. Pheochromocytoma, +
42. Reproductive carcinoma 76. Skin sarcoma, +

43, Pituitary carcinoma 77. Other sites sarcoma, +
44. Endocrine carcinoma 78. Blood, bone sarcoma, +
45. Brain carcinomasa 79. Liposarcoma

46. Slkan, breast papi carcinoma 80. Leiomyosarcoma, +

47. Lung papillary carcinoma 81. Endometrial stromal sarcoma, +
48. GI, urinary papillary carcinoma 82. Carcincsarcoma, +

49, Uterus, ovary papillary carcinoma 83. Mesothelioma, osteosarcoma, +
50. Thyroid papillary carcinoma 84, Teratoma, +

51. Skin + squamous carcinoma 5. Hemangiosarcoma, +

52, Lung squamous carcinoma 86. Granular cell tumor, +
53. Oral, GI squamons carcinoma 87. Glioma

54. Urinary, reprod. 5quamous carcinoma 88. Oligodendroglioma, +

55. Skin, GI basai ceil carcinoma 89, Astrocytoma

56. Urinary transitional cell carcinoma 90. Olfactory neurcblastoma, +
57. Skin, breast adenocarcinoma 91. Neurcfibrogarcoma

58. Lung adenocarcinoma 92, Lymphoma

59. Oral, GI adenocarcinoma 93. Lymphocytic lymphoma
60. Urinary, reprod. adenocarcinoma 94, Histiocytic lymphoma

61. Endocrine, brain adenccarcinoma 95. Mized lvmphoma ~ - -
62. Islet cell carcinoma 98, Matigno. reticulnsis

63. Bile duct carcinoma 97. Leukema

65. Alveolar, broncheolar carcinoma 99. Lymphocytic leukemia
66. Chromaphobe carcinoma 108. Plasmacytic leukemia, +
67. Tubular cell adenocarcinoma . -101. - Granulocytic leukemia
68. Thyroid follicular cell carcinoma 102. Monocytic leukemia

(by definition) and so this question was not exarnined.
We do evaluate whether chemicals which increase tu-
mors of both sexes of one species are better predictors
of careinogenicity in the other species than are those
increasing tumors in only one sex.

- Progression of lesions from preneoplastic to benign to
malignant. This factor is not examined. It will be the
focus of a future analysis.

Reduced latency of neoplastic lesions. These are as-
sumed to be chemicals which cause the appearance of

TABLE 3
Sample Concordance Table

tumors in treated animals sooner than in controls. We
examined predictive value for chemicals causing any
himor in treated animals 4, 13, or 26 weeks earlier than
controls. We also investigated the difference between
chemicals causing reduced latency in both dose groups
or only one.

Metastases. This factor is not evaluated.

Unusual magnitude of tumor response. We defined
this factor to mean chemicals which cause a very strong
positive dose-related increase in tumors in treated ani-
mals. We compare chemicals with trend tests signifi-
cant at the P < 0.05, P < 0.025, or P < 0.01 levels in
one species to the standard definition of positive in the
other. Use of significance level as a measure of magni-
tude of response is reasonable because of the standard
experimental design in NTP bioassays, but might pres-

Col .
i ent problems in other situations.

Row + T Proportion of malignant tumors. Our tumor type
. A B A+B grouping only allows this distinction to be made for a
- C D C+D few tumor types, therefore this factor is not evaluated.

Dose-related increases. Here we distinguished be-
A+C B+D A+B+C+D  iween ‘statistically significant responses only by pair-
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FIG. I. Concordance of carcinogenic response between mice and
rats for any tumor type {1, mouse to rat; 2, rat to mouse), from rare
tumors to any tumor (2, mouse to rat; b, rat to mouse), and from
cornmon tumors to any tumor (3, mouse to rat; ¢, rat to mouse),

~ wise comparison versus those with clear dose-related
increases in tumor rate. Chemicals which show a P
< 0.05 Cochran—Armitage test for dose response are

compared to those which are only significant at P <

0.05 by Fisher exact test for at least one dose group
but do not have a significant dose trend.

RESULTS

We find, similar to other mvesugators discussed pre-

viously, that a positive response in mice is associated.

with a positive response in rats 76% of the time. The
positive predictive value from rats to mice is approxi-
mately 71% (shown in Fig. 1). This can be taken as a

general predictive rate across species in the high-dose -

chronic rodent bioassay. It has been noted that chance
alone would lead to an approximately 43% PPV from

rats to mice and 48% from mice to rats (Gold ez al., -
1989). Positive predictive valee from male mice to fe-

male mice, and vice versa, is essentially identical
(69%). However, a difference is observed for rats de-
pending on whether the prediction is from response in
male rats to female rats (67%) or from female rats to
males {78%) (Fig. 2).

First we examine whether chemicals increasing rates
of rare tumors are more concordant across species than

ali chemicals or than these incressing common tumors. -

We find that chemicals increasing rates of rare tumors
(sometimes along with other tumor sites) have better
predictive value across species than those increasing
only common tumors. Figure 1 also shows a plot of
positive and negative predictive values for chemicals
inereasing rare tumoers and those increasing common

tumors. Those increasing rare tumors have a statisti- =

cally significantly greater predictive value than all
chemicals (95 vs 76% for mice to rats; 86 vs 71% for
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FIG. 2. Concordance of carcinogenic response within a species.
Male mousge to female mouse, 1; female mouse to male mouse, 2.
Male rat to female rat, 2; female rat to male rat, b.

rats to mice) or those increasing common tumors (95
vs 80% for mice to rats; 86 vs 70% for rats to mice).
This confirms an unpublished conclusion by Byrd ef al.
(1991). -

We next investigated whether there is a difference
in positive predictive value of carcinogenic response
across species for chemicals which cause an increase
in tumor rate at one, two, or-three or more sites in
the predicting species: Figure-3 shows. that chemicals
which cause an increase in tumors at muitiple sites
(either two or three or more) have much higher mouse
to rat positive predictive value than chemicals causing

- an increase at a single site (96—98 vs 57%). The same

is true for the rat to mouse prediction (85—90 vs 56%).

- Interestingly, there did not seem to be much difference

in predictive value between chemicals causing in-

- creased tumor rates in two organs and these causing

increases in three or more. It appears that for either

Pasitive Prediclive Value
o o
il

0.2

Ao M

([ singeste 77 wostes . | twee+ siwes |

FI1G. 3. Prediction of carcinogenic response across species for chem-
icals inducing tumors in one, two, and three or more siles.
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FIG.4. Prediction of carcinogenic response across species for chem-
icals inducing twmors in just one or both sexes of one test species.

comparison, if a chemical causes multiple tumors in
one gpecies it is virtually certain to increase the tumor
rate in the other species as well. Interestingly, for the
group of chemicals inducing tumers at two or more
sites the correlation between potency and cross-species
prediction (Gold et ai., 1989; Piegorsch et al., 1992) was
not observed (data not shown).

To test the assumption that chemicals that cause an
inerease in tumors of both sexes of one species are more
likely than single-sex carcinogens to increase tumors in
the other species, we calculated the positive predictive

___ walue from-mice to-rats and rats to mice for chemicals

which cause tumors in one sex only and those causing
tumors in both sexes (Fig. 4). From mice to rats the
PPV for single-sex carcinogens is 57% and for chemicals
causing tumors in both male and female mice the PPV
is 88%. The results are equally impressive for the rat
to mouse comparison. The single-sex PPV is 50%, while
the PPV for chemicals causing tumors in both sexes is
84%. This alse confirms the unpublished conclusion of
Byrd ef al. (1991).

Evaluation of chemicals which cause tumors to ap-
pear more rapidly in treated than in control animals
found similar results whether reduced latency was de-
fined as the appearance of tumors in treated animais
4, 13, or 26 weeks earlier than controls. Figure 5 com-
pares the PPV for chemicals which caused tumors ear-
lier in treated animals 13 weeks or more than controls
in either one or both dose groups to chemicals which
did not reduce tumor latency but were still positive.
Clearly, reduced latency is associated with much
higher PPV across species. For mouse to rat compari-
son PPV jumped from 51% with no reduced latency to
87% with reduced latency in one dose group. Similarly,
the rat to mouse PPV went from 46% with no reduced
latency to 85% with 13 weeks or more reduced latency
in one dose group. There is a small caveat here; this
definition of reduced latency, which is convenient for
our analysis, is coupled with the definition of increased

FIG.5. [nfluence of reduced latency of tumor development on eross
species prediction of carcinogenicity including difference between re-
duced latency in one dose group or two.

carcinogenic response. However, this coupling is unim-
portant because of the next test noted below.

The one factor which does not seem to infiuence
cross-species prediction of carcinogenic response is the
magnitude of the increase in tumors. Figure 6 shows
that the PPV from mice to rats is essentially the same
whether & chemical causes an increase in tumors with
a dose response significant at P < 0.05, P < 0.025, or
P < 0.01. The same is true for prediction from rats to
mice. From mouse to rat the PPVs are 77, 78, and 81%,
respectively. A slight increase is also seen for rat to
mouse predictions at 71, 73, and 76%. However, all
the PPV differences are within the uncertainty of PPV
evaluation.

To investigate whether the presence of a clear dose—
response relationship increased the cross-species pre-
diction of carcinogenic response, we looked at pre-
dictive values for those chemicals causing tumors with

0.97
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g o 1
§ osi 18
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é 0.34 E !
Po '
0.14 “ DD
.l R o
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T pw00s T7Z p< 0028 ip<00

FIG. 6. Cross-species prediction of cancer response for chemicals
demonstrating dose—response trends with different levels of signifi-
cance. .
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only significant pairwise oompansons to controls (2 mouse to rat; b,
ras to mouse).
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ample, in addition to EPA, the Food and Drug Adminis-
tration has maintained for many years that chemicals
which increase the rates of rare tumors in animal bio-
assays are to be considered potentially greater human
hazards than those which increase only common tu-
mors. Again, the empirical basis for this claim, prior
to this study, is unclear.

In the present study we find that there are indeed
characteristics of chemicals, or of the tumors that they
induce, thch increase the cross-species PPV for a car-
cinogenic response. 'These include induction of uncom-
mon tumor type(s), tumors at multiple sites, and tu-

~ mors in both sexes of one test species. In addition, we

find that chemiicals causing 2 tumorigenic response
characterized by reduced latency in tumor formation
or causing a clear dose-related increase in tumor rate,

“rather than simply an-ihcrease by pairwise comparison

but no dose response, -have mcreased posltwe Cross-

" species predictive power.

a statistically significant dose—trend test compared to
those which caused a statistically significant Fisher

——exact test with at least one dose group but did not have

a significant trend. The group of chemicals that cause
increased tumor rates by the Fisher exact test only is
quite smal, mm'easmgthesaz_eoft.heermrbars but
comparison with those causing dose-related increases
finds a much higher cross-species PPV for those chemi-
cals with significant dose trends (Fig. 7). It is interest-
ing to note the increase in negative predictive value in
the group of chemwals which are positive only by the
Fisher exact test.

Finally, although it is not an exphat criterion in the
EPA proposed guidelines, it is generally believed that
there are important differences in carcinogenic poten-
tial between mutagenic and nonmutagenic chemicals

(Ashby and Tennant 1988, 1991; Butterworth, 1989).:

In this analysis mutagenic chemicals clearly have bet-
‘ter PPVs than all chemicals and nonmutag'emc chemi-
cals have worse PPVs (Fig. 8). From mice to rats the
PPV for mutagens was 84% and for nonmutagens was
71%. The PPV from rats to mice was 77% for mutagens.
and 67% for nonmutagens :

DISCUSSION

Our investigation of factors which EPA believes “can
contribute to the ;udgment whether animal responses
indicate a significant carcinogenic hazard to humans”

- finds that most do indeed increase eross-species predic-
tion of carcinogenicity. As might be expected, the bio-
logical intuition, informed by years of experience,

which underlies the list of important factors is a good .

guide. Many of the factors we have investigated have
long been believed to increase the confidence of cross-
species generalization of carcinogenic hazard. For ex-

Interestingly, the overlap of chemicals between these
factors is quite high. For example, 102 of 112 chemicals

‘which induce tumors at multiple sites were found to
" induce tumors in both sexes and 103-of that 112 had a

significant dose trend. This leads to the possibility that
the factors investigated are not independent descrip-

-tions of a group of chemical carcinogens. For instance,

we find, as noted by Ashby and Tennant (1991), that
mutagenic chemicals are more likely than nonmuta-
gens to be multiple-site carcinogens. In the same way,
mutagens are also associated with rare tumors much
more than nonmutagens. Identification of the correla-
tion betwéen the many factors investigated in this
study could yieid one (or more) attribute that increases
cross-species PPV, If a single (or perhaps two or three)

.attribute of a chemieal could be generally agreed to
- signal likely cross-species prediction of carcinogenic re-
- sponse, then attention could be focused on understand-

ing the eross-species generalizability of animal carcino-
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FIG. 8. Cmss-m concordance of carcinogenic response for mu-
tagenic (1, mouse to rat; &, rat to mouse) and nonmutagenic chemicals
(2, mouse to rat; b, rat to monse).
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gens lacking the attribute(s). This could also have im-
portant consequences for carcinogen classification.

We had expected that there would be an increase in
cross-species prediction for chemicals which cause a
large tumor response, characterized by a dose-re-
sponse trend positive at P < 0.01 compared to those
with the standard P < 0.05 response. This we expected
because it is far less likely that a chemical which dis-
plays this strength of response would be judged carcin-
ogenic for spurious experimental reasons. However,
our analysis shows no difference between the two
groups, ; o )
~ Several aspects must be considered in the use of
these factors to interpret possible human carcinogenic-
ity. First, we only analyze cross-species concordance of
high-dose, lifetime exposure. It is possible that some of
these factors would not influence generalization across
species under different exposure conditions. Second, we
are examining average results for many chemicals
- without specific information on potential mechanisms
of action. In cases in which mechanistic information is
available it may provide additional evidence for the
cross-species generalizability (or lack thereof) of carcin-
ogenic response. Our goal is to understand in general

the response of chemicals in different species with the

-hope of informing inferences about the large number
of chemicals which may lack mechanistic data (Weis-
burger, 1990). We have also relied on a strictly statisti-
cal measure to classify carcinogens as positive or nega-
tive. It is clear that within the NTP program there are
tumor responses that are statistically significant but
considered not biologically significant, just as there are
nonstatistically significant responses sometimes con-
sidered biologically significant. Our choice was to re-

move as much subjective influence as possible given -
that the many different chemicals had been reviewed -

by different peer review panels over the years. We be-
lieve that it is unlikely that our -method of defining

carcinogens leads to a significantly different result  *" e )
 Gold, L. S., Manley, N. B,, and Ames, B. N. (1992). Extrapolation

than would another method.

In conclusion, this investigation finds support for
many of the factors stated as influencing cross-species
prediction of carcinogenic response by the EPA (1994).
All of the factors tested, with the exception of increased
magnitude of response, significantly improved the posi-
tive predictive value of carcinogenic response between
rodents in the NTP bioassay program. Higher concor-
dance between rodent species might indicate higher
concordance between human and rodent species. Fu-
ture work will investigate the cross-species prediction

of a protective effect against carcinogenicity. Many of

the chemicals tested in the NTP bioassay program
cause a statistically significant decrease in tumor rate

in some sites. We will investigate whether this effect -

is ‘concordant across species and whether there are fac-
tors which influence the prediction of protection.

GRAY ET AL.
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TABLE 1 :
Summary of Responses in the CBDS Databasge®
No. of

chemicals %
Chemicals tested on both mouse and rat 317
Chemicails positive in either mouse or rat 268 83
Chemicals positive in both species 155 49
Chemicais positive in single site 156 49
Chemicale positive in two sites 60 19
Chemicals positive in three or more sites 67 21
Chemicals positive in single sex of one spectes 118 37
Chemicals positivé in hoth sexes of one species 150 47

“ Weak evidence counted as positive.

positive if the Fisher’s exact test P < 0.025 for any one
dosed group of P < 0.05 for two dosed groups. A weak
response was defined if the criteria for positive were not
met but a dose-trend test with P < 0.025 was observed.
Otherwise, the response was negative. In our investiga-
tions the weak responses can be assigned to either the

positive or the negative response category. The weak -

was included as positive throughout this analysis. A

summary of the responses in the database is provided

in Table 1.

The same tumor classification system used by Byrd .
et al. (1990) was implemented in this work, There are . -
a total of 102 classifications which include both tumeor

types and tumor sites (shown in Table 2). Among the
102 classifications, 66 were classified as malignant pri-
mary neoplasms and 36 as benign primary neoplasms.
This classification excludes metastatic lesions or unas-
signable lesions as to primary or metasiatic. -
A total of 317 chemicais tested on both mouse and
rat satisfy all of the requirements. Further statistic
. details of these chemicals are shown in Table 1. Within
the 317 substances that met our criteria, 109 are muta-
gens and 208 are nonmutagens. Data on mutagenicity
was provided by Zeiger (1994).

Data Analysis
. Toinvestigate the factors identified by EPA as poten-

tially increasing the likelthood of a “serious” carcino- -

genic effect, we investigated interspecies and intra-
species. concordances grouping chemicals in the CBDS
to correspond to the different factors. In the context of
this paper, concordance refers to the agreement of tu-
.mor induction at any site between different species/
strain/route/sex combinations in resporise to the same
chemical substance. Higher concordance or positive
. predictive vaiue indicates a better chance of observing
a response in one group when it is already found in
another group. The obvious notion is that a good inter-
. species coneordance in animals may imply a good con-

cordance between animals and humans (Crouch and

Wilson, 1979).
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-- Tumor responses were analyzed on the basis of 2 X
2 concordance tables. A sample concordance table is

-shown in Table 3. The columns and rows represent the

same or different groups of tumor site/type classifica-
tions in one or another combination of species, strains,

routes, and sexes. The numbers in the cells designated

A=D represent numbers of tested chemical substances
that had positive or negative response for an animal
group (species or sex). Perfect concordance would be
defined as B = C = 0, meaning that a tumor found in
the row selection always predicts a tumor in the column

- selection and not finding a tumor in the row selection
' guarantees not finding a tumor in the column selection.
Throughout our analysis, a chemical went to the posi-

tive cells for a species when it caused a tumor in at
least one sex and in at least one site.

A concordance. plot (Byrd e al, 1991) was used to
iilustrate both PPV and NPV between two groups of
tumor site/type classifications. The PPV and NPV are
defined as PPV = A{A + B) and NPV = DAC + D).
Confidence limits for PPV and NPV were obtained by

‘treating each value as binomial samples from an infi-

nite population of substances. The reported error bars
represent a confidence interval corresponding to a 68%,
one-sided binomial distribution (approximately 1 SD).
Definitions _

It was required thai we interpret many of the EPA

" factors to conduct the analysis. Within the CBDS the

following definitions were used for the EPA factors ex-
amined (EPA statement first, our definition following).
The exact EPA statement is as follows: “Several kinds
of observations from animal studies can contribute to
the judgment whether animal responses indicate a sig-
niftcant carcinogenic hazard to humans. . . . The fol-
lowing observations add significance:”

Uncommon tumor types. Chemicals which cause an
increase in a type of tumor with a historical back-
ground rate lower than 2% in control animals. Common
tumors are defined as those with a background rate
higher thar 10% for a particular species/strain/sex.
‘About 80% of the 102 classifications were consudered
rare tumors;

Tumors at multiple sites. Chemicals causing in-
crease in tumors in two sites or three or more sites in
at least one group (séx, species) of treated animals were
examined. These are compared to chemicais which in-
duce tumors in a single site.

Tumors by more than one route of administration.
The CBDS has too few chemicals with muitiple tests
via different exposure routes to examine this factor.

Tumors in multiple species, strains, or in both sexes.
Chemicals which cause tumors in both species in the
bicassay have perfeci predictive value in our analysis
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FIG. I. Concordance of carcinogenic response between mice and
rats for any tumor type {1, mouse to rat; 2, rat to mouse), from rare
tumors to any tumor (2, mouse to rat; b, rat to mouse), and from
cornmon tumors to any tumor (3, mouse to rat; ¢, rat to mouse),

~ wise comparison versus those with clear dose-related
increases in tumor rate. Chemicals which show a P
< 0.05 Cochran—Armitage test for dose response are

compared to those which are only significant at P <

0.05 by Fisher exact test for at least one dose group
but do not have a significant dose trend.

RESULTS

We find, similar to other mvesugators discussed pre-

viously, that a positive response in mice is associated.

with a positive response in rats 76% of the time. The
positive predictive value from rats to mice is approxi-
mately 71% (shown in Fig. 1). This can be taken as a

general predictive rate across species in the high-dose -

chronic rodent bioassay. It has been noted that chance
alone would lead to an approximately 43% PPV from

rats to mice and 48% from mice to rats (Gold ez al., -
1989). Positive predictive valee from male mice to fe-

male mice, and vice versa, is essentially identical
(69%). However, a difference is observed for rats de-
pending on whether the prediction is from response in
male rats to female rats (67%) or from female rats to
males {78%) (Fig. 2).

First we examine whether chemicals increasing rates
of rare tumors are more concordant across species than

ali chemicals or than these incressing common tumors. -

We find that chemicals increasing rates of rare tumors
(sometimes along with other tumor sites) have better
predictive value across species than those increasing
only common tumors. Figure 1 also shows a plot of
positive and negative predictive values for chemicals
inereasing rare tumoers and those increasing common

tumors. Those increasing rare tumors have a statisti- =

cally significantly greater predictive value than all
chemicals (95 vs 76% for mice to rats; 86 vs 71% for
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FIG. 2. Concordance of carcinogenic response within a species.
Male mousge to female mouse, 1; female mouse to male mouse, 2.
Male rat to female rat, 2; female rat to male rat, b.

rats to mice) or those increasing common tumors (95
vs 80% for mice to rats; 86 vs 70% for rats to mice).
This confirms an unpublished conclusion by Byrd ef al.
(1991). -

We next investigated whether there is a difference
in positive predictive value of carcinogenic response
across species for chemicals which cause an increase
in tumor rate at one, two, or-three or more sites in
the predicting species: Figure-3 shows. that chemicals
which cause an increase in tumors at muitiple sites
(either two or three or more) have much higher mouse
to rat positive predictive value than chemicals causing

- an increase at a single site (96—98 vs 57%). The same

is true for the rat to mouse prediction (85—90 vs 56%).

- Interestingly, there did not seem to be much difference

in predictive value between chemicals causing in-

- creased tumor rates in two organs and these causing

increases in three or more. It appears that for either
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FI1G. 3. Prediction of carcinogenic response across species for chem-
icals inducing tumors in one, two, and three or more siles.



