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Foreword

You have before you the new guideline for the calculation of occupational cancer
risk values. The Dutch Expert Committee on Occupational Safety (DECOS)
calculates these cancer risk values, upon request of the Minister for Social
Affairs and Employment, for carcinogenic substances for which no safe exposure
level exist.

The methodology for deriving cancer risk values was defined by the Health
Council of the Netherlands in a guideline published in 1995. Subsequent
scientific developments prompted the Committee to update this guideline.

The new guideline describes a method based on epidemiological data, and a
method based on toxicological data. In drafting this guideline, the Committee has
taken note of the methodologies used by other countries and organisations. An
overview of internationally used methods can be found in Annex E.

Henceforth, the Committee will adhere to the updated guideline when preparing
advisory reports on carcinogenic substances.

The Hague, 26 October 2012
(signed)

Professor W.A. van Gool
President
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Chapter

1

Introduction

Protecting employees from adverse effects of exposure to compounds in the
workplace is one of the basic principles of the Dutch working conditions
legislation. In general terms, this means that safe occupational exposure levels
are determined for a compound, and it is ensured these levels are not exceeded in
practice. For a certain group of cancer causing (carcinogenic) compounds, that
with a stochastic genotoxic mechanism of action, it is not possible to derive a
level of exposure at which no adverse health effects may occur. For this group of
compounds it is assumed that each level of exposure, regardless how low, entails
a certain risk of cancer.

There is no consistent approach at the international level for evaluating risks
of exposure to this group of carcinogens. In the Netherlands, the Health Council
calculates for these compounds cancer risk values: exposure levels correspond-
ing to an extra risk of cancer that is predefined by the government. Cancer risk
values constitute the scientific basis for determining occupational exposure
limits.

The methodology for the derivation of cancer risk values was defined by the
Health Council of the Netherlands in 1995 in the Guideline Calculating cancer
risk.! That guideline is focused on the use of animal data, as reliable epidemio-
logical data were scarce at the time. Since then, epidemiological data are more
frequently available, as are new methods for analysing data from epidemiol-
ogical and animal studies. These developments prompted the Dutch Expert
Committee on Occupational Safety (DECOS), hereafter called the Committee, to
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formulate a new guideline for the calculation of cancer risk values. Details on the
members of the Committee can be found in Annex A of this advisory report.

In Chapter 2, the Committee outlines the background for the use of cancer
risk values, and briefly describes the methodology used by the Health Council
of the Netherlands until now. The updated guideline is presented in Chapters 3
and 4.
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Chapter

2

Background

2.1

Occupational exposure limits

Working with carcinogens can have serious health consequences. In the
Netherlands, the policy to protect employees from occupational risks is laid
down in the Dutch Working Conditions Act. The related Dutch Working
Conditions Decree contains explicit regulations on working with carcinogens.
This decree states that exposure to dangerous compounds must be prevented or
limited, and that carcinogens must be substituted if technically possible. The
principle is that exposure must be kept ‘as low as reasonable achievable’. This is
known as the ALARA principle.

A key measure for managing exposure to dangerous compounds is the
application of exposure limits. Occupational exposure limits are legally
determined, maximum permitted (time-weighted average) concentrations of
compounds in the workplace air, that should protect employees from the adverse
health effects of exposure to these compounds.

2.1.1

Health-based recommended occupational exposure limits

An health-based recommended occupational exposure limit is a ‘safe’
(occupational) exposure level: at exposure levels equal to or below the
recommended level, no harmful health effects are to be expected.? These
health-based recommended occupational exposure levels are derived by the

Background
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Health Council of the Netherlands, and are the basis upon which the minister of

Social Affairs and Employment sets a legal limit.

Whether an health-based recommended occupational exposure limit can be
derived for a carcinogenic compound, depends on the intrinsic properties of the
compound in question. In the Guideline on classification of carcinogenic
compounds, the Health Council described the framework for the classification of
carcinogens based on mechanism of action.? Four different categories have been
distinguished:

* Non-genotoxic carcinogens. These compounds can promote various phases
of the cancer process, without directly or indirectly damaging DNA.

* Genotoxic carcinogens with a non-stochastic mechanism of action. These
compounds do not directly interact with DNA, but can ultimately result in
indirect DNA damage.

* Genotoxic carcinogens with a stochastic mechanism of action. These
compounds can directly interact with DNA, thus resulting in DNA damage.

* Genotoxic carcinogens with an unknown mechanism of action.

A carcinogen with a non-genotoxic, or non-stochastic genotoxic mechanism of
action is assumed to be able to cause cancer only if exposure exceeds a specific
threshold. For these two categories of carcinogens, in principle, an health-based
recommended occupational exposure limit can be derived.

For genotoxic carcinogens with a stochastic mechanism of action, current
scientific insights do not allow the determination of safe exposure levels below
which cancer does not occur; any level of exposure is assumed to entail a certain
risk of developing cancer.

For reasons of safety, the same assumption is made for genotoxic
carcinogenic compounds with an unclear mechanism of action. The Committee
will consider this last group implicitly as ‘stochastic genotoxic carcinogens’ in
this guideline.

21.2

Cancer risk values

As no health-based recommended occupational exposure limit can be established
for carcinogens with a stochastic genotoxic mechanism of action, the Health
Council calculates, on request of the Minister for Social Affairs and Employ-
ment, so-called cancer risk values (see Figure 1). A cancer risk value is an
exposure level (a concentration in the air) corresponding with a (by the
government) predefined extra risk of developing cancer.

12
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Carcinogen

Classification carcinogens

Non-genotoxic Non-stochastic Stochastic Mechanism
genotoxic genotoxic unknown
Recommended L. .
Quantitative assessment Occupational

occupational

- cancer risk values
exposure limit

Figure 1 Overview of categories of carcinogenic compounds (based on mechanism of action) and
consequences for the choice to derive an occupational health advisory value, or cancer risk values.

There is no univocal approach at the international level, for the risk estimation
for carcinogens with a stochastic genotoxic mechanism of action. The
approaches described by other international organisations differ in terms of
methodology and implementation. The Committee has summarised these
approaches in Annex E.

2.2

Determining risk levels

The Minister of Social Affairs and Employment has determined two general
reference risk levels for the calculation of cancer risk values: a target risk level
and a prohibitive risk level.

These risk levels were proposed in 1992 by the Subcommittee MAC-values
of the Dutch Working Environment Council (Arboraad).” The Arboraad based its
recommendation on, among others, the risk levels used in other policy
frameworks at the time.# For example, the maximum tolerable risk for death due
to exposure to radiation is 1 x 10-6.5 In national environmental policy, exposure
limits for carcinogens are applied that correspond to two predefined risk levels:

In 1993, the Arboraad was succeeded by the Working Conditions Committee of the Social and
Economic Council of the Netherlands (SER). The OEL Subcommittee has taken over the tasks of the
Subcommittee MAC-values.

Background
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* The concentration corresponding with the prohibitive risk level results in an
expected (extra) risk of dying of cancer of 1 per million (1 x 10-6) per 1 year
of exposure.

* The concentration corresponding with the negligible risk results in an
expected (extra) risk of dying of cancer of 1 per 100 million (1 x 10-8) per 1
year of exposure.

Occupational risk levels are expressed as lifetime risks of extra cases of cancer
(see tekst box) due to occupational exposure, based on a working period of

40 years (8 hours per day, 40 hours per week).# For carcinogens used in the
workplace, the Arboraad proposed to strive for an extra individual risk level of

1 x 106 (one per million) for each year of exposure. This relates to a target risk of
4 x 103 for 40 years of occupational exposure.*

Below the level of exposure corresponding to the target risk level, no
additional protective measures need to be taken. In addition to the target risk
level, a prohibitive risk level has been introduced which is a 100-fold higher (i.e.
a risk of 4 x 10-3). The prohibitive risk level implies that this level may not be
exceeded.

The risk levels used in legislation for limiting exposure to genotoxic carcino-
genic compounds with a stochastic mode of action are specified in Table 1.

Table 1 Risk levels used for limiting exposure to carcinogenic compounds in the workplace and in the environment.

Risk period Exposure period 2 Risk level

Occupational Health and Safety Prohibitive risk Life Working life 4x103
One year 1x104

Target risk Life Working life 4x 105

One year 1x10°0

Environment Maximum tolerable risk Life Lifetime 1x 104
One year 1x10°

Negligible risk Life Lifetime 1x10°

One year 1x108

2 For the calculation of the risk related to the exposure during a full (working) lifetime, a period of 40 years for workplace
exposure and a period of 100 years for environmental exposure is taken into account.

14 Guideline for the calculation of occupational cancer risk values



Risk: extra risk of cancer

An extra risk of cancer due to exposure to a compound is expressed as an
estimated number of additional cases of cancer, regardless of overall
mortality in the population. This extra risk of cancer may be expressed as an
additional number of deaths (mortality) or diseased (incidence). The
Committee illustrates an extra riks of cancer below, for a compound that
causes lung cancer.

Extra risk based on mortality

In the Netherlands, of every 100,000 men who will die, about 11,200 will
die of lung cancer. The target risk level of 4 x 10-5 expressed as mortality,
for a compound that causes lung cancer, corresponds to 4 additional lung
cancer deaths due to subsequent exposure (11,200 plus 4, a total of 11,204)
per 100,000 general deaths.

Extra risk based on incidence

Of every 100 men who develop lung cancer, about 90 will die of the disease.
For every 100,000 deaths, an estimated 12,444 men will have developed
lung cancer (100/90 x 11,200). The target risk level of 4 x 103 expressed as
incidence, for a compound that causes lung cancer, is equivalent to 4
additional cases of lung cancer (12,444 plus 4, a total of 12,448) per
100,000 general deaths.

After the Health Council has published an advisory report on cancer risk values,
the OEL Subcommittee of the SER considers the technical feasibility of
implementing a legal limit value at the target risk level, and subsequently advises
the Minister of Social Affairs and Employment. In this procedure, the OEL
Subcommittee involves branch organisations, in addition to the major employer
and employee organisations. Finally, the Minister of Social Affairs and
Employment sets a new legally binding occupational exposure limit. In practice,
the established occupational exposure limits will vary between exposure levels
corresponding to the target risk level and the prohibitive risk level.
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Calculation of risk values to date

In 1995, the Health Council published a guideline for the calculation of cancer
risk values.! In this guideline, the Committee indicated that it preferred to use
data obtained from epidemiological studies. These data can be used directly, or
with minimal adjustments, to estimate risks for the working population. As
reliable epidemiological data were often lacking at that time, the Committee was
forced to use carcinogenicity data obtained from animal studies in its previous
guideline.

The Committee identified several steps for determining risk values using animal
data:

* Selection of data suitable for the calculation of risk values

» Estimation of the carcinogenic activity” of a compound

» Estimation of the daily dose in relation to carcinogenic activity

» Estimation of health risks for humans in an occupational setting

* Calculation of exposure levels relating to the reference risk levels.

The Committee described standard methods for each step. The carcinogenic
activity, for example, expressed as incidence per unit of daily dose or per unit of
air concentration, was calculated by the Committee based on the lowest dose or
air concentration at which a significant increase in the number of animals with
tumours was found compared to the control group(s). The Committee
subsequently converted the carcinogenic activity in animal models to a lifetime
cancer risk for humans due to occupational exposure using default values.
Finally, the Committee derived exposure levels corresponding to an extra cancer
risk of 4 x 10-3 and 4 x 10- by linear extrapolation.

The carcinogenic activity of a compound is defined as ‘the increase in the incidence of tumours in the
experimental or study group attributable to exposure during a defined experimental or observation
period, compared to the tumour-incidence in a control group’.
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Chapter

3

Risk estimation based on human data

The increasing availability of epidemiological and toxicological data, as well as
the development of new models for risk estimation, prompted the Committee to
update the guideline Calculating cancer risk.!

The guideline is a general guideline for deriving cancer risk values. In
practice, the Committee applies a compound-specific approach, in which the
most suitable methodology is determined based on the integration of all available
data. The Committee describes this process in its advisory reports on specific
compounds.

The Committee prefers the use of epidemiological data for the calculation of
cancer risk values, as this type of data does not involve the uncertainties
associated with biological differences between animals and humans.
Furthermore, the exposure conditions in epidemiological studies, in contrast to
those in animal studies, are generally representative for the exposures in current
occupational setting.

In this chapter, the Committee describes its approach based on human data.
The use of data from animal studies is discussed in Chapter 4.

Cancer risk values for different cancer types
Some compounds can cause multiple types of cancer. As workers should be

protected from all types of cancer a compound may cause, a cancer risk value
should preferably apply to all types of cancer the compound may cause. In

Risk estimation based on human data
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practice, however, this is rarely the case, as the available data usually relate only
to a few specific types of cancer. Therefore, the Committee generally derives a
cancer risk value for every form of cancer. The lowest cancer risk value is then
used as the basis for an occupational exposure limit.

If different forms of cancer develop at similar levels of exposure, these may,
in principle, be analysed jointly by using combined mortality or incidence
statistics. This approach however, cannot necessarily be applied as this sets
specific requirements for the underlying (exposure) data.

Stepwise approach for deriving cancer risk values

In the derivation of cancer risk values using human data, the Committee
distinguishes the following main steps (see Figure 2):

» Evaluation of data and selection of key research

¢ Determination of relative risk

e Calculation of extra risk and cancer risk values.

3.1

Step 1: Evaluation of data and selection of key research

Various aspects play a role in the evaluation of data for the calculation of cancer
risk values, such as the type of study the data are derived from, the quality of the
study, and subsequently the reliability of the data.

3.1.1

Types of epidemiological research

The research that is used as the source of information and provides the starting
point for calculating cancer risk values is referred to as key research. Where
possible, the Committee combines multiple epidemiological studies for its risk
estimate (see paragraph ‘Pooled studies and meta-analyses’). Epidemiological
studies that are most suited to determine long-term cancer risks are cohort studies
and case-control studies.

In a cohort study, a group of people with a common characteristic, e.g. the
exposure to a potentially carcinogenic compound, is followed for a long period
of time. The risk of cancer due to such exposure can be determined by comparing
the occurrence of cancer in this cohort to the occurrence of cancer in a reference
cohort. The strength of the association between exposure and the occurrence of
the disease is expressed as the relative risk (RR).

18
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Figure 2 Stepwise approach for the derivation of risk values based on human data.

In another study design, a relative risk is obtained by a comparison with the
general population, after correction for age and sex. This results in a
Standardised Mortality Ratio (SMR) if mortality statistics are used, or a
Standardised Incidence Ratio (SIR) if incidence statistics are used.

In a case-control study, historical exposure is estimated for a group of
patients with a specific form of cancer, and compared to a control group without
the disease. This type of epidemiological study is generally less accurate, as
information is obtained retrospectively. Therefore, strict criteria for the selection
of a control group exist. Instead of a relative risk, an odds ratio (OR) is calculated
for a case-control study: the ratio of the odds of cancer occurring in an exposed
group to the odds of cancer occurring in a non-exposed group. The odds ratio

Risk estimation based on human data
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provides an estimate of the relative risk. Particularly for relatively rare
conditions, the calculated odds ratio and relative risk fall within a similar range.

3.1.2 Guidelines for evaluation of epidemiological research

The Committee only considers epidemiological research for the calculation of
cancer risk values if it is of sufficient quality, and both exposure and related risk
have been quantified. The framework that is used by the Committee for the
evaluation of epidemiological research is described in Annex B.

It is important that both the data on exposure and the data on health effects
are of sufficient quality (limited information bias), that certain methodological
criteria related to the population selection are met (minimal selection bias), and
that the potential of bias due to other causes of cancer is low (limited
confounding bias). The Committee adheres to the CBO guidelines” when
evaluating epidemiological studies. These describe general points for attention
and criteria regarding the evaluation of the quality of human data. The criteria are
consistent with international criteria as described for observational research in
the STROBE project™.6

The calculation of cancer risk values requires a reliable, quantitative measure
of exposure. The manner in which exposure is estimated in an epidemiological
study is therefore of great importance. The CBO and STROBE criteria are not
specifically focused on the reliability of exposure assessment. Additional criteria
were recently formulated for the stepwise assessment of the usability of
epidemiological research for quantitative risk assessment, with an emphasis on
exposure aspects.” Critical aspects for the Committee in the evaluation are the
degree to which the estimated exposure reflects the actual exposure of the cohort
during the risk period (internal validity), and the degree to which the exposure
measurements are representative for the population of the study (external
validity). Based on data available, the Committee subsequently selects the most
suitable exposure metrics, such as the level of average exposure or cumulative
exposure.

In order to determine whether an epidemiological study is ultimately suitable
as key research, it must be assessed whether the association between the
exposure to a compound and the occurrence of cancer can be interpreted as a

* Dutch institute for healthcare improvement CBO.
wok Strengthening the reporting of observational studies in epidemiology;
http://www.strobe-statement.org [consulted on 07-09-2012]
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causal relationship. For this, nine points of attention are traditionally used.3
These are summarised in Annex C.

Pooled studies and meta-analyses

A single study of sufficient quality may be used for the calculation of cancer risk
values. However, the Committee prefers to use a combined analysis of various
studies, as this can provide more reliable outcomes. Epidemiological studies may
be combined based on individual data (pooled analysis) or aggregated data
(meta-analysis).

Epidemiological data that have been combined and analysed at the individual
level include several populations (often in different countries). As data must be
available for each individual, these can be corrected for confounding variables.

Also in a meta-analysis, data from several studies are combined. However,
the underlying individual data are not available in such cases, and the analysis
must therefore be performed at the level of aggregated data. This is likely to
result in more heterogeneous outcomes, as even studies with a largely similar
design differ at certain points. This aspect must be taken under consideration in
the evaluation process.

3.1.4

Incidence statistics versus mortality statistics

Over time, improved diagnostic and treatment options have increased the
difference between the number of new cancer cases and the number of cancer
deaths. The majority of epidemiological research is based on mortality statistics,
as historically, these are well-documented. However, epidemiological research is
increasingly based on cancer incidence (the number of new disease cases per unit
of time). Working conditions policy is primarily focused on protecting
employees from the occurrence of disease, in this case cancer, regardless of the
resulting mortality. Therefore, the Committee prefers to use incidence statistics
over mortality statistics for cancer risk values calculation. An additional
argument is that registration of incidence data is generally more reliable than
registration of mortality data. As the diagnosis of cancer always includes
histopathological confirmation, so there is a reduced risk of misclassification.

If no incidence statistics are available, it is possible, in principle, to convert
mortality statistics to incidence statistics. The most suitable method for doing so
is not predetermined, and will be selected by the Committee on a case-by-case
basis. Various factors may play a role, such as life expectancy and mortality after
diagnosis.

Risk estimation based on human data
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3.2

Step 2: Determination of relative risk

In epidemiological studies, the risk of cancer following exposure to a compound
is generally expressed as a relative risk. Preferentially, the data should describe
the relative risk over a range of exposure levels. Using a model, an exposure-
response relationship can be determined, making optimal use of the available
data.

3.2.1

Modelling individual and aggregate data

From a scientific perspective, the Committee prefers to use data that can be
analysed at the individual level. Using parametric models it is possible to
determine whether on the basis of individual data, after correction for any
confounding variables, a reliable exposure-response relationship can be derived.”

In practice, individual data are rarely available to the Committee. Particularly
in the past, individual exposure measurements were often first combined to one
or more exposure categories and then analysed at the aggregate level. The
Committee therefore has to rely on secondary data™ based on published
analyses, and on the underlying choices and assumptions made by the authors. If
authors did not perform exposure-response analyses, for example using Poisson
or linear regression, the Committee will consider doing this post-hoc. The Health
Council has done so recently in its advisory report on asbestos.® A representative
point estimate for an exposure category, such as the geometric average or the
median of the exposure, is most appropriate for post-hoc modelling of exposure-
response relationships.™*

If multiple studies are available, the Committee will consider meta-
regression or meta-analysis. A recent example of such an analysis based on
published data is the meta-analysis performed for asbestos.?

skok

Commonly used methods to examine association at the individual level are survival analysis and
logistic regression.

Aggregated data for which in addition to individual exposure data, individual characteristics such as
sex and age, are combined.

The Committee prefers the use of the median, as it is less sensitive to outliers in the exposure data. If
the estimated exposure involves a range with only a upper limit (i.e. < 100 mg/m3) or an lower limit
(i.e. > 0 ppm), the Committee derives a point estimate by dividing the upper limit or multiplying the
lower limit by 2, respectively.
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The final exposure-response relationship, in the form of a linear regression
model or a more complex parametric function, is then used as a starting point for
deriving an extra lifetime risk.”

3.22

Relative risk based on a single exposure group

Only if no exposure-response relationship can be derived will the Committee
consider, given a lack of alternatives, using a point estimate of the relative risk
based on a single exposure group to calculate cancer risk values.

3.3

Step 3: Calculation of extra risk and cancer risk values

The quantitative relationship between the exposure to a compound and the
relative risk of cancer that is derived from epidemiological data must be
converted into a appropriate measure of risk for deriving a cancer risk value. This
means that a relative risk for developing cancer must be converted to an extra
risk of cancer, regardless of the background risk. Additionally, the risk due to
occupational exposure based on the observation period of the epidemiological
study must be converted to a lifetime risk.

3.3.1

Use of life tables

The Committee uses life tables to calculate an extra risk of cancer. By using life
tables, death due to other causes can be accounted for. In a group of workers
exposed to a carcinogenic compound, other causes of death will lead to a
reduction of the population at risk, and therefore to a lower number of additional
cancer cases by the compound in absolute terms. If this is not corrected for, the
probability of overestimating the risk is high.!!

It is important to extend the life table to an age at which the mortality burden
due to occupational exposure to a carcinogenic compound is negligible,
compared to the mortality due to other causes. For this purpose, the Committee
currently adheres to an age of 100 years.

Furthermore, using life tables it is possible to take into account time and age-
dependent factors in the development of cancer. An elevated relative risk of a
type of cancer that primarily occurs at old age, for instance, will not contribute

More background information on the analysis of epidemiological research is described in, inter alia,
the epidemiological manuals by Rothman & Greenland and, specifically with regarding to working
environments, Checkoway et al.!0

Risk estimation based on human data
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substantially to the number of additional cancer cases in young employees who
are exposed, but will contribute significantly to the additional cancer cases in
later life. Furthermore, the background risk of cancer may increase (such as
leukaemia in children) or decrease during a specific period in life. The use of life
tables also allows to take into account risks that increase (due to latency, for
example for asbestos in relation to mesothelioma), as well as risks that decrease
after a certain period following exposure (for example for ionising radiation).

Ultimately, analysis of a life table results in a cumulative exposure level
corresponding to a specific extra risk, based on a working period of 40 years. The
cancer risk values are calculated at the level of cumulative, inhalatory exposure
for which the risk of extra cancer cases is 4 x 103 and 4 x 10-5 (expressed in an
exposure unit, such as [mg/m3]).

The Committee has included a calculated life table as Annex D for
illustrative purposes.

24
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Chapter

4

Risk estimation based on data from
animal studies

If no suitable epidemiological data are available, the Committee will base its
calculations of cancer risk values on animal studies. In practice, the use of a
cancer risk value based on an animal study does not differ from the use of one
based on human data. However, the Committee emphasizes that, in addition to
the obvious difference in species, there is a fundamental difference in the
background of both types of cancer risk values. In animal studies, all tumours
that can be detected microscopically are analysed, while in a human population,
the only tumours registered are usually those that lead to clinical symptoms
(unless screening is involved).

Stepwise approach for calculating cancer risk values

Similar to the approach based on human data, does the Committee apply a
stepwise approach when using animal data for the calculation of cancer risk
values. An additional extrapolation step from animals to humans is required,
however. The steps are (see Figure 3):

» Evaluation of data and selection of the key research

* Determination of starting point for estimating carcinogenic activity

» Estimation of carcinogenic activity in animals

* Risk estimation for humans and calculation of cancer risk values.

Risk estimation based on data from animal studies 25
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Figure 3 Stepwise approach for the calculation of risk values based on animal study data.

4.1

Step 1: Evaluation of data and selection of key research

The Committee evaluates the animal carcinogenicity studies for their suitability
for the calculation of cancer risk values. In addition to the evaluation of quality,
the interpretation of the carcinogenic effects observed plays a key role in this
process.

26
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4.1.1

Evaluation of data quality

General guidelines for evaluating the reliability of animal studies have been
described by Klimisch et al. (1997) (see Annex B).!12 Additional specific
requirements apply to the use of a carcinogenicity study for the calculation of
cancer risk values. The Committee will discuss some in detail below.

Carcinogenicity studies” are conducted on rats (exposed for at least 24
months), mice or (occasionally) hamsters (both species exposed for at least 18
months). A study with a shorter exposure period may also be used if relevant
tumours are found, that have developed due to exposure to the compound (what
the Committee considers relevant is described below). If data are available for
multiple animal species, the Committee will select the most sensitive, i.e. the
species for which the lowest cancer risk values are calculated.

If intercurrent mortality is increased due to other causes than the
carcinogenic effects of the compound, this may be cause for the Committee to
reject the study. Premature loss of animals may lead to a relatively (too) short
exposure period and follow-up, possibly leading to carcinogenic effects of a
compound or spontaneous tumours being missed. Only if data on individual
animals are available, there can (partially) be corrected for.!3

As cancer risk values represent concentrations in the air, the Committee has a
preference for studies in which animals were exposed by inhalation. If no
inhalation data are available, the Committee will also consider data from other
exposure routes for the derivation of risk values. In such cases, a conversion is
required.

4.1.2

Interpretation of carcinogenic effects in animals

For the interpretation of an increased tumour incidence in an animal study and
establishing the relevance of such finding for humans, no ready-to-use guidelines
exist. Various aspects play a role, a few of which the Committee will comment
on below.

An elevated incidence of a specific type of tumour in multiple species, and
supporting data regarding the carcinogenic mechanism of action, will weigh
heavily in the evaluation. Also, the Committee takes into account the background
incidence of the tumours in question, in the species and strain concerned. An
elevated incidence of a commonly occurring (spontaneous) tumour may,

Carcinogenicity studies that meet international guidelines (e.g. OECD).

Risk estimation based on data from animal studies

27



particularly at high doses, relate to indirect toxicity rather than carcinogenic
activity of the compound. Examples include renal toxicity of chloroform
resulting in renal tumours, and inhalatory particulate overload resulting in lung
tumours in rats. A non-statistically significantly elevated incidence of a rare
tumour, on the other hand, may indicate a specific carcinogenic effect due to
exposure and may not be ignored.!4

Generally, the Committee will base its cancer risk values on the incidence of
malignant tumours in a specific organ. Benign tumours as such are not a basis for
the Committee for the derivation of cancer risk values: these tumours apparently
do not posses the potential to develop into malignant tumours. Combining
numbers of different tumours, to increase statistical power, is only allowed in
specific cases. For example, numbers of benign and malignant tumours may be
combined if there are indications that the benign tumours can develop into the
malignant type (e.g. if both malignant and benign tumours are found concur-
rently in the liver). Also numbers of histologically related tumours in different
organs, or in both sexes, may be analysed jointly. However, the Committee is
extremely reserved in such cases, as mechanisms of tumourigenesis in different
sexes or organs may vary considerably.

Selecting key research

If multiple studies meet the criteria, the assessment of uncertainties will play a
critical role in the Committee’s ultimate choice of key research. In general, the
study conducted in the species in which carcinogenic effects occur at the lowest
exposure will be selected, and the data that result in the lowest cancer risk values
will be used.

4.2

Step 2: Determination of starting point for estimating carcinogenic
activity

After evaluating the available data and selecting the key study, the Committee
determines a representative measure of the carcinogenic activity of a compound.
This is referred to as the ‘starting point’ for risk estimation.

4.2.1

Benchmark dose as starting point

The Committee prefers to use the benchmark dose (BMD) approach for deriving
a starting point.!5> The BMD method aims to describe the best possible dose-
response relationship® for a set of toxicity data using mathematical models.
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A BMD is an exposure level of a compound, that corresponds with a predefined
value for an effect (the benchmark response, BMR). For carcinogenicity as an
endpoint, a BMR is often the proportion of animals with a tumour, corrected for
spontaneous tumours (BMRS for 5 percent response; BMR10 for 10 percent
response, et cetera). The size of the BMR is not predetermined, and depends on
the available data. The Committee notes that a BMR preferably falls within the
experimental data, and the extrapolation factor is relatively small for a relatively
low BMR (see Chapter 4.4). As default, the Committee uses a BMR of 10
percent.

The BMD approach provides a substantiated estimate of carcinogenic
activity, as all usable experimental data are used and the related statistical
uncertainties are taken into account.!5 These uncertainties are expressed by the
BMDL (the lower limit of the 95% confidence interval of the BMD). The
Committee prefers the BMD over the use of the BMDL as a starting point for the
calculation of cancer risk values, as the BMD provides the best estimate of the
carcinogenic response. The Committee considers the linear extrapolation step in
deriving cancer risk values (described in 4.4) to be sufficiently conservative, so
statistical uncertainties are not further taken into account.

Various software packages are available for performing a BMD analysis. The
Committee currently prefers the BMD software from the Environmental
Protection Agency (EPA)!6, as it is relatively easy to use, freely accessible and
widely accepted.

4.2.2

Single dose as starting point

If insufficient data are available to model a (reliable) dose-response relationship,
a reliable BMD cannot be derived.” In such cases, the Committee has no
alternative other than to apply the traditional approach.! This means that an
exposure level and the corresponding tumour incidence are selected, and used as
a representative point estimate for the carcinogenic activity of a compound. In
general, this will be the lowest level of exposure for which a statistically
significant and/or biologically relevant tumour incidence is observed.

Dose is generally defined as an administered or ingested amount of a compound per unit of body
mass. In this guideline, the Committee uses the term dose, such as benchmark dose, dose-response
relationship, for both oral and inhalatory exposures.

In such cases, the BMD and the BMDL will differ greatly (by a factor >10). Criteria for data quality
for BMD analysis are described in the BMD guideline published by EFSA.!7

Risk estimation based on data from animal studies

29



4.3 Step 3: Estimation of carcinogenic activity in animals

The estimation of the carcinogenic activity in animal studies occurs similar to the
method reported in the previous guideline.! Here, the Committee will provide a
brief description.

The carcinogenic activity in animals is calculated based on the starting point
that is selected (i.e. a point estimate based on a single dose group or, preferably,
a BMD). The carcinogenic activity is expressed as incidence per unit of the daily
dose, or per unit of air concentration (respectively the /4. 0r I ., centration)-

Based on a single dose group, carcinogenic activity, per unit of daily dose, is
calculated as follows:

1,-1

e C

I =
dose™ D x (X,,/L) X (X,,,/L) X exposure days per week /7

This is essentially the same when a BMD is used as the starting point:

BMR
I, .=
dose ™ BMD x (X,o/L) X (X,,/L) X exposure days per week /7

pe

in which:

* I, 1s the carcinogenic activity that can be ascribed to exposure to the
compound per unit of daily dose during the entire life expectancy, assuming a
linear dose-response relationship, generally expressed in mg per kg of body
weight per day

* BMR is the benchmark response, often expressed as a 10 % increase in
tumour incidence

*  BMD is the benchmark dose, the dose corresponding to the BMR

* [ and I, represent tumour incidences in, respectively, the group of exposed
animals and the control group

* D is the administered daily dose, generally expressed in mg per kg of body
weight

* X, and X, are, respectively, exposure time and duration of the experiment

» Lis standard life expectancy for the animal species in question.
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Similar formulas apply for the calculation of carcinogenic activity, based on the
unit of air concentration:

Ie - Ic
/L) X (X,,,/L) X exposure hours per day /24 X exposure days per week /7

I

concentration —
CXx(X,

0

And, for a BMD as starting point:

BMR
/L) X exposure hours per day /24 X exposure days per week /7

Iconcentration = BMR X(X
P

0 /1 L) X O(pe

in which:

* L oncentration 1S the carcinogenic activity that may be ascribed to exposure to the
compound per unit of air concentration, usually expressed in mg per m3

* BMR, the benchmark response, is often expressed as a 10 % increase in
tumour incidence

*  BMD is the benchmark dose, the concentration corresponding to the BMR

* I and I, represent the tumour incidences in, respectively, the group of
exposed animals and the control group

» (s the concentration the animals are exposed to, usually expressed in mg
per m3

* X, and X, are, respectively, exposure time and duration of the experiment

* L is the standard life expectancy for the animal species in question.

Values for the parameters required for the calculation of carcinogenic activity,
such as life expectancy, body weight and daily food and water consumption, are
preferably obtained from the selected study. If these data are not available, the
Committee uses default values (see Table 2).

Table 2 Default values for dose calculations.

Animal Sex Standard Body Food per day (g) Water per day (ml)
life expectancy (days) weight (kg)  (per kg of body weight) (per kg of body weight)

Rat Male 1000 0.5 20 (40) 25 (50)

Female 1000 0.35 17.5 (50) 20 (57)
Mouse Male 750 0.03 3.6 (120) 5(167)

Female 750 0.025 3.25(130) 5(200)
Hamster Male 900 0.130 - 12 (90)

Female 900 0.150 - 14 (90)

Source: Health Council of the Netherlands, 1995.1
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4.4 Step 4: Risk estimation for humans and calculation of cancer risk
values

Cancer risk values (at risk levels of 4 x 10-3 and 4 x 10-5) for the human,
occupational situation are calculated using health-based calculated occupational
reference values (HBC-OCRV).!

Considering the carcinogenic activity per unit of the dose, /4., and default
values (Table 3) the formula is:

40 years 48 weeks 5 days
X X
75 years 52 weeks 7 days

HBC - OCRV=1,,, x X (10 m3) X (70 kg)!

Considering the carcinogenic acvity per unit of air concentration,

I ncentrations the formula is:

40 years 48 weeks 5 days 10m3
HBC - OCRV =1

X X X X
concentration 75 years 52 weeks 7 days 18 m3

In practice, the estimated carcinogenic activity of a compound that is determined
in an animal study will be several orders of magnitude greater than the activity
that corresponds with a cancer risk value (namely the effect associated with an
additional risk of 4 x 10-3 or 4 x 10-5). As reliable information is rarely available
on the dose-response curve in the lower exposure ranges, the Committee will
apply linear extrapolation to calculate cancer risk values.

Only if the relationship between exposure and effect in the lower dose range
is found not to be linear, the Committee considers using a different extrapolation
method. In that case, there must be supporting (mechanistic) data.

Table 3 Standard values for humans for lifetime exposure and occupational exposure.

Exposure setting Duration of exposure Inhalation
Lifetime 75 years, 24 hours per day, 7 days per week, 52 weeks per year 18 m3 per 24 hours
Workplace 40 years, 8 hours per day, 5 days per week, 48 weeks per year 10 m3 per 8-hour workday

Source: Health Council of the Netherlands, 1995.1
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expertise of the specialist involved. During the inaugural meeting the
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Annex

B

Assessment of research quality

Epidemiological research

In assessing the weight of contribution of epidemiological studies in the risk
assessment of carcinogenic substances, it is important to estimate the quality of
those studies. This can be done systematically by using a certain set of criteria
(see also the guidelines by the Dutch Institute for Healthcare Improvement).
These criteria need to cover the essential characteristics of the study. For
carcinogenic effects caused by exposure of carcinogens, in practice two study
designs are of importance: 1) patient and control study, and 2) cohort study. In
exposure-related cancer research most types of studies have a cohort design.
Since the design of the case-control and cohort studies significantly differ, the
quality criteria differ as well, as shown below.

Quality criteria for cohort studies:

a Is there a clear hypothesis formulated prior to starting the study?

b Is the composition of the exposed group done in such a way that at the
beginning of the follow-up the disease risks are comparable between the
exposed and the ‘non-exposed’ reference group? In other words, do both
groups have the same cancer incidence pattern if the compound under

Assessment of research quality
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investigation would not be a carcinogen (the healthy worker effect is no
reason to decline the study)?

¢ Is the status of the disease assessed in a comparable way regarding the
exposed and reference group?

d Is the follow-up done in a reliable way, also regarding completeness?

e Is the statistical analyses performed adequately, and did it include corrections
for differences in ages, duration and period of follow-up?

f Is the influence of confounding factors that could add to the observed adverse
health effects, adequately controlled?

The criteria a, b, ¢, d and e must always be met. Regarding criterion f, in case of
co-exposure to a known carcinogen, it should be plausible that co-exposure did
not influence the observed effects. To fulfill criterion f, it is not necessary to
control on potentially strong confounders, such as smoking and alcohol
consumption.

Quality criteria for case-control studies:

g Is there a clear hypothesis formulated prior to starting the study?

h Are the patient and control groups composed in such a way that the
prevalence of exposure is comparable between them when there is no
relationship between disease and exposure?

i Is the exposure assessed in a valid way, independent from and without

knowing the disease state?

Is the statistical analyses performed adequately?

k Is the state of disease assessed in a valid way, independent from the state of
exposure?

1 Is the influence of confounding factors controlled adequately, either by
statistical analysis or by making up the patient groups?

—.

The criteria g, A, i, and j must always be met. Beside that it is allowed that one of
the criteria k or [ is not met. At least, in case of co-exposure to a known car-
cinogen, it should be plausible that co-exposure did not influence the observed
effects. This additional criterion only holds for co-exposure which is strongly
correlated to the exposure under investigation, and not for instance to smoking in
case of lung and bladder cancer.The characterisation of exposure can still be
assessed by considering a number of specific aspects, such as documentation of
measurements (methods, numbers, basic statistical calculations), coverage of the
follow-up period with measurements, completeness of the information about the
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profession during the entire period employees were ‘at risk’, degree of detail of
the categorisation into occupational or exposure categories.”-18.19

Animal studies

Klimisch et al. (1997) have set a number of criteria that can be used to
systematically evaluate the quality of animal experiments.!2 These criteria have
been adopted or processed by various authorities. Studies that are classified in
reliability category 1 and 2 appear to be suitable for basing an assessment.

Code of reliability Category of reliability

1 Reliable without restriction

la ‘Good laboratory practice’ guideline study (OECD, EC, EPA, FDA, etc.

1b Comparable to guideline study

1c Test procedure in accordance with national standard methods (AFNOR, DIN, etc.)

1d Test procedure in accordance with generally accepted scientific standards and described in sufficient
detail

2 Reliable with restrictions

2a Guideline study without detailed documentation

2b Guideline study with acceptable restriction

2c Comparable to guideline study with acceptable restrictions

2d Test procedure in accordance with national standard methods with acceptable restriction

2e Study well documented, meets generally accepted scientific principles, acceptable for assessment

2f Accepted calculation method

2¢g Data from handbook or collection of data

3 Not reliable

3a Documentation insufficient for assessment

3b Significant methodological deficiencies

3c Unsuitable test system

4 Not assignable

4a Abstract

4b Secondary literature

4c Original reference not yet available

4d Original reference not translated

4e Documentation insufficient for assessment

Source: Klimisch et al. 1997.12

Assessment of research quality
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Annex

C

Bradford-Hill guideline for causality

The criteria proposed by English epidemiologist Sir Austin Bradford Hill (1897-
1991), also known as Hill’s causality criteria, are a group of properties that can
be used to assess the strength of a causal relationship, or causality, between an
incidence and a consequence.® The Committee emphasises that these should not
be applied as explicit criteria, but rather as guidelines.

1 Strength of the association: The stronger the association (measured using
suitable statistical methods), the more likely the relationship is causal.

2 Consistency: An association is consistent if results can be reproduced under
different circumstances with different methods.

3 Specificity: The more specific the relationship between a factor and an effect
(to what degree does a factor predict the course of an effect?), the more likely
the relationship is causal.

4 Temporal relationship: For a causal relationship, it is essential for exposure
to precede the effect. Longitudinal studies provide more convincing evidence
in this regard than patient-control or cross-sectional research.

5 Dose-response relationship: The presence of a dose-response relationship is
a strong indicator for causality.

6 Biological plausibility: Causality is more likely if a biological, mechanistic
foundation exists. The lack hereof does not mean this relationship is
irrelevant; it may also result in the re-evaluation of the theoretical
foundations.

Bradford-Hill guideline for causality
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7 Coherence: Causality is more likely if a correlation is consistent with current
knowledge and theories. The lack hereof does not mean this relationship is
irrelevant; it may also result in the re-evaluation of the theoretical
foundations.

8 Experimental evidence: In a number of cases, a correlation may be
demonstrated experimentally.

9 Analogy: If comparable correlations have already been demonstrated, the
possibility of causality is more likely.

46 Guideline for the calculation of occupational cancer risk values



Annex

D

Example life table

For illustrative purposes, the Committee has included a calculated life table for a
substance that causes leukaemia.

Example life table
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Clarification

A life table allows the calculation of the cumulative exposure that is associated
with a predetermined number of extra cancer deaths. In this example, the
Committee calculates the cumulative exposure to a substance that results in 400
extra leukaemia deaths in a population of 100,000 (in other words, the
cumulative exposure level corresponding with the prohibitive risk level).

The number of deaths due to leukaemia and other causes is calculated for
each life year, by multiplying the respective mortality fractions by the population
size. Both the exposed population and unexposed population decrease by the
total number of deaths (leukaemia deaths and deaths by other causes) each year.

The Committee assumes that workers are exposed between the ages of 20
and 60. During this period, exposure accumulates gradually each year, and
subsequently the relative risk of leukaemia increases, compared with the
unexposed group.” In this example, the Committee assumes that the relative risk
of leukaemia remains elevated also after the exposure period (> 60 years of age).
The fraction of leukaemia deaths in the exposed group increases in proportion
with the relative risk.

For both the exposed population and the control population, the total number
of leukaemia deaths is calculated by summing leukaemia deaths for each life
year. The Committee takes into account the leukaemia deaths until the age at
which mortality due to exposure is negligible. For this, the Committee adheres to
an age of 100 years.

The additional number of leukaemia deaths is the total number of leukaemia
deaths in the exposed population minus the number in the unexposed population.
Using an iterating (repeating) algorithm, the Committee calculates the
cumulative exposure consistent with a predefined number of additional cancer
deaths (in this case 170.5 mg, resulting in 400 deaths due to leukaemia per
100,000 deaths).

Derivation of the underlying exposure-response relationship is outlined in Chapter 3.2.
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Annex
Approaches used by other
(international) organisations
There is currently no consistent approach at the international level, for the risk
estimation for carcinogens with a stochastic genotoxic mechanisms of action. In
this Annex, the Committee summarises a few methods used by other
(international) organisations. For a more extensive description of these methods,
the Committee refers to the guidance documentation of the organisations in
question.
The fundamental differences between the methods are summarised in a table at
the end of this Annex.

E.1 ECHA

The european substances legislation on the Registration, Evaluation and
Authorisation of Chemical substances (REACH) was enforced in 2007. The
European Chemical Agency (ECHA) is an agency of the European Union, which
is responsible for the implementation of REACH.

Use of risk levels under REACH
European regulations have not yet defined any binding prohibitive or target risk

levels for genotoxic carcinogenic substances under REACH. In its guidance
documentation on REACH, ECHA notes that there is some experience with

Approaches used by other (international) organisations
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determining tolerable risks within Europe.20 Within this context, risks of 1 x 10-
and 1 x 106 are noted as indicative tolerable risk levels for workers and general
population, respectively. The ECHA does not further specify the context for
these risk levels, such as the correponding exposure duration or risk period.

Risk assessment under REACH

For non-threshold carcinogens, a derived minimum effect level (DMEL) must be
derived under REACH. A DMEL is an exposure level consistent with a risk that
is considered a tolerable, but otherwise unspecified risk.

REACH has two methods for deriving a DMEL. In the linearised approach,
an exposure level related to a specific carcinogenic effect is extrapolated
(linearly) to a level that corresponds with a tolerable risk. A DMEL derived using
the linearised approach can therefore be considered as a cancer risk value.

The large assessment approach is based on the margin of exposure principle as is
applied by the European Food Safety Authority (EFSA) (see also Paragraph E.2).
In this approach, a DMEL is calculated using an exposure level at which a
carcinogenic effect is found, and applying an uncertainty margin large enough so
that the final risk may be considered negligible. This risk is not further specified
in the large assessment approach.

Linearised approach
Human data
If epidemiological data are used, the need for correction for differences in

comparability of exposure conditions between studied groups and the target
population is first considered. The following uncertainty factors are then

considered:

Uncertainty factor Size

Intraspecies differences To be determined
Data quality To be determined
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The starting point, usually a relative risk, must be converted to an extra risk,
namely the number of additional cancer cases due to exposure. For this, REACH
documentation describes a so-called ‘direct method’. * The use of the direct
method is accepted under REACH if the form of cancer in question is uncommon
in the general population, and the substance is not potent or the calculated risk
affects a relatively young age (< 70 years). Life table analysis is mentioned as a
more accurate alternative to the direct method, but is not discussed further in the
REACH documentation.

Extrapolation to a tolerable risk occurs, linearly by default. Only if reliable
data indicate the dose-response relationship in the lower dose range is non-linear,
a different model may be used.

Animal data

Under REACH, the BMD10 and T25* may be used as starting points for
deriving a DMEL. Unlike the BMD10, the T25 is not a modelled value for
tumour incidence, but a potency measure based on only one dose group.2!-22
Therefore if available data allow modelling, a BMD analysis should be used.

The starting point is defined for a daily dose and lifetime exposure; if the
administration frequency is lower (for example 5 instead of 7 days per week) or
exposure duration shorter (for example 18 rather than 24 months), this is
corrected for.

The starting point is subsequently corrected for factors that negatively impact
the comparability of exposure between humans and animals (such as differences
in exposure duration and route, bioavailability and respiratory volume).

In the linearised approach, the BMD10 or T25 is corrected using uncertainty
factors, after which standard linear extrapolation is used to determine a DMEL.

ok

An additional cancer risk due to occupational exposure can be calculated directly from a relative risk
using the formula: [additional lifetime risk = lifetime background risk x (relative risk -1)]. However,
the direct method does not account for mortality due to other causes, and results in overestimation of
the risk, particularly for cancers with a high background risk.

The T25 is the dose associated with a tumour incidence of 25%, corrected for spontaneous tumours
and, if necessary, interim mortality.

Approaches used by other (international) organisations
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The following uncertainty factors have been considered to correct the starting
point, where relevant:

Uncertainty factor Standard value (systemic tumours)
Interspecies variation Allometric scaling?

Intraspecies differences Not applied®

Nature of carcinogenicity® Not applied

Use of a LOAEL instead of a NOAEL Not applied®

Use of T25 instead of BMD10 2.5

Linear extrapolation of BMD10 to low dose 10,000 (for a risk of 1 x 10-5)

100,000 (for a risk of 1 x 10-9)

2 If applicable. The standard uncertainty factor of 2.5 for other interspecies differences is not
applied, as REACH considers a large linear extrapolation factor to be sufficiently conservative.

b This uncertainty factor is not applied, as REACH considers a large linear extrapolation factor to
be sufficiently conservative.

¢ Uncertainties relating to inter-individual differences in processes involved in the genotoxic
mechanism of action.

Large assessment factor approach

The large assessment approach is only described by the ECHA for animal data.
In accordance with the EFSA, the ECHA prefers a BMDL as a starting point.” If
data do not permit BDM analysis, the T25 should be used as a starting point.

Similar to the linearised approach, the starting point is corrected for factors
that result in differences in comparability of exposure between humans and
animals. Subsequently, the margin of exposure is determined by the following
uncertainty factors:

Uncertainty factor Standard value (systemic tumours)

Interspecies variation 10

Intraspecies differences 10 (for the general population), or
5 (for the occupational population)

Nature of carcinogenicity? 10

Use of a LOAEL instead of a NOAEL 10

Use of T25 instead of BMDL10 2.5

2 Uncertainties relating to inter-individual differences in processes involved in the genotoxic
mechanism of action.

* This may result in the outcome differing significantly from that of the linearised approach, in which
the BMD10 is the preferred starting point.
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In accordance with the EFSA, the ECHA applies a margin of 10,000 for the
calculation of a DMEL for the general population, when a BMDL10 is used as a
starting point. A margin of 5,000 is used to calculate a DMEL for workers.

If a T25 value is used as a starting point, REACH applies a (2.5 times) higher
uncertainty factor to take into account the effect size, resulting in a margin of
12,500 for workers.

Alternatives under REACH

For many substances, specific carcinogenicity data are not available for the
calculation of cancer risks. In such cases, REACH allows the use of data on
structurally related substances (read-across), the use of alternative studies (such
as sub-chronic studies), or the application of a exposure threshold value below
which no significant risk to human health is expected to exist (the so-called
threshold of toxicological concern (TTC) concept). The Committee refers to
Annex A8-15 of the ECHA Guidance Document for a more detailed description
of the above-mentioned concepts.?

E.2

EFSA

A scientific committee of the EFSA published an approach for risk assessment of
genotoxic carcinogenic substances in food in 2005.24

Margin of exposure principle

The EFSA does not apply predetermined risk levels in its approach, and therefore
does not calculate cancer risk values. The EFSA considers the uncertainties
associated with model-based extrapolation from animal data, to the low dose
range, too large. As an alternative, the EFSA uses the margin of exposure
principle. This principle is based on the application of a wide margin between an
exposure level to a substance that results in a carcinogenic effect in animals (the
starting point, referred to as reference point by the EFSA), and the estimated
intake of this substance by humans based on a normal consumption pattern. With
the use of the margin of exposure approach the discussion about the shape of the
dose-response relationship in the low dose range is avoided.?*

Approaches used by other (international) organisations

57



EFSA approach to risk assessment

The EFSA prefers the use of the BMD method for determining a starting point
for the calculation of a margin of exposure. The EFSA has a preference for the
BMDL10, as in many studies a tumour incidence of 10% is in the range of the
lowest effect level within the experimental data, for which a statistical signi-
ficance can be determined. The derivation of a BMDL10 therefore requires no,
or minimal extrapolation beyond the range of the original data. If a BMDL10
cannot be derived, the EFSA uses a T25 as a starting point.

The margin of exposure is calculated by dividing the starting point by the
estimated human intake. In general, the EFSA considers the presence of a
genotoxic carcinogenic substance in food a low priority if a margin of 10,000 is
used between the BMDL10 and the estimated daily intake via diet. This margin
is based on the following uncertainty factors:

Uncertainty factor Standard value
Interspecies variation 10
Intraspecies differences 10

Human variability2 10

Use of a LOAEL instead of a NOAEL 10

Use of T25 instead of BMDL10 Not specified

a Factors for uncertainties relating to inter-individual differences in processes involved in the
genotoxic mechanism of action

E.3

SCOEL

The European Scientific Committee on Occupational Exposure Levels (SCOEL)
distinguishes between genotoxic carcinogenic substances with a mechanism of
action with a threshold value, and those for which no threshold value can be
identified. For the latter group, the SCOEL calculates a number of cancer risk
values based on data from human or animal studies. By default, the SCOEL
assumes a linear dose-response relationship in the low dose range.26

The SCOEL has not published a guideline for derivation of cancer risk
values. The SCOEL lets the European Commission decide on the level of a
tolerable risk.
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E.4

US EPA

In the Guidelines for carcinogen risk assessment, the US Environmental
Protection Agency (EPA) bescribe the risk assessment of carcinogens in a broad,
general framework, including analysis of carcinogenicity data, assessment of the
mechanism of action and derivation of a dose-response relationship.2” In its
guideline, the EPA does not deal with the application of uncertainty factors or the
size of a tolerable risk.

General EPA approach to risk assessment

The EPA uses models to derive a starting point for risk assessment. These may
have a biological basis, and for example describe a process preceding the
development of cancer (toxicodynamic models). In the absence of mechanistic
data, models may be used that, by means of a function, purely describe data on a
statistical basis (empirical models; curve-fitting).

The EPA recommends the use of the lowest starting point that can still be
reliably predicted by the model, often the BMDL10, but in some cases also the
BMDLOI. When extrapolating to low doses, the EPA states that data on
mechanism of action should be used. A non-linear approach is only acceptable if
it is supported by (mechanistic) data.

E.5

AGS

In Germany, as in the Netherlands, cancer risk values are determined for the
assessment of occupational exposure to genotoxic carcinogenic substances with
a mechanism of action without a threshold value.

Use of risk levels

The Ausschuss fiir Gefahrstoffe (AGS), part of the Bundesanstalt fiir

Arbeitsschutz und Arbeitsmedizin (BAuA), has defined the following risk levels:

»  Akzeptanzrisiko: This is the risk level that is generally accepted. The AGS
has decided to introduce the acceptable risk level in two phases:
* 4 x 10 (interim value)
* 4 x 10 (introduced by 2018 at the latest)
» Toleranzrisiko: This is the tolerable risk level
* 4x103.

Approaches used by other (international) organisations
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Like the risk levels used in the Netherlands, these risk levels correspond to a
lifetime risk, based on a working life of 40 years and continuous exposure during
the working day.

The two risk levels are applied to differentiate between three risk areas (the
so-called ‘traffic light model’). If the exposure does not exceed the accepted risk,
no additional reduction of exposure is required (green light). If the tolerable risk
is exceeded in the workplace, risk reducing measures are implemented or use of
the substance is prohibited (red light). Exposure with a risk between the accepted
risk and the tolerable risk gives also reason for measures to reduce exposure,
albeit with less urgency (orange light).

AGS approach to risk assessment

The AGS published a guideline for the calculation of risk values for carcinogenic
substances in 2008.28

Human data

For a risk assessment based on human data, the AGS has a preference for the use
of incidence statistics. The starting point for a risk assessment may be either an
absolute or a relative risk. In the latter case, the additional cancer risk (namely
the additional cases of cancer due to exposure) can be calculated directly using
the direct method as described by the ECHA. The AGS also considers the use of
life tables, taking into account a lifetime of at least 80 years.

Animal data

The AGS has a preference for a BMDI10 as a starting point. The AGS notes that
the primary use of the BMD10 is to compare the carcinogenic potency of
different substances. A lower BMD, down to a BMDO0.1, may be used as a
starting point for linear extrapolation, but only if information about the
mechanism of action supports a non-linear course in the low dose range. If no
reliable BMD analysis is possible, the AGS uses the T25 as a starting point.

The AGS does not apply default uncertainty factors to compensate for
interspecies and intraspecies differences, as these uncertainty factors are not
evidence-based:
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Uncertainty factor Standard value

Interspecies variation Allometric scaling?
Intraspecies differences Not applied
Nature of carcinogenicity? Not applied
Use of a LOAEL instead of a NOAEL Not applied

a  If applicable. The standard uncertainty factor of 2.5 for other interspecies differences is not
applied

b Factor for uncertainties relating to inter-individual differences in processes involved in the
genotoxic mechanism of action

If animals are not exposed for life, this is corrected for. A correction is
subsequently made for factors that negatively impact the comparability of
exposure between humans and animals (such as differences in exposure duration
and route, bioavailability and respiratory volume).

Finally, the corrected starting point is extrapolated, by default linearly, to
lower exposure levels.

E.6

HSE

The British government and its advisory bodies (including the HSE; Health and
Safety Executive) base the risk assessment of exposure to genotoxic carcinogens
on a guideline that is published by the Committee on Carcinogenicity of
chemicals in food, consumer products and the environment.?° This Committee
has indicated that calculation of low exposure risks from animal studies in which
high doses are used, is associated with too much uncertainty. Therefore, the
Committee proposes the ALARA principle,” rather than a quantitative approach,
for carcinogens with a mechanism of action for which no threshold value can be
derived. The ALARA principle however, is not a risk assessment method but a
risk management tool.

In some cases, such as unavoidable exposure to genotoxic substances (e.g.
contaminants or impurities), the ALARA principle can be supplemented by a
quantitative approach. The Committee proposes a margin of exposure approach
for this.

The COC Guidelines describes the ALARA principle as As Low As Reasonably Practicable
(ALARP).

Approaches used by other (international) organisations

61



E.7 In summary

Internationally, two different risk assessment approaches are being used for
genotoxic carcinogens with a stochastic mechanism of action. Specific cancer
risk values (exposure levels associated with a specific risk) can be calculated,
alternatively, the margin of exposure concept can be used. The advantage of the
latter approach is that the discussion regarding the extremely uncertain
extrapolation to the low dose range is avoided.

The methods described by international agencies differ in terms of
implementation, but they are based on the same toxicological principles and
apply the same general (quality) criteria. Usually, similar choices are made. For
example, human data is preferred for risk assessment. Further, when possible a
model is used for describing a dose-response relationship. If reliable data on the
dose-response relationship are lacking (particularly in the low dose range), linear
extrapolation is the default method used to estimate the risk.

The described frameworks though, currently provide limited guidance, in
particular for the use of human data. In Table 4, the Committee summarises the
different methodologies for risk assessment of genotoxic carcinogens with a
stochastic mechanism of action.
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Table 4 Summary of (internationally) used methodologies for risk assessment of genotoxic carcinogens.

Organisation Risk assessment Preferred Correction for species Standard Comment
starting point  differences extrapolation
for risk method to lower
assessment exposure
ECHA Quantitative BMDI10 Interspecies extrapolation Linear ECHA does not specity
(linearised based on caloric extrapolation a tolerable risk
approach) requirement
Qualitative BMDL10 Not explicit, taken into Not applicable Qualitative method in
(large assessment account in determination which the margin
factor approach) of the margin between between the BMDL10
exposure and starting and the exposure must
point be >10,000 (general
population) or >5,000
(employees)
EFSA Qualitative BMDL10 Not explicit, takeninto  Not applicable Qualitative method in
account in determination which the margin
of the margin between between the BMDL10
exposure and starting and the exposure must
point be >10,000
SCOEL Quantitative Unknown Unknown Linear
extrapolation
US EPA Quantitative BMDLI, Interspecies correction Preferably based on EPA does not identify a
BMDLS5 based on caloric a dose-response tolerable risk
or BMDL10  requirement relationship.
Otherwise via
linear extrapolation
AGS Quantitative BMDI10, Interspecies correction Preferably based on
lower BMD  only if supported by data. a dose-response
where No correction for relationship.
possible intraspecies differences ~ Otherwise via
linear extrapolation
HSE None Not Not applicable Not applicable Risk management
applicable according to ALARA
principle
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Annex

F

Terminology

BMD analysis
In the BMD method using carcinogenicity data, a dose-response
model is applied to fit the tumour incidence observed. The BMD(x) is
the dose relating to a predefined increase (x) in tumour incidence. The
BMDL corresponds to the 5% lower limit of the BMD confidence
interval.

Cancer risk value
A cancer risk value is an exposure level (concentration in the air)
consistent with a predefined (by the government) additional risk of
developing cancer due to this exposure. The scientific term used by
the Health Council of the Netherlands is ‘Health Based Calculated
Occupational Cancer Risk Value’ (HBC-OCRYV).

Case-control studies
In a case-control study, exposure is estimated for a group of patients
(cases) with a certain form of cancer, and compared to a control group
without the disease. As no underlying risks are known in patient-
control studies, a relative risk cannot simply be calculated. Instead, the
ratio is calculated of the odds of cancer occuring in an exposed group
to the odds of cancer occuring in a non-exposed group.

Cohort studies
In a cohort study, a group of people (a ‘cohort) exposed to a
(potentially) carcinogenic substance, is followed for a long period of

Terminology
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time. The risk of cancer due to exposure can be derived by comparing
the occurrence of cancer in this cohort, to the occurrence of cancer in a
reference cohort or the general population.

Health-based recommended occupational exposure limit
An health-based recommended occupational exposure limit is a
scientifically derived exposure level. For (occupational) exposure
equal to or below the health-based recommended occupational
exposure limit, no harmful health effects are to be expected.2

Individual and aggregate data
Data at the individual level are data that are registered for each
individual in the study, and therefore provide the opportunity to
correct for confounding variables. For aggregate (combined) data
(such as an average or a category), certain characteristics have been
lost, which can limit the comparability of different studies.

Individual risk level
The individual risk level is the extra likelyhood during life, that a
person will develop cancer due to exposure to a substance. The
individual risk level (per year) used in policy is calculated by dividing
lifetime risk by human lifespan (in years).

Life table analysis
In life table analysis, an extra risk of developing cancer is calculated
based on a relationship between a relative risk or odds ratio and
corresponding exposure. Mortality due to other causes, and the age-
depedendency of cancer development can be taken into account.

Meta-analysis
Meta-analysis is a quantitative summary of the results of separate
studies.

Meta-regression
Meta-regression is a method used in meta-analysis to map the effects
of confounding variables on the studied effect.

Occupational exposure limits
Occupational exposure limits are legally defined, maximum
permissible (time-weighted average) concentrations of substances in
the air at the workplace.

Regression analysis
In regression analysis, the correlation that exists between two
variables is used to predict the value of one variable on basis of the
other. Linear regression describes the relationship between two
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continuous variables as a straight line. Logistic regression analysis is

used to study the effects of various factors on a dichotomous outcome.

Starting point
The starting point for a risk estimation is a representative measure for
the carcinogenic activity of a substance. If epidemiological data are
used, the starting point is an estimate of the relative risk at a specific
level of exposure, while for animal studies, the starting point is a dose
consistent with a pre-determined increased tumour incidence.

725
The T25 is the dose associated with a tumour incidence of 25%,
corrected for spontaneous tumours and, if necessary, intercurrent
mortality.

Terminology
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Health Council of the Netherlands

Advisory Reports

The Health Council’s task is to In addition, the Health Council
advise ministers and parliament on issues unsolicited advice that
issues in the field of public health.  has an ‘alerting’ function. In some
Most of the advisory opinions that  cases, such an alerting report
the Council produces every year leads to a minister requesting

are prepared at the request of one  further advice on the subject.

of the ministers.

Areas of activity

/

Optimum healthcare
What is the optimum
result of cure and care
in view of the risks and
opportunities?

&

Prevention

Which forms of
prevention can help
realise significant
health benefits?

Environmental health
Which environmental
influences could have
a positive or negative
effect on health?

www.healthcouncil.nl

Healthy working
conditions

How can employees
be protected against
working conditions
that could harm their
health?

Healthy nutrition
Which foods promote
good health and
which carry certain
health risks?

8

Innovation and

the knowledge
infrastructure

Before we can harvest
knowledge in the

field of healthcare,

we first need to
ensure that the right
seeds are sown.

e
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