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The Importance of Being Quantitative When Crying

“Fallacy”!

Gay Goodman?*?

Wartenberg and Gallo™® find fault with Ames et
al. @ for using the rank order of rodent TDygs to predict
the rank order of carcinogen hazards to humans when
exposures are at much lower levels than the doses typ-
ically used in the rodent bioassays. This is certainly a
topic that merits serious investigation, but Wartenberg
and Gallo do not offer any new perspectives or much
analysis of existing information. Rather than provide a
thorough investigation of the problem, their sole purpose
seems to have been to refute a paper that they apparently
did not read carefully enough.

The authors call Ames et al. @ to task for proposing
““a new model’’ in which the rodent TDs, is used as the
basis for evaluating human carcinogenic hazards. But
the TDs, or a similar high-dose measure of potency is
already widely used for risk assessment, and Ames et
al.@ are quick to point out that this is an inadequate, if
sometimes expedient, approach:

Extrapolation from the results of rodent cancer tests done at
high doses to effects on humans exposed to low doses is rou-
tinely attempted by regulatory agencics when formulating pol-
icies attempting to prevent future cancer. There is little sound
scientific basis for this type of extrapolation, in part due to our
lack of knowledge about mechanisms of cancer induction, and
it is viewed with great unease by many epidemiologists and
toxicologists [Ref.]. Nevertheless, to be prudent in regulatory
policy, and in the absence of good human data (almost always
the case), some reliance on animal cancer tests is unavoidable.
(p. 271)

Ames et al. are not arguing for more widespread
use of rodent potencies measured at high doses (e.g.,
the TDs) in determining human risk. However, they
suggest that since high-dose measurements are the only
carcinogenicity data available for most chemicals, then
the TDs, may be used, in combination with probable
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human exposure levels, to establish a rough estimate of
the rank order of cancer hazards. What is original in the
paper by Ames et al. is not the use of the rodent data in
itself; rather, it is the introduction of a simple method
to combine human exposure information with rodent car-
cinogenicity data for obtaining an index of expected hu-
man risk (i.e., the HERP).

The essential argument of Wartenberg and Gallo is
that the high-dose potency or even the shape of the dose—
response curve at high doses does not provide informa-
tion about the dose-response at low doses, and in par-
ticular does not tell you whether the curve deviates sharply
from linearity at low doses. Many competent researchers
(e.g., Swenberg et al.®) are aware of this difficulty and
have addressed the issue recently. Ames et al. @ state:

It would be a mistake to use our HERP index as a direct esti-
mate of human hazard. First, at low dosc rates human suscep-
tibility may differ systematically from rodent susceptibility.
Second, the general shape of the dose-response relationship is
not known. A linear dose-response has been the dominant as-
sumption in regulating carcinogens for many years, but this
may not be correct. If the dose-responses are not linear but are
actually quadratic or hockey-stick-shaped or show a threshold,
then the actual hazard at low dose rates might be much less
than the HERP values would suggest. An additional difficulty
is that it may be necessary to deal with carcinogens that differ
in their mechanisms of action and thus in their dose-response
relationship. We have therefore put an asterisk next to HERP
values for carcinogens that do not appear to be active through
a genotoxic (DNA damaging or mutagenic) mechanism [Ref.]
so that comparisons can be made within the genotoxic or non-
genotoxic classes. (p. 272)

Since information pertaining to the really interesting,
low-dose responses is statistically unattainable in exper-
iments with 100 or fewer animals per dose group, the
high-dose potency is often the only parameter available
to risk assessors. Most workers in this area would prob-
ably agree that bioassay design could be modified so as
to lessen the high-dose/low-dose extrapolation prob-
lem—for instance by performing time-to-tumor mea-
surements and by looking for preneoplastic changes in
animals treated at low doses. However, Wartenberg and
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Fig. 1. Dose-response data and TDs,s at the most sensitive site and
best-fit curves for vinyl chloride (A) and AF-2 (B). Data and TDgs
are from Gold et al.% (see Table I). Curves are fits to a multistage
model; see text for details. x, data for rats; +, TDs, for rats; O,
data for mice; [J, TDs, for mice. The highest dose point for the vinyl
chloride rat data (0.929 mg) was not used for determining the best fit
curve (dashed line), since Gold et a/. did not use this point for deriving
the TDsy,.

Gallo do not discuss these options nor do they introduce
any new ones.

It is a mystery to me why Wartenberg and Gallo
have chosen as ‘‘arbitrary’’ examples those bioassays
which yielded a TDs, of 843 mg for vinyl chloride and
225 mg for AF-2 (furylfuramide). These are listed in the
Gold et al.® compilation as experiment no. 2867 (rats,
both sexes, route: inhalation, liver angiosarcoma) for
vinyl chloride and no. 99 (mice, female, route: diet,
forestomach squamous cell carcinoma) for AF-2. Rather
than choose TDys, values arbitrarily, a more widely prac-

Goodman

ticed approach is to take the TDs, at the most sensitive
site for which there was a statistically significant re-
sponse. Setting p<0.01 as a cut-off for statistical sig-
nificance, I have taken the lowest TDs, values in mice
and in rats from Gold et al.’s original compilation® and
two supplements®; these are given in Table I, and the
data are plotted in Fig. 1.

Given the fraction of animals with tumors at each
dose, the computer program MSTAGE (developed by
E.A.C. Crouch) was used to calculate the maximum
likelihood solutions to the parameters a,, a;, . . . . 2,
in the multistage model formulation of the probability
of tumors at a given dose d:

Pd)= 1— exp[—(ap + ar'd + ayd® + ayd® +
+ a,d")]

where the number of fitted parameters is set equal to the
number of data points. The resultant curves are plotted
in Fig. 1 for vinyl chloride and AF-2. Three of the lowest
TDs,s were from single-dose experiments; in all three,
the dose was high enough to yield >45% excess tumors.
For each of these experiments the best-fit curve is drawn
in Fig. 1 as a solid line. The remaining experiment (vinyl
chloride in rats) included several doses, but none high
enough to produce a meaningful dose—response relation-
ship in the [P(d) — P(0)] = 0.5 range. Here the best-
fit curve is drawn as a dashed line and is extended to
the point P(d) = 0.5 (for the purpose of crude compar-
ison with the data depicted in Wartenberg and Gallo’s
Fig. 2). The TDss calculated by Gold et al. are also
plotted in Fig. 1. The rank order of the TDyys in mice
is the same as the rank order in rats, even though for
rats there is some (albeit limited) low-dose data for vinyl
chloride. For simplicity, I have omitted the confidence
limits on the TDs, values (given by Gold et al.) and on
the fractional tumor incidences, although these clearly
are relevant to any meaningful quantitative comparison
of dose—response behavior.

Thus, at the most sensitive site the ratio (TDsg Ap.2)/
(TDsp, vinyi chiorice) 18 60.8/10.6 = 5.7 for mice and 11.4/
3.69 = 3.1 for rats. This is in accord with the rank
order of potencies which Wartenberg and Gallo found
for tumors assessed at a less sensitive site for vinyl chlo-
ride and in the less sensitive sex for AF-2, based on the
dose-response behavior at the lowest doses tested. In-
deed, one rationale for using the potency at the most
sensitive site is that the carcinogenic response might be
less dependent on threshold phenomena such as local
toxicity; therefore, in the case of genotoxic compounds,
such as AF-2 and vinyl chloride, a linear response is
more likely to prevail at lower doses.

Professor Ames is well aware of the likelihood that
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Table 1. TD,,s at the Most Sensitive Site in Rats and Mice®
Chemical Sp. Sex Rte. Site Hist. TD,® Signif. Ref.c
Vinyl chloride M f inh mgl car 10.6 p<.0005 No. 512, GS2
R both inh mgl adc 3.69 p<.008 No. 2869, G
AF-2 ’ M m eat for mix 60.8 p<.005 No. 98, G
R f cat mgl mix 11.4 p <.0005 No. 103, G

“Abbreviations—species: M (mice), R (rats); routes: inh (inhalation), eat (diet); sites: mgl (mammary gland), for (forestomach), liv (liver);

histopathology: car (carcinoma), adc (adenocarcinoma), mix (mixed sites).

®In mg/kg-day.
G is Gold et al., 1984¢); GS2 is Gold et al., 1987.®

testing chemicals at toxic doses results in a potentially
organ-specific increase in potency relative to what might
be found at lower doses, if such experiments were per-
formed; indeed, he has been a leader in the exposition
of this concept.(® On the subject of the relationship be-
tween toxicity and carcinogenicity, it is unfortunate that
Wartenberg and Gallo confuse the issue by writing ““toxic™
when they mean ‘‘carcinogenic.”’

Wartenberg and Gallo say that they ‘‘do not address
statistical estimation issues in this note because if the
index is flawed, as we contend, there is no need to es-
timate its values.”” This is absurd, because the degree
to which an index is flawed is highly relevant to any
criticism of it. If, for example, it turns out that rank
order of TDsgs is followed at low doses only for partic-
ular classes of chemicals, or only when chemicals with
minimum TDsos within a certain range of one another
are considered as a group, then such findings could be
the basis of an interesting, useful paper.
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Comment

Assumptions of the HERP Index!

David G. Hoel?

In his development of the HERP Index, Ames et
al.,™ without resorting to quantitative low-dose risk es-
timation, attempted to identify particular hazardous sit-
uations in order to assist in the setting of priorities. This
is an admirable goal. Unfortunately, for the quantitative
values given by the HERP Index to make much sense,
it is necessary to adopt many of the assumptions used in
low-dose quantitative risk estimation.

The HERP Index is defined as the human exposure
expressed as a percentage of the carcinogenic rodent po-
tency on a dose-per-body-weight basis. This or a per
surface area metric is typically used by those carrying
out quantitative risk estimates. The assumption is rea-
sonable, and Ames has adopted it for his procedure.

Next, an assumption is needed with regard to the
shape of the dose—response curve. If we assume that the
cancer rate is proportional to the dose rate raised to the
power &, it follows that the cancer risk is quantitatively
equal to 0.5 times the HERP Index raised to the power
k. This is true if in the determination of the rodent TDsq
there were no background tumors. If, however, there
was a background of 20%, say, then the coefficient would
be 0.4 instead of 0.5.

Applying the HERP Index to a comparison of two
chemicals makes reasonable sense only if their ranking
is preserved at various environmental levels. The above
calculation shows that this will be the case if the two
chemicals being compared have the same dose coeffi-
cient k. If one dose-response curve for chemical A is
linear (i.e., & = 1), and the other for chemical B is
quadratic (i.e., & = 2), then the relative ordering is not
preserved. In such circumstances, applying the HERP
Index would not make much sense in that chemical A’s
risk would be greater than chemical B’s risk, and yet
the HERP Index for chemical B would be equal to that
for chemical A for equal exposures and TDsps. This
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latter problem is essentially the main argument which
Wartenberg and Gallo address.

There is a second issue of the quantitative nature
of the HERP Index. If one is told the HERP Index for
one chemical is 0.1 and the HERP Index for another
chemical is 0.01, there may be the tendency to believe
that there is a similar difference in risk at the given
exposure levels. This is exactly the situation if we as-
sume that the dose-response is linear, in which case the
risk is nothing more than 0.5 times the HERP Index.
Therefore, Ames et al. is actually close to simply ap-
plying the usual low-dose linear risk estimation methods.

For example, Ames and Gold® estimate and com-
pare the HERP Index for Alar from a daily glass of apple
juice (0.0017%) with the HERP Index for consuming
one raw mushroom per day (0.1%), a relative difference
of 59. Using a linear, low-dose extrapolation, the corre-
sponding lifetime cancer risk from drinking a daily glass
of alar-contaminated apple juice is roughly 8 x 107,
whereas the risk from eating a daily mushroom is about
4 x 1073, It is difficult to imagine a situation where one
is able to rank order these low-dose risks and at the same
time argue that such absolute quantification of risk is
unreasonable.

The HERP Index is constructed by first determining
the rodent TDy,, based on the results from long-term
carcinogenesis studies in rodents. The estimation of the
TDs, has specific problems. In a paper by Bernstein er
al.® it was shown that any estimated TDs, is closely
related to the maximum tolerated dose (MTD) which is
typically the highest dose used in the bioassay. Specif-
ically, if one is dealing with a potent carcinogen, then
it is not possible to estimate the true TDs, because the
range of the estimated TDs, must be within an order of
magnitude or so of the MTD. This phenomenon is a
result of the discreteness of the data, and a clear example
of this problem is the case of ethylene dibromide, where
the tumor incidence is about 90% at all of the experi-
mental doses in the rodent bioassay. With this type of
data one does not have a reasonable estimate of where
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the dose~response will turn over, and as such, one can-
not provide a rational estimate of the TDs, (see Hoel
and Bailer™).

The second issue is the implicit assumption of lin-
earity of dose-response or at least the same value of &
for the chemicals under consideration. It is on this area
that Wartenberg and Gallo particularly concentrate. Ames
et al. argue that a majority of carcinogens are tested at
very high doses and as such general toxicity and cellular
proliferation in particular are responsible for experimen-
tally observed carcinogenesis. If this is indeed the case,
then the dose—response relationships would typically be
expected to be nonlinear. Wartenberg and Gallo are quite
correct in expressing their concern about this general
assumption, which is the key to applying the HERP In-
dex. Much of what has been written about the HERP
Index has concentrated on its application to the chemi-
cals given in the Ames paper, and in particular the issue
of natural vs. synthetic carcinogens. Not much attention,
however, has been given to the technique itself, and this
is what Wartenberg and Gallo address.

There is a basic problem with the indiscriminate
application of any general risk formulae without a care-
ful examination of the particular chemical in question.
For example, in the Ames paper, one of the compounds
with the highest HERP Index value that Ames calculates
is phenobarbital. This compound is shown to have a
HERP Index of 16% for a daily dose of 60 mg. Many
epileptics are on maintenance doses of this drug in the
range of 100-1000 mg/day, which suggests a HERP In-
dex of about 25-250%, implying that these individuals

Hoel

are under extremely high risk of cancer. When research-
ers have actually looked at the epidemiological evidence
for cancer among epileptics using phenobarbital, the pic-
ture is quite different. Ames et al., in their paper, clearly
point out this lack of any evidence of human cancer
associated with phenobarbital (see IARC®), but still
presented the HERP estimate. Unfortunately, the general
public was shown only the table of HERP values and
not the qualifying text.

The indiscriminate application of simple formulae
to experimental carcinogenesis data will often be quite
misleading. If one wishes to compare a glass of orange
juice with a peanut butter sandwich or a mushroom, it
is necessary to carefully examine all of the experimental
and epidemiological data and to incorporate, as best as
one can, information or conjecture about the mechanism
of action before it is reasonable to make statements about
either risk or diet and health.
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Response

A Response to Comments

D. Wartenberg! and M. A. Gallo!

1. INRODUCTION

We thank each of the discussants for providing such
useful and insightful comments on our manuscript. They
have helped point out limitations in our presentation and
have highlighted areas of controversy. Below, we ad-
dress the points we consider most salient: the model, its
theoretical validity, its empirical validity, and its appli-
cation to priority setting.

Models are constructs designed to summarize gen-
eral data patterns and trends. They need not fit all the
data observations (some even say it is the exceptions
that validate the rule), but when data deviate from the
valid model, the deviations should be attributable to
measurement errors, stochastic variation, and the like,
rather than the operation of an alternative process. Models
can be used to interpolate between observations and,
with caution, to extrapolate beyond the range of obser-
vation assuming homogeneity of process. Data that de-
viate sufficiently from one model generally inspire new
models and new hypotheses. It is often the data that
deviate from models that are most informative in the
study of a process. Data not used in the construction of
the model can be used to test process-based hypotheses,
to evaluate the sensitivity of generalizations to the as-
sumptions of a model, and to provide a theoretical
framework for planning future investigations.

We argued that the TDj, is an inappropriate model
for low-dose extrapolation of carcinogenic potency data
derived from rodent bioassays. Most discussants accept
our theoretical argument but claim (or show) empirically
that application of the TDsy model to available data gives
results that are consistent with results from other models
applied to the same data. While this consistency among
models is a useful observation, it does not validate either
model, although it does provide supporting evidence for
the theoretical concepts underlying each. While the TDsq
model may be consistent with most extant data, we show

! Department of Environmental and Community Medicine, Robert Wood
Johnson Medical School, University of Medicine and Dentistry of
New Jersey, Piscataway, New Jersey 08854-5635.

analytically that it need not be consistent with all data.
Empirically, we show, in fact, that it is not consistent
with all currently available data. Our interpretation of
these results is: (1) the TDs, model, if used at all for
extrapolation or interpolation of data, should be used
with extreme caution and scrutiny of the data for the
substances under consideration; and (2) the use of the
TDs, as a model of the carcinogenic process is problem-
atic. Further, as we state at the conclusion of our paper,
the TDs, model and its use in calculating a HERP convey
information about only one outcome from exposure to a
single chemical, ignoring issues of multiple outcomes
from the same exposure,”) chemical interactions, sen-
sitive populations, and time history of the exposure (see
Ref. 2 for a discussion of these issues). Thus, in priority
setting, it is a very limited tool and requires extensive
stipulation of its many assumptions.

2. THEORETICAL VALIDITY

Our initial presentation addressed the theoretical va-
lidity of the TDs, concept for use in low-dose extrapo-
lation of carcinogenic potency data. Hoel, Krewski, and
Gold et al. agree that in principle the TDs, model is
flawed. Krewski, and Gold et al. argue this lack of the-
oretical validity is not serious because empirical results
show that the model works (see below). We note, as
does Hoel, that the TDs, model has implicit an assump-
tion that the rank order of chemical potency is invariant
under all (or all low) doses. This single assumption, we
believe, is too restrictive for meaningful application of
the model for potency comparison. Others (e.g., see Refs.
3-5) question the reliability of point estimates of risk
generically, including models such as the TDs,.

Gold et al. argue that their HERP index, which is
partially based on the TDs, ““uses the same animal re-
sults and similar statistical methods as the usual low-
dose linear estimation of risk.”” We agree but suggest
that the TDs, is more restrictive: it is linear throughout
all doses and requires equal dose-response curve slopes
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for all compounds. Further, as Bailar et al.®® have shown,
the assumption of low-dose linearity as conservative is not
valid for all substances. Gold et al. counter by pointing
out that using a quadratic model instead of a linear model
would cause up to only a fivefold shift in the TDs,. We
do not find this observation compelling because the TDs,
is in the region of the observed data and our primary con-
cern is the estimation of potency at very low doses, far
from these data. Our concern with this {or any) model is
the ““tail wagging the dog phenomenon,” that the doses
used in rodent bioassay experiments do not give us suffi-
cient information to extrapolate linearly to low doses re-
gardless of the fit at high doses. This criticism is particularly
apt for the TDy, model but applies to other less stringent
models as well, Further, as shown by Bernstein et al.,™
the range of potency estimates in a given experiment is
severely limited by the number of animals used and the
dosages given.

Goodman argues that the TDy, model is acceptable
and that its limitations are well known. Yet, when we
have seen the model applied either as the TDs, or the
HERP, we have not seen any discussion of the these
issues. Even in the example she cites, the discussion
questions only whether the HERP overestimates the risk
without considering a potential underestimate. We dis-
agree with Goodman that use of the model is acceptable
because limitations are pointed out in the literature. (Hoel
points out another such situation where sufficient qual-
ification of risks is wanting: Ames and Gold’s compar-
ison of the lifetime risk of drinking contaminated apple
juice and eating mushrooms.) Rather, for extrapolation
of extremely limited sample data, we question the prud-
ence of using a model without mechanistic validity, as
we will elaborate below. Further, as the results from any
single stage of a complex, multistage process, such as a
quantitative risk assessment, get combined into a single
summary index, the limitations of each stage, most often,
go unreported. We believe that most individuals who
use the TDs, in policy evaluation are not aware of these
limitations. Thus, theoretical validity is of importance.

We also acknowledge and have corrected our sloppy
terminology in the draft of our original manuscript, orig-
inally using the word toxic once where we meant car-
cinogenic, as pointed out by Goodman.

3. EMPIRICAL VALIDITY

To bolster our theoretical argument, we selected
two compounds that violate the concept behind the TDs,
model. We did not choose the chemicals arbitrarily, as
suggested by Goodman, but with careful forethought.

Wartenberg and Gallo

Our goal was not to say that the model never works, but
to show that in spite of the small proportion of com-
pounds that have been subjected to rodent carcinogen-
icity tests and compiled by Gold et al. ,®11) it is possible
to find at least one pair that violate the model.

Gold et al. argue that our results are incorrect as
we did not take account of their adjustment of the TDygs
to the standard lifetime. However, if data at each dose
are adjusted by the same factor that Gold et al. use for
the TDsgs, one would see the same effect: while AF-2
is more potent at high doses, vinyl chloride is more
potent at low doses. As the TDs, is used to extrapolate
high-dose potency to low-dose estimates, use of the es-
timates for comparing these two compounds below 100
mg/kg/day (adjusted for standard lifetime) would erro-
neously rank AF-2 as more potent than vinyl chloride
(see Table I and Fig. 1). We assume that they are not
suggesting adjustment only of the TDs, but also the ex-
perimental data. The standard lifetime adjusted data show
more clearly the close correspondence between the does-
response curve and the extrapolated TDsgs, and that the
TDy, is a relatively good estimate of high-dose potency,
for these chemicals. However, this adjustment does not
resolve the issue of intersecting dose-response curves
from which extrapolations to low doses can yield incor-
rectly ordered potencies. The point is that these two
chemicals do not behave with respect to one another the
way the TDy, model prescribes (and the way most chem-
icals behave with respect to one another), and other pairs
of chemicals may exhibit similarly problematic patterns.

Gold et al., and Goodman, argue that we did not
apply the TDs, properly, that many other tests (e.g.,
target sites at which the substance is most potent, results
for rats and mice) would be considered in developing a
HERP. Goodman goes further by conducting an analysis
of alternative data that yields results different than ours.
We do not disagree with any of this, but question its
relevance. Our point is that the TDs, model does not fit
the data for these two compounds. This is not to say it
does not fit any, or even most, compounds, or that var-
ious modifications of the procedure cannot be devised
to fit extant data. We conclude that either the experi-
ments we chose were errant and should not be in the
database, or the model as presented and used by some
investigators does not fit all the compounds. And, the
model structure will not show this problem to users.

Goodman’s analysis of data does not shed much
light on this problem. She presents data for only one
dose other than controls for three of the four experiments
she discusses. Use of two data points precludes identi-
fication of any low-dose structure in the data. Ratios of
TDses do not provide information about relative low-
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Table 1. Dose-Response Data Adjusted to Standard Lifetime”
AF-2 Vinyl chloride
Dose (mg) P(d) P(d) - P(0) Dose (mg) P(d) P(d) - P(0)
0 0/65 0.00 ] 0/58 0.00
37 1/50 0.02 34 1/60 0.02
185 25/50 0.50 17.0 3/59 0.05
34.0 6/60 0.10
170.2 13/60 0.22
409.5 13/59 0.22
225 TDs 843.00 TDs,

“Dose data were adjusted as the TDs,s had been adjusted for standard lifetime as specified by Peto et al. ' Each dose was multiplied by the square
of the ratio of the length of the experiment to the standard lifetime (104 weeks). For AF-2, the experiment was 62 weeks so the dose values were
multiplied by 0.36. For vinyl chloride, the experiment was 135 weeks, so the dose values were multiplied by 1.69,

dose potencies and do not accommodate potentially non-
linear dose-response relationships. Even given the data
presented by Goodman, it is still theoretically possible
for the associated dose-response curves to cross at low
dose (if we had appropriate low-dose data), representing
a change in rank of the low-dose potencies of these sub-
stances. The example does not provide sufficient evi-
dence to counter our main thesis.

Gold et al. argue that AF-2 and vinyl chloride are
unusual in that the variation of their TDsys is extreme.
Indeed, this was why we chose them, to show that the
TDs, model works only under situations typical of the
majority but not totality of chemicals so far tested. In
particular, the TDs, model does not allow for the plateau
effect seen in vinyl chloride, as noted by Gold et al. (In
fact, for most substances, we do not have sufficient in-
formation to detect the presence of a plateau—or a su-
pralinear dose-response curve—even if one exists. Bailar
et al.©® argue that even with current data such occur-
rences can be found with surprising frequency.) Because
the slopes of the dose-response curves for AF-2 and
vinyl chloride differ markedly, the low-dose estimates
of risk based on a single dose~response model cannot
be accurate for both substances—they will not fit the
extant data, let alone give valid extrapolations to even
lower doses. Without clear and strict guidelines deline-
ating the situations under which the model is applicable,
it is likely to be misused.

A complementary problem of differential sensitivity
among different populations is presented by Prehn and
Lawler.*? They compare the responses to 3-methyl-
cholanthrene among 10 strains of mice over 100-fold
range of dose and show that the rank order of suscepti-
bility varies as a function of dose. Again, data with this
type of pattern cannot be fit with the TDs, model; they
violate its basic assumptions.

Krewski takes the notion of empirical model as-
sessment one step further by analyzing 572 experiments
from the carcinogenic potency database®-!V using the
linearized multistage model (hereafter, LMS), and com-
paring slopes from this model with slopes of a line con-
necting the TDs, to the origin. About 98% of these
experiments agree within a factor of 10. He concludes
that, in spite of the fundamental linear limitation of the
TDs, model, the measurable inaccuracies of low-dose
potency estimates based on it are small. We are con-
cerned about two issues on which these conclusions are
based. First, implicit in Krewski’s analysis is the ac-
ceptance of a single model (the LMS) as appropriate for
validation of all chemicals studied. Krewski has shown
only the consistency of two models both of which are
based on linearity for low-dose exposures. Second, 11
of the chemicals he evaluated had vastly different slopes
under the TDs, and LMS models (greater than a factor
of 10). Extrapolation to low-dose exposures for these
chemicals will result in vastly different potency esti-
mates. The uncertainty of the estimates of effect in-
creases as the length of the extrapolation increases, or
the dose decreases.!® While some may argue that 98%
of the time is better than most statistical evaluations
(p<0.05), this analysis only assesses the compatibility
of two models, the TDs, and the LMS, and still misses
for 11 compounds. In sum, it is only an estimate of
precision rather than accuracy and the latter is also of
great concern.

Krewski’s discussion of 2-AAF (CPDB experiment
no. 45) shows that the TDs, estimate of 96 mg/kg/day
is problematic, far exceeding an actual dose (19.5 mg/
kg/day) that produced 77% tumors. The TDs, markedly
underestimates the carcinogenic potency of this com-
pound. The nonlinear multistage model gives a more
reasonable TDs,, according to Krewski, of 17.2 mg/kg/
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curves that cross each other resulting in a potency rank
reversal) that estimation errors are of minor importance.
We agree with her that identification of substances that
violate the TD;, model would be extremely useful and
helpful in the study of carcinogenesis, as noted above.
Hoel raises additional issues regarding the estimability

of the TDy,, particularly for potent carcinogens.

4. APPLICATION OF THE TD;, TO PRIORITY
SETTING
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Fig. 1. Hypothetical dose-response data (solid lines) for AF-2 (circles)
and viny! chloride (squares). Data from rodent carcinogenecity exper-
iments of different length reported in Gold et al.®-1) were adjusted to
a common, hypothetical, 104-week experiment duration by multipli-
cation with the time correction factor used for adjusting the TDsgs to
a common duration. This is done to facilitate comparison of experi-
ments of different length in which severity of outcome is believed to
be dependent on the length of the experiment. The TDygs (dashed lines)
shown are those reported by Gold et al.®-'V. Data are provided in
Table 1. Note that the TDs, for vinyl chloride is greater than that for
AF-2 suggesting that AF-2 has greater carcinogenic potential than vinyl
chloride. However, at the lower doses tested, vinyl chloride is more
carcinogenic than AF-2, even after adjustment. Thus, for this one
arbitrary pair of chemicals, even after adjusted to a common 104-weck
experiment duration, the TDy, concept does not correctly order cancer
potencies at low dose. This same reversal is seen for other chemicals

Gold et al.’s goal of identifying hazardous situa-
tions without the need for complex, statistical models is
indeed an admirable one. However, as noted by Hoel,
to achieve this goal one is obliged to use a model with
many of the same assumptions and limitations as these

complex models.
Gold et al. state that their ranking, ““indicates what

percentage of the rodent tumorigenic dose a human gets
from a given exposure.”” Their goal is, “‘to achieve some
perspective on the natural background of carcinogens
and to suggest priorities for epidemiological investiga-
tions.”” In epidemiological terms, they seek to identify
substances with high attributable risk rather than high
relative risk. Our concern is that the TDs, itself is an
inappropriate model. We have not evaluated its use in
the HERP. Gold et al. argue that with some screening
and summarizing of the TDs, values, the HERP is useful
in comparing risk. We believe, at best, that some HERP
values will be misused because of inappropriate TDs,

values.
Krewski, while agreeing with our analytic results,

and for other dose-response models with the same chemicals (see text).

day. The disparity of these two models can be exacer-

bated when the data are extrapolated to low doses. They
likely show a greater difference in relative risk. Use of

a nonlinear model for the same chemical and the same
data (and thus the same mechanism) yields a TDs, es-
timate over five times smaller (more potent), and an even
greater difference in relative potency at low dose. This
suggests a major problem in using the TDs, value for
evaluation of the relative hazard of 2-AAF.

Goodman takes us to task for not addressing the
issue of estimation, arguing that the degree to which the
index is flawed is of importance in assessing the validity
of the criticism. We agree in theory but believe the level
of theoretical inappropriateness of the TDs, model is so
great (i.e., since it cannot accomodate dose~response

chides us for taking, ‘‘an unduly pessimistic view,”” of
the use of the TDs,. In spite of his caveats noting the
“impossibility of summarizing the characteristics of a
chemical carcinogen in a single index,”” he favors the
use of the TDs,. We believe that in view of the close
scrutiny of quantitative risk assessment in legal and pub-
lic health settings (e.g., facility siting) and the far-reach-
ing political and policy implications of potency rankings
(e.g., Alar), one must utilize methodology that is con-
sistent and defensible for all compounds studied. To be
protective of the public health, it is not sufficient to say

that a model is good most of the time.
Hoel notes, as we do, that one must use more in-

formation than the simple-to-calculate HERP in assess-
ing relative degrees of hazard if one is to be prudently
protective of public health. This includes human epi-
demiological data and rodent bioassay data for all po-
tential adverse outcomes (e.g., carcinogenic, neurological,
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immunological, reproductive), as well as whatever me-
chanistic information is available,(%

Goodman, in attacking our criticism of the TDsq
model, claims that while Ames et al. “‘are not arguing
for more widespread use of rodent potencies measured
at high dose (e.g. the TDs() in determining human risk,”
they do propose, ““a simple method to combine human
exposure information with rodent carcinogenicity data
for obtaining an index of expected human risk (i.e., the
HERP).”” However, Goodman misstates our position.
We do not criticize the combination of human exposure
and rodent carcinogenicity data. We criticize the use of
the TDs, model in assessing rodent carcinogenicity for
use with the human-exposure data. The model is too
simplistic and not sufficiently responsive to results of
the rodent bioassays to provide a valid ranking of likely
human response at low-dose exposure.
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