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Models and Mechanisms for Hazard Risk Assessment

COMMENTARY

Appropriate Models and an Understanding of Carcinogenic
Mechanisms - Requirements for Hazard Risk Assessment

IARC Monographs

   The importance of the environment and the chemical
compounds to which human beings are exposed for cancer
development is widely recognized (Doll, 1988) and the need
for strict control of agents presenting as carcinogenic risk
factors, whether they operate by genotoxic or epigenetic
mechanisms, is reflected in the complex regulatory systems
which have become established in the developed world. A
number of national and international bodies are now active
in assessment, including the IARC which has been active in

producing Monographs as the result of working group
discussion since 1972. A total of 84 volumes have so far
been published, with assessment into categories 1-4 (see
Table 1) on the basis of biological and epidemiological data
which have been published in the openly available peer-
reviewed literature. As stressed in the pramble to each of
the Monographs, unpublished sources of information may
only be used for the sections on chemical and physical
properties, on analysis, production and use or occurrence.
However, serious allegations have recently been made that
category assessment by IARC is excessively influenced by
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during his period of tenure towards those with a ‘bias’
towards public health. On the other hand, the balance of
observers with no voting rights was more equitable. It should
be stressed in this context that voting members actually
employed by industry account for only a very small number
of the voting participants at any of the meetings and that
they are never appointed to act as chairpersons.

While there is no doubt about the sincerity of the views
expressed by Huff and Tomatis, it might be pertinent here
to state that non-partisan perusal of the numbers of
compounds upgraded and downgraded during the different
periods might in fact lead to the conclusion that a bias existed
against appraisal of data pointing to a reduced risk during
the previous era (see Table 3). What is the statistical
likelihood of 38 compounds necessitating upgrading and
zero downgrading, under the circumstances appertaining?
Again, it should be stressed that there was no example of
downgrading from Group 1 with sufficient evidence of
carcinogenicity in humans.

We need to devote particular attention to the major
criticism regarding conclusion drawn of reduced risk
potential on the basis of mechanisms that might not be
expected to operate in humans. This was in fact the subject
of a workshop at the recent Society of Toxicology Meeting,
entitled ‘Mode of Action in Assessing Human Relevance of
Animal Tumors: Improving the Framework for Analysis’.
Unequivocal identification of mechanisms is naturally very
difficult, even under the controlled conditions of animal
experimentation, so that 100% certitude in determining
operation/non-operation in the human case is impossible.
Therefore we should avoid a cavalier attitude, either in favour
or against, and look for the most likely scenario. In essence
this is what the IARC workshops are set up to do, using the
‘best’ expertise available. It should be borne in mind that
the decisions made will have a bearing on the reactions of
the regulatory authorities, for example in the US, Europe
and Japan, who have to make the final decisions as to whether
compounds should be authorized for use.  To generally imply
that individual scientists may not be responsible in their
behaviour and that industry has no wish to play a positive
role in maintaining a safe and productive environment is a
very serious charge indeed.

As stated above, we are ourselves ‘biased’ towards
mechanisms as important determinants and essentially
concur with the judgements expressed in the Monographs.
This is only one example, but to respond (Huff, 2002) to the
careful and detailed arguments a-d) from the results reviewed
in Lyon for atrazine in volume 73 by statements like‘is not
accurate’, ‘make little relevant sense’, ‘has little meaning’
and citing a paper not available in the literature cannot be
regarded as appropriate if the aim is to promote debate. Our
own feeling is that a better answer is constructive criticism,
leading to targeted research to resolve uncertainties where
at all possible, focusing on molecular mechanisms.

industry, primarily by Tomatis and Huff (Tomatis, 2002;
Huff, 2002) and in a letter addressed to Secretary-General
Brundtland of the WHO by a number of concerned
individuals with Castleman as their spokesman. The criticism
leveled is that there might be a bias towards industrial benefit
to the cost of human safety. This issue is clearly important
and has received a good deal of press coverage, for example
in the Lancet (The Lancet, 2002), Lancet Oncology (Burton,
2003) and OnEarth, the journal of the Natural Resources
Defense Council (NRDC) (Luoma 2002). The Director of
IARC, Paul Kleihues, has strongly refuted the allegations
and an independent consultant commissioned to investigate
the disclosure of interest procedure for workshop participants
at IARC has confirmed proper use (Burton, 2003). While
Huff has expressed a personal view that  scientists aligned
with industry now account for a disproportionate number of
workshop participants, as compared to the period when he
was head of the unit responsible (see Table 2), it could be
argued that his own figures point to an overwhelming bias

Table 2. Alignment of Participants at IARC Monographs
(percentages after Huff, 2002)

Voting Members Observers
PH In Un PH In Un

Vols 15-22 77   9 14 35 49 16

Vols 62-79* 29 32 38 12 69 20

PH, public health; In, industry; Un, unknown; * Some not included

Table 3. Change in IARC Grading (after Huff, 2002)

     Tomatis et al         Rice et al

Upgraded
Group 2A to 1   1   1
Group 2B to 2A 33   5
Group 3 to 2B   4   2

38   8

Downgraded
Group 2A to 2B   0   1
Group 2B to 3   0 11

  0 12

Table 1. IARC Monograph Group Categories

1: The agent (mixture) is carcinogenic to humans

2A: The agent is probably carcinogenic to humans

2B: The agent is possibly carcinogenic to humans

3: The agent is not classifiable as to its carcinogenicity to
humans

4: The agent is probably not carcinogenic to humans
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Models for Carcinogenicity Testing

While traditional long-term test regimens using rodents
to detect carcinogenicity are still regarded as the gold
standard for risk assessment purposes, they are expensive
in terms of financial resources. Moreover, the use of
maximum tolerated doses may provide information that can
not be extrapolated to the human situation. This is the
background to the high priority presently being devoted to
establishment of effective alternative animal models which
will allow development of more evidence-based approaches.
Their utility for carcinogenicity assessment was, in fact, one
of the main themes at the Fourth International Conference
on Harmonisation, attended by an expert working group
responsible for drawing up guidlelines for the regulatory
bodies of the European Union, Japan and the USA. It was
also the subject of extensive discussion at a special meeting
at the International Agency for Research on Cancer in 1997.
In vivo models and the end-point parameters which are
applied must take into account the large body of information
available on mechanisms underlying tumor development,
so that the aim of achieving the most reliable results in the
shortest period of time may be realised. One focus of
attention is on medium-term models which provide results
correlating with long-term findings (Ogiso et al., 1985;
Hagiwara et al., 1993; Ito et al., 1997) and for which the
applicability of surrogate markers (Schatzkin et al., 1996;
Einspahr et al., 1997) has been argued (Moore et al., 1998).

The fact that approximately 60% of compounds
demonstrating carcinogenicity in long term tests include the
liver among their target tissues is of particular significance
for risk assessment (IARC Monographs).  In particular, the
finding that expression of the glutathione S-transferase
placental form (GST-P, GST-7-7) goes from essentially nil
to a large proportion of the protein production of the cell
from very early stages after carcinogen exposure in putative
initiated hepatocytes and minifoci (Moore et al., 1987),
means that quantitation is simplified, even single altered cells
being reliably identifiable (see Figure 1). This has facilitated
research into hepatocarcinogen dose dependence, using both
genotoxic and non-genotoxic examples (see review by Tsuda
et al., 2003). It has thereby been established that hormetic
effects are exerted at very low doses by α -BHC,
phenobarbital and DDT (Kitano et al., 1998; Maruda et al.,
2001; Sukata et al., 2002), with reduction rather than increase
in development of preneoplastic foci, in line with the
hypothesis of Calabrese and Baldwin (2003), recently
proposed in a commentary article in Nature. Hormesis is
indeed a well established phenomenon (Calabrese, 2002),
and its significance for radiation risk assessment has already
been emphasized ( Parsons, 2002).

As argued by Calabrese and Baldwin (2003) and
Teeguarden et al (2000), the hormetic perspective turns
upside down the strategies presently used for risk
communication to the public, and if accepted would require

Figure 2. Hypothetical Curves Depicting  Threshold,
Linear Non-threshold and Hormetic Dose-response
Models

Figure 1. GST-P Positive Foci in Rat Liver

a major paradigm shift. This will certainly be resisted by
many regulatory and public health authorities as being pro-
industry and detrimental to the human environment.  The
debate about misconceptions as to the importance of
environmental pollution will no doubt continue (see Ames
and Gold, 1997; Tomatis et al., 2001), with repeated warnings
as to the untoward influence of bodies sponsored by industry
on international agencies (Watterson, 2001; Ashford et al.,
2002), and this is as it should be. However, to repudiate the
benefits of mechanistic insights is not a stance that
recommends itself to impartial scientists. New strategies for
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establishing modes of action as a basis for risk assessment
(Cohen and Ellwein, 1991; Butterworth et al., 1995) should
continue to be our aim.
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