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Correspondence

Comment on “Relative Susceptibility of
Animals and Humans to the Cancer Hazard
Posed by 2,3,7,8-Tetrachlorodibenzo-p-dioxin
Using Internal Measures of Dose”

SIR: Aylward etal. (1) are to be commended for their attempt
to use empirical data to address the question of whether the
carcinogenicity of TCDD in humans is quantitatively similar
to that observed in animals. However, we disagree with the
authors’ interpretation of their results. The empirical
evidence presented by Aylward etal. (1) does not lend support
to the use of area under the concentration-time curve (AUC)
as a dose metric for cross-species extrapolation of toxicity
and does not support the authors’ conclusion that “humans
are much less sensitive than rats to the carcinogenic effects
of TCDD”. A more appropriate conclusion to draw from
their analysis would be that it lends empirical support to the
use of lifetime average concentration as a dose metric for
cross-species scaling of TCDD carcinogenicity.

Aylward et al. (1) considered three measures of dose:
average TCDD concentration, peak TCDD concentration, and
AUC. However, there are a number of limitations to their
analysis. The authors emphasize comparisons of toxicity
only at the highest dose levels, such as a peak serum lipid
TCDD concentration of 7000 ppt or an average serum lipid
TCDD concentration of 1600 ppt. One should note that the
confidence intervals surrounding the rat and human risk
estimates for these two dose metrics are overlapping at lower
(and more environmentally relevant) concentrations, so itis
not clear that the risk estimates are significantly different in
the low dose range. In fact, Figure 5 in ref 1 suggests that,
using the lifetime average concentration dose metric, rats
experience lower excess risk than humans for serum TCDD
concentrations less than 800 ppt. Since typical background
levels of TCDD in the U.S. population are well below the
“cross-over” point of Figure 5 in ref 1 [on the order of 2—9
ppt (2)], one could reasonably conclude that excess risk
estimates based on the rat might actually underestimate the
human response for exposures of environmental concern.
Nevertheless, average serum concentration is clearly the dose
metric (of the three considered) which comes closest to
normalizing the response seen in rats to the response seen
in humans, and in our opinion is therefore the most useful
of the three for cross-species scaling.

Aylward et al. (1) place their greatest emphasis on the
analysis shown in figure 4 in ref 1, which uses AUC as a dose
metric for interspecies comparison of carcinogenicity. In-
spection of the TCDD concentration-time profiles presented
in Aylward et al.’s Figures 1 and 2 (1) suggests that AUC was
used in the simplest manner, direct comparison of total
lifetime AUC, with no adjustment for differences in lifespan.
It is not surprising that the greatest difference between rats
and humans was found in the analysis using AUC as a dose
metric. With units of concentration times time, AUC is the
most time sensitive of the three dose metrics that were
considered.

There is some precedent for using AUC to extrapolate
carcinogenic potency in animals to humans, for several
alkylating agents (3). However, these materials are chemically
reactive, do not act via a receptor, and are rapidly eliminated
by chemical decomposition in both animals and humans.
These characteristics are not shared by TCDD, which is
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chemically stable, operates via awell-characterized receptor,
and is eliminated slowly and at markedly different rates in
rodents and humans. Thus, it would seem unlikely that the
precedent of the alkylating agents would apply to TCDD.

Historically, interspecies scaling for quantitative risk
assessment has generally been based on either milligrams
per kilogram day or milligrams per (kilogram)?? day (“body
weight” or “surface area” scaling, respectively), which are
daily dose rates, rather than a lifetime cumulative dose.

There are several theoretical analyses (4—6) which suggest
that, in general, the most appropriate measure of dose for
interspecies scaling of carcinogenesis is milligrams per
(kilogram)®/# day, a measure which is intermediate between
the body weight and surface area dose metrics. Empirical
data on the carcinogenic potencies of 23 chemicals in animals
and humans also suggest that a dose metric similar to
milligrams per kilogram day is appropriate for extrapolating
from animals to humans (7). These data virtually rule out
the possibility that a dose metric such as cumulative AUC
will have general applicability for interspecies scaling of
carcinogenicity. Since elimination rates in humans tend to
be approximately 4-fold slower than elimination rates in rats
(4) and humans live approximately 30 times longer than rats
(76 vs 2.5 years), rat to human extrapolations based on
cumulative AUC are expected to predict approximately 120
times greater risk for humans than extrapolations based on
milligrams per kilogram day scaling, and 30 times more risk
than milligrams per (kilogram)®* day. This is not to suggest
that allometric scaling relationships should be used in
preference to target-tissue specific measures of dose, for
TCDD. The point is that, for the general case, if either
milligrams per kilogram day or milligrams per (kilogram)3/4
day is even approximately correct as a cross-species dose
metric, then cumulative AUC must be very far off the mark.

An additional problem with the analysis by Aylward et al.
(1) is that it fails to take into account the less than lifetime
followup of the epidemiologic cohortinto account. Methods
for making such an adjustment when contrasting toxicologic
and epidemiologic data have recently been developed (8).
Making this adjustment would increase the risk estimates
derived from the epidemiologic study somewhat, but would
be unlikely to have as large an influence as the decision on
whether to use the AUC or the average concentration as the
dosimetric for interspecies scaling.

AUC has been used as a chemical-specific dose metric in
a number of physiologically based pharmacokinetic (PBPK)
models, though not in the same manner in which AUC was
used by Aylward et al. (1). Careful reading will reveal that
the dose metric used for cross-species scaling of carcino-
genicity with the PBPK models the authors cited was actually
AUC/day, a dose metric more similar to lifetime average
concentration than to Aylward et al.’s use of AUC. Gibaldi
and Perrier, also cited by Aylward et al., do discuss the use
of AUCs for bioequivalency determination, but in the context
of an intraspecies comparison, rather than cross-species.
Overall, it may be defensible to examine lifetime AUC as one
possible dose metric for cross-species scaling, but one should
not be surprised when this dose metric fails to normalize the
responses seen in animals and humans. This is precisely
the conclusion which should be drawn from Aylward et al.’s
analysis, not that humans are much less sensitive than rats
to the carcinogenic effects of TCDD, but that cumulative
AUC is an inappropriate measure of dose for scaling the
carcinogenicity of TCDD from rats to humans.

VOL. 32, NO. 4, 1998 / ENVIRONMENTAL SCIENCE & TECHNOLOGY ® 549



Literature Cited

(1) Aylward, L. L.; Hays, S. M.; Karch, N. J.; Paustenbach, D. J.
Environ. Sci. Technol. 1996, 30, 3534—3543.

(2) Orban, J. E.; Stanley, J. S.; Schwemberger, J. G.; Remmers, J.
C. Dioxins and dibenzofurans in adipose tissue of the general
US population and selected subpopulations. Am. J. Public
Health 1994, 84, 439—445.

(3) Dedrick,R.L.;Morrison, P. F. Carcinogenic potency of alkylating
agents in rodents and humans. Cancer Res. 1992, 52, 2464—
2467.

(4) O’Flaherty, E.J. Interspecies conversion of kinetically equivalent
doses. Risk Anal. 1989, 9 (4), 587—598.

(5) Travis, C. C. Tissue dosimetry for reactive metabolites. Risk
Anal. 1990, 10 (2), 317—321.

(6) Travis, C.C.; White, R.K.; Ward, R. C. Interspecies extrapolation
of pharmacokinetics. J. Theor. Biol. 1990, 142, 285—304.

550 = ENVIRONMENTAL SCIENCE & TECHNOLOGY / VOL. 32, NO. 4, 1998

(7) Crump, K.; Allen, B.; Shipp, A. Choice of dose measure for
extrapolating carcinogenic risk from animals to humans: an
empirical investigation of 23 chemicals. Health Phys. 1989, 57,
Suppl. 1, 387—393.

(8) Stayner, L.; Bailer, A. J. Comparing toxicologic and epidemio-
logic studies: Methylene Chloride a case study. J. Soc. Risk
Anal. 1993, 13 (6), 667—673.

David A. Dankovic* and Leslie T. Stayner

National Institute for Occupational
Safety and Health

Risk Evaluation Branch

4676 Columbia Parkway
Cincinnati, Ohio 45226-1998

ES9704671



