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Concordance of Noncarcinogenic Endpoints in Rodent
Chemical Bioassays

Bing Wang1 and George Gray2,∗

Prediction of noncancer toxicologic outcomes in rodent bioassays of 37 chemicals from the
National Toxicology Program was evaluated. Using the nonneoplastic lesions noted by NTP
pathologists, we evaluate both agreement in toxic lesions across experiments and the predic-
tive value of the presence (or absence) of a lesion in one group for other groups. We compare
lesions between mice and rats, male mice and male rats, and female mice and female rats in
both short-term and long-term bioassays. We also examine whether lesions found in a spe-
cific organ in a short-term test are also found in the long-term test of the same chemical. We
find agreement (concordance) across species for specific lesions, as evaluated by the Kappa
statistic, ranging from 0.58 (for concordance of nasal lesions between female mice and rats in
long-term studies) to −0.14 (lung lesions between mice and rats in long-term studies). Pre-
dictive values are limited by the relatively small numbers of observations of each type of
lesion. Positive predictive values range from 100% to 0%. Comparing the lesions found in
short-term tests to those found in long-term tests resulted in Kappa statistic values from 0.76
(spleen lesions in male rats) to −0.61 (lung lesions in female mice). Positive predictive values
of short-term tests for long-term tests range from 70% to 0%. Overall, there is considerable
uncertainty in predicting the site of toxic lesions in different species exposed to the same
chemical and from short-term to long-term tests of the same chemical.
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1. INTRODUCTION

Toxicity testing in rodents is conducted to iden-
tify potential adverse health effects in humans from
exposure to chemicals. Tests identify pathologic
changes from chemical exposure, including damage
to organs and alterations in physiologic functions.
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Rodent tests are used with the view that mammals
(i.e., mice, rats, and humans) with similar anatomies
and physiologies should respond similarly to expo-
sures and testing can be done under well-controlled
conditions. In traditional tests, animals are exposed
to levels of a chemical considerably higher than those
usually encountered by humans in order to elicit tox-
icologic responses. Exposure durations can be acute,
subacute, subchronic, or chronic, lasting anywhere
from 24 hours to two years.

There is an implicit assumption that animals
are reliable predictors of human response. Testing
the assumption of similar responses between rodents
and humans is generally not possible because of a
lack of human data of similar pathologic resolution.
Some effort has been made comparing the results of
preclinical animal tests of pharmaceuticals with the
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adverse events identified in clinical trials(1) but sim-
ilar efforts for general chemical exposures are lim-
ited. Studies have assessed concordance between
mice and rats for neoplastic endpoints(2,3) but few if
any studies have been done on noncarcinogenic ef-
fects. The concordance between mice and rats tested
under similar circumstances probably represents an
upper bound on the concordance expected between
rodents and humans.

In this study we compare the nonneoplastic le-
sions identified by pathologists as statistically or bi-
ologically significant in rodent bioassays conducted
through the National Toxicology Program of the U.S.
National Institute of Environmental Health Sciences.
These studies are of very high quality and conducted
under a rigorous set of protocols, including pathology
procedures and definitions, which should make them
ideal for such comparisons.(4) We evaluate the con-
cordance of pathologic responses between mice and
rats exposed to the same chemical under the same ex-
perimental conditions in both subchronic bioassays
and chronic bioassays. We also look at the concor-
dance of response within a sex/species between sub-
chronic and chronic tests. In addition, we look at the
predictive value of the presence, or lack, of a patho-
logic lesion in one group to other rodents exposed to
the same chemical.

2. METHODS

2.1. Study Chemicals and Data Collection

The National Toxicology Program, an intera-
gency program created to coordinate, strengthen, de-
velop, and improve science-based toxicology test-
ing, and provide up-to-date toxicological information
to the public, has developed a thorough database
of technical reports on long- and short-term toxic-
ity studies. The studies are performed under the di-
rection of the National Institute of Environmental
Health Sciences (NIEHS), and are conducted in
compliance with NTP laboratory health and safety
requirements, meet all applicable health and safety
regulations, animal care and use regulations, and
Food and Drug Administration (FDA) Good Labo-
ratory Practice Guidelines.(4,5) Studies are subjected
to retrospective quality assurance audits before fi-
nal publication. The studies evaluate the toxicologic
potential of selected chemicals in laboratory rodents
and provide details on neoplastic (in two-year bioas-
says) and nonneoplastic effects in control and treated

animals. Chemicals studied are chosen primarily on
the bases of human exposure, level of production,
and chemical structure. NTP does not extrapolate
these results to other species or conduct quantitative
risk analysis for humans.

For this preliminary analysis, the 39 NTP studies
conducted between 2000 and 2013 with both short-
and long-term studies conducted on male and fe-
male mice and rats by gavage, feed, or drinking
water were utilized to enhance comparability. Short-
term studies lasted around three months, ranging
between 12 and 14 weeks in length, and long-term
studies lasted two years. B6C3F1 and B6C3F1/N
mouse strains and F344/N and Wistar rat strains
were used in the bioassays. Two chemicals were
dropped from the analysis because they did not re-
port any nonneoplastic lesions in the short- or long-
term bioassays, resulting in a total of 37 chemicals.
From the NTP Technical Reports we collected chem-
ical name, chemical abstract service registry num-
ber (CAS No.), route of exposure, length of study,
species, sex, organ where nonneoplastic lesions were
identified, and nonneoplastic lesion type at any
dose. For each chemical/species/sex combination, the
attributed lesions were those recorded having sig-
nificant increases in dosed groups compared to
controls for short-term exposure and those identi-
fied in the “Nonneoplastic Effects” section of the
summary tables in the abstract of each Technical
Report for long-term exposure. In this way only
lesions (rounded up to the organ level) judged statis-
tically or biologically significant by study pathologists
were included. All chemicals are identified by CAS
number. Goldenseal Root Powder was not assigned
a CAS number, so we labeled it “goldenseal.” For
this analysis, B6C3F1 and B6C3F1/N mouse strains
were combined as “mice” and the F344/N and Wis-
tar rat strains combined as “rats.” Due to differences
in the labeling of NTP entries over time, Forestom-
ach, Stomach/Forestomach, Glandular Stomach, and
Stomach were grouped under the group “Stomach,”
Mesenteric and Mandibular Lymph Nodes were
grouped as “Lymph Node,” and Large Intestine,
Rectum, and Cecum were grouped as “Large Intes-
tine” based on the descriptions available in the NTP
report labeling all microscopic terms by organ.(6)

2.2. Characterization of Nonneoplastic
Concordance

Concordance of nonneoplastic pathologic re-
sponses was measured in two ways: (1) between mice
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Table I. Parameters Describing Nonneoplastic Lesion Concordance

Qualitative Quantitative

Nondirectional p value from independence tests;
Kappa agreement category

Concordance percentage; Kappa value

Directional N/A Positive predictive value (PPV);
Negative predictive value (NPV)

and rats (including by sex), and (2) between short-
and long-term exposures. For each comparison,
concordances were evaluated qualitatively and quan-
titatively both with and without “directionality”
(Table I). To conduct the analyses we used the statis-
tical computation program R (Version 3.0.0) to gen-
erate a series of 22 tables to compare nonneoplastic
chemical effects across species and across exposure
lengths, once the selected data were collected and or-
ganized for all 37 chemicals. As in Fig. 1, chemicals
that produced a positive response for a specific tis-
sue or organ in both mice and rats, in mice but not
in rats, not in mice but in rats, or neither in mice
nor in rats were placed in the cells of Mice+/Rats+,
Mice+/Rats−, Mice−/Rats+, and Mice−/Rats−. The
22 tables for interexposure-length comparisons were
generated in a similar way.

For concordance across species, we evaluated
the ability of lesions identified in a specific organ in
mice to predict lesions in the same organ in rats and
vice versa, which we characterize as dual-directional
prediction. Similarly for concordance across expo-
sure length, the directional prediction was measured
from short- to long-term exposure because the pri-
mary question of interest was the application of
short-term studies to predict the long-term toxico-
logic responses. Positive predictive value (PPV) and
negative predictive value (NPV) were also computed
for quantifying directional prediction (Fig. 1(a)).
Mouse-to-rat PPV is defined as the percentage of
chemicals for which lesions observed in a specific or-
gan in response to a specific chemical in mice are
also observed in rats exposed to the same chemi-
cal. Mouse-to-rat NPV is defined as the percentage
of chemicals for which lesions are not observed in a
specific organ in mice and also not observed in the
same organ in rats when exposed to the same chem-
ical. Rat-to-mouse PPV and rat-to-mouse NPV were
defined in the same way. Fig. 1(b) shows the calcula-
tion of short-to-long PPV and short-to-long NPV.

Interspecies and interexposure lengths concor-
dances were nondirectionally quantified by concor-
dance percentage and Kappa value, and evaluated

by independence tests and Kappa agreement
category.(7) Concordance percentage, take inter-
species concordance, for example, was defined as the
percentage of chemicals placed in the Mice+/Rats+

and Mice−/Rats− cells out of the 37 chemicals. The
Kappa value is widely used as a statistical measure
of interrater agreement for qualitative (ordinal or
binominal) items, which is generally thought to be a
more accurate measure than a simple percent agree-
ment (equivalent to concordance percentage in our
case) due to the consideration of randomly occurring
agreement.(8) We therefore also applied the Kappa
value to quantify the interspecies and interexposure
lengths agreement in pathologic lesion response.
The following equations show how interspecies
Kappa was computed and applied. The identical ap-
proach was applied to interexposure lengths Kappa
calculations.

Kappa values were then interpreted by com-
monly used agreement categories: <0 for poor agree-
ment, 0.01–0.20 for slight agreement, 0.21–0.40 for
fair agreement, 0.41–0.60 for moderate agreement,
0.61–0.80 for substantial agreement, and 0.81–0.99
for almost perfect agreement.(7) Perfect agreement
would equate to a Kappa of 1 and chance agree-
ment would equate to 0. We used the Kappa
agreement category to qualify nondirectional con-
cordance as an ordinal measure. Nondirectional
concordance was also qualitatively evaluated by test-
ing the independence across species and across ex-
posure lengths in organ-specific lesion occurrence.
The independence between mice and rats or be-
tween short- and long-term exposures was tested by
the Chi-square test or Fisher’s exact test when the
Chi-square test was inappropriate. The general rule
for using the Chi-square test is that the smallest ex-
pected frequency among the four cells of 2 × 2 ta-
bles should be at least 5.(9) Statistical significance
of independence was considered at a p value less
than 0.05. For example, a p value less than 0.05 in
an independence test across animal species indicated
a statistically significant association, meaning that
knowing the occurrence of endpoints in one animal
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Fig. 1. Illustration of calculation of positive predictive value (PPV), negative predictive value (NPV), and concordance percentage. Organ
i included bone marrow, kidney, liver, lung, nose, spleen, and stomach. (a) Demonstrates rat-to-mouse and mouse-to-rat predictions, (b)
illustrates predictions from short-term to long-term tests of the same chemical.
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Table II. Chemicals in This Analysis (37): From NTP Database with Short- and Long-Term Tests and Administered by Oral Routes
Between 2000 and 2013

Chemical CAS No. Exposure Route Report Year

2,4-Hexadienal 142–83–6 Gavage 2003
2-Methylimidazole 693–98–1 Feed 2004
4-Methylimidazole 822–36–6 Feed 2007
5-(Hydroxymethyl)-2-Furfural 67–47–0 Gavage 2010
Acrylamide 79–06–1 Drinking water 2012
Acrylonitrile 107–13–1 Gavage 2001
α,β-Thujone 76231–76–0 Gavage 2011
Androstenedione 63–05–8 Gavage 2010
Anthraquinone 84–65–1 Feed 2005
Benzophenone 119–61–9 Feed 2006
β-Myrcene 123–35–3 Gavage 2010
Bromochloroacetic Acid 5589–96–8 Drinking water 2009
Citral 5392–40–5 Feed 2003
Dibromoacetic Acid 631–64–1 Drinking water 2007
Dibromoacetonitrile 3252–43–5 Drinking water 2010
Dipropylene Glycol 25265–71–8 Drinking water 2004
Elmiron R© 37319–17–8 Gavage 2004
Emodin 518–82–1 Feed 2001
Formamide 75–12–7 Gavage 2008
Ginkgo Biloba Extract 90045–36–6 Gavage 2013
Goldenseal Root Powder GOLDENSEALRT Feed 2010
Isoeugenol 97–54–1 Gavage 2010
Kava Kava Extract 9000–38–8 Gavage 2012
Methacrylonitrile 126–98–7 Gavage 2001
Methylene Blue Trihydrate 7220–79–3 Gavage 2008
Methyleugenol 93–15–2 Gavage 2000
Milk Thistle Extract 84604–20–6 Feed 2011
N,N-Dimethyl-P-Toluidine 99–97–8 Gavage 2012
o-Nitrotoluene 88–72–2 Feed 2002
p,p’-Dichlorodiphenyl Sulfone 80–07–9 Feed 2001
p-Nitrotoluene 99–99–0 Feed 2002
Primidone 125–33–7 Feed 2000
Pulegone 89–82–7 Gavage 2011
Pyridine 110–86–1 Drinking water 2000
Riddelliine 23246–96–0 Gavage 2003
Sodium Dichromate Dihydrate 7789–12–0 Drinking water 2008
Sodium Nitrite 7632–00–0 Drinking water 2001
trans-Cinnamaldehyde (microencapsulated) 14371–10–9 Feed 2004

species could help predict the occurrence in the other
species.

3. RESULTS

As listed in Table II, a total of 37 chemicals were
included in our analysis to examine the concordance
in producing nonneoplastic lesions between rodent
species (mice vs. rats) and between different expo-
sure lengths of toxicologic studies (short-term and
long-term) under identical experimental conditions.
The list of 37 chemicals was finalized by excluding

two chemicals (Chromium picolinate monohydrate
[CAS No. 27882–76–4]; Ginseng [CAS No. 50647–
08–0]) since no lesions were identified in either short-
term or long-term studies. Our analysis revealed that
chemicals produced nonneoplastic lesions at least
once in 41 organs. Of the 41 organs, seven stood out
with relatively high chemical response rates (greater
than 15% of chemicals). The chemical response rate
in a given organ was defined as the percentage of
chemicals observed producing at least one pathologic
lesion in the organ. To ensure sufficient numbers of
responses for comparisons, we focused on the seven
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organs with the highest number of responses: bone
marrow, kidney, liver, lung, nose, spleen, and stom-
ach.

As shown in Table III, liver and kidney had the
highest chemical response rates, followed by spleen,
stomach, nose, bone marrow, and lung. Nonneoplas-
tic lesions were identified in liver in at least one
sex/species and dose group for approximately three-
quarters of studied chemicals (27/37, 72.97%), and in
kidney for over half the chemicals (23/37, 62.16%)
in either short-term or long-term studies. Liver and
kidney had highest response rates in both short-term
and long-term studies. Higher response rates for both
liver and kidney were observed in the long-term
compared to the short-term studies, though the dif-
ference did not demonstrate statistical significance.
Spleen, stomach, nose, bone marrow, and lung le-
sions were found with smaller numbers of chemicals,
ranging from 11 to 17. Rats appeared to show more
lesions in liver, kidney, or bone marrow than mice.
Response rates were comparable between female
and male rodents in all listed organs.

Prediction of organ-specific lesions between ro-
dent species and between exposure lengths were
evaluated by PPV, NPV, concordance, Kappa value
(and Kappa value agreement category(7)), and the
p value from Chi-square or Fisher’s exact test,
which were all computed based on 22 corresponding
tables. Cell values in the 22 tables and results of the
concordance evaluation parameters are presented in
Tables IV and V. In the following two sections, the
lesion concordance between rodents exposed to the
same chemical and between exposure lengths are il-
lustrated, respectively.

3.1. Concordance Across Species

We used concordance percentage and the Kappa
value to quantify the interspecies nondirectional
concordance, Kappa agreement category to qual-
ify the concordance as an ordinal measure, and
Chi-square or Fisher’s exact test as a binominal
measure. Compared to short-term studies, long-term
studies showed a higher nondirectional concordance
between mice and rats in producing organ-specific
lesions. The interspecies concordance percentages
ranged from 57% to 89% with an average of 75%
in short-term studies and from 65% to 89% with an
average of 80% in long-term studies. As shown in
Table IV, the values for concordance percentage
were heavily influenced by the large values of the
negative/negative cells in the 22 tables. We therefore
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Table IV. Noncancer Lesion Concordance Parameters: Cell Values, PPV, NPV, Concordance Percentage, p Value, Kappa Value, and
Kappa Agreement Category

Mice to Rats Rats to Mice
Concordance Agreement

Organ +/+ +/− −/+ −/− PPV NPV PPV NPV Percentage p value Kappa Category

Mouse and Rat Concordance

Short-term studies
Bone marrow 1 1 7 28 50.00% 80.00% 12.50% 96.55% 78.38% 0.39* 0.12 Small
Kidney 1 2 14 20 33.33% 58.82% 6.67% 90.91% 56.76% 1.00* −0.03 No
Liver 11 2 8 16 84.62% 66.67% 57.89% 88.89% 72.97% 0.01 0.46 Moderate
Lung 0 1 3 33 0.00% 91.67% 0.00% 97.06% 89.19% 1.00* −0.04 No
Nose 4 3 3 27 57.14% 90.00% 57.14% 90.00% 83.78% 0.01* 0.47 Moderate
Spleen 2 5 7 23 28.57% 76.67% 22.22% 82.14% 67.57% 1.00* 0.05 Small
Stomach 3 2 6 26 60.00% 81.25% 33.33% 92.86% 78.38% 0.08* 0.31 Fair

Long-term studies
Bone marrow 1 1 4 31 50.00% 88.57% 20.00% 96.88% 86.49% 0.26* 0.23 Fair
Kidney 5 4 9 19 55.56% 67.86% 35.71% 82.61% 64.86% 0.25* 0.20 Small
Liver 16 2 7 12 88.89% 63.16% 69.57% 85.71% 75.68% 0.00 0.52 Moderate
Lung 0 5 4 28 0.00% 87.50% 0.00% 84.85% 75.68% 1.00* −0.14 No
Nose 5 3 3 26 62.50% 89.66% 62.50% 89.66% 83.78% 0.01* 0.52 Moderate
Spleen 6 4 3 24 60.00% 88.89% 66.67% 85.71% 81.08% 0.01* 0.50 Moderate
Stomach 7 3 1 26 70.00% 96.30% 87.50% 89.66% 89.19% 0.00* 0.71 Substantial

Female Mice and Female Rats

Short-term studies
Bone marrow 1 0 7 29 100.00% 80.56% 12.50% 100.00% 81.08% 0.22* 0.18 Small
Kidney 1 2 12 22 33.33% 64.71% 7.69% 91.67% 62.16% 1.00* −0.01 No
Liver 11 2 7 17 84.62% 70.83% 61.11% 89.47% 75.68% 0.00 0.51 Moderate
Lung 0 1 3 33 0.00% 91.67% 0.00% 97.06% 89.19% 1.00* −0.04 No
Nose 4 3 3 27 57.14% 90.00% 57.14% 90.00% 83.78% 0.01* 0.47 Moderate
Spleen 2 5 6 24 28.57% 80.00% 25.00% 82.76% 70.27% 0.63* 0.08 Small
Stomach 3 2 5 27 60.00% 84.38% 37.50% 93.10% 81.08% 0.06* 0.35 Fair

Long-term studies
Bone marrow 1 0 3 33 100.00% 91.67% 25.00% 100.00% 91.89% 0.11* 0.37 Fair
Kidney 4 3 6 24 57.14% 80.00% 40.00% 88.89% 75.68% 0.07* 0.32 Fair
Liver 13 3 8 13 81.25% 61.90% 61.90% 81.25% 70.27% 0.02 0.42 Moderate
Lung 0 4 4 29 0.00% 87.88% 0.00% 87.88% 78.38% 1.00* −0.12 No
Nose 5 3 2 27 62.50% 93.10% 71.43% 90.00% 86.49% 0.00* 0.58 Moderate
Spleen 5 3 3 26 62.50% 89.66% 62.50% 89.66% 83.78% 0.01* 0.52 Moderate
Stomach 3 5 2 27 37.50% 93.10% 60.00% 84.38% 81.08% 0.06* 0.35 Fair

Male Mice and Male Rats

Short-term studies
Bone marrow 1 1 6 29 50.00% 82.86% 14.29% 96.67% 81.08% 0.35* 0.15 Small
Kidney 1 2 13 21 33.33% 61.76% 7.14% 91.30% 59.46% 1.00* −0.02 No
Liver 11 2 6 18 84.62% 75.00% 64.71% 90.00% 78.38% 0.00 0.56 Moderate
Nose 5 3 3 26 62.50% 89.66% 62.50% 89.66% 83.78% 0.01* 0.52 Moderate
Spleen 3 5 4 25 37.50% 86.21% 42.86% 83.33% 75.68% 0.16* 0.25 Fair
Stomach 4 4 3 26 50.00% 89.66% 57.14% 86.67% 81.08% 0.03* 0.42 Moderate

(Continued)

applied the Kappa value and Kappa agreement cat-
egory to evaluate lesion concordance with a measure
that reduces the influence of a single cell value.
Among the seven organs, Kappa values ranged from

−0.04 (poor agreement) to 0.47 (moderate agree-
ment) with an average of 0.19 (slight agreement) in
short-term studies and from −0.14 (poor agreement)
to 0.71 (substantial agreement) with an average
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Table IV. (Continued)

Mice to Rats Rats to Mice
Concordance Agreement

Organ +/+ +/− −/+ −/− PPV NPV PPV NPV Percentage p value Kappa Category

Long-term studies
Bone marrow 0 1 3 33 0.00% 91.67% 0.00% 97.06% 89.19% 1.00* −0.04 No
Kidney 5 2 8 22 71.43% 73.33% 38.46% 91.67% 72.97% 0.07* 0.34 Fair
Liver 15 2 7 13 88.24% 65.00% 68.18% 86.67% 75.68% 0.00 0.52 Moderate
Lung 0 3 2 32 0.00% 94.12% 0.00% 91.43% 86.49% 1.00* −0.07 No
Nose 5 3 3 26 62.50% 89.66% 62.50% 89.66% 83.78% 0.01* 0.52 Moderate
Spleen 3 5 4 25 37.50% 86.21% 42.86% 83.33% 75.68% 0.16* 0.25 Fair
Stomach 4 4 3 26 50.00% 89.66% 57.14% 86.67% 81.08% 0.03* 0.42 Moderate

Notes: The p values were computed from either Fisher’s exact tests or Chi-squared tests for independence. Fisher’s exact was used if any cell
contained fewer than five chemicals. Entries with (*) indicate p values were computed from Fisher’s exact test; otherwise, the Chi-square
test was used.

of 0.36 (fair agreement) in long-term studies. In
short-term studies, the nose was the organ with the
highest Kappa value, followed by liver, stomach,
bone marrow, spleen, kidney, and lung. In long-
term studies, the order was stomach, nose, liver,
spleen, bone marrow, kidney, and lung. Chi-square
or Fisher’s exact tests also showed similar results;
more organs with small p values (less than 0.05) in
long-term than short-term studies.

In Table IV, a total of 42 concordance per-
centages and agreement categories for organ-specific
endpoints were available. Based on the 42 paired
data, Fig. 2 was generated to explore the corre-
lation between two approaches for measuring the
concordance of endpoints across species: (1) con-
cordance percentages that are commonly used to
evaluate cancerous endpoints across species and (2)
agreement categories based on Kappa values that
were introduced in this study to eliminate the strong
influence of the negative/negative cell. As shown in
Fig. 2, the concordance percentages fell into a wide
range from 56.76% to 91.89% for “No” agreement
category. The minimum concordance percentage for
“Small” agreement was 64.86% and the distribution
of concordance percentages for “Fair” agreement
shifted more to the right compared to the “Small”
agreement. The “Fair” and “Moderate” agreement
categories had a similar spreading of concordance
percentages, but the “Moderate” distribution had a
larger median.

Interspecies directional concordance was quan-
tified by PPV and NPV for producing organ-
specific lesions due to chemical exposure. PPV and
NPV were conducted for both mouse-to-rat and
rat-to-mouse prediction. Mouse-to-rat PPVs were
consistently higher across organs in long-term

studies, ranging from 0% to 88.9%, with an aver-
age of 55.3%, compared to short-term studies rang-
ing from 0% to 84.6% with an average of 44.8%.
In both short-term and long-term studies, mouse-to-
rat PPVs were highest in liver, nose, and stomach.
Female mouse-to-rat and male mouse-to-rat PPVs
are identical in value across organs within short-term
and similar in value within long-term studies, except
for bone marrow. Bone marrow short-term mouse-
to-rat PPVs were 100% among females and 50%
among males, while the difference was even larger
in long-term studies with 100% among females and
0% among males. However, the large difference in
PPVs was actually a result of the change in only
one chemical producing the lesion. For example, as
shown in Table III, only one chemical produced le-
sions in bone marrow in female mice and this very
chemical also produced lesions in bone marrow in fe-
male rats due to short-term chemical exposure, which
led to a mouse-to-rat PPV of 100%. Again in short-
term studies, however, bone marrow lesions were ob-
served in male mice for two chemicals and one of the
two produced bone marrow pathology in male rats,
which led to a mouse-to-rat PPV of 50%. A simi-
lar situation applies in the evaluation of long-term
studies including the difference in female and male
mouse-to-rat PPVs.

Rat-to-mouse PPVs were similar or lower than
mouse-to-rat PPVs across organs. Rat-to-mouse
PPVs are comparable to those of mouse-to-rat for
liver, nose, and stomach, and 0% in lung both within
females and within males. A clear decrease in rat-to-
mouse PPVs was observed in kidney and bone mar-
row. In kidney, for example, in short-term studies,
rat-to-mouse PPVs were 7.7% for females and 7.1%
for males, whereas mouse-to-rat PPVs were 33.3% in
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Table V. Short-Term to Long-Term Bioassay Lesion Concordance Parameters: Cell Values, PPV, NPV, Concordance Percentage, p
Value, Kappa Value, and Agreement Category

Organ +/+ +/− −/+ −/− Short-to-Long Concordance
Percentage

p Value Kappa Agreement
Category

PPV NPV

Mice

Bone marrow 0 2 2 33 0.00% 94.29% 89.19% 1.00* −0.06 No
Kidney 2 1 7 27 66.67% 79.41% 78.38% 0.14* 0.24 Fair
Liver 12 1 6 18 92.31% 75.00% 81.08% 0.00 0.62 Substantial
Lung 1 0 4 32 100.00% 88.89% 89.19% 0.14* 0.30 Fair
Nose 5 2 3 27 71.43% 90.00% 86.49% 0.00* 0.58 Moderate
Spleen 4 3 6 24 57.14% 80.00% 75.68% 0.07* 0.32 Fair
Stomach 3 2 7 25 60.00% 78.13% 75.68% 0.11* 0.27 Fair

Female mice
Bone Marrow 0 1 1 35 0.00% 97.22% 94.59% 1.00* −0.04 No
Kidney 1 2 6 28 11.11% 82.35% 78.38% 0.48* −0.59 No
Liver 11 2 5 19 61.11% 79.17% 81.08% 0.00 0.54 Moderate
Lung 1 0 3 33 25.00% 91.67% 91.89% 0.11* −0.61 No
Nose 5 2 3 27 50.00% 90.00% 86.49% 0.00* 0.54 Moderate
Spleen 4 3 4 26 36.36% 86.67% 81.08% 0.03* 0.34 Fair
Stomach 2 3 6 26 18.18% 81.25% 75.68% 0.29* −0.15 No

Male mice
Bone Marrow 0 2 1 34 0.00% 97.14% 91.89% 1.00* 0.20 Small
Kidney 2 1 5 29 25.00% 85.29% 83.78% 0.09* −0.17 No
Liver 12 1 5 19 66.67% 79.17% 83.78% 0.00 0.60 Substantial
Lung 1 0 2 34 33.33% 94.44% 94.59% 0.08* −0.06 No
Nose 5 2 3 27 50.00% 90.00% 86.49% 0.00* 0.54 Moderate
Spleen 4 3 4 26 36.36% 86.67% 81.08% 0.03* 0.34 Fair
Stomach 3 2 5 27 30.00% 84.38% 81.08% 0.06* 0.12 Small

Rats
Bone Marrow 3 5 2 27 37.50% 93.10% 81.08% 0.06* 0.35 Fair
Kidney 10 5 4 18 66.67% 81.82% 75.68% 0.01 0.49 Moderate
Liver 17 2 6 12 89.47% 66.67% 78.38% 0.00 0.56 Moderate
Lung 1 2 3 31 33.33% 91.18% 86.49% 0.30* 0.21 Fair
Nose 6 1 2 28 85.71% 93.33% 91.89% 0.00* 0.75 Substantial
Spleen 7 2 2 26 77.78% 92.86% 89.19% 0.00* 0.71 Substantial
Stomach 4 5 4 24 44.44% 85.71% 75.68% 0.08* 0.31 Fair

Female rats
Bone Marrow 3 5 1 28 37.50% 96.55% 83.78% 0.03* 0.42 Moderate
Kidney 7 6 3 21 43.75% 87.50% 75.68% 0.02* 0.43 Moderate
Liver 15 3 6 13 62.50% 68.42% 75.68% 0.00 0.42 Moderate
Lung 1 2 3 31 16.67% 91.18% 86.49% 0.30* 0.05 Small
Nose 5 2 2 28 55.56% 93.33% 89.19% 0.00* 0.64 Substantial
Spleen 6 2 2 27 60.00% 93.10% 89.19% 0.00* 0.67 Substantial
Stomach 2 6 3 26 18.18% 89.66% 75.68% 0.29* 0.24 Fair

Male rats
Bone marrow 2 5 1 29 25.00% 96.67% 83.78% 0.09* 0.46 Moderate
Kidney 9 5 4 19 50.00% 82.61% 75.68% 0.01* 0.43 Moderate
Liver 16 1 6 14 69.57% 70.00% 81.08% 0.00 0.55 Moderate
Lung 1 1 1 34 33.33% 97.14% 94.59% 0.11* 0.46 Moderate
Nose 6 1 2 28 66.67% 93.33% 91.89% 0.00* 0.73 Substantial
Spleen 6 2 1 28 66.67% 96.55% 91.89% 0.00* 0.76 Substantial
Stomach 4 3 3 27 40.00% 90.00% 83.78% 0.01* 0.44 Moderate

Notes: The p values were computed from either Fisher’s exact tests or Chi-squared tests for independence. Fisher’s exact was used if any cell
contained fewer than five chemicals. Entries with (*) indicate p values were computed from Fisher’s exact test; otherwise, the Chi-square
test was used.
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Fig. 2. Frequency distribution of interspecies concordance percentages shown in Table IV (N = 42) by Kappa value agreement category.

both females and males. The difference was due to a
larger number of chemicals producing kidney lesions
in rats than mice. For example, in females after short-
term exposure, three chemicals produced lesions in
mouse kidney and two of the three also produced
kidney lesions in rats (mouse-to-rat PPV = 33.3%),
while 13 chemicals produced lesions in rat kidney and
only one also produced kidney lesions in mice (rat-
to-mouse PPV = 7.7%).

NPV values were much higher across the board,
with most values in the 80% and 90% range, which
indicated that the absence of lesions in a specific or-
gan in mice was usually associated with no lesions in
that organ in rats, and vice versa.

Overall, lesions observed in mouse liver and nose
were most likely to be observed in the same organ
in rats, and vice versa. For kidney and bone mar-
row lesions, mice showed a higher predictive ability
to rats, than rats to mice. A higher interspecies con-
cordance was shown after longer chemical exposure
in males. Therefore, in the combination organ, expo-
sure length and sex, the highest PPV observed was
88.2% from mice to rats for liver lesions in males af-
ter a long-term exposure. All other PPVs mostly cen-
ter around 50%, falling in the range of 30% to 70%.

NPV (lack of lesions in a specific organ in mice pre-
dicting no response in rats, and vice versa) was rela-
tively high.

3.2. Prediction from Short-Term to Long-Term
Tests

Like interspecies nondirectional concordance,
the nondirectional concordance in lesions between
short-term and long-term exposures was measured
by concordance percentage, Kappa value, Kappa
agreement category, and independence tests. The
question is whether lesions in a given organ in the
short-term exposure length would be more likely to
occur in the same organ after a long-term exposure to
the same chemical and whether there would be a dif-
ference in agreement between rats and mice. The in-
terexposure length concordance percentages were all
relatively high, ranging from around 70% to almost
100% (Table V). Kappa values ranged from −0.06
(poor agreement) to 0.62 (substantial agreement)
with an average of 0.32 (fair agreement) in mice and
from 0.21 (fair agreement) to 0.75 (substantial agree-
ment) with an average of 0.48 (moderate agreement)
in rats. As shown in Tables IV and V, interspecies
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Kappa agreement categories were more frequently
in the range of slight to moderate, while interex-
posure length agreement categories were more fre-
quently in the range of fair to substantial. In mice, the
organ with the highest interexposure length Kappa
value was liver, followed by nose, spleen, lung, stom-
ach, kidney, and bone marrow. In rats, the order was
nose, spleen, liver, kidney, bone marrow, stomach,
and lung. Higher interexposure length Kappa values
were observed in males than in females. For exam-
ple, the mean Kappa values across organs in male ro-
dents, male mice, and male rats were 0.48, 0.22, and
0.55, while they were 0.38, 0.003, and 0.41 in female
rodents, mice, and rats.

To examine whether the lesions found in long-
term bioassays were predicted by the shorter term
studies, short-to-long PPV and NPV for the same
sex/species were computed and interpreted. In mice,
short-to-long PPVs were highest (100%) for lung,
followed by liver (92.3%), nose (71.4%), kidney
(66.7%), stomach (60%), spleen (57%), and a low
0% for bone marrow. In rats, the short-to-long PPVs
were similar to those in mice for kidney, liver, nose,
spleen, and stomach, but higher for bone marrow
(37.5% in rats vs. 0% in mice) and lower for lung
(33.3% in rats vs. 100% for mouse lung). Short-to-
long PPVs in male mice were consistently similar to
or higher than those in female mice. Similar differ-
ences in short-to-long PPVs were observed between
male and female rats. NPV values were much higher
across the board, which indicated lesions in a specific
organ not observed in short-term studies would prob-
ably not be observed in long-term studies.

Compared to the interspecies nondirectional
concordance of lesions responding to a chemical
exposure, short-term to long-term concordance is
higher. This finding is also supported by result of the
Chi-square or Fisher’s exact tests. It can be seen in
Tables IV and V that for interspecies concordance,
24 (38%) p values were less than 0.05, indicating
organ-specific nonneoplastic lesions were related be-
tween mice and rats. For interexposure length con-
cordance, more p values were less than 0.05 (35,
56%), indicating organ-specific nonneoplastic lesions
were related between short- and long-term expo-
sures.

4. DISCUSSION

The question of prediction of adverse effects
across species—how well the animal models used
in toxicology might predict human responses to the

same exposure—has important implications for tox-
icity testing, for risk assessment, and for policy. It
is often assumed that toxicity tests of many systems
and functions are needed to characterize the ad-
verse effects associated with a chemical.(10) If effects
are poorly concordant across even rodent species it
would suggest that identification of specific effects
likely to occur in humans would be very difficult
(lacking specific mode of action or toxicity pathway
data).

To investigate this question we looked at both
cross-species and cross-duration concordance and
predictive value for noncancer lesions (aggregated
at the organ level) in rodent chemical bioassays. If
we think of each experiment (male and female mice
and rats) as replications of a test for the induction
of specific pathologic lesions, then concordance tells
us about the reproducibility of the lesion in differ-
ent tests. Of course, the key question, which cannot
be addressed here, is the concordance between test
rodents and humans. Our use of Kappa essentially
measures the degree of agreement about each lesion
by treating each experiment as a separate observa-
tion of the biological response to the chemical.

By all measures, but even more so using Kappa,
the concordance of response across species/sex com-
binations is far from perfect in both long-term and
short-term studies. This is a bit surprising given
the high doses of chemical given to these phylo-
genetically similar animals under tightly controlled
conditions. Clearly, there are sex- and species-
specific modes of toxicity that have been worked
out,(11) but these results suggest that, absent some
a priori chemical-specific knowledge, prediction of a
specific noncancer pathologic lesion, even from mice
to rats, is quite imprecise. Concordance of toxicologic
lesions is much higher between short-term and long-
term tests of the same chemical. It is a bit surpris-
ing that there are a significant fraction of tissues that
develop pathologies during short-term exposure that
are not identified as compromised following long-
term exposure (e.g., for male rats five chemicals were
identified as having kidney lesions in short-term tests
but not in long-term ones) and vice versa.

We calculated predictive values (both PPV and
NPV) to address two key questions:

(1) If I observe pathology in an organ in one
species (or sex or assay length), how likely is
it I will observe the same pathology in another
species exposed to the chemical (and in this
case under identical circumstances)?
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(2) If I DON’T observe pathology in an organ in
one species, how likely is it I will NOT observe
the same pathology in another species exposed
to the chemical (and in this case under identi-
cal circumstances)?

Both of these are important questions for the
use of animal data in predicting human risk. In ad-
dressing question 1 we find the highest value of PPV
between mice and rats for lesions of the liver. In
short-term studies, 85% of the times a liver lesion
was seen in mice it was also seen in rats. In long-term
studies the corresponding value is 89%. All other
PPVs are less than 60% (Table IV). Predicting within
a sex (FM to FR, MM to MR) yielded similar val-
ues for both short- and long-term studies. Other than
bone marrow, where female mice predicted female
rats perfectly (although not vice versa), the liver was
again the organ with highest PPV and values were,
in general, higher than the prediction when the sexes
were pooled. For all but two comparisons (females,
long-term nose and stomach) PPV was higher from
mice to rats than from rats to mice. Overall, in re-
sponse to question 1, it appears that if a pathology
is observed in an organ in one species (or sex or as-
say length), it is not very likely, on average, that the
same pathology will be observed in another species
exposed to the chemical.

NPV helps evaluate question 2. NPV values both
across species and within a sex across species were
higher than PPVs. Much of this is due to the large
number of observations in the −/− cell, that is, when
a lesion was not found in either group being com-
pared. Overall NPVs ranged from about 62% to
100% and it does not appear that there is a discern-
able difference between the predictions from mice to
rats versus rats to mice. From these results it appears
that the absence of a pathologic response in a specific
tissue is a good predictor of that lesion not occurring
in another group (sex or species) exposed to the same
chemical.

To the best of our knowledge, this is the first
study evaluating the concordance of noncancer le-
sions across species. There have been evaluations of
the concordance of carcinogenic lesions in long-term
rodent bioassays,(2,12) that which generally find mod-
erate concordance (in the range of 70–80%) for car-
cinogenesis overall but very poor concordance of the
actual tumor types. This study has several strengths
for addressing our question, especially our use of
data from NTP-sponsored studies. These are very
well-conducted and controlled experiments using

virtually identical conditions, including pathology.
Another strength is the use of the NTP patholo-
gists’ judgments about which lesions are significant.
Finally, we use specific and consistent inclusion crite-
ria for the bioassays chosen for study.

There are limitations to this study, due pri-
marily to the relatively small number of chemicals
compared. Although the NTP endeavors to make
the results of bioassays available electronically, the
specific endpoints we wished to evaluate had to
be abstracted from NTP Technical Reports. Also
potentially important are possible changes in NTP
practices or pathology nomenclature over time.
Rolling up lesions to the level of organ was one way
to address this, although it does lose some specificity.
Also, studies being compared were done over a
relatively short span of time so changes over time
may not be a major concern.

For many uses of risk information, the ability to
predict human outcomes from toxicologic data is cru-
cial. However, this study and others(1,2,12) suggest the
specificity of predictions is lacking. Serious questions
about the applicability of the standard rodent bioas-
say have been raised.(13) It is possible that new ap-
proaches to toxicological testing based on adverse
outcome pathways will help(14,15) as these tools are
developed. On the other hand, the ability to explain
(and predict) nonconcordance of response will be a
challenge to the development of adverse outcome
pathways. All will need to be considered in a weight-
of-evidence approach to causation of specific non-
cancer effects.(16) While we are waiting for this new
paradigm to develop, however, risk assessment will
continue to use traditional toxicology tests like those
relied upon for this study.

It may be that difficulty in predicting the actual
outcome of an exposure will lead risk assessment to
focus on the exposure or dose required to elicit some
adverse effect without specification of the effect.(17)

However, this would suggest that risk assessment can
identify exposures at which adverse effects might oc-
cur but not predict the actual outcomes of expo-
sure. The inability to predict outcomes, necessary
for either benefit-cost analysis or cost-effectiveness
analysis, makes risk assessment less useful for policy
analysis.
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