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ABSTRACT—Reproducibility of results was examined in 70 “near-
replicate” comparisons consisting of 2 or more long-term carcino-
genesis bioassays of the same chemical administered by the same
route and using the same sex and strain of rodent. Overall, there
was good reproducibility of positivity, target site, and carcinogenic
potency in hamsters, mice, and rats. The published authors’
opinions about whether the test was positive disagreed in only 9 of
the 70 comparisons. Among the 35 comparisons in which all tests
of the chemical were positive, 33 of the near-replicates had at least
1 identical target site. The carcinogenic potency values estimated
from near-replicate tests in these 35 comparisons were within a
factor of 2 of each other in 40% of the comparisons, within a factor
of 5 in 80%, and within a factor of 10 in 90%. For the few cases in
which the carcinogenic response was not reproduced, analyses
suggest two explanations: In mice the discrepant cases tended to
have shorter experiment times than average; in both rats and mice
the discrepant results tended to be tests of weakly active com-
pounds.—JNCI 1987; 78:1149-1158.

Rodent bioassays are widely used to detect potential
human carcinogens and to assess possible hazards to
Lumans from various chemical exposures. The utility of
the animal data depends on two major assumptions:
1) that the biological processes involved in the develop-
ment of cancer are similar in rodents and humans and
2) that the results of animal bioassays are reproducible.
Two or more experiments testing the same chemical in
the same test animal under comparable conditions are
reproducible if they obtain similar results. An experi-
ment is defined here as the dose and control groups for a
particular species, strain, and sex in a single research
report, and near-replicate experiments are those con-
ducted in the same species, strain, and sex of animal
with the use of a reasonably similar protocol. Knowl-
edge of the variation in results between near-replicate
experiments provides a reference point for assessing dif-
ferences in results between species, strains, sexes, Or
routes of chemical administration. If there are signilf-
icant differences when the test animals and route are
identical, this may reflect the biological, experimental,
and/or statistical variation that occurs even when spe-
cies, strain, and route are constant.

Factors that are important in determining the degree
of similarity of the outcomes of two experiments include
a) whether or not the test agent is carcinogenic in both
experiments, b) whether the particular target sites are
the same, and ¢) whether the estimates of carcinogenic

potency are similar. In this paper we compare these -

three experimental outcomes in chronic, long-term car-
cinogenesis bioassays, which we define as “‘near-repli-
cates” because they test the same chemical agent in the
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same strain and sex of rat, mouse, or hamster by the
same route of administration.

The source of data for this analysis is the CPDB, a
large compendium of standardized results from chronic
long-term animal tests (1). The CPDB includes results
of approximately 3,000 experiments on 770 chemicals;
these results either were published in the general liter-
ature prior to July 1981 or were from bioassays carried
out under the auspices of the National Cancer Institute-
National Toxicology Program published prior to July
1980. All experiments in the data base met a set of
inclusion criteria that were designed to allow the estima-
tion of carcinogenic potency; therefore, reasonable con-
sistency in experimental protocols is assured. For exam-
ple, experiments are included if the test agent was
administered alone rather than in combination with
other substances, if the protocol included a control
group, if the route of administration was diet, water,
gavage, inhalation, iv injection, or ip injection, and if
the length of the experiment in rodents was at least 1
year with dosing for at least 6 months. [See Gold et al. .
(1) for further details.]

METHODS

Selection of near-replicate comparisons.—The CPDB
was searched for “near-replicate” comparisons by identi-
fying all cases where 2 or more experiments were con-
ducted of the same chemical, with the use of the same
sex and strain of rodent (hamster, mouse, or rat) and the
same route of administration. The experiments may
have been conducted in the same laboratory at different
times or in different laboratories. Seventy near-replicate
comparisons were identified, including 161 individual
experiments on 38 different chemicals. There are 4 com-
parisons in hamsters, 25 in mice, and 41 in rats. Abouta
quarter of the comparisons involve 3 or 4 near-replicate
experiments, and the rest compare 2 experiments.

ABEREVIATIONS USED: CPDB = carcinogenic potency data base; MTD =
maximally tolerated dose.
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Although only 38 chemicals met the criteria for near-
replicate experiments, the retesting of compounds gen-
erally is not a rare event. One-quarter of the chemicals
in the CPDB (190/770) have at least 2 tests conducted at
different times, ignoring the requirement that the spe-
cies, strain, and sex be the same. The 38 compounds in
this analysis cover a wide range of applications and
chemical classes. Included, for example, are pesticides
(DDT, dieldrin), drugs (isoniazid, diethylstilbestrol),
compounds found in foods (saccharin, safrole), nitroso
compounds (dimethylnitrosamine), metallic compounds
[nickel(1l) acetate], and recognized human carcinogens
(vinyl chloride). A variety of strains or stocks were used
in these near-replicate experiments, including inbred
and outbred strains and F; hybrids.

In two-thirds of the comparisons the individual experi-
ments were conducted in the same laboratory at different
times and were reported in separate papers; the purpose
of the second test was rarely to reevaluate the carcino-
genicity of the compound. The remaining comparisons
contain tests conducted by different researchers in dif-
ferent laboratories. We did not consider tests of the same
chemical conducted concurrently in the same laboratory
as near-replicate experiments, because generally such
experiments were designed 1o assess the effects of dosing
schedules, dose levels, or type of diet. If the chemical
was tested al another time in the same laboratory or else
in another laboratory and the concurrent experiments
qualified as near-replicates, we included only 1 of the
concurrent experiments in this analysis, that with a
protocol most similar to that of the comparison test.

Although these 70 comparisons are defined as near-
replicates, the experimental protocols may vary in terms
of length of the experiment, length of exposure to the
Lest agent, proportion of experiment time that the ani-
mals were dosed, average daily dose rate, and total dose.
To summarize the differences within a near-replicate
comparison, we have computed the ratio of the value of
a protocol characteristic in one test to the value in each
of its near-replicate comparison tests using the higher

value in the numerator so that all ratios are equal to or
greater than 1. These results are reported in table 1 and
indicate that for length of experiment, duration of dos-
ing, and proportion of experiment that dosing con-
tinued, all ratios are within 3.0; this restricted range is
due to the criteria for inclusion into the CPDB. To
compare dose levels, we use both the average daily dose
rate and the maximum total dose (i.e., the average daily
dose rate X length of experiment). All of the dose ratios
in mice and three-quarters of the dose ratios in rats are
low; however, the range in rats extends to 44.1 for vinyl
chloride in both sexes of Sprague-Dawley rats and to
9,366 for vinyl chloride in male Wistar rats. Overall,
these results indicate that the term “‘near-replicate” de-
scribes these comparisons well; while the protocols are
usually quite similar, they are not identical. [Full details
for these characteristics in each experiment are pub-
lished in (7).]

Measures of reproducibility.—For each of the 70 near-
replicate comparisons identified in the carcinogenic
potency data base, we compare the results of the repli-
cate experiments by examining 1) carcinogenicity, 2)
target site, and 3) carcinogenic potency. To determine
whether there was evidence for carcinogenicity in each
experiment, we use the author’s opinion in the pub-
lished paper to classify the results as either positive (+)
or negative (—). In a few papers the authors did not
clearly evaluate the carcinogenicity of the compound; in
this analysis we consider these “no opinion'' (n) cases as
lacking evidence of carcinogenicity and categorize them
as '‘negauve.”

Generally, the designation of positivity by these au-
thors' opinions corresponds well with the statistical sig-
nificance of the results based on the P-value of the car-
cinogenic potency estimate. Of the mouse tests that were
evaluated as positive by the author, 95% (37/39) were
also statistically significant at 1 or more target sites
(two-tail P<.01). The corresponding proportion for rat
tests was 78% (38/49); however, 98% of the rat tests were
significant at the P<10 level (two-tail), suggesting that

TABLE 1.—Differences in experimental design factors of near-replicate experiments in mice and rats®

No. of

Species sl v o Factor Median ratio Range of ratios

Mice 25 Experiment time 152 1.0-1.7
Exposure time 1. 1.0-2.4
Proportion of experiment time animals were dosed 1.0 1.0-3.0
Highest daily dose rate 1.3 1.0-4.1
Maximum total dose 1:2 1.0-3.5

Rats 41 Experiment time 1.2 1.0-2.6
Exposure time 1.3 1.0-2.6
Proportion of experiment time animals were dosed 1.3 1.0-3.0
Highest daily dose rate 2.3 1.0-44.1%
Maximum total dose 2.0 1.0-44.1°

* A summary ratio compares larger to smaller value of a factor in each near-replicate comparison (i.e., a comparison consisting of the re-
sults for =2 expts of the same chemical administered by the same route to the same strain and sex of rodent), with the median ratio used

for comparisons consisting of >2 expts.

®Vinyl chloride in male Wistar rats is an outlier with a median ratio for daily dose rate of 9,366 and for maximum total dose of 8,122.
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borderline statistical results are considered evidence of
carcinogenicity more often in rats than in mice. Six of 7
cases without an author's opinion were not statistically
significant; the seventh was of borderline significance
(P<.03). For each near-replicate comparison, we con-
sider the results to be concordant if all (2, 3, or 4) of the
experiments are positive or all are negative; otherwise
we consider the results to be discordant. We emphasize
that our analysis is not an evaluation of the carcino-
genicity of particular substances, but rather an assess-
ment of replicability of similar experiments. Whenever
all experiments in a comparison are positive, we have
determined whether the neoplasms were induced in the
same target organ, again using the author's opinion for
each target site. We consider the results reproducible if
any 1 target site was the same in all of the near-replicate
Lests,

When the individual experiments in a comparison are
all positive, we also examine the estimates of carcino-
genic potency based on the results of the different
experiments. Previously, we proposed the TDso (tumor-
igenic dose-rate 50) as a numerical description of car-
cinogenic potency and calculated its value for the 3,000
experiments in the CPDB. Briefly, TDs is defined as
follows: In the absence of tumors for a given target site
in control animals, TDs is the chronic dose rate in
milligrams per kilogram body weight per day that
would induce tumors in half the test animals at the end
of a standard life-span for the species (2, 3). Since
tumors at the site of interest often do occur in control
animals. 1D is more precisely defined as that dose rate
that will halve the probability of remaining tumor-free
throughout the standard life-span of the species. The
range of TDsy values for the chemicals in this near-
replicate analysis is from 932 ng/kg/day for aflatoxin B,
10 31 g kg day for saccharin; this is similar to the range
in the enure CPDB (7, 4).

In our comparison of TDsq values computed from the
results of 2 or more near-replicate experiments of the
same test agent, we use the lowest TDy (i.e., the most
potent value) calculated for the target sites identified by
the author in each experiment. To assess the reproduci-
bilitv of the potency estimate, we simply compute a
ratio of the TDs values obtained from the individual
tests within a comparison and use the median ratio
when the comparison consists of more than 2 experi-
metts.

Reproducibility in Carcinogenesis Bioassays
RESULTS

Overall, the carcinogenic response is highly reproduc-
ible in hamsters, mice, and rats. Among the 70 compari-
sons, only 13% (9/70) have discordant author’s opinions
about whether neoplasms were induced in the individ-
ual experiments (table 2). Of the 4 comparisons in
hamsters, all are concordant in positivity. In rats,
among 41 comparisons, only 3 are discordant (7%).
Results in mice are discordant more often, with 6 of 25
comparisons (24%) disagreeing on the compound'’s carci-
nogenicity. Approximately half of the comparisons in
each species are concordantly positive. Most compari-
sons are reproducible whether the experiments were
conducted in the same laboratory or in different labora-
tories, although there are not enough data for conduct-
ing a detailed analysis.

When we base the positivity analysis on statistical
significance of the TDsg (P<.01) rather than on author’s
opinion, the number of discordant results is nearly the
same (14/70); however, there are slightly more discrep-
ancies in rats (10/41) than in mice (4/25) due to the
author's positive evaluations of rat tests that were signifi-
cant at the P<.10 (two-tail) level.

In tables 3-6 we report the results for each of the 70
near-replicate comparisons including chemical name,
sex, strain, route of administration, TDsg value and its
statistical significance, target organs, and reference num-
ber. (See “Appendix: References Cited in Tables.”)
Within each comparison the experiments are listed in
the order in which the articles were published. The tables
are organized according to whether the results on posi-
tivity are concordant positive (tables 3, 4), concordant
negative (table 5), or discordant (table 6). In tables 5 and
6 we have indicated with an “n” those tests for which
the author did not provide an opinion as o carcino-
genicity and which we consider as negative. Minuses
represent tests designated as “negative” by the authors.
Taken together, the tables show that a variety of strains,
routes, chemical classes, and target sites are included
among the concordant as well as the discordant com-
parisons.

Reproducibility with respect to the particular organ
in which neoplasms are induced is excellent among the
positive near-replicate bioassays in all 3 species (tables 3,
4). In all but 2 of the 35 positive comparisons, at least 1
target site is identical in all of the near-replicate tests

Tanii 2—Summary of reproducibility of positivity in near-replicate comparisons” of chronic exposure carcinogenesis bioassays
in hamsters, mice, and rats

No. discordant in

Concordant in positivity

Species i Total No. (%)
' positivity (%) No. all positive (%) No. all negative (%)
Hamsters 0(0) 2 (50) 2 (50) 4 (100)
Mice 6 (24) 13 (52) 6 (24) 25 (100)
Rats 3(7) 20 (49) 18 (44) 41 (100)
All species 9(13) 35 (b0) 26 (37) 70 (100)

" A comparison consists of the results for =2 expts of the same chemiecal administered by the same route to the same strain and sex of rodent.
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TABLE 5. —Near-replicate comparisons® of chronic bioassays in hamsters. mice, and rats: Concordant-negative results

Author's opinion for:*

Species Chemical name Route Strain® Appendix reference”
Females Males
Hamsters DDT Diet syg - - - = 7. &
Mice Lead acetate Water cdl - = - - 57, 58
Nickel(II) acetate Water edl - = - — 57, 58
Titanium oxalate, potassium Water edl == - = 57, 58
Rats Aldrin Diet o0sm = = = = 13, 39
== - 12 14
Aramite Diet osm — — — — 54,12
DDT Diet 0sm - = - = 54,12
= - 40
Dieldrin Diet osm — = — = 13, 42
Endrin Diet osm - = - - 13, 43
Methoxychlor Diet osm = f —n 54,12
— = 45
Nitrite, sodium Water mrec - = - - 23, 33
Saccharin, sodium Diet edr —n 38, 3
Thiourea Diet osm —— — — 54, 12
Vinylidene chloride Inhalation cdr — 1 32, 27

" A comparison consists of the results for =2 tests of a single chemical administered by the same route to thesame strain and sex of hamster,

mouse. or rat. Each wiinwes sign or “n” represents a separate expt.

"Strain abbreviations: syg = Syrian golden; ed1 = Charles River CD1: osm = Oshorne-Mendel: mre = MRC; edr = Charles River CD.
"—=indicates the author’s opinion that the compound did not induce tumors in the expt; “n" indicates that the authors did not clearly state an

opinion regarding carcinogenicity of the compound.

' Complete reference is given in “Appendix: References Cited in Tables.” Within each comparison the expts are listed in the order in which

the articles were published.

(whether there be 2, 3, or 4 tests per comparison). Repro-
ducibility of target site includes a variety of organs:
liver, lung, thyroid gland, Zymbal's gland, mammary
gland, kidney, urinary bladder, stomach, vascular sys-
tem, and hematopoietic system. The liver 1s a common
target organ, with reproducible results in 7 of 13 posi-
tive mouse comparisons (table 3) and 6 of 20 positive rat
comparisons (table 4). Most often the overlapping his-
topathology occurs in only 1 target organ; however,
sometimes it includes as many as 5 sites. For example, in
table 3 we report results from 3 tests of N-methyl-N-
formylhydrazine in male Swiss albino mice, and in all 3
tests neoplasms were induced in the liver, lung, and
gallbladder. (The tumor histologies were also similar.)

The estimates of carcinogenic potency (TDsg) for each
positive test are reported in tables 3, 4, and 6. We deter-
mine the reproducibility of the estimates by computing
a ratio of the high to the low TDsg values estimated for
each pair of tests within a concordant-positive compari-
son. For comparisons with multuple tests we have
chosen the median rato from among the ratios calcu-
lated for each pair of tests in the near-replicate compari-
son. For 3 experiments no TDj¢ could be calculated
because 100% of the animals had the tumor of interest;
we have used the upper 99% confidence limit of TDjg in
the rauos for these cases.

In hamsters there are only 2 concordant-positive com-
parisons (both for urethan), and the TDses from the
individual tests are within a factor of 2 of each other. In
mice 46% of the TDsq values for the 13 positive compari-
son tests are within a factor of 2 of one another, 77% are
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within a factor of 5, and all are within a factor of 10. In
rats there are a few more extreme cases among the 20
positive comparisons, but still 40% are within a factor of
2, 80% are within a factor of 5, and 90% are within a
factor of 20.

The inhalation bioassays of vinyl chloride in male
Wistar rats show the most extreme differences in the
magnitude of TD;q (table 4); the median ratio is 433.
Vascular system tumors were induced in experiments
with large differences in the daily dose rate (table 1,
footnote &). Thus the carcinogenic action of vinyl chlo-
ride occurs at very small doses as well as at large doses.
Vinyl chloride is one of only a few chemicals to have
been tested chronically over such a broad range of dose
levels. There is also a wide range of TDsj estimates for
the near-replicate comparisons of aflatoxin B; adminis-
tered in the diet to Fischer 344 rats; the median ratio
1s 21.5.

Although there are some exceptions, potency esti-
mates from near-replicate tests are generally similar; in
about 80% of the comparisons the TDs; estimates are
within fivefold, and in more than 90% they are within
tenfold. This similarity in results is to be expected,
given the usual similarity in the average daily dose rate
administered in the comparison tests (table 1). Whereas
within a species the potency estimates for a single com-
pound usually vary less than tenfold, the estimates for
all carcinogens in the CPDB vary more than 10 million-
fold. [For a discussion of the relationship between
administered dose and estimated values of TDj;y, see
Bernstein et al. (5, 6).]



DISCUSSION

This comparison of chronic, near-replicate experi-
ments demonstrates reproducibility of results in terms of
positivity, target site, and carcinogenic potency in each
of 3 rodent species. These results are based on 70 com-
parison groups in which more than 1 experiment was
conducted with the use of the same chemical, adminis-
tered by the same route to the same sex, strain, and spe-
cies of test animal; the tests used for comparison were
not designed to study replication and generally differ
with respect to several aspects of experimental protocol.

While noting that the number of discrepant cases is
small, we have investigated possible reasons for the dis-
crepant findings on carcinogenicity in 6 of 25 mouse
comparisons and 3 of 41 rat comparisons (table 6). We
first examined whether the differences between the pro-
tocols of the individual experiments within a compari-
son were greater among the discrepant cases in table 6
than among the concordant-positive cases in tables 3
and 4. We took the ratio of each protocol characteristic
within a comparison and found the median value for
the combination of concordant-positive and discordant
cases within each species. We then analyzed whether the
ratios of the discrepant cases more commonly were
above the median, i.e., whether there was more variation
in the ratios of the discordant comparisons than the
concordant-positive comparisons. The ranges of ratios
among the discrepant comparisons are comparable to
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those of concordant-positive comparisons in terms of
experiment length, exposure duration, proportion of the
experiment that exposure lasted, highest average daily
dose rate, and maximum total dose. Therefore, overall
differences in these protocol characteristics do not
account for differences in reproducibility of carcino-
genicity.

We also have examined whether the individual ex-
periments in the discrepant cases may have shared
characteristics of length or dose that might tend to
produce inconsistent results. We hypothesized that if
experiments were of short duration, then a carcinogenic
response might be detected in some cases but not in
others, since tumors generally appear late in life. In
animals that might have developed tumors if they were
permitted to live longer, there would be no observed
tumors in a short test. Our analysis shows that in mice
the discrepant cases were more often below the median
experiment length than the concordant-positive cases
(Fisher's exact probability test, two-sided, P<.01); how-
ever, in rats the opposite was true—the discrepant tests
tended to be longer. In mice, among the 12 individual
experiments from the discrepant comparisons, only 17%
were longer than 78 weeks (2/12); in contrast, 73% of the
experiments in the concordant-positive comparisons
(24/83) lasted that long. Thus we conclude that in mice
but not in rats the generally short experiments may have
contributed to the discrepancy in carcinogenic response.

With respect to dose we have found that the highest

TABLE 6.—Near-replicate comparisons” of chronic bioassays in mice and rats: Nonreproducible results

Species Chemical name Sex Strain Route ‘:;l';:z;“ TD;'  P-value Target organ ::?g::iz
Mice AF2 Q ier Diet - <.9 87
* 95 <.0005 Forestomach 77
3 ier Diet = =1.0 37
+ 90.3 <.0005 Forestomach 77
Butylated hydroxy- A bal Diet * 368 <.03 Lung 6
toluene n <.8 7
1'-Hydroxysafrole a edl Diet # 429  <.0005 Vascular system 4
n =1.0 75
Safrole a cdl Diet n <.03 4
- 249  <.0005 Liver 75
Vinvylidene chloride Q edl Inhalation - =1.0 32
it 170 <.3 Vascular system 27
Rats Nitrilotriacetic acid, Q 34 Diet + 783  <.0005 Kidney, urinary bladder, 46
trisodium salt, ureter
monohydrate = =10 47
a 134 Diet + 511 <.0005 Kidney, ureter 46
— < 47
Saccharin, sodium a edr Diet = =10 38
- =1.0 26
+ 31,100 <.05 Urinary bladder 3

A comparison consists of the results for =2 tests of a single chemical agent administered b

mouse or rat.

v the same route to the same strain and sex of

! Strain abbreviations: ier = ICR/Jel; bal = BALB/c; cd1 = Charles River CD1; f34 = Fischer 344; cdr = Charles River CD.
*+ and — represent single bioassays with results that authors identified as positive and negative, respectively; “n” indicates authors did not

clearly state an opinion regarding carcinogenicity of the compound.

“In mg/kg body wt/day to 3 significant figures.

* Complete reference is given in “Appendix: References Cited in Tables.” Within each comparison the expts are listed in the order inwhich

the articles were published.
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average daily dose levels of the chemicals in the discrep-
ant cases are generally larger than the dose levels in the
concordant-positive cases for both mice and rats (Fisher’s
exact probability test, two-sided, P<.01). In mice, only
17% (2/12) of the discrepant experiments had average
daily dose rates below 70 mg/kg/day compared to 70%
(23/33) of the concordant-positive experiments. In rats,
the dose levels in all of the discrepant experiments were
above 400 mg/kg/day compared to only 9% (4/46) of the
concordant experiments. Thus there appears to be a
relationship between dose level and reproducibility.

In other ongoing analyses of the CPDB we find
similar results for concordance in positivity between rats
and mice: Among compounds that were tested in both
rats and mice and found to be carcinogenic in at least
1 species, the administered dose level is inversely related
to the probability that the compound is carcinogenic in
both species. For example, compounds administered at
less than 1 mg/kg/day to either rats or mice are always
positive in both species if they are positive at all,
whereas compounds administered above 100 mg/kg/day
are positive in both species only about half the time if
they are positive at all. Put somewhat differently, chemi-
cals that induce tumors in only 1 species tend to have
been administered at higher dose levels than chemicals
that induce tumors in 2 species.

If we assume that the maximum dose tested in carci-
nogenesis bioassays approximates the chronic MTD (7,
&). then our results indicate that the nonreproducible
experiments tend to be for chemicals that are toxic only
at higher doses, whereas chemicals in the positive
reproducible experiments are more often toxic at lower
doses. Similarly, for the entire CPDB we find that posi-
tivity in more than 1 species is less likely among sub-
stances that are toxic only at high doses.

Thus both concordance in positivity between rats and
mice and reproducibility within a single species are
related to the toxicity of the chemical. In other words,
chemicals for which the MTD is relatively large are
more likely to be discordant in species comparisons and
reproducibility than chemicals with small MTDs. The
explanation for this finding is not clear, though it could
conceivably be related to saturating metabolic systems
when chemicals are given in large doses or that MTDs
of weakly active substances are less often achieved. It
may also be that fewer of the weaker subsiances are
genotoxic, although there are both mutagens and non-
mutagens among the discrepant compounds in this
analysis.

As a second general approach to understanding the
discrepant cases, we have searched on a case-by-case
basis for idiosyncratic factors or combinations of factors
that may explain the discordance. In mice, for the tests
of AF2, there was a 6-year time lapse between the 2
experiments. Because the mouse strain ICR/Jcl is out-
bred, genetic drift may have occurred that produced
important changes in the test animals. In the case of
butylated hydroxytoluene, the authors suggest that the
positive result is aberrant, since they have obtained only
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negative results in several subsequent tests using the
same strain, BALB/c mice (Clapp NK: Personal com-
munication). For vinylidene chloride, the evaluation of
carcinogenicity was based on a statistically nonsignifi-
cant result (two-sided P<.3); in addition, a larger dose
was administered in the test evaluated as positive, and
the duration of dosing was longer. For safrole, although
the authors did not give an opinion in one case, the
results are of borderline statistical significance (P<.03).
For 1’-hydroxysafrole, there were survival problems in
the mice in the negative test. We note that results for
both safrole and 1’-hydroxysafrole were reproducible in
male Charles River CD rats (table 4).

In male and female rats administered nitrilotriacetic
acid trisodium salt monohydrate, the highest daily dose
rates in the positive tests were higher than in the negative
tests; tumors were induced only in the highest dose
group in the positive experiments. Also, whereas dosing
was continued for the length of the experiment in the
positive tests, it was stopped 6 months before the termi-
nal sacrifice in the negative tests. For sodium saccharin,
both negative tests were shorter, and the animals were
older when dosing began than in the positive test.

In “Results” we describe the variation in estimates of
carcinogenic potency (TDsg) from different positive
experiments of the same test agent administered by the
same route to the same species, strain, and sex of test
animal. We find that about 40% of the time the estimates
are within a factor of 2 of each other, 80% of the time
they are within a factor of 5, and 85% or more of the
time they are within a factor of 10. A few outliers occur
in rat comparisons with wider ranges in TDsg estimates.
Although the number of cases considered is small, the
TDs estimates of a single compound do vary by more
than fivefold within a species in 20% of the comparisons.

We have also evaluated the 99% confidence limits for
TDsg to determine whether the intervals for all of the
near-replicate tests within a concordant-positive com-
parison overlap. In hamsters the intervals overlap in
both cases. In mice the intervals do not overlap in 5 of
13 comparisons, and in rats they do not overlap in 6 of
20 comparisons. The nonoverlapping cases include tests
of 3 different chemicals in mice and % in rats. These
numbers are derived from similar experiments that use
the same strain and sex within a species. Therefore,
when making comparisons in potency between rats and
mice, we cannot assume that observed differences reflect
true species differences. The observed differences may be
a function of the variability that we have shown to occur
within each species.

In conclusion, we find that near-replicate experiments
conducted in mice, hamsters, and rats generally provide
reproducible results in terms of carcinogenic response,
target site, and carcinogenic potency. For the few discor-
dant cases, analyses suggest two explanations for the
lack of reproducibility of carcinogenicity. In mice the
discrepant cases tended to have shorter experiment times
than average; in both rats and mice the discrepant
results tend to be tests of weakly active compounds.
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