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Abstract

The European Food Safety Authority (EFSA) and the World Health Organization (WHO), with the support of the International Life
Sciences Institute, European Branch (ILSI Europe), organized an international conference on 16–18 November 2005 to discuss how
regulatory and advisory bodies evaluate the potential risks of the presence in food of substances that are both genotoxic and carcino-
genic. The objectives of the conference were to discuss the possible approaches for risk assessment of such substances, how the
approaches may be interpreted and whether they meet the needs of risk managers. ALARA (as low as reasonably achievable) provides
advice based solely on hazard identification and does not take into account either potency or human exposure. The use of quantitative
low-dose extrapolation of dose–response data from an animal bioassay raises numerous scientific uncertainties related to the selection of
mathematical models and extrapolation down to levels of human exposure. There was consensus that the margin of exposure (MOE) was
the preferred approach because it is based on the available animal dose–response data, without extrapolation, and on human exposures.
0278-6915/$ - see front matter � 2006 ILSI Europe. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.fct.2006.06.020
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The MOE can be used for prioritisation of risk management actions but the conference recognised that it is difficult to interpret it in
terms of health risk.
� 2006 ILSI Europe. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

One of the most difficult issues in food safety is to advise
on potential risks for human health when it is found that
compounds which are both genotoxic and carcinogenic
are present in food and their presence cannot be readily
eliminated or avoided.

Currently, there are various approaches used to assess
the risks from substances that are genotoxic and carcino-
genic. The advice offered depends not only on the technical
approach adopted by the regulatory or advisory body pro-
viding the advice, but also on the legal background in the
region or country concerned.

The term genotoxic is used if a substance or its active
metabolite affects cellular DNA. Normal cells develop into
cancerous cells by the loss of genomic stability and sequen-
tial acquisition of genetic alterations (Gray and Collins,
2000; Loeb and Loeb, 2000). Carcinogenesis is a multistep
process that can be affected by chemicals in a variety of
ways.

Carcinogenic processes can be categorised in two major
modes of action:

(i) The first is a DNA-reactive mode of action whereby
the compound or its active metabolite reacts cova-
lently with DNA in target cells of carcinogenicity to
cause pre-carcinogenic mutations, which lead to neo-
plastic transformation and neoplasm induction. For
this mode of action it is considered that there may
be no threshold in the dose–response relationship
and therefore there is no dose without a potential
effect.

(ii) The second mode of action is epigenetic in nature and
does not involve chemical reactivity and covalent
binding to DNA. In this case the compound produces
effects in target cells of carcinogenicity that either
indirectly lead to neoplastic transformation or facili-
tate the development of neoplasms from crypto-
genically transformed cells. For these processes it is
generally assumed that there is a level of exposure
below which no significant effect will be induced
(Dybing et al., 2002). That means that homeostatic
mechanisms would be able to counteract any pertur-
bation produced by low levels of intake, and that
structural or functional changes leading to adverse
effects, including cancer, would be observed only at
higher intakes. Examples are compounds that affect
spindle function or chromosome integrity, or cause
indirect damage to DNA.
Historically, different approaches have been adopted for
the risk characterisation of threshold and non-threshold
effects (WHO, 1999). For threshold-effects it is current
practice to estimate the level of exposure without signifi-
cant adverse effect and to derive a health-based guidance
value such as a tolerable daily intake. Such an approach
would not be used for DNA-reactive substances which
are both genotoxic and carcinogenic, as it is assumed that
there is no exposure without any potential effect, i.e. it is
suggested that exposure to even a single molecule could
produce DNA damage. On the other hand, the presence
of a DNA adduct does not in itself have genetic conse-
quences. It needs to be fixed into a mutation through
DNA replication and is dependent on the rates of DNA
repair and cell proliferation (Lutz, 1990). Since there is cur-
rently no international scientific consensus on what is the
best approach for assessing the risk for substances that
are both genotoxic and carcinogenic, the advantages and
disadvantages of various approaches were discussed at
the joint EFSA/WHO/ILSI Europe conference, based on
three papers developed by these organizations.

As outlined above, the classification of a substance as
either possessing or not possessing DNA-reactive, geno-
toxic and carcinogenic properties has major consequences
for the risk assessment approach to be taken and the advice
to be given to risk managers. In the hazard identification
step this decision is made based on a weight of evidence
approach and two critical questions need to be answered:

1. What is the evidence that the compound is a DNA-reac-
tive genotoxicant?

2. What is the evidence that the compound is a carcinogen?

To answer the first question, information from various
sources needs to be considered (none of which may be con-
clusive alone) and the overall decision is mostly made on a
weight of evidence approach using expert judgement. The
main criteria for the decision on the mode of action are:

• Is the compound genotoxic in standard in vitro and/or
in vivo genotoxicity assays?

• Is there evidence of direct interaction with DNA via
DNA-reactivity?

• Is the compound structurally related to other known
DNA-reactive substances that are both genotoxic and
carcinogenic?

The second question, on the evidence of carcinogenicity,
may be complex particularly if the data set is incomplete.
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The decision is often based on a standard two-year carcin-
ogenicity bioassay in rodents but other data can provide
the basis for, or contribute to, the overall conclusions
(weight of evidence approach), e.g. are adequate epidemio-
logical data available, is the compound carcinogenic in
alternative cancer assays or does the compound induce
pre-neoplastic lesions, such a altered hepatic foci?

In cases where a substance has been shown to be carcin-
ogenic but its carcinogenic mode of action has not been
identified, the default assumption is that genotoxicity is
the mode of action leading to cancer.

Against this background, the conference addressed the
following questions:

• What possibilities are there for risk assessment for geno-
toxic and carcinogenic substances ingested at low
intakes?

• How should the outcomes of the various approaches be
interpreted in terms of risks to human health?

• To what extent do the approaches available meet the
needs of risk managers?

• Are the approaches helpful in giving practical options
for risk managers in situations where exposure cannot
be completely eliminated and the magnitude of risk can-
not be readily determined?

This report summarises the presentations and discus-
sions from the conference. It identifies aspects on which
there was general consensus and outlines the proposals
made for further development of a common approach.

2. Approaches proposed by EFSA, WHO and

ILSI Europe

2.1. Summary of the background documents

Three documents were provided as the basis for discus-
sions at the conference:

(i) ILSI Europe Expert Group draft paper on
Approaches to the Risk Assessment of Genotoxic
Carcinogens in Food: A Critical Appraisal (O’Brien
et al., 2006).

(ii) Opinion of the EFSA Scientific Committee related to
a Harmonised Approach for Risk Assessment of Sub-
stances which are both Genotoxic and Carcinogenic
(EFSA, 2005).

(iii) Summary and Conclusions of the 64th Meeting of
the Joint FAO/WHO Expert Committee on Food
Additives (JECFA, 2005), which included advice
on compounds that are both genotoxic and carcino-
genic.

They considered similar scientific data and reached sim-
ilar overall conclusions. The aims and objectives for the
activities differed and this was reflected in the nature of
their final recommendations.
The ILSI Europe Expert Group was established to
review and analyse the approaches currently applied by
risk assessors to genotoxic carcinogens (substances that
are both genotoxic and carcinogenic), and to undertake a
critical assessment of the scientific basis of the mechanism
of action and dose–response relationships. The overall aim
was to produce guidance for risk assessors working in the
food industry when low levels of genotoxic carcinogens
are detected as contaminants in food. The paper reviews
the types of hazard identification data that would lead to
conclusions that a chemical is a DNA-reactive genotoxi-
cant and/or that a chemical is a carcinogen. Under hazard
characterisation, the paper reviews both toxicokinetic and
toxicodynamic factors that could influence the production
of cancer and the linearity of the overall dose–response
relationship. Risk characterisation focused on four differ-
ent approaches:

(i) ALARA (reduce exposure to as low as reasonably
achievable),

(ii) low-dose extrapolation of data from rodent carcino-
genicity bioassays,

(iii) TTC (threshold of toxicological concern) for sub-
stances that are genotoxic and for which adequate
cancer dose–response data are not available, and

(iv) margin of exposure (MOE), which is the ratio
between a reference point on the dose–response data
from experimental or epidemiological studies and the
estimated human exposure.

The EFSA Opinion provided a summary review of the
biological processes leading to cancer and the problems of
extrapolation of cancer dose–response data. The Opinion
then discussed the data requirements for derivation of an
MOE, i.e. the point selected on the dose–response curve
and the measure(s) of intakes that would be most suitable
for the formulation of advice to risk managers. The Opin-
ion then provided guidance on the interpretation of the
calculated MOE and the sources of uncertainty and vari-
ability that could influence perceptions of the magnitude
of the numerical estimate. The Opinion gave basic guid-
ance on how the MOE should be calculated and advice
on the magnitude of a value that would indicate a low
concern from a public health point of view and that
might be considered a low priority for risk management
actions.

The 64th JECFA addressed in the General Consider-
ations section of the report the limitations of advice based
on the ALARA principle for risk management purposes,
since it does not take human exposure or carcinogenic
potency into account. The problems associated with the
formulation of scientifically sound advice for risk managers
on substances that are both genotoxic and carcinogenic
was also discussed. The JECFA considered three
approaches: the MOE, extrapolation of the dose–response
curve outside the observed dose range and linear low-dose
extrapolation from a point of departure. The Committee
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concluded that MOE and linear extrapolation were the
only approaches practicable at present, and that MOE
was preferred because it does not give a numerical risk esti-
mate that may be regarded as quantification of the actual
risk. The Committee applied this approach to the risk
assessments of three genotoxic carcinogens, acrylamide,
ethyl carbamate and polycyclic aromatic hydrocarbons,
which are present as contaminants in food. Margins of
exposure (MOEs) were calculated for each substance for
different exposure conditions, considering mean and high-
level consumer exposure.

2.2. Similarities in the three approaches

All three papers reached a number of similar conclu-
sions:

(i) The traditional approach of using a no-observed-
adverse-effect level (NOAEL) to define a health-based
guidance value, such as a tolerable daily intake, is not
appropriate for DNA-reactive substances that are
both genotoxic and carcinogenic. Although a biolog-
ical threshold below which cancer is not induced may
exist for such substances, the position of the thresh-
old could not be inferred from the position of the
no-observed-effect level (NOEL) on a dose–response
curve.

(ii) The MOE is the most scientifically credible approach
to the formulation of advice because it takes account
of intake/exposure and the available data on the
dose–response relationship are used without extrapo-
lation or the generation of possibly uncertain risk
estimates.

(iii) The point on the cancer dose–response curve used in
the MOE calculation should be close to the bottom
end of the observed effect range or limit of quantifica-
tion. A 10% increased tumour incidence over back-
ground was chosen as the benchmark response
(BMR) in the EFSA Opinion and the JECFA
Report. Although other response levels could be sci-
entifically valid, such as 5% or 20%, a single general
recommendation was proposed because one of the
uses of the MOE is for comparisons between different
substances.

(iv) Mathematical modelling is used to define the bench-
mark dose (BMD) giving the benchmark response
(IPCS, 2004). The use of the lower limit of the confi-
dence interval on the BMD (the BMDL) was recom-
mended because this reflected uncertainties and
statistical errors in the available cancer dose–
response data. The T25 (Dybing et al., 1997) could
be used in cases where the dose–response data were
not adequate to define the BMD or BMDL, but the
use of the T25 should be clearly pointed out in the
advice to the risk manager and would affect the
interpretation of the MOE in relation to human
health.
(v) Exposure/intake assessment of substances that are
both genotoxic and carcinogenic is not inherently dif-
ferent to that of other chemicals to which humans are
exposed via the diet. Intake estimates should be pro-
vided for various percentiles of the general popula-
tion, such as the 50th, 90th, 95th and 97.5th
percentiles, and for any subgroups with higher intake
patterns. Different intakes will result in a range of
MOE values for the same substance; such informa-
tion should be useful in the development of risk man-
agement strategies.

(vi) Risk managers should be given advice to aid them in
the interpretation of the magnitude of estimated
MOE in relation to human health. Without such
advice an MOE would be of little more value than
ALARA (that is until sufficient substances had been
evaluated to produce a ranking based on their
MOE values).
2.3. Differences between the three documents

The documents differed in various respects:

(i) The amount of guidance given on methods to calcu-
late the BMD and BMDL varied greatly. The most
detailed advice was in Annex 1 of the JECFA Report,
which listed 8 different models plus an approach to
the assessment of goodness of fit.

(ii) The uncertainties that would have to be allowed for
before any MOE could be considered to be of low
concern from the public health point of view was
not considered in the ILSI Europe paper, because
the information is used at the interface between risk
assessors and risk managers. This issue was consid-
ered most comprehensively in the EFSA Opinion,
which concluded that a MOE of 10,000 and above,
based on a BMDL10 from an animal study, would
be a value that would indicate a low concern from a
public health point of view and that might be consid-
ered a low priority for risk management actions. The
rationale for this value was twofold. A 100-fold differ-
ence between the BMDL and human exposure would
be necessary to take into account general issues of spe-
cies differences and human variability (analogous to
the use of a 100-fold uncertainty factor for threshold
toxicants). A further 100-fold difference would be nec-
essary because of additional uncertainties related to
human variability in cell cycle control and DNA
repair, and because the shape of the dose–response
curve below the BMD and the dose level below which
the cancer incidence is not increased are unknown.
ILSI Europe and JECFA applied the proposed
MOE approach to the risk assessment of specific food
contaminants, whereas the EFSA Opinion developed
an approach for future application by EFSA Panels.

(iii) The assessment of acrylamide, ethyl carbamate and
polycyclic aromatic hydrocarbons in the JECFA
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Report gave advice that is compatible with the con-
clusion of the EFSA Opinion, i.e. that an MOE of
10,000 or above indicates low public health concern.
For acrylamide the JECFA concluded that the MOEs
were low (the MOEs were 300 for the average intake
and 75 for intakes by high consumers) and indicated
a human health concern. For ethyl carbamate the
intakes from foods excluding alcoholic beverages
were of low concern because the MOE was 20,000,
whereas intakes from foods including alcoholic bev-
erages were of concern because the MOE was 3,800.
The JECFA concluded that the intakes of polycyclic
aromatic hydrocarbons were of low concern for
human health, since the MOEs for average and high
consumers were 25,000 and 10,000, respectively.

(iv) The ILSI Europe paper presented MOE values for
acrylamide, aflatoxin-B1, benzo(a)pyrene, dimethyl-
nitrosamine, ethyl carbamate and phenyl imidazo-
pyridine, and concluded that the values could be
used to prioritise risk management actions.
2.4. Aspects not covered in the documents

A number of important aspects not covered or not
addressed in detail in the documents were identified in
the conference presentation by Diane Benford.

(i) There should be an agreed strategy for assessing
genotoxicity to aid harmonisation of the MOE
approach.

(ii) Approaches are needed for genotoxic chemicals for
which it is not possible to identify a BMDL or T25,
either because there are too few cancer data, or because
there is a high incidence of tumours at all tested doses.

(iii) There needs to be discussion on whether MOEs
would be useful in the risk assessment of proven
human carcinogens.

(iv) The MOE approach does not preclude the applica-
tion of ALARA to the same substance. For example,
if the intake of a substance that is both genotoxic and
carcinogenic can be reduced readily, then this should
be considered by risk managers irrespective of the cal-
culated MOE.

(v) The types of substances for which the MOE approach
would be applied need to be discussed by risk manag-
ers and stated more clearly. It should be stated that a
large MOE is not a basis for approving the deliberate
addition or use of genotoxic chemicals in food, for
condoning infringements of regulations (such as the
case of Sudan 1 in 2005), or for relaxing standards.

(vi) All three documents considered the uncertainties
associated with the dose–response characterisation
but did not adequately recognise that uncertainties
in the intake estimates are of equal importance in
the numerical value of the MOE. This is an important
difference between an MOE and a health-based guid-
ance value, such as a TDI, where the errors in the
value are derived solely from the dose–response data
and their interpretation.
3. Discussions and outcome of the conference

The conference began with presentations on the three key
documents and the evolution of the underlying science. Par-
allel working groups of participants then considered issues
raised by the different approaches to the assessment of com-
pounds that are genotoxic and carcinogenic (see Section 1).
The report that follows summarises the output from the
working groups and the final discussion in plenary session.

3.1. The ALARA approach

The conference noted the inherent problems when
advice to risk managers on substances that are both geno-
toxic and carcinogenic is based on the ALARA approach,
i.e. that intakes should be as low as reasonably achievable.
This approach is closely related to ALARP (as low as rea-
sonably practicable), which is a policy adopted by risk
managers to reduce intakes. ALARP acknowledges that
there are economic costs in reducing risks that may have
to be taken into account. The ALARA approach has been
used by several advisory bodies and national regulatory
authorities, which consider that other approaches, such
as using experimental animal dose–response data as a sur-
rogate for human response to derive a quantitative estimate
of risk, can give misleading indications of potential risks to
human health at very low exposures.

The ALARA approach has the advantage that only haz-
ard identification data are needed to confirm that the sub-
stance is either genotoxic (in vivo) and so assumed to be
carcinogenic, or shown to be both genotoxic and carcino-
genic. Such data may come from animal and/or human
studies, but for most substances human data are rarely
available. For risk assessors, the ALARA approach has
the practical advantage that there is no requirement to eval-
uate the carcinogenicity data in a quantitative manner, no
mathematical or computing expertise is required, and there
is no need to evaluate exposure data. The approach is
purely qualitative and readily understood by non-scientists.

The key disadvantages of the ALARA approach are
that it does not make best use of all the data that are usu-
ally available, and is not useful for comparisons between
different compounds or for the establishment of priorities
for risk management action. It does not make any distinc-
tion between high potency and low potency carcinogens,
nor does it relate the potential hazard to the level of expo-
sure (risk characterisation). It does not give any estimate of
risk and will not give risk managers sufficient information
to assess the degree of urgency and extent of risk reduction
measures that may be required. In response to ALARA,
risk managers may feel they have little choice but to treat
all carcinogens similarly with respect to risk reduction.
The ALARA approach can also create problems for risk
communication; because ALARA provides only a simple
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qualitative message about genotoxic carcinogens, it is diffi-
cult to convey that some substances may be more hazard-
ous than others, either because of their potency or because
of the exposure levels.

3.2. Methodological options for risk characterisation

3.2.1. Review of the available tools for risk

characterisation

The conference discussed the different tools that are cur-
rently available for risk characterisation of substances that
are both genotoxic and carcinogenic. These included:

• Dose–response modelling of experimental animal data
(or human epidemiological data, if available) within
the observed dose range.

• Calculation of the margin of exposure (MOE) between a
reference point in the observed dose range (e.g. the
BMDL10) and estimated human exposure.

• Linear extrapolation from dose–response modelling to
estimate risk for the human population at much lower
doses.

• Application of the threshold of toxicological concern
(TTC).

• Use of DNA adduct data.

3.2.1.1. Dose–response modelling within the observed dose

range. Dose–response assessment of tumour incidences
within the observed experimental dose range of an animal
carcinogenicity bioassay is necessary for either calculation
of an MOE or linear extrapolation to estimate risk at lower
doses. The principles of such modelling were presented at
the conference by Wout Slob, who emphasised, inter alia,
that the outcome of any model is only as good as the data
available for input; modelling does not provide an alterna-
tive that can compensate for inadequate data.

Dose–response modelling can provide several useful ref-
erence points, or so-called ‘points of departure’. These are
numerical values of dose within or close to the experimen-
tal tumorigenic range (or the statistical estimate of that
range) which can be used to calculate the MOE, or from
which to make an estimate of risk at lower doses by extrap-
olation. Reference point is the terminology used in descrip-
tions of the MOE approach. Point of departure is the
terminology used in descriptions of extrapolation
approaches. The various reference points/points of depar-
ture that can be used include:

• Benchmark dose (BMD) or the statistical lower bound
of its 95% confidence interval (BMDL).

• Lowest-observed-adverse-effect level (LOAEL).
• Carcinogenic potency estimates, such as TD50 and T25.

The conference agreed that if there were sufficient data
of good quality on a substance, then dose–response model-
ling should be carried out. Suitable data would include
experimental bioassay data from studies in animals and/
or human epidemiological data.

3.2.1.2. Benchmark dose approach. There was a consensus
at the conference that the benchmark dose (BMD)
approach offers the best tool for deriving a reference
point/point of departure within the observable dose range.
The ready availability of special software for developing
BMDs, which was not difficult to use, was noted (US
EPA, 2000a,b). The BMD approach can be applied when
there are as few as two dose groups showing tumours
and one control group, but it was noted that others have
suggested that a larger number of dose groups, such as
three plus controls, may be preferable (Edler et al., 2002).

The BMD approach makes full use of all the data points
on the dose–response curve; a mathematical model is fitted
to the experimental data within the observable range and
the dose that causes a low but measurable response (bench-
mark response or BMR) is chosen as the BMD. BMDs can
be modelled for each tumour type and for overall tumour
incidence. Typically, the BMR value chosen is a 5% or
10% incidence above the control incidence (US EPA,
1995). The BMD lower limit (BMDL) refers to the one-sided
lower 95% confidence limit of the BMD. The BMDL, rather
than the BMD as a reference point/point of departure, takes
into account the statistical uncertainty inherent in the BMD
in any given study. The BMDL will be lower than the corre-
sponding BMD and therefore more conservative. Use of the
BMDL also assures, with 95% confidence, that the chosen
BMR is not exceeded. It was noted that the BMD approach
takes no account of information on mode of action.

3.2.1.3. LOAEL. It was noted that the LOAEL was an
easily identified reference point/point of departure from
the raw data, requiring no mathematical modelling of the
dose–response relationship. It could be used for calculation
of an MOE, but its value will be dependent on the individ-
ual study design. Its use did not take account of possible
uncertainties in the study data. There was little further
discussion of this option.

3.2.1.4. Carcinogenic potency estimates. Carcinogenic
potency estimates, such as the T25 and TD50, can also be
used as reference points/points of departure. Carcinogenic
potency estimates give an indication of the dose of a sub-
stance administered over a standard animal lifespan that
results in a fixed incidence of tumours, say, 10%, 25% or
50% for the BMD10 (or ED10), T25 and TD50, respectively,
after correction for the spontaneous background incidence
of tumours among controls. In common with the bench-
mark dose approach, carcinogenic potency estimates also
make use of all the available dose–response data.

Use of the ED10/LED10 has been favoured by the US
EPA (1996, 1999) and other regulatory bodies as a point
of departure to estimate risks at lower doses by linear
extrapolation. The T25 method, proposed by Dybing
et al. (1997) can be used to compare and rank substances



1642 S. Barlow et al. / Food and Chemical Toxicology 44 (2006) 1636–1650
for their carcinogenic potency, to calculate MOEs, or to
estimate risks at lower doses by linear extrapolation
(Sanner et al., 2001). It was noted that the T25 approach
has been used in risk assessment for regulation of non-
food, genotoxic and carcinogenic chemicals in the EU.
The TD50 method was proposed by Peto et al. (1984) and
numerical TD50s have been elaborated in the Carcinogenic
Potency Database for over 700 substances (Gold et al.,
1984, 1986, 1987, 1989, 1990, 1991, 1992, 1993, 1995,
1999). Calculation of a TD50 requires specific software,
whereas the T25 can be more easily calculated without
computing the dose-response curve. It was noted that
linear extrapolation from the TD50 can seriously over- or
underestimate the true risk and that it is more often used
only for comparing carcinogenic potencies.

The conference noted that comparison and ranking of
carcinogenic potencies do not take into account the level
of human exposure.

3.2.1.5. Calculation of the MOE. The margin of exposure
(MOE) is obtained by dividing the value of the selected ref-
erence point on the dose–response curve for the adverse
effect of the substance by the estimated human intake of
the substance. Being a ratio, it is a dimensionless number.

The conference considered that a BMDL is the most
appropriate reference point for calculating an MOE. The
T25 could also be used to calculate an MOE, but it was
noted that the resulting value would require a different
interpretation from an MOE derived from a BMDL10 as
it is based on a different level of response and is usually
derived from fewer data points.

3.2.1.6. Linear extrapolation to risk at low doses. In low-
dose, linear extrapolation, mathematical models are fitted
to the data on tumour incidence to produce quantitative
estimates of risk at exposures several orders of magnitude
(usually 4 or more) below the lowest experimental dose
point. The models that may be used and their strengths
and limitations have been discussed in detail elsewhere
(Edler et al., 2002). Linear extrapolation has been used in
one form or another by a large number of advisory and
regulatory bodies, such as the US EPA, and those in some
European countries and elsewhere.

Simple linear extrapolation can be carried out from either
a selected incidence within the experimental range (e.g. the
LOAEL), or from a derived incidence, such as one of the
points of departure described above (e.g. BMDL10 or
T25) obtained by fitting a mathematical model to the
observed data. Alternatively, a more complex mathematical
model may be fitted to the data points to estimate the risk at
lower doses. A variety of such models are available. The
model most widely used to date has been the linearised
multistage (LMS) model for which software is available.

In using these approaches, low risk is often defined, for
example, as the level of exposure to a substance associated
with an upper bound, lifetime risk of cancer of 1 in a million
persons (1 · 10�6) or one in a hundred thousand (1 · 10�5).
The conference noted that different mathematical mod-
els, which provide equally good fits to the experimental ani-
mal data, can result in very different estimates of risk at low
doses. The conference also noted that the mathematical
models tend to be highly conservative (some would say
overly conservative), with the one-hit model being the most
conservative. Thus linear extrapolation should be consid-
ered as giving an upper bound estimate of risk rather than
the most likely estimate of risk.

3.2.1.7. TTC approach. The threshold of toxicological con-
cern or TTC approach has been advocated for risk assess-
ment of contaminants in food in cases where the biological
data are few but the chemical structure is known and there
are good exposure data (Kroes et al., 2004). In this
approach, if the substance is genotoxic or has a structural
alert for genotoxicity and does not belong to a group of
identified structures that are likely to be the most potent
genotoxic carcinogens, exposures below 0.15 lg/day (or
0.0025 lg/kg bw/day) are considered to be of negligible
risk. This figure is based on linear extrapolation of bioassay
data for substances having the same structural alerts. The
conference noted this approach for data-poor situations
but did not further discuss it.

3.2.1.8. DNA adduct data. The potential for the use of
DNA adduct data for risk assessment has been extensively
considered in a workshop of the ILSI Health and Environ-
mental Sciences Institute (HESI) in 2004 (Sander et al.,
2005). No consensus emerged from that workshop on the
biological significance of low levels of DNA adducts, but
it identified the need for further experimental data to
address this question and for a framework to guide the
integration of DNA adduct data into the risk assessment
process. The possibilities and limitations associated with
the use of such data for risk assessment were illustrated
by Gary Williams in his presentation at the conference.
As such data are not currently widely used by regulatory
bodies except for hazard identification, it was not further
discussed.

3.2.2. Advantages of the MOE approach compared with

other approaches

Since the three documents from ILSI Europe, EFSA
and JECFA proposed, or in the case of ILSI Europe and
JECFA used, the MOE as the preferred approach for risk
assessment advice for substances that are both genotoxic
and carcinogenic, the conference discussion was framed
in terms of the advantages and limitations of the MOE
approach in comparison with other approaches.

The conference considered that the MOE approach
offers the following advantages:

• It is a pragmatic approach and has the potential to be
explained and understood in a transparent way.

• It lends itself to a narrative presentation of the under-
lying scientific assumptions.
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• It takes account of both carcinogenic potency and expo-
sure which the ALARA approach does not.

• It makes good use of all the available data.
• It does not extrapolate the curve orders of magnitude

outside the observable dose-effect range.
• It only has to consider uncertainties in the toxicity data

and in the exposure data; it does not have to contend
with the uncertainties associated with selection and use
of a mathematical model for low dose extrapolation.

• When appropriate human epidemiological data are
available, they can be used to calculate MOEs that can
be considered instead of, or alongside, those derived
from experimental animal data.

• Where uncertainties are identified by the MOE
approach, these can indicate what further steps or data
may be needed to refine the risk assessment.

• MOEs can be calculated for subsets of the population
with different exposures.

• It provides an additional piece of information in a
‘weight of evidence’ risk assessment.

• At the risk assessment stage, the question of acceptabil-
ity of risk (a risk management task) can be avoided.

• It can be used to compare and rank substances.
• It can provide guidance on setting priorities for risk

management actions.
• It can provide useful guidance for choosing between dif-

ferent risk management options for a substance.
• It can be used to set targets for risk reduction strategies.
• It can assist the risk manager in decision-making when

regulatory limits for a substance are exceeded.
• It can be used by risk managers to distinguish between

situations of larger, intermediate and lesser concern
and may point to situations of minimal concern.

• It can be used to set priorities for testing and for further
research.

• In contrast to linear extrapolation, the MOE approach
does not give a risk estimate which may be (mis)inter-
preted as precise, or as the level of actual risk in the
exposed population.

• It can be used to compare the relative risks of exposure
to a substance via different routes.

• It can be used to aid decision-making in application of
an ALARA/ALARP policy by risk managers.
3.2.3. Limitations of the MOE approach compared with

other approaches

The conference considered the limitations of the MOE
approach:

• It provides a numerical value (a ratio) but, in contrast to
linear extrapolation, does not provide a quantitative
estimate of risk.

• The abstract nature of a ratio may result in problems of
understanding.

• Although it does not define the possible magnitude of
the risk, it may be misinterpreted as giving a measure
of the risk.
• Good intake/exposure data are critical; the confidence
that can be placed in any particular MOE is dependent
on the reliability of the exposure/intake assessment.

• Provision of a single value for the MOE could result in
over-interpretation of the reliability and applicability of
the value.

• As, with all other approaches, it requires a clearly and
carefully expressed narrative to provide perspective
and context and to explain it to risk managers and
consumers.

• Interpretation of the significance of a particular value of
an MOE lies on the borders between risk assessment and
risk management.

• It does not provide a tool for performing risk/benefit or
risk/cost assessments.
3.2.4. Minimum data sets needed for each approach

The conference considered the minimum data sets
needed for each approach.

3.2.4.1. ALARA. The minimum data set required for the
ALARA approach is:

• Hazard identification data on genotoxicity and
carcinogenicity.
3.2.4.2. MOE. It was noted that since in the ideal case
dose–response modelling is involved, this requires a certain
minimum quantity and quality of animal or human data.
The minimum data required for the MOE approach as a
whole is:

• An appropriate array of genotoxicity tests with clear
evidence of genotoxicity in vitro and/or in vivo.

• Reliable data from animal bioassays and/or human
epidemiological studies, with sufficient information to
establish carcinogenicity and dose–response relation-
ships; for animal data, this would normally mean a
long-term carcinogenicity study conducted according
to an internationally recognised guideline in a species
showing a clear carcinogenic response.

• If the BMDL is to be determined, at least 3 data points
(including controls), with 3 different response levels.

• If the T25 is to be used, one incidence level significantly
greater than the controls may suffice.

• Exposure/intake assessment of good quality and repre-
sentative of the whole diet, for the general population
and, where necessary, for subgroups.

• Where there are sources and routes of exposure other
than the diet (e.g. dermal, inhalation), these should
also be taken into account in the exposure/intake
assessment.
3.2.4.3. Linear extrapolation. As for the MOE approach,
linear extrapolation includes dose–response modelling,
which requires a certain minimum quantity and quality
of animal or human data.
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The minimum data required for linear extrapolation is
the same as for the MOE approach outlined above, but with
less emphasis on reliable exposure data. The derivation of
the exposure associated with a predetermined risk estimate,
such as a 1 in a million risk, does not require any knowledge
of human exposure. The end result of linear extrapolation,
derived entirely from the biological data, is an upper bound
estimate of the dose, expressed on a body weight basis,
which causes a specified increase in lifetime risk of cancer.
However, exposure data are needed for subsequent compar-
ison of human exposures with the risk estimate.

3.2.5. Selection of an appropriate reference point from

observed data
Selection of an appropriate reference point, or point of

departure, is an important decision in both the MOE and
linear extrapolation approaches. The choice should be
driven by the extent and quality of the available data. This
requires a critical appraisal of the quality of the toxicolog-
ical data in order to establish the strength of the possible
reference point/point of departure.

Most of those at the conference considered that, if the
data are sufficient to enable a BMDL to be determined with
confidence, then this is the most appropriate reference
point/point of departure. The reason for this choice, in
preference to the BMD, is that the BMDL better reflects
the greater uncertainties of lesser amounts of data, since
the 95% confidence interval on the BMD is wider when
there are fewer data. A BMDL10 was considered prefera-
ble to a BMDL5, since experience shows using data for
any one substance, that the various BMDL10 values
obtained from different dose–response models are in closer
agreement than BMDL5 values. When there is a factor of
more than 100 between the BMD and BMDL values, this
reflects considerable uncertainty and the BMDL should
not be used as a reference point/point of departure. While
it may be considered that a 10% increase in tumour inci-
dence is relatively high value for the benchmark response,
the modelling of lower incidences generally results in
greater uncertainty.

If the data are insufficient to derive a BMDL10, the con-
ference agreed that use of the T25 was an alternative
option. The conference noted that in some cases, for exam-
ple natural toxicants that are genotoxic and carcinogenic,
the database may be so limited that only the ALARA
approach would be feasible.

Considering the exposure data that are used to calculate
an MOE, the conference suggested that one option would
be to work initially with simple worst-case data, and to
undertake a more refined exposure/intake assessment if
that were necessary for decision-making. This step-wise
approach recognises the considerable resources needed
for detailed exposure/intake assessments.

3.2.6. Criteria for choosing between the available approaches

The conference agreed that the choice of which
approach to follow should be case-by-case, based on con-
sideration of the extent of the available data and its quality.
The technical criteria for choosing between the various
approaches have already been mentioned earlier under
consideration of the available tools, the advantages and
disadvantages of the various approaches and the minimum
data sets required for each approach. In data-poor situa-
tions, it may only be possible to give advice to risk manag-
ers based on ALARA. In data-rich situations, for example
when dose–response modelling gives values for the BMD
and its corresponding BMDL that are close, then either
the MOE or linear extrapolation approaches are possibili-
ties. The MOE approach is perceived as a more suitable
general approach, since it has the advantage of taking
exposure scenarios directly into consideration, without
the problems associated with providing a numerical risk
estimate that may be misinterpreted.

There was support at the conference for using linear
extrapolation when adequate human epidemiological data
were available, but recognition that this was rarely the
case. A decision on whether to use linear extrapolation
based on animal bioassay data depends to some extent
on whether the risk assessor has confidence in the validity
of extrapolating outside the observed dose range to
estimate human risk. Participants considered that the
validity of linear extrapolation may be more readily sup-
ported when data are available on physiologically-based
pharmacokinetics in humans and/or animals or when
data are available that address mode of action in more
detail.

3.3. Interpretation of the MOE in terms of risk to

human health

3.3.1. Magnitude of the MOE

The conference agreed that the MOE should always be
accompanied by a narrative to aid interpretation. This
should explain its derivation and include a discussion of
the quality of the data underpinning the MOE, both those
used for hazard characterisation and for the exposure/
intake assessment. The nature of any uncertainties in the
data and their interpretation should also be addressed. It
was emphasised that the basis for decision-making should
not be the MOE alone; the MOE was only one component
of the overall risk assessment. It was noted that a dialogue
between risk assessors and risk managers will be particu-
larly important to facilitate understanding and interpreta-
tion of the implications of particular magnitudes of
MOEs for human health.

There will be circumstances in which several MOEs for
the same substance related to different exposure/intake sce-
narios are presented and this will need careful explanation.
For example, MOEs for different subgroups of the popula-
tion may differ because of differing exposures. Several
MOEs may be given because modelling has been done on
more than one individual tumour type, or using more than
one point of departure on the dose–response. It should also
be recognised that MOEs may change as new data on
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toxicity and/or exposure become available, or with the
implementation of risk reduction strategies.

There were differing views among the conference partic-
ipants about how to interpret the magnitude of an MOE.
Concerns were also expressed about the potential for mis-
use and misinterpretation of MOEs. There was recognition
that MOEs of the same numerical value may need to be
viewed differently, for example because of differences in
the quality of the carcinogenicity and exposure/intake
data. The discussion encompassed not only the significance
that might be attached to any particular magnitude of an
MOE, but also the extent to which the risk assessor should
comment on the magnitude of the MOE, using qualitative
terms about risks to human health such as high, low or
negligible risk or concern.

It was recognised at the conference that in general terms
the higher the MOE, the lower the degree of concern. It
was also noted that MOEs based on data from lifetime
animal studies are potentially more conservative if actual
human exposures are short in duration or sporadic, rather
than lifetime. A number of participants had reservations
about the rationale for the proposal made by the EFSA
Scientific Committee in its Opinion (EFSA, 2005), that in
general an MOE of 10,000 or higher, if based on a
BMDL10 from an animal study, would be of low concern
from a public health point of view and might reasonably be
considered as a low priority for risk management actions.
It was questioned whether attributing low concern to
MOEs at or above 10,000 had been scientifically justified
or whether it was more a practical suggestion of where
the division between lesser concern and greater concern
might lie. It was considered important not to view the
figure of 10,000 as some kind of threshold for triggering
concern or risk management action. For example, a
high MOE should not preclude consideration of taking
risk management action, including the application of
ALARP.

The EFSA Scientific Committee (EFSA, 2005) consid-
ered the figure of 10,000 or higher for an MOE as (in gen-
eral) being of low concern, because in its view, such an
MOE adequately allowed for various uncertainties in the
MOE approach, namely:

(i) Species differences and human variability in toxico-
kinetics (TK) and toxicodynamics (TD).

(ii) Inter-individual human variability in cell cycle con-
trol and DNA repair.

(iii) The fact that the reference point is not a
NOAEL.

The EFSA Scientific Committee considered that a 100-
fold difference would cover the first area of uncertainty
(analogous with the default uncertainty factor for inter-
species and inter-individual differences in TK and TD used
in conventional risk assessment for toxic effects with a
threshold), and that a 100-fold difference would cover the
second and third areas of uncertainty. At the conference,
there was some agreement that the use of 100 for the first
area is scientifically justifiable, but that the second area
of uncertainty might actually be covered by the first and
that scientific justification for a factor of, say, 10 for the
third area of uncertainty was lacking. The conference noted
that the JECFA, which had used the MOE approach to
reach conclusions on several food contaminants, had not
specifically discussed the figure of 10,000 but, in practice,
in its discussion of polycyclic aromatic hydrocarbons, it
had concluded that MOEs of 10,000 and 25,000 indicated
that intakes were of low concern for human health
(JECFA, 2005).

There was also a proposal at the conference that the
interpretation of the MOEs regarding the potential
for public health concern might be better expressed in
three or four broad ranges rather than as exact figures.
These could then be related to different ‘classes of con-
cern’. This would avoid misinterpretation or over-inter-
pretation of individual values. However, defining and
justifying the broad ranges would raise exactly the same
issues.

It was agreed that there needed to be further discus-
sion on whether and how to assign levels of concern to
particular figures or ranges of MOEs. It was also
agreed that what might constitute a particular level of con-
cern was ultimately a judgement for risk managers to
make.

3.3.2. Comparison of risks of different chemicals

There was general agreement that the MOE approach
was a suitable method to highlight the comparative risks
from different chemicals, provided a consistent approach
has been adopted. For example, there should be broadly
comparable quality of data available for each chemical
on both toxicity and exposure and the same reference point
used.

While MOEs can be compared, it is important to recog-
nise that an MOE is not a quantification of risk, but its
magnitude can be used to indicate a level of concern, to
rank substances, to set priorities and targets for risk
management actions, and for making individual lifestyle
choices.

Risk managers also needed to be made aware that
similar MOEs from different chemicals do not necessarily
represent identical risks. Each MOE needs context and
interpretation.

3.4. The way forward and conclusions

3.4.1. Technical improvements

A number of ways of improving the risk assessment of
substances that are both genotoxic and carcinogenic were
mentioned. These included:

• Generation and integration of data on internal dose.
• Use of information on toxicokinetics, metabolism and

tumour biology to refine the risk assessment.
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• Optimisation of study designs to deliver data that are
better suited for benchmark dose modelling (e.g. better
dose selection, more dose groups with fewer animals
per group).

• Integration of intermediate endpoints relevant to geno-
toxic and carcinogenic modes of action to further refine
the risk assessment.

• Better use of biomarkers in humans for exposure and
effects.

• Improved intake and occurrence data for chemicals in
food, for example by ensuring wide access to a database
of European Food Consumption Data (currently under
development by EFSA).
3.4.2. Areas requiring further discussion and development

A number of key areas requiring further discussion
and development emerged from the conference. These
were:

(i) There was wide support for the proposition that sub-
stances which are genotoxic and carcinogenic should
not be deliberately added to food and it was not
appropriate for the MOE approach to be used to
justify such addition. However, there is a need for
further discussion between risk assessors and risk
managers on the types of substances in food for
which it would be appropriate to apply the MOE
approach. For example, should its application be lim-
ited to unavoidable contaminants and natural toxi-
cants, or (as proposed in the EFSA opinion) could
it be applied in cases where genotoxic and carcino-
genic substances have been found in food, irrespec-
tive of their origin, and where there is a need for
guidance on risks to those who are or have been
exposed?

(ii) There is a need for general guidance in a number of
areas in order to better harmonise the use of the
MOE approach, including:

• The criteria that should be used to assess the

adequacy and quality of the data used for risk
assessment of genotoxic and carcinogenic sub-
stances.

• Guidance on the performance of technical aspects
such as dose–response modelling, derivation of ref-
erence points, selection of appropriate models, and
the use of software.

• Guidance on selection of appropriate exposure
scenarios and on the performance of exposure/
intake assessments, including probabilistic meth-
ods.

• Guidance on how to incorporate mode of action,
toxicokinetic and toxicodynamic information into
the risk assessment.

• Guidance on the explanation and communication
of uncertainties.
(iii) The possibility of developing adjustment factors
should be considered. The conference recognised that
in many situations, such as a newly discovered con-
taminant in food, neither the toxicity database nor
the exposure information will be optimal. In order
to be able to compare MOEs derived from a T25 with
those derived from a BMDL10, a scientifically-based
adjustment factor may be needed. Consideration
should also be given to whether adjustment factors
can be developed to take account of limitations in
the exposure data.

(iv) A critical future discussion concerns the question of
weighing the potential health significance of the mag-
nitude of particular MOEs, how to band MOEs with
respect to levels of concern and who should be
involved in that process. Ultimate decisions on these
aspects rest with risk managers. However, all three
documents from EFSA, JECFA and ILSI Europe
offer the view that risk managers will need guidance
from risk assessors in interpreting MOEs. As a basis
for future discussions, it was suggested that MOEs
could be calculated and then placed in a broader
range, to which a level of health concern could then
be assigned.

(v) There is a need for transparency. When the MOE
approach is used, it should be explained in a trans-
parent manner to risk managers and the public. It
was recognised that there was a need to develop risk
communication strategies for explaining decisions
reached using the MOE approach and that there
may be a need to test these strategies and evaluate
consumer perceptions about the MOE approach.
To this end, it might be helpful to develop example
case studies on specific substances, showing how the
MOE approach could be used throughout the whole
risk analysis process.

(vi) Given that many of the substances in food that are
both genotoxic and carcinogenic are inadvertent con-
taminants or natural toxicants, without ‘‘ownership’’,
it would be desirable to have support from national
governments for generating the necessary toxicologi-
cal data.
3.4.3. Issues requiring further research

A number of areas requiring further research were also
identified:

• Exploration of the consistency between animal and
human data for individual substances. For example, it
would be useful to compare MOEs obtained from ani-
mal bioassay data with those obtained from human epi-
demiological data in those (few) cases of substances
where sufficient data from both are available.

• Use of newer technologies to search for more useful
intermediate endpoints on the sequence from covalent
binding to DNA through to the development of cancer.

• Continuation of fundamental work on the biological
changes underlying the generation and repair of geno-
toxic and carcinogenic events.
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The conference concluded that the MOE approach was
a useful and pragmatic option for risk assessment of sub-
stances that are both genotoxic and carcinogenic. It has
the potential to improve the advice provided to risk manag-
ers, since it allows comparison between compounds and
prioritisation of risk management actions, especially if
the MOE is accompanied by an appropriate narrative
explaining inherent uncertainties. Further joint discussions
between interested parties should be encouraged in order to
promote understanding of the utility and relevance of the
MOE approach and further harmonise, at an international
level, the application of the MOE approach. These discus-
sions should take place both at the technical level among
risk assessors and between risk assessors, risk managers,
risk communicators and other stakeholders, such as con-
sumers, industry and the media.
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Dr. Herman B.W.M. Koëter European Food Safety Authority (EFSA) IT
Dr. Günther Kraus Austrian Agency for Health and Food Safety (AGES) AT
Prof. em. Robert Kroes Utrecht University – IRAS NL
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