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For most chemicals, the Reference Dose (RfD) is based on data from animal testing, The uncertainty
introduced by the use of animal models has been termed interspecies uncertainty. The magnitude of the
differences between the toxicity of a chemical in humans and test animals and its uncertainty can be
investigated by evaluating the inter-chernical variation in the ratios of the doses associated with similar
toxicological endpoints in fest animals and humans, This study performs such an evaluation on a data set of
64 anti-neoplastic drugs, The data set provides matched responses in humans and four species of test
animals: mice, rats, monkeys, and dogs, While the data have a number of limitations, the data show that
when the drugs are evaluated on a body weight basis: 1) toxicity generally increases with a species’ body
weight; however, humans are not always more sensitive than test animals; 2) the animal to human dose
ratios were less than 10 for most, but not all, drugs; 3) the current practice of using data from multiple
species when setting RfDs lowers the probability of having a large value for the ratio, These findings provide
insight into inter-chemical variation in animal to human extrapolations and suggest the need for additional
coliection and analysis of matched foxicity data in humans and test animais.

Keywords:
Uncertainty factors
(nterspecies
Reference dase

Risk characterization

© 2008 Elsevier Inc. All rights reserved.

Introduction

Regulatory agencies evaluate the safety of chemicals with respect to
noncarcinogenic health effects by comiparing either modeled or measured
doses received as a result of exposure to doses believed to be "protective”
of both the general population and sensitive individuals, These estimates
of “protective” doses, most often expressed in units of milligram of
chemical per kilogram body weight per day of exposure {mgfkg-day),
include the US EPA's Reference Dose (RD} (USEPA, 1988) and the Agency
for Toxic Substances and Disease Registry's {ATSDR's) Minimum Risk
Level (MRE; ATSDR, 1996). Other metrics include the Furopean Union's
Tolerable Daily Intake (TDL EFSA, 20073, and Derived No Effect Levels
{DNELs; European Union, 2007). While differing in certain details, these
metrics have a common basis in their derivation, in that when human
data are not available, they rely on test-animal toxicology studies. They are
established by taking the dose associated with a specific roxicological
endpoint and dividing the dose by a series of uncertainty factors,

One of these factors is the interspecies uncertainty factor which in
the U.S, is typically assigned a value of 10, This factor addresses the fact
that test animals may have higher tolerances to chemicals than
humans and that the magnitude of the difference is likely to vary with
the test species and the chemical. The value of 10 is based on the
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assumption that humans are unlikely to be 10 times more sensitive to
a chemical than a test species when the doses are expressed on amg of
chemical per kg of body weight basis (Dourson and Stara, 19830

in the last twelve years, a number of researchers have represented
the uncertainty in noncancer risk assessment using probabilistic
models {Baird et al,, 1996; Swartout et al., 1998; Slob and Pieters, 1997,
1998; Vermeire et al, 1999, 2001; Kalberlah et al, 2003; Kodell and
Chen, 2007), integrating this information into estimates of uncertainty
and variation in risk findings (Price et al,, 1897; Carlson-Lynch et al,
19699; Bosgra et al, 2005; Van der Voet and Slob, 2007), Such an
approach reguires a probability distribution that describes the uncer-
tainty in the difference in toxicity between the test animal and humans
for a given chemical. A number of researchers {Weit and McCollister,
1963; Weil, 1972; Dowrson, 1994; Nair et al, 1895; Nauman and
Weideran, 1995; Nessel et al, 1995} have suggested that this un-
certainty might be characterized based on the inter-chemical variation
in the ratio of similar toxicity endpoints in humans and animals.

Other researchers have proposed more detailed conceptual frame-
works for defining this distribution. The appreach in Price et al. {1997,
1998} and Swartout et al. {1998) defines the distribution in terms of
the ratio of No Observed Adverse Effects Levels (NOAELs), Baird et al.
(1996}, Slob and Peiters (1997, 1998), and Evans et al. {2001) define the
uncertainty distribution based on the ratios of EDsps for the critical
etfects. Frameworks aslo differ on the issue of the existence or non
existence of thresholds {Price et al,, 1997, Evans et al, 2001},
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Anumber of studies have focused on the ernpirical characterization
of differences in noncancer responses across species of test animals
(Rhomberg and Wolff, 1998, Kalberlah et al., 2002, Schneider et al,
2004; Bokkers and Slob, 2007). In addition, differences between test
animals and humans have been defined based on physiological and
toxicokinetic considerations (Dourson and Stara, 1983; Andersen efal,
1995) and in terms of consistency with historical regulatory policies
{Siob and Pieters, 1897, 1898; Swartout et al, 1998; Evans et al,, 2001),

in this paper, we present an analysis of a toxicity data set for anti-
negplastic agents in test animals and humans. The data consistof a
series of toxicological endpoints that can be considered roughly
equivalent to an acute maximun tolerated dose {MTD). These data are
used o calculate ratios of the MID in humans and test animals
(toxicity ratios). Using these ratios we investigate the inter-chemical
variation in the differences between humans and test animals, the
effect of different test animals, the impact of sample size, and the
impact of having test data in multiple species.

we then discuss the relevance of these distributions for the
extrapolation of toxicity measuremnents from test animals to humans,
required probabilistic moedels of noncancer risks. As part of this
discussion, consideration is given to the limitations of the data set and
concerns raised by Brand er al. (1988, 2001) on the use of ratios of
empirically measured toxicological endpoints,

The anti-neoplastic agent data set

Anti-neoplastic agents are used in chemotherapy to preferentially
destroy cancerous cells. Because differences in the relative toxicity to
normal and cancerous cells for such agents may be small, chemother-
apy protocols often call for administration of anti-neoplastic agents at
levels that are close to doses that cause significant toxicity in humans,
As part of the development of such agents, the National Cancer
institute {NCI) determines the maximum tolerated dose in humans
{MTDy) in short-term studies {typically 5 days). The MTD, is defined
as the dose level at which no more than one of six cancer patients
experience dose fimiting toxicity with the next higher dose group of
six patients having two or more patients experiencing dose limiting
toxicity {Storer, 1989).

During developmental trials for anti-neoplastic agents, the NO
estimates the MTDy based on the results of a progressive series of
acute, subacute, and subchronic toxicological studies in a battery of
antmal tests, This work results in toxicological data in a number of animal
species. Toxicity in animals is determined differently for different species;

D40 Typicaily derived for mice and rats. The acute (single) dose
resuiting in the death of 10% of a population of test animals,
DL {Toxic Dose Low) Typically derived for dogs and monkeys.

The lowest dose that produces pathological alterations in
hematological, chemical, clinical, or morphological end-
points, Doubling the TDL produces no lethality,

The highest dose in test animals that suppresses body
weight by no more than 10% in a 90-day subchronic study,

MTD,

Source {Grieshaber and Marsond, 1988).

The data for this study were taken from six articles, which were
identified as containing data on the toxicity of agents in patients and in
one of more fest animals (Freireich et al, 1966; Goldsmith et al, 1875;
Schein et al, 1979; Rozensweig et al, 1981; Grieshaber and Marsoni,
1986; Travis and White, 1988; Paxton et al, 1990). Only data on
compounds administered by intravenous or intraperitoneal routes were
included in the data set. For the majority of compounds the route of
administration was ¢onsistent across test animals and humans. When
necessary, data were normalized to a 5-day dosing regime {Freireich
et al, 1966; Travis and White, 1988). This dose was estimated by
surnming the total dose administered to the animals over the course of
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the testing and dividing by five. Finally, where doses were reported
in units of mass per surface area mg/m?, the doses were converted to
mig/ke based on standard estimates of the surface area and body weights
of the relevant species {Freireich et al., 1966; Travis and White, 1988).

Atotal of 61 compounds animal to human was identified with data
in humans and in one or more species of test animals, There were 161
animal to human ratios in total, with the number of ratios varying by
species and ranging from 56 for the dog to 19 for the rat. The adjusted
toxicity data from these six studies are presented in Table 1

Relevance of the data set to probabilistic noncancer risk
assessments

While the unigue nature of these data (matched hurman and animal
toxicity data) rake this data set highly relevant to the investigation of
noncancer risk assessments, there are several significant limitations in
the use of the data on anti-neoplastic agents. The following is a
description of some of these limitations and the ways that they could
cause the distribution of MTD ratios to differ from measures of human
and animal thresholds required by probabilistic models.

1. The MTD differs from NOAELs (and benchmark doses) used in the
derivation of RfDs. The MTD is a dose that is likely to be associated
with some level of effects and is not equivalent to a NOAEL. Indeed, it
may be greater than the Lowest Observed Adverse Effect Level
{LOAEL). if the dose-response curves in humans and animals
diverge at lower doses, the ratios at the different effect levels will
differ. As they are not in the lower dose range, distributions of MTDs
may be more siumilar to those based on ED50s used in the
approaches suggested by Baird et al. 1996), Slob and Peiters {1997,
1898), and Evans et al {2001,

2. The data are drawn from short-term studies, while RfDs generally
address chronic effects. It is generally considered that chronic effects
occur at lower doses than acute effects, However, it is not clear that
the ratios of acute doses across species will be higher or lower than
ratios of chronic doses. Thus, there is no a priori reason to suspect
that the ratios of MTDs and chronic thresholds will have different
median values, Differences in the variation between the two
distributions might be expected to occur because there are more
ways that chronic doses could differ across species than acute doses
{such as differences in repair functions or in excretion rates), These
factors could result in greater total variance in the distributions of
dose ratios for chronic doses than for acute doses.

3. The toxicological endpoints in the various studies vary with species
and can vary across compounds. The MTD database is composed of
the results of studies performed using different study designs,
protocols, and endpoints, Thus, there is uncertainty as to whether
the differences in the toxicity ratios are due to the species’ re-
sponses or to differences in the endpoints examined. Specific con-
cerns include the use of acute (single) doses, the comparability of
doses that cause lethality to doses that cause low level toxicity or
weight change, and the differences in the levels of lethality allowed
{Rhomberg and Wolif, 1898; Rhomberg and Lewandowsid, 2004¢).
However, it should be noted that these toxicity benchmarks in
humans and test animals have historically been considered com-
parable to doses that cause frank effects, but with a limited po-
tential for fethality {Goldsmith e 2., 1975; Grieshaber and Marsoni,
1986; Travis and White, 18988).

4, The compounds were administered via injection to both humans and
test animals and therefore do not reflect certain aspects of interspecies
variation. Absorption from the Gl tract and initial metabolism in
the liver will not be reflected in the data, potentially biasing the
toxic dose low, particularly for divect-acting agents that undergo
detoxification in the liver. Because of the absence of these factors,
the variance of MTDs is expected to be less than the variance in
NOAELs from oral studies.
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Table 1
Data on the toxicity® of select anti-neoplastic agents

Source and chemieal Toxic dose (mglke)

Human Mouse Bat Mookey Do

Fremeich of at, 1966Y

Amethopterin 041 3.2 058 3.0 a1z
S-Meriaplopurine 27 85 51 58 “
A-Flaurouracl 15 42 25 18 1
A-Flunm- 2 deoxywitine 3G 160 B9 Gl 48
Mitrogen mustard azo 12 037 0.28 045
248 45 7 ’J% 44
.20 B 2.3 0.5 363
aan 6.3 1,3 15
Cytoran 10 12 52 2
ThioTEPA 220 7 10 i
064 7 50 5.8
942 948 6.03
9248 13 g4
a4s
3024
it
hein et al, 1979: Travis and White, 19882
Mithvanwen 0025 416 412 a1z
SH-purme 6-{methyithink 50 44 80 1t 80
9-B-Driboluranosyl: dehvdrate
Imiddazole mustard 10 230 170 4
Anvnenivay 42 158 178 45
frimethyipunn-Goylchloride
Bactarovan 645 343 948 a4
Glycinen-{diazoaceivi - hydra-zide 160 400 495 47
Tylocrebrine 19 18 12 .60
Acctophenone 550 00 1500 490
Cytosing, 1-Badarabinofurano-svi 78 130 36 18
monohydrochloride
Hydrizine, {-aeetyl-2-picalinoyl 30 87 61 120 58
Phosphorodiay 54 29 G5 53 38 1
NN s {
with ¢ y -)h >
i Fobie (2 chlotoe: hyi 1 a0 15 86 47 38 38
Greishaber and Marsond, 1986°
Carboplain 27 40 5.2
Terovinane 1t 27 83
Homabarringtonine 014 19 015
Fludarabine iy 410 11
Triciibinephiosphate 5 85
NeMethyiformanide 32 430 68
BHAE 88 328 12
Rozencweis et al, 19519
Anpuidine a2 86 303
Piperazinedione anh 19 004
32 199 64
Gallium nitiate 33 10 17
Pakers antifol 2.7 12 1o
PALA 27 220 5
Thalicarpine 8.0 41 33
Maytamsineg 001 808 4.0031
Chlorozoion 11 45 .15
9862 6592 632
28 84 600 .32
-’~aidm~ Boetal, 1975
27 3.2
tetrahydm-
Zeomazaphosphorine-Zioxide
33 -Iming) di=t-p p;mal 20 41 47 12
diraethane suifonate
hydrochinride
Cytosine arahinoside® 71 38 15
A-pming-1-B-d-ribofuranosyl 55 12 052
cytosing hydrochioride
Tubercidin .50 64
2-Aming-9(2-deoxy- &1 0.51 077
14 33

D-stucopyranose
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Tabie 1 (continued)

Saurce and chemyical Toxig dose (mgfle)

Human  Mouse  Rat Monkey g

Coldsmiith et ol 1978
4Afming-7-B Donbpluranosyl 395 8.7 054

TH-pyriolel(2, 34 pyrimidine
Bleonwia 416 128 a.11 827
3-Acetyl 1,2, 3. 4.8, 12 14 6.73 12
Thhexabydro-3 5
12-tihvdrony-?
(or Wh-methoxy-5.11-dioxo-1-
yi-3-amine-2, 3,
a-llvsos

hexopyianeside hvdrochloride

—(3 3 D1 1(‘L"1y 1= Llazerm}— 5.2 o8 100 15

34 23 12
,mhydnde dianhydt
2,88 polyroer
2 41 a9 18 14
pae
diliydrochi rmde dmvdmte
=134 6,7 11b - hexalvdraed 830 74 087
ethoxy-2-
ft12.3 4 crehyilie 6,
Tedivnethoxy- T-soquinoly)
benzofal quinolizine,
-8 a52 44 13 g45

Ho-oxo-indelizing
line 7-plycolic acid,

{hydroxyrne
PLa-blqu
sodium salt

# WD and other doses, normalized to a 5-day dosing schedule. When necessary, doses
were converted to mgflke from mgim® as follows: {dose in mgfkg)=(dose in mgim® )k
where k is a species-specific conversion factor (human)=37; (mouse)=3.0, (rat)=5.2,
monkey =115, and: dog=19.4.

b Human dose=MTD, Mouse=L1104,, Rat=1D,, Morkey =MTD, Dog=MTD.

€ Hurnan dose=MTD, Mouse=101,, Dog=11}.

4 Human dose=MTD, Mouse=1D,g, Dog=TDL Dosage converted from a single
administration.

¢ Hurnan, rat, and mouse doses=MTD. Dosage converted from a single administration.

 Human dose=MID, Mouse=1D210, Dog=TDL.

% Dosage converted from a 10-day schedule,

" Dosage converted from a 21-day schedule.

! Dosage converted from a bi-weekly schedule.

5. The majority of the compounds are divect-acting compounds known (o
have significant biolpgical activity in rapidly dividing cells and moay
not be fully refevant to the universe of general chemicals. RiDs are
established for a variety of substances including essential nutrients,
industrial chemicals, pesticides, metals, inorganics and organics.
The substances with existing RfDs, or potentially requiring RfDs,
include compounds that are divect acting, compounds that require
metabolic activation, compounds with receptor-mediated effects,
and compounds that act through more general mechanisms. The
impact of this greater heterogeneity may result in greater variance
than the MTD ratios.

5. Human MTD data are drawn from individuals with advanced stages
of cancer, and as such may overestimate the toxicity of the
compounds for typical humans, The stress from cancer may reduce
the ability of the patients to tolerate the effects of the agents. This
would tend to lower the values of the human MTD and raise the
value of the ratios, In addition, the condition of the patients could
vary from one study to another and may contribute to the variance
in the data.

7. Ratios of MTDs (and other dose metrics) reflect both variation in
toxicity between the species and uncertainty in the measurement of
the MTD, Thus the distribution of MTD ratios will tend to have greater
varignee than the true animal to human variability. The uncertainty
in the toxicological measurements used to define the ratios has
been discussed by Brand et al. (1998, 2001) and Slob and Peiters

ED_002061_00039354-00003
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Fig. 1. Scatter plot of animal and buman MTDs.

{1898). This uncertainty comes from the impact of dose spacing,
background rates of adverse effects, and the finite number of
animals used in the studies. The effect of this measurement
uncertainty is to inflate the variation in the empirical ratios, While
the published work has focused on NOAELs and benchmark doses,
similar inflation would be expected in the measures of the MTD. In
fact, the inflation of the interspecies differences may be more
pronounced for the MTD ratios since MTD studies are conducted on
smaller numbers of test animals {or humans) than are studies that
have generated NOAELs,

Because of these differences, it is not clear that the empirical
distributions can be applied directly as measures of uncertainty in the
differences between animal and human NOAELs, This issue is
addressed in more detail in the discussion section of this paper

Analyses of data

Fig. 1 presents a scatter plot of the 151 data points. The plot aiso
inciudes two lines, one corresponding to equivalent human and animal
toxicity and the second to a 10-fold higher sensitivity in humans.

Development of species-specific distributions

Toxicity ratios are likely to differ as a function of the species of the
test animal {Travis and White, 1988}, For this reason it is important to

characterize inter-chemical variation in the ratios as a function of the
species of the test animal. This can be done by developing species-
specific distributions or by seeking to minirnize species differences by
using different dose metrics such as body weight™™ or surface area
(Travis and White, 1988; Watanabe et al, 1992; Baird et al, 1896;
Schneider et al,, 2004; Bokkers and Sleb, 2007). In this paper, the first
approach of developing species-specific distributions is used, as this
approach is the one most closely related to application of uncertainty
factors in the US. EPA RID methodology (Barnes and Dourson, 1988;
LUSEPA, 2007). The toxicity ratios were sorted by test animal and
ranked in order of increasing value. The resulting cumulative
distributions are presenfed in Fig. 2. Summary statistics for the
distributions are given in Table 2.

The species-specific distributions were tested to determine if they
differed statistically from one another. This was determined using 90%
confidence limits on the medians and 90th percentiles of the dis-
tributions. The confidence limits were determined using the non-
parametric bootstrap approach described below.,

Evaluation of the impact of data in multiple species

Where data are available for multiple species the current practice is to
use the most sensitive species {on a body weight basis) to establish an RiD
(Barnes and Dourson, 1988; USEPA, 1988). Such a practice should have the
effect of minimizing the chance of underestimating the toxicity of a
compound in humans, as species with greater sensitivity to a compound

-
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Fig. 2. Distribution of foxicity ratios in test animals and humans for four test species.
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Table 2
Surarnary statistics for species-specific distributions of toxicity ratios

Mousefmnnan  Batbumian | Monkey/hignen  Dog/human
Number of agents 54 7 534 56
Median (€1 77(68-93) 2001958 25121-33) 1B 7-15
Mean 20 a5 38 35
9oth percentiie (CIY | 25 (23-63) 16 (65-381 67 (50-14) 44126-77)
Standard deviation . 51 76 37 i3

would be used to establish the RD. The impact of this practice is
examined by plotting the ratio of the lowest test-animal dose to the
human MTD in the subset of agents { 14 compounds) that have toxicity
data for all four species. Fig. 3 presents the distributions of ratios of
human MTDs to the lowest MTD for specific combinations of test animals.
The combinations consisted of: the mouse dose; the lower of the doses
for mouse or rat; the lowest of the doses for mouse, rat, and monkey; and,
the lowest of the doses for miouse, rat, monkey, and dog. These
combinations were selected based on increasing body weight of the
test animals,

Evaluating the effect of the limited number of compounds on the
distribution

As discussed above, the database for anti-neoplastic agents is
velatively small and varies with the test species. An empirical
distribution of a relatively small number of chemicals, as in the
database for anti-neoplastic agents, is likely to underestimate the
true range of the distribution, resulting in potentially significant
uncertainty in the estimate of the values of specific percentiles of
the distribution. As recommended by Brand et al. {2001), a boot-
strap analysis was performed to determine the confidence limits
for the means and 30th percentiles (Efron and Tibshirani, 1993).
Using unbounded parametric distributions {such as normal or
lognormal distributions) has the advantage in that they allow the
sampling of plausible values that occur cutside of the range of the
observed data, Sampling the raw data will limit the values that can
be selected and will result in an underestimation of the
uncertainty at the extreme tails of the distribution. However,
several of the species-specific data sets showed significant
deviation from parametric fits {e.g, lognormal). Therefore, the
use of unbounded parametric sampling is not appropriate.
Sampling in this analysis is performed using an empirical
cumulative distribution that allows sampling of values between

the raw data points but is still bounded by the range of reported
data. Because of this limitation. no estimates were made for the
confidence limits of the highest portions of the distributions
{>90th percentile),

For this analysis, 10,000 bootstrap samples were generated, In this
study, we found that taking 10,000 samples generated stable esti-
mates (within 2%) of the uncertainty in the 90% confidence limits for
the medians and the 80th percentiles,

Results

The data set spans a wide range of toxicity in both test animals and
humans (Fig. 1). In general, the toxicity ratios are greater than 1.0
suggesting that the healthy test animals are, on the whole, less sen-
sitive than the human cancer patients when dose is expressed on a
body weight basis. in addition, a sizable fraction of the data points
(29 of 161) had ratios greater than 10. The size of the ratios varies by
species and is larger in species with smaller body weights (Fig. 2). As is
displayed in Table 2, the median values for the ratios vary from 1 to 8,
or approximately one order of magnitude. The results of the bootstrap
analysis provide confidence limits to the estimate of the median and
90th percentile (Table 2}, These confidence limits indicate that the
medians and 90th percentiles of the distributions of ratios for several
of the species pverlap and thus some of the species differences in this
data set are not statistically significant,

All species had ratios that exceeded 10. The fractions of the com-
pounds with values above 10 were approximately 3%, 5%, 19%, and 37%
for the dog, monkey, rat, and mouse. Having data on more than one
species tended to reduce the sizes of ratios in the set of compounds
with data on all four test species. In the subset of 14 drugs that had
data on all four species, use of the lowest MTD from both rats and mice
versus the lowest mouse MTD results a reduction of the fraction of
compounds with values greater than 10 from 25% to 15%. Data from
rats or mice when combined with either the dog or monkey data
eliminated values of ratios above 10. The median values of the distri-
butions were reduced by up to a factor of five {Fig. 3).

The results from the bootstrap analysis in Table 2 indicate that
there is considerable uncertainty in the estimate of the median and
the 90th percentiles of the species-specific distributions. Estimates
of the 90% confidence interval of the 80th percentile of each species’
ratios show that the number could vary by a factor of 2.7 to 4.3, The
uncertainties in the median values are slightly smalier, with the
differences in the 90% confidence intervals varying by a factorof 1.4
to 3.1
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Fiz. 3. Distribution of toxicity ratios of humans and the most sensitive species in a battery of test species.
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Discussion

The anti-neoplastic data, matched in humans and test animals,
provide a unigue ppportunity to investigate the relationship between
the toxicity of this set of chemicals in test animals and human cancer
patients, However, as discussed above, there are a number of limita-
tions to the data set,

The issues raised by the limitations can be organized in terms of
the impact on likely relationships between the empirical distributions
and the uncertainty in the differences between test animals and
human toxicity for a chemical. The data set addresses an endpoint that
is associated with frank effects rather than NOAELs or LOAELs, Thus,
these data are not necessarily representative of the animal to human
differences in eguivalent-effect doses in the region of interest at the
lower end of the dose-response continuum. Similar to EDs-based
ratios, MTD-based ratios will tend to underestimate the desired ratios
(atlow dose) to the extent that human response variance exceeds that
for test species. On the other hand, to the extent that the human
cancer patients in these studies represent a sensitive subpopulation
(ie., older and in poor health), the ratios will tend to be overestimated.
indeed, this limitation of our study has important implications for the
selection of an uncertainty factor distribution for interindividual
variation as the human subjects were almost certainly compromised,
The differences in the severity of the endpoints in the different species
may also affect the means of the distributions, None of these potential
biases can be gquantified at this time.

Three characteristics of the data set will tend to minimize the
variation in ratios. These are 1) the use of acute rather than chronic
toxicity data, 2) parenteral route of administration (intravenous or
intraperitoneal} and 3) the use of agents that in general do not require
metabolic activation, Future work should seek to determine the
magnitude of additional uncertainty that these factors cause in
interspecies extrapolation,

Finally, as discussed by Brand et al. (1999, 2001), measures of ratios
of empirical toxicity reflect both the true differences between the test
animal and humans, and the experimental uncertainty in the
measuremnents of toxicity, Brand correctly notes that NOAELs and
benchimark doses are inherently “messy” measurements, subjected to
a number of significant and poorly characterized sources of uncer-
tainty, In addition, limited sample sizes and the large range of values
result in wide confidence limits. While Brand did not investigate
uncertainty in the MTDs, the same issues that affect NOAELs and
benchmark doses affect the MTD. Brand found that this measurement
of uncertainty inflated the observed ratios. If this is the case, then the
above distributions may overestimate the upper bound (90th
percentile) values of the distributions. Additional work in this area
is needed.

Despite these lmitations in the data, a number of findings are
supported by these analyses. First, the ratios of the MTD are generally
consistent with traditional assumptions concerning interspecies
variation in toxicity for direct-acting compounds. All of the test
animals evaluated tend to have toxicity ratios of 1 or more, which
supports the use of values greater than 1 for the interspecies uncer-
tainty factor,

Second, ratios generally are larger for smaller animals, Some of this
difference may be a reflection of differences in toxicity guantification,
that is, impacts in small animals were measured as lethalicy (LD10s)
and large animal toxicity was determined using less-than-lerhal
endpoints (TDLs). Nonetheless, it appears from this analysis that body
weights are an important factor in accounting for interspecies
adjustiments and that the differences in sensitivity drop coincidentally
with converging weights.

Third, the effect of species is not large in comparison to inter-
chemicat variation. The difference in the median and 90th percentile
across species is less than 8-fold. In contrast, the inter-chemical
variations in the toxicity ratios of each species’ range of data exceed two
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orders of magnitude. Fourth, up to 37% of the agents tested in a given
species had ratio values greater than 10. This finding may be influenced
by the contribution of measurement uncertainty in the MTDs, Fifth,
where data are available in multiple species, the probability of large
values for a ratio is decreased. Yor example, the 90th percentile of the
distribution for the mouse is 5 times higher than the 80th percentile of
the distribution of ratios for the lowest endpoint of the mouse, rat, dog.
and monkey. This suggests that a lower interspecies extrapolation
factor is appropriate for compounds with relevant toxicity data in
muldtiple species than would be indicated by the species-specific MTD
ratio distribution alone. Finally, the bootstrapping analysis shows the
impact of limited sample size on the uncertainty in the estimates of the
median and 90th percentile of the distribution. The difference between
the 90% confidence Himits ranges up to a factor of 4.3, Increasing the
number of agents would provide a significant improvement in the
characterization of interspecies variation,

Conclusion

The distributions developed in this paper are a relevant source
of information on the uncertainty in the differences in test animal
models and humans and provide a starting point for future
research in the relationship between animal and human toxicity
for probabilistic noncancer models. Although limired by a number
of factors, the empirical data set on toxicity ratios in anti-neoplastic
agents is one of the largest in the published literature for the
characterization of interspecies uncertainty. The work in this paper
establishes the importance of considering the total number of
species tested when evaluating the uncertainty in extrapolating
findings from animal models to humans. Finally, this work
demonstrates the value of additional efforts to collect and evaluate
data on anti-neoplastic agents for improving probabilistic non-
cancer risk assessments,
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