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A conservative strategy of estimating toxicity at low doses
is to determine the risk at high doses and connect the high-
level risk to the zero intercept (Hengstler et al. 2003). How-
ever, in some cases this type of extrapolation may result in
unreasonable conclusions. To illustrate the inappropriate-
ness of the linear dose-response extrapolation, a ban of
high-heeled shoes has been used as a humorous analogy for
the following reason (Goldman 1996): Assume that every
human being on earth adds a 3-cm lift to his shoes. It is well
known that cosmic ray dose doubles for every 2,000 m in
altitude, but the resulting increase in cosmic ray dose by
high-heeled shoes is extremely small. However, multiplied
by the population of earth, this would result in a dose that
causes cancer in approximately 30,000 individuals in
50 years (from Hengstler et al. 2003). Mathematically this
example is accurate, but thus far no one has seriously con-
sidered banning high-heeled shoes.

In recent years strong evidence has been presented that
toxicology should differentiate between two types of geno-
toxic carcinogens, those acting by a practical threshold and
those acting by a non-threshold mechanism or by a mecha-
nism for which a threshold has not yet been defined (Bolt
and Huici-Montagud 2008). On the other hand, it is danger-
ous to generalize that safe levels of exposure exist. In this
context, the example of aflatoxin B, is often mentioned
because there is still no convincing evidence suggesting
that safe doses of aflatoxin B, exist.

Of course, it is well established that a single molecule of
a genotoxic carcinogen is not sufficient to transform a

H. M. Bolt - R. Marchan - J. G. Hengstler (IX))

Leibniz-Institut fiir Arbeitsforschung an der TU Dortmund,
Leibniz Research Centre for Working Environment and Human
Factors (IfADo), Ardeystrasse 67, 44139 Dortmund, Germany
e-mail: hengstler@ifado.de

healthy cell into a cancer cell, because more than one muta-
tion is needed. For instance, at least two oncogenes must be
activated and one tumor suppressor inactivated to facilitate
the transformation of normal mouse ovarian surface epithe-
lial cells to ovarian carcinomas (Orsulic etal. 2002).
However, as long as thresholds have not been clearly dem-
onstrated, which still is the case for the majority of geno-
toxic carcinogens, a linear low dose—response extrapolation
seems to be conservative but adequate for regulatory
purposes.

Extrapolation to in vivo relevant concentrations (Sogorb
et al. 2007; Glahn etal. 2008; Schug et al. 2008; Borza
et al. 2008), dose—response relationships (Dorn et al. 2008;
O’Brien et al. 2006; Pelkonen et al. 2008, Levy et al. 2007),
and toxicity testing strategies (Lilienblum etal. 2008;
Greim 2007; Blaauboer and Andersen 2007; Naraharisetti
etal. 2008; Kanno et al. 2008; Hewitt et al. 2007; Chan
et al. 2008) are among the cutting-edge topics reported in
our journal. Therefore, the authors are happy that Edward J.
Calabrese from the University of Massachusetts has con-
tributed two review articles to this edition of the Archives of
Toxicology:

e The road to linearity: why linearity at low doses became
the basis for carcinogen risk assessment;

e Getting the dose response wrong: why hormesis became
marginalized by the threshold model.

In his first contribution, Ed Calabrese reviews the scientific
and historical foundations of how linearity at low doses
became the basis for carcinogenic risk assessment. In his
second review, he addresses one of the most controversial
topics in toxicology, namely the hormetic response, a
J-shaped dose response which results from the ability of some
compounds to stimulate certain mechanisms at low doses
and inhibit the same mechanisms at higher concentrations.
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