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The Importance of Ranking Possible Carcinogenic Hazards 
Using HEW1 

Lois Swirsky Gold,2 Leslie Bernstein3, and Bruce N. Arne# 

Testing chemicals for carcinogenicity at near-toxic 
doses in rodents does not provide enough information to 
predict the excess number of human cancers that might 
occur at low-dose exposures. It is better to admit this 
than to provide the public with worst-case scenarios or 
to pretend that QRA is scientifically justifiable. The HEW 
index uses the same animal results and similar statistical 
methods as the usual low-dose linear estimation of risk; 
however, our purpose is to compare possible carcino- 
genic hazards from a variety of naturally occuring and 
synthetic chemicals, not to perform risk assessments. 
Our ranking is based on a simple measure that indicates 
what percentage of a standardized rodent tumorigenic 
dose a human gets from a given exposure. Recently, we 
have discussed advances in understanding the role of cell 
proliferation in the mechanisms of carcinogenesis, which 
suggest that estimates of risk to humans from low doses 
of rodent carcinogens have been markedly overesti- 
mated. The high doses administered in animal cancer 
tests are postulated to induce chronic cell proliferation, 
which itself is mutagenic in several ways.('J) Since cell 
prolifcration due to toxicity is not observed at low doses, 
the cancer risk at low doses is likely to be much lower 
than previously thought, particularly for nongenotoxic 
compounds. As more theory is developed and more evi- 
dence is produced about the mechanisms of carcinogen- 
esis, the ranking of hazards by the simple HERP index 
can be improved (as can risk assessment) by taking into 
account information on a given chemical about mecha- 
nism, shape of the dose response, and mutagenicity. 

About half of the chemicals tested for carcinogen- 
icity in rats and mice are positive, and this proportion is 
similar for naturally occurring and synthetic chemi- 
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cals.(') Because of the mechanistic considerations dis- 
cussed above, we expect that a high percentage of all 
chemicals would be positive if tested at maximally tol- 
erated doses (MTD). Thus it becomes important to try 
to rank possible carcinogenic hazards to humans from 
exposures to various chemicals. We have argued that the 
whole natural world has been neglected in the field of 
testing chemicals for carcin~genicity.('*~,~) Yet, humans 
are exposed to millions of natural chemicals. For ex- 
ample, less than 0.1% of exposures to chemicals in the 
diet (by weight) are likely to be from synthetic chemi- 
cals. Because there are so many natural chemicals, they 
should be used as a reference for evaluating carcinogenic 
hazards from synthetic chemicals. Therefore, the em- 
phasis in our work is upon comparing and ranking hu- 
man exposures in order to achieve some perspective on 
the natural background of carcinogens and to suggest 
priorities for epidemiological investigation. A chemical 
pollutant should not be a high priority for concern with 
respect to carcinogenicity if its possible hazard seems 
far below that of many common food items. To evaluate 
possible hazard we determine how close a typical human 
exposure is to the estimated dose that will have the prob- 
ability of an animal remaining tumor free by the end of 
a standard lifetime (TD50). The TD50 is calculated using 
a linear model and requires little or no extrapolation from 
the bioassay doses. We have based the HERP analysis 
on our standardized database of animal cancer tests, the 
Carcinogenic Potency Database (CPDB), which cur- 
rently includes results of 3969 experiments on 1052 

Our ranking of possible carcinogenic hazards sug- 
gests that human exposures to rodent carcinogens are 
common in everyday life, and that the possible hazards 
of synthetic chemicals ingested from pesticide residues 
or water pollution appear to be trivial relative to the 
background of rodent carcinogens from natural and tra- 
ditional chemicals (e.g., from the cooking of food). Our 
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results also suggest that alcohol at moderate doses should 
be high on our priority list for epidemiological studies 
and cancer prevention, and that possible hazards in the 
workplace may be of particular c o n ~ e r n . ( ~ J ~ )  In general, 
we would expect similar results from a ranking of risk 
estimates derived from QRA, since the methods are sim- 
ilar to those used to calculate TD50. 

Wartenberg and Gallo (W&G) have attempted to 
show by a counterexample of two experiments that the 
HERP ranking is inaccurate because the TD,, does not 
provide the correct rank order of carcinogenic potencies 
at low exposures (within the range of doses tested) when 
the dose-response in one test is quadratic. They compare 
one TD,, from a 62-week mouse test of AF-2 to one 
from a 135-week rat test of vinyl chloride. Their con- 
clusion is incorrect because they apparently did not re- 
alize that TD,o is a dose-rate for a standard lifespan (2 
years in rodents). The apparent rank reversal of TD,,'s 
in their example is due solely to their not taking into 
account our adjustment for differences in experiment 
length. Before extrapolation to the standard lifetime, the 
order of TD,,'s is what they consider correct (i.e., vinyl 
chloride is more potent than AF-2 for these two cases). 
When an experiment is terminated before the standard 
lifespan, animals are not at risk of developing tumors 
later in life. Thus the number of tumors found will be 
reduced, and the TD,, will be greater than the true TD50 
(i-e., the compound will appear to be less potent than it 
actually is). Because tumor incidence increases mark- 
edly with time, the reverse is true for unusually long 
experiments. Our convention in the calculation of TD50 
has been to adopt as a correction factor f2, where f is 
experiment time/standard lifespan.(") Generally, in the 
CPDB, extrapolation is minimal because of the inclusion 
rules and the use of standard protocols. Only 6% of the 
mouse tests are as short as 62 weeks, and only 6% of 
rat tests are as long as 135 weeks. 

Figures 1 and 2 indicate the experimental results 
(solid line) on which TD5o is based, as well as the 
values for TD,,, before extrapolation to a 2-year life- 
span (broken line), and 99% confidence limits (dotted 
line) for the AF-2 and vinyl chloride data referred to 
by W & G. The unextrapolated TD,, for vinyl chloride 
(506 mg/kg/day) is more potent than the unextrapo- 
lated TD50 for AF-2 (640 mg/kg/day). The unextra- 
polated confidence limits overlap [vinyl chloride 
(317,1160), and AF-2 (398,1120)]. Since the AF-2 
test ended at 62 weeks and the vinyl chloride test ended 
at 135 weeks, the extrapolation to 2 years alters the 
ranking of TD,, for these two cases. As reported in 
the CPDB, when TD50 is extrapolated to a standard 
lifespan, the value for vinyl chloride becomes less po- 
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Fig. 1. Unextrapolated TD,, and unextrapolated confidence limits from 
a 62 week experiment of AF-2 discussed by Wartenberg and Gallo. 
Solid line is for experimental results for squamous-cell carcinomas of 
the forestomach in female ICR mice. LC = lower confidence limit. 
UC = upper confidence limit. 
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Fig. 2. Unextrapolated TD, and unextrapolated confidence limits from 
a 135 week experiment of vinyl chloride discussed by Wartenberg and 
Gallo. Solid line is for experimental results for liver angiosarcomas in 
both sexes of Sprague-Dawley rats. LC = lower confidence limit. UC 
= upper confidence limit. 

tent (843 mg/kg/day) than that for AF-2 (225 mgikgl 
day). After the time of extrapolation, the confidence 
limits do not overlap [vinyl chloride (528,1940) and 
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AF-2 (140,393)]. The large impact of the standardi- 
zation to a 2-year lifespan reflects the unusual exper- 
iment lengths of these two tests and the fact that tumor 
yields increase markedly with time. 

Additionally, neither of the TD,, values used by 
W&G would enter into the HEW calculation. The TDSo 
used in HERP is the average calculated by taking the 
harmonic mean of the TDso’s of the positive tests in a 
species; for each test the target site with the lowest TDS0 
value is used. The harmonic mean is calculated sepa- 
rately for rats and mice, and the more sensitive species 
is used in the HERP. W&G selected target sites that 
were not the most potent in each experiment. For ex- 
ample, in the case of AF-2 in mice they selected the 
incidence for squamous-cell carcinomas of the forestom- 
ach (0/65, 1/50, 25/50). The most potent target site (the 
lowest TDS0 value) in that experiment is for the mix of 
squamous-cell papillomas and squamous-cell carcino- 
mas of the forestomach (0/65, 13/50, 36/50), which re- 
flects the morphologic continuum from papillomas to 
carcinomas and the tumor types that might be expected 
by 62 weeks. This TD,, is consistent with linearity, and 
is the value that would be used in the calculation of the 
harmonic mean for mice. The CPDB also includes re- 
sults for rats on AF-2, and the harmonic mean of the rat 
TDso’s is lower than that for mice.(,) Thus, the value 
used in the HERP for TDs0 is for rats, whereas W&G 
have based their analysis on a test in mice. 

There are additional unusual aspects to the cases 
chosen by W&G. As noted above, the AF-2 test was 
unusually short and the vinyl chloride test unusually long. 
Vinyl chloride is an unusual chemical because of the 
plateau in the dose-response. The standard protocol in 
carcinogenesis testing is a control group and two dose 
groups at the MTD and half the MTD. In comparison, 
the vinyl chloride test has a control and six dose groups, 
and the doses range over 200-fold. Fewer than 2% of 
the positive chemicals in rats vary that much in their 
design. For AF-2 in mice, the two doses range over five 
fold; only 11% of the mouse carcinogens have been tested 
over such a wide dose range. 

While it is theoretically possible for a rank reversal 
in carcinogenic potency to occur, W&G have failed to 
demonstrate it with their example. We would not expect 
such reversals to be common. In earlier work we showed 
that given the usual experimental design and the exper- 
imental result that 100% of the animals rarely develop 
the tumor of interest in an experiment, the TD,, calcu- 
lated for a statistically significant result will be close to 
the administered dose. Moreover, if a quadratic model 
were used to estimate potency, TD,, would not vary 
greatly from the estimate based on a linear model. We 

showed for the standard protocol of the MTD and half 
the MTD that “the (exponential) linear assumption for 
the dose-response function used in calculating TD,, is 
not crucial. For example, assuming a purely (exponen- 
tial) quadratic dose-response function, we found the ac- 
tual TDs0 to be within a factor of 5 of the linearly estimated 
TDs0 for a selection of background rates and incidence 
rates at the m a - d  [maximum dose 

In addition, we have shown that various methods 
of summarizing TD50 across experiments provide esti- 
mates that deviate only over an extremely small range. 
We considered most potent site, harmonic mean (of the 
most potent site from each positive experiment), geo- 
metric mean, and arithmetic mean.(13) Only a few chem- 
icals are extreme with respect to the variation in TD,, 
values, and AF-2 and vinyl chloride are two of them, as 
we reported earlier.(13) 
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The Fallacy of Ranking Possible Carcinogen Hazards 
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Ames et al. have proposed a new model for evaluating carcinogenic hazards in the environment. 
They advocate ranking possible carcinogens on the basis of the TD,,, the estimated dose at which 
50% of the test animals would get tumors, and extrapolating that ranking to all other doses. We 
argue that implicit in this methodology is a simplistic and inappropriate statistical model. All 
carcinogens are assumed to act similarly and to have dose-response cuwes of the same shape that 
differ only in the value of one parameter. We show by counterexample that the rank order of 
cancer potencies for two chemicals can change over a reasonable range of doses. Ames et al. 's 
use of these TD,, ranks to compare the hazards from low level exposures to contaminants in our 
food and environment is wholly inappropriate and inaccurate. Their dismissal of public health 
concern for environmental exposures, in general, based on these comparisons, is not supported by 
the data. 

KEY WORDS: Risk assessment; TD,,; HERP; carcinogens; human health. 

1. INTRODUCTION 

Quantitative risk assessment (QRA) is the process 
by which scientists predict adverse health outcomes in 
low-exposure situations using data derived from high- 
exposure situations (e.g., rodent bioassays, human worker 
studies). Beginning with simple statistical models for 
susceptibility distributions,(14) investigators have tried 
to improve QRA methodology by including a variety of 
more complicated biologically based statistical distri- 
bution m ~ d e l s , ( ~ - ~ )  time-to-tumor models,(&") models 
that incorporate background tumor rates(12-13) and, most 
recently, models that incorporate mechanisms of biolog- 
ical activity in conjunction with statisti~s.(~"-'~) Thus, it 
was with much disappointment that we read a recent 
article by Ames ef af. (Ref. 18; see also 19 and 20) that 
newly proposed a simple, purely statistical and inappro- 
priate model for assessing human health hazard. Their 
model relies only on the rank order of cancer potencies 
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derived from exposures at arbitrary, high levels, and yet 
is claimed to be appropriate for consideration of human 
health hazard at all exposure levels. Our concern lies not 
in their proposal itself, but in the widespread notoriety 
it has gained@') and its acceptance by risk assessment 
practitioners in the field.3 We show below that the for- 
mulation of Ames et d. is wholly inappropriate for the 
assessment of human hazard. Ames ef al. claim 
that the absolute risk estimates from QRA are not suf- 
ficiently accurate, based on heuristic considerations. Based 
on theoretical considerations, we  contend that using only 
their relative potencies, one cannot even find the correct 
rank order of carcinogenic potencies at low exposures. 

2. THE AMES ET AL. MODEL 

In their recent articles, Ames et af. (18-*0) suggested 
that, in consideration of potential human health risk, 
carcinogens should be ranked on the basis of their TD,,, 

For example, USDA Forest Service, Pacific Northwest Region, Man- 
aging Competing and Unwanted Vegetation, Draft Environmental 
Impact Statement (Portland, Oregon, October 1987). 
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the estimated dose which would elicit a median response 
among test  animal^.^ Combining this index with actual 
human exposures to these same chemicals, they calcu- 
lated an alleged human hazard, the HERP. We argue 
that this approach to hazard evaluation is fallacious on 
two accounts. First, human (or animal) response to dif- 
ferent chemicals may not follow the same dose-response 
function which is an inherent characteristic of the TD,, 
evaluation. To the degree that these functions differ for 
different chemicals, the rank order of potencies at the 
TD,, may not correspond to the rank order of potencies 
at typical environmental exposures (lo-, or quanta1 
response). Second, even if the hazards do have similar 
functional forms, all the parameters used to describe the 
specific functions save one are held constant. That is, if 
one considers the likelihood of response as a statistical 
distribution (as with the probit model described below), 
implicit in the TDs0 concept is the equality of variances 
in response to different chemicals. Only the central tend- 
ency of the function can vary. Not only is the constancy 
of all parameters but one in responses to different chem- 
icals statistically unlikely, this assumption precludes a 
hazard evaluation which could incorporate variability 
among different biological or metabolic responses to dif- 
ferent chemicals. Moreover, we believe that adoption of 
the TD,, as an index of that dose which would produce 
a specific effect in humans (potency) will counteract the 
recent advances in toxicological modeling and, once again, 
relegate dose-response evaluation to purely a statistical 
exercise. Acceptance of our argument implies that the 
ranking of carcinogens provided by Ames er al. (18-20) is 
not necessarily related to human hazard. We do not ad- 
dress statistical estimation issues in this note because if 
the index is flawed, as we contend, there is no need to 
estimate its values.(22) 

3. THE TD,, CONCEPT 

The basic conceptual model behind the TD,, index 
is that the rank order of cancer potencies for all carcin- 
ogenic chemicals at high doses is the same as the rank 
order of cancer potencies at all lower doses. As Pet0 et 
al. note,(20) given the assumed consistency of rank, the 
specification of a particular dose at which to calculate 
the index is arbitrary. By analogy with acute toxicity, 

Median response is a term we shall use to describe the dose at which 
half of those exposed exhibit a response after adjusting for back- 
ground rates of response and intercurrent mortality. Quanta1 re- 
sponses discussed later in the text refer to those doses at which the 
specific quantile of the exposed population is expected to exhibit a 
response. 

they (18-20) propose the median response dose. They note 
the convenience of this choice in that most experimental 
dose ranges include this value. However, they also note 
that similar statistical arguments could be made about 
the TD,, or TD,,. 

4. DIFFERENT DOSE-RESPONSE FUNCTIONS 

One limitation of using the TD,, to rank carcino- 
gens is that there is an implicit assumption that data from 
all suspect chemicals be fit with the same dose-response 
model and that the TDso be inferred from that model.(20) 
Others have shown that dose-response curves with dif- 
ferent shapes (e.g., probit, logistic and one-hit) and 
identical TD,, and T D 1 6  values have very different TDo.oool 
values.(") With models of less similar functional forms, 
even greater variations would be expected at low expo- 
sures from chemicals with identical TD,, values. How- 
ever, using a single functional form to model responses 
to all chemicals implies that cancer is a single process, 
or at least that macroscopically it works by a single set 
of rate kinetics. There is no allowance for biological 
differentiation or alternative pathways. We view this 
constraint as unlikely. 

5. EQUALITY OF VARIANCES 

The second assumption implicit in using the TDS0 
is that responses are modeled as having the same vari- 
ance, irrespective of the value of the TD,,. Consider the 
probit-log dose model. Under this model, the probability 
of an individual's response is modeled as a normal prob- 
ability distribution with respect to the log of the dose. 
The cumulative form of this function is fit to experi- 
mental animal data. In terms of the probability distri- 
bution, two parameters are fit to this functional form, 
the central tendency and the rate of spread from the 
center. Implicit in the TD,, approach is the assumption 
that chemicals with the same TDs0, the central tendency 
of this distribution, have the same rate of spread through 
the tails, the second moment of the distribution or var- 
iance (which is analogous to the slope of the cumulative 
distribution curve). That is, two curves with the same 
TD,, would be identical at all doses. In mathematical 
terms, this means that the ratio of TD,, to TDo.,, should 
be constant over all chemicals. Not only is this assump- 
tion biologically implausible, i t  is not supported by ex- 
tant data. 

In graphical terms, the curves for two chemicals 
with different TD,os would be identical but equidistantly 
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displaced at all points. Figure 1 shows three hypothetical 
dose-response curves fit to the probit model. Frame A 
shows the distribution of individual susceptibilities. The 
distribution follows a normal probability distribution. 
Curves 1 and 2 have the same variance, or rate of change, 
but different TD,,s. Curves 2 and 3 have different var- 
iances but the same TD,,s. The cumulative versions of 
these curves are shown in Frame B. These are the data 
that typically are fit to animal bioassay data. Curves 1 
and 2 in Fig. 1B are equidistant (along thex-axis for any 
value along the y-axis). Curve 3 has a different rate of 
spread from Curves 1 and 2 and thus intersects them. 
Since we are using a probit model, the data can be sub- 
jected to an inverse normal transform to yield straight 
lines, as in Fig. 1C. In this case, only parallel lines fit 

Ln Dosc 

Fig. 1. (A) Three hypothetical dose-response curves for three different 
chemicals fit to probit models. This figure shows the distribution of 
susceptibilities in a population to different compounds as a lognormal 
distribution. Curves 1 and 2 have the same variance but a different 
TD,,. Curves 2 and 3 have different variance but the same TD,,. (B) 
The cumulative distributions of the curves in A. This is the form in 
which the information is presented most often. (C) Inverse normal (z- 
score) transform of the cumulative distributions in B. The intersection 
of Curve 3 with Curves 1 and 2 shows that the rank order of potencies 
changes as a function of dose. Note that Curves 1 and 2 have the same 
slope (variance), and Curves 2 and 3 have the same midpoint (TD5"). 

the Ames et al. model (Curves 1 and 2). Nonparallel 
lines (Curve 3 with respect to 1 and 2) violate their 
implicit assumption. When these lines cross, their rank 
order changes, a condition not considered in the Ames 
et al. model. Rather than being a rare, statistical obser- 
vation, this rank change is common in extant data. Sim- 
ilar problems occur if one considers the TD,, and other 
two or more parameter models of dose-response. 

Consider, for example, a sample of data presented 
by these same authors.(23) We have chosen two com- 
pounds to demonstrate the problem: AF-2 (no. 99) and 
vinyl chloride (no. 2867). Comparison of the dose-re- 
sponse curves (Table I, Fig. 2) shows that the rank order 
of responses is not preserved from the TD,, to the range 
of values tested. While vinyl chloride has the larger TD,, 
(843 vs. 225), meaning that it is less toxic, AF-2 is less 
toxic at doses of about 100 mgkg and below (1/50 vs. 
13/60). Both differences, taken independently, are sta- 
tistically significant at pSO.01. For this one arbitrary 
pair of chemicals, the TD,, concept does not correctly 
order cancer potencies at low dose. Not only is the Ames 
et al. concept theoretically flawed, but it does not work 
for these empirical data. Other similar examples exist. 

In general, the rank reversal is related both to the 
shape of the dose-response curve (the slope and the rate 
of change of the slope) and carcinogenic potency at high- 
dose exposures rather than the high-dose potency alone. 
In fact, substances with supralinear dose-response curves 
(flatter on a log-log plot) below the TD,, (e.g., vinyl 
chloride) will have greater ratios of the TD,o/TD,,,,o, 
than those with sublinear curves (steeper on a log-log 
plot-e.g., AF-2). We suggest that the differences in 
slopes and rates of change of slopes may be due to dif- 
ferent biological processes involved in the activation and 
detoxification of these different materials. 

Of additional importance is the reliability of the 
data. While, for our example, the 95% confidence in- 
tervals of the TD,,s do not overlap, one may question 
whether there is any significant difference in carcino- 
genic potency at any dose between these two substances. 
Statistically, they are different although this difference 
may not be meaningful or interesting biologically or in 
terms of hazard. Such considerations bring into question 
the overall reliability of QRA, which is not the subject 
of this note. However, we caution that the uncertainties 
in the animal bioassay results suggest that comparisons 
using any statistical measure of potency at any dose of 
these compounds is tenuous. One should exercise ex- 
treme caution in comparing compounds of similar po- 
tencies at any dose or with intersecting empirical dose- 
response curves. For compounds that have markedly dif- 
ferent dose-response curves or different mechanisms of 
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Table I. 

AF-2 Vinyl chloride 

Dose (mg) P f 4  P ( 4  - PfOj Dose (mg) Pf4 P(4 - PfOJ 

0 0165 0.00 0 0158 0.00 
104 1/50 0.02 2.02 1/60 0.02 
520 25/50 0.50 10.10 3/59 0.05 

20.20 6/60 0.10 
101.00 13/60 0.22 
243.00 13/59 0.22 

225 TDw 843.00 TDw 

Dose (mi9 
Fig. 2. Dose-response data (solid lines) for AF-2 (circles) and vinyl 
chloride (boxes) from Gold et al.(*') The TD,,, (dashed lines) for vinyl 
chloride is greatcr than that for AF-2, suggesting that AF-2 is more 
carcinogcnic at doses higher than thosc tested. However, at the lower 
doscs tested, vinyl chloride is more carcinogenic that AF-2. Thus, for 
this one pair of chemicals, the TD,,, concept does not correctly order 
cancer potencies at low dose. This same reversal is seen for other 
chemicals and for other dose-response models with the same chemicals 
(see text). 

action, any measure of potency will document their dif- 
ference, at least qualitatively. 

6. DISCUSSION AND CONCLUSIONS 

Ames et al. (18-20) have proposed the use of relative 
carcinogenic potency rather than QRA in assessing hu- 

man hazard to environmental exposures. They suggest 
using the TD50, which is an estimate of carcinogenic 
effect among test animals at high doses, to evaluate chronic 
human health hazard at low doses. While noting the 
limitations of their new index (e.g., differential suscep- 
tibility between rodents and humans, unknown dose- 
response functions, different mechanisms of action among 
carcinogens), they use it without modification. Yet, since 
dose-response curves may differ in shape, location, and 
spread, the relevance of their TD,, for predicting human 
response at low levels of environmental exposure is 
problematic. 

Other recent evaluations of health using QRA have 
taken great strides toward incorporating some biological 
evaluation into the dose-response modeling.(14) At their 
most sophisticated, such efforts have included physio- 
logically based pharmacokinetic models, evaluations that 
include biological measures of reaction and response 
within different systems of the test animal. We believe 
that this incorporation of biological information into the 
statistical evaluations is the appropriate direction for these 
models to grow and that the TD,, concept will hinder 
such advancement. 

We have argued that unless the same functional 
form is used to model dose-response functions, and un- 
less equality of variances is assumed for responses to 
different chemicals, it is unlikely that the rank order of 
potencies will be preserved over the wide range of ex- 
posures considered by Ames et al.(ls-zo) Further, the 
constraints proposed by them preclude the incorporation 
of biologically plausible components into dose-response 
evaluations. This argues strongly against the use of the 
TD50 (or any other single-parameter relative potency in- 
dex) because the strict conditions for its reliability are 
statistically unlikely and because it excludes considera- 
tion of biological mechanisms. 

Finally, Ames et U I . ( ' * - ~ ~ )  suggest the use of the 
TD,o for priority setting in the management of human 
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health risks. We suggest that adverse health outcomes 
other than cancer should be included in any evaluation 
of human hazard. For example, both cases of contami- 
nated water that Ames et al. cite were of concern be- 
cause of adverse reproductive outcome as well as cancer. 
Pesticides are known to affect the reproductive, neuro- 
logical, and immunological systems as well as being 
carcinogenic. In general, risks of adverse reproductive 
outcome, of neurologic and immunologic dysfunction, 
and other impairments must be considered along with 
cancer in human health risk evaluation. We realize that 
the risk assessment methods for studying these problems 
are less well-developed than for cancer and that the da- 
tabase is more sparse. However, these other outcomes 
may be more sensitive indicators of human health haz- 
ard. 
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