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ARTICLE INFO ABSTRACT

Keywords: Inclusion of alternative methods that replace, reduce, or refine (3R) animal testing within regulatory safety
Alternatives to animal testing evaluations of chemicals generally faces many hurdles. The goal of the current work is to i) collect responses
QIVIVE from key stakeholders involved in food safety evaluations on what they consider the most relevant factors that

Regulatory acceptance

Food toxicology

Drivers and barriers

Multilevel perspective on technology
transitions

influence the acceptance and use of 3R methods and to ii) use these responses to formulate activities needed to
increase the acceptance and use of 3R methods, particularly for kinetics. The stakeholders were contacted by e-
mail for their opinions, asking the respondents to write down three barriers and/or drivers and scoring these by
distributing 5 points over the three factors. The main barriers that obtained the highest aggregated scores were i)
uncertain predictability 3R methods/lack of validation, ii) insufficient guidance regulators/industry and iii)
insufficient harmonization of legislation. The major driver identified was the possibility of 3R methods to
provide more mechanistic information. Based on the results, recommendations are given to enhance the ac-
ceptance and application of 3R toxicokinetic methods in food safety evaluations. These include steering of
regulatory data requirements as well as creating (funding) opportunities for development and validation of
alternative methods for kinetics and development of guidances.

1. Introduction

The development of alternative methods that replace, reduce, or
refine (3R) animal testing for regulatory safety evaluations primary
targets at decreasing the reliance on animal experimental results. In
addition, by doing so, toxicologists also aim to increase the human
relevance of their studies and reduce costs and time for testing.
Nevertheless, to date, the regulatory use of 3R methods is still limited.
This indicates the importance of understanding the hurdles in the
adoption of 3R methods as well as the drivers that could enhance the
process. Recently, Schiffelers et al., 2014 identified various factors in-
fluencing regulatory acceptance and use of 3R methods in the phar-
maceutical and chemical sector based on expert panel interviews with
relevant stakeholders from academia, regulatory authorities and in-
dustry. Cross-sectorial barriers that were observed in that study in-
cluded i) the existing uncertainties of 3R methods, ii) the lack of har-
monization of legislation and test requirements, and iii) the striving for

risk minimization (resulting in avoidance of the use of novel methods
with unknown uncertainties). Differences between the sectors were also
identified. For example, the most important barriers reported within
the pharmaceutical panel included the “insufficient harmonization of
legislation” and “uncertain predictability/lack of validated 3R
methods”, whereas the most important barriers reported by the che-
mical panel included the “challenging of in vitro-in vivo extrapolation”
and “lack of global harmonization & mutual acceptance of data”. Cross-
sectorial drivers identified were the i) informative and mechanism-
based character of 3R methods, ii) ethical concern about animal testing,
and iii) concrete policy goals/legislation to stimulate the 3Rs
(Schiffelers et al., 2014).

The study of Schiffelers et al. (2014) specifically focused on the
pharmaceutical and chemical sector. It is unclear to what extent the
development and acceptation of 3R methods within safety evaluations
of food chemicals (including food contaminants, additives and food-
contact materials) is influenced by similar factors. The goal of the
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current work was to i) collect responses from key stakeholders involved
in food safety on what they consider the most relevant barriers and
drivers in the acceptance and use of 3R methods for evaluations and ii)
to use these responses to formulate activities needed to increase the
acceptance and use of 3R methods, particularly for addressing kinetic
characteristics of food chemicals as case study. 3R methods for tox-
icokinetics gain increasing attention with respect to the development of
alternatives to in vivo testing, as these are effective tools for extra-
polating in vitro toxicity effect concentrations to equivalent human oral
doses (Louisse et al., 2017; Bessems et al., 2014; Coecke et al., 2013;
Wilk-Zasadna et al., 2015; Yoon et al., 2012; Zhang et al., 2012;
Rietjens et al., 2011). Given this crucial role within quantitative in vitro-
in vivo extrapolations (QIVIVE), there is a need for increased acceptance
and use of 3R methods for kinetics within regulatory safety evaluations.

2. Stakeholder responses
2.1. Collection of the stakeholder responses

Stakeholders actively working in the field of food safety evaluations
were approached by e-mail for their opinions on the factors that in-
fluence the acceptance and use of 3R methods within safety evaluations
of food chemicals (See Acknowledgements for the list of responders and
their affiliations). A similar approach to Schiffelers et al., 2014 was
taken, asking the respondents to write down three factors (either bar-
riers or drivers), which they perceived to be most influential on the
acceptance and use of 3R methods, and to score these by distributing 5
points over the three mentioned factors. The approach was different to
the one followed by Schiffelers et al. (2014) with respect to the clus-
tering of the factors. In the present survey, the factors were not clus-
tered according to similar response before the respondents assigned
their points. A total of 9 stakeholders were approached of which 8
(89%) responded. Two responders shared the survey with other col-
leagues, resulting in a final number of 11 respondents. It should be
noted that 4 stakeholder responses were returned in a format that was
different from the requested format, resulting in more than three factors
and more than 5 points. In this case, all factors mentioned were in-
cluded in the survey, but the number of points divided over the re-
sponses were corrected proportionally to obtain a total of 5 points. The
total number of points distributed over the different factors therefore
added up to 55.

Table 1 provides the overview of the responses given by the stake-
holders on what they consider the most important drivers and/or bar-
riers in the development and acceptance of alternative methods in the
risk evaluation of food chemicals. The responses were clustered ac-
cording to the categories previously defined by Schiffelers et al. (2014).
Compared with Schiffelers et al., 2014, two new categories were de-
fined: i) insufficient guidance regulators/industry and ii) technological
innovations. Given that the current survey with the food panel has been
performed in a different setting than the surveys with the pharmaceu-
tical and chemical panel, it cannot be concluded that these new defined
categories are specific for food safety evaluations.

To provide relevant information on the possibility to control a
certain driver or barrier each of the categories were classified on a
“micro”, “meso”, or “macro” scale, as previously done by Schiffelers
et al. (2014) according to the multi-level perspective theory (Geels,
2002). Micro level relates to the level at which new tests are developed
and tested. The meso level applies to rules, regulations, expertise,
practices and instructions and the macro level relates to the broader
societal features. In general, barriers at micro level provide more con-
trol possibilities (for policy makers and developers) than factors at meso
- or macro level (Schiffelers et al., 2014).

All respondents were given the opportunity to respond to the clus-
tering. Where relevant, the outcomes of the discussion on the clustering
are provided as footnote in Table 1. Overall, from Table 1 it can be
concluded that the four factors that obtained the highest aggregated
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scores included responses that relate to i) uncertain predictability 3R
methods/lack of validation (barrier), ii) the possibility of 3R methods to
provide more mechanistic information (driver), iii) insufficient gui-
dance for regulators/industry (barrier) and iv) insufficient harmoniza-
tion of legislation (barrier). This top 4 factors represented 58% of the
available points, indicating a consensus between responders in factors
influencing regulatory acceptance.

2.2. Comparison with previous findings by Schiffelers et al. (2014)

In Table 2 the seven highest ranked responses obtained from the
food panel are compared with the previous results from Schiffelers et al.
(2014) obtained through interviews with a panel of experts in the field
of pharmaceuticals and a panel of experts in the field of chemicals. This
comparison particularly shows an overlap between the current survey
and responses from the pharmaceutical panel. Though the ranking is
different, 4 out of 7 factors overlap with the pharmaceutical panel (i.e.
uncertain predictability 3R methods/lack of validation, 3R methods
provide more mechanistic information, insufficient harmonization of
legislation, risk-averse society), whereas 1 factor overlaps with the
chemical panel (i.e. challenging in vitro-in vivo extrapolation).

3. Application of the results from the stakeholder survey to
formulate a policy strategy to enhance the implementation of 3R
methods for kinetics in food chemical safety evaluations

3.1. 3R methods for kinetics

Kinetics deals with the absorption, distribution, metabolism and
excretion (ADME) of compounds in an organism. Within regulatory risk
evaluations, kinetic data provide valuable insights in e.g. bioavail-
ability, bioaccumulation potential and the formation of metabolites.
Information on kinetics allows to better understand the toxicity, intra-
and interspecies differences as well as dose-dependent effects regarding
the fate of a chemical or its metabolite(s) in organisms (Bessems et al.,
2014; Punt et al., 2011; Rietjens et al., 2011). Moreover, there is an
increasing scientific interest in the use of kinetic data in the develop-
ment of alternatives to animal testing as in vitro toxicokinetic data can
effectively be used to extrapolate in vitro toxicity results to the in vivo
situation (Louisse et al., 2017; Bessems et al., 2014; Coecke et al., 2013;
Wilk-Zasadna et al., 2015; Yoon et al., 2012; Zhang et al., 2012; Punt
et al., 2011).

We recently reviewed the predictive value and current use/accep-
tance of in vivo and alternative approaches for kinetics in regulatory risk
evaluations of foodborne chemicals (Punt et al., 2017). To identify best
practices in different regulatory domains we compared the use of ki-
netic data in risk evaluations of food chemicals based on scientific
opinions of the European Food Safety Authority (EFSA) to that of pes-
ticides and pharmaceuticals as published within EFSA Conclusions on
Pesticides and EMA Public Assessment Reports, respectively. We revealed
a poor correlation between the in vivo bioavailability in rats and dogs vs
that in humans. In contrast, in vitro (human) kinetic data have been
demonstrated to provide adequate predictions of the fate of compounds
in humans, using appropriate in vitro-in vivo scalers and by integrating
in vitro kinetic data with in silico kinetic modelling. Even though in vitro
kinetic data were found to be occasionally included within risk eva-
luations of food chemicals, in particular results from Caco-2 absorption
experiments and in vitro data on gut-microbial conversions, only a
minor use of in vitro methods for metabolism and quantitative in vitro-in
vivo extrapolation methods was identified. Yet, such quantitative pre-
dictions are essential in the development of alternatives to animal
testing as well as to increase human relevance of toxicological risk
evaluations (Punt et al., 2017).

The stakeholder opinions of the food panel can be used to enhance
the acceptance of 3R methods for kinetics within food safety evalua-
tions, including quantitative in vitro kinetic data and the integration of
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Table 2

Factors influencing regulatory acceptance and use of 3R methods in order of perceived dominance within the food sector compared with previous results obtained by Schiffelers et al. (2014) for the pharmaceutical and chemical sector.

Barrier (<) or
driver (>)

Chemical panel

Barrier (<) or
driver (>)

Pharmaceutical panel

Barrier (<) or
driver (>)

Food panel

Factor

Challenging in vitro-in vivo extrapolation

Insufficient harmonization of legislation

Uncertain predictability 3R methods/

lack of validation

<

Lack of global harmonization & Mutual acceptance

of Data

Uncertain predictability 3R methods/lack of validation

>

3R methods provide more mechanistic

information

> Lack of concrete policy goals to stimulate the 3Rs <

Cooperation (including data sharing) & communication between

stakeholders

Insufficient guidance regulators/

industry

<

Insufficient attention for probabilistic design in

entire chain

3R methods provide more mechanistic information

Insufficient harmonization of legislation

<

Current thinking in terms of hazard instead of risk

Cooperation & communication between
stakeholders (including data sharing)

Early involvement regulators to discuss acceptance criteria

Risk-averse society

Implementation of directive 2010/63/EU-on the protection of

animals used for scientific purposes situation”

Challenging in vitro-in vivo extrapolation <
Risk-averse society

6

Difficult accessibility regulators to discuss

acceptance criteria

Technological innovations
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these results with in silico PBPK methods. Although the stakeholders
were asked to provide their ideas on the major factors that influence
acceptance of 3R methods in general, the mentioned factors were as-
sumed to be applicable to 3R methods for kinetics as well.

3.2. Creating a “window of opportunity” for the adoption of 3R methods for
kinetics in safety evaluations

According to the multilevel perspective on technology transitions
(Geels, 2002), alignment of the three levels (i.e. micro, meso, and
macro, as described in 2.1) is required for innovations to break through.
This can be achieved when a development of an innovation (micro
level) meets with a change or request for change in the regulatory re-
gime (meso level) and/or within the broader context of society (macro
level) (Schiffelers et al., 2014). The large-scale testing program EU-
REACH (EU, 2006) as well as the ban on animal testing for cosmetics
within the EU (EU, 2006) and the Directive 2010/63/EU on the pro-
tection of animals used for scientific purposes (EU, 2010), provide clear
examples of how changes in regulation (meso level), can lead to in-
creasing efforts in the development and inclusion of 3R methods (micro
level). These changes in regulation were introduced to meet with a
societal concern about the safety of chemicals (macro level) and/or
ethical concerns about animal testing (macro level).

Both a “risk averse society” and “societal concerns about animal
testing” were identified in the current survey to influence the devel-
opment and acceptance of 3R methods in safety evaluations of food
chemicals (Factor 5 and 8 in Table 1, respectively). The possibility of
kinetic data to reduce uncertainties in risk evaluations (meeting a risk
averse society) may provide a good opportunity for 3R methods for
kinetics to be implemented on a short term in regulatory safety eva-
luations (EFSA, 2012; Meek and Lipscomb, 2015). For most chemicals
of concern within food, human studies cannot be performed and 3R
methods for kinetics could allow to translate effective doses and re-
sulting blood and tissue concentrations in animals to equivalent oral
doses in humans (EFSA, 2012; Meek and Lipscomb, 2015). The use of
such methods would thus allow a better prediction of levels leading to
potential effects in humans (including human variability). Although
this will not lead to a direct reduction in animal usage, the same kinetic
data can effectively be used on a longer term within alternative testing
strategies for in vitro-in vivo extrapolations (meeting societal concerns
about animal testing).

Recommendation 1: Enhance the use of in vitro and in silico kinetic
approaches within risk evaluations to reduce uncertainties in the ex-
trapolation of animal experimental results to humans. On a long run
these approaches can then be used in alternative testing strategies for in
vitro-in vivo extrapolations.

Legal data requirements will play an important role in the ultimate
submission of non-animal kinetic data. No barriers seem to exist in
submitting 3R methods for kinetics. For example, EFSA described in a
recent guidance that toxicokinetic data can be derived from a suite of
studies covering ADME, including in vitro, in silico and in vivo studies,
and single and repeated dose kinetics (Adler et al., 2011; EFSA, 2012).
Nonetheless, offering the opportunity to submit non-animal kinetic data
is not the same as a legal requirement to do so. Indeed, a recent change
in Regulation (EU) No 283/2013 (laying down the data requirements
for pesticide active substance evaluations) shows the importance of
legislation in enhancing 3R kinetic data submission. According to this
new regulation in vitro metabolism studies with animal and human
material (microsomes or intact cell systems) must be submitted for new
pesticide active substances to evaluate possible species difference (EU,
2013). Because of this regulation, 60% of pesticide active substance
evaluations contain in vitro metabolism data upon first submission
(Punt et al., 2017). These results indicate the importance of establishing
harmonized regulatory policy on the inclusion of 3R kinetic methods in
risk evaluations of food chemicals. The need for harmonized legislation
was also indicated as an important factor affecting the acceptation of
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3R methods in safety evaluations of food chemicals in the current study
(Table 1, Factor 4).

Recommendation 2: Make in vitro kinetic data a regulatory data
requirement as is the case within the current EU Regulation for pesti-
cide active substances.

Stimulating adoption in (food) safety evaluation also requires vali-
dation of 3R methods for kinetics. The food panel clearly identified a
limited predictability of 3R methods/lack of validation as the major
barrier in the implementation of 3R methods (Factor 1, Table 1). In
addition, insufficient guidance is a defined barrier (Factor 3, Table 1).
These two barriers may be very much related. Concerns about pre-
dictability, lack of validated methods and guidance for regulators also
apply to 3R methods for kinetics (Punt et al., 2017; Coecke et al., 2013;
Bessems et al., 2014). In vitro methods for kinetics capture individual
aspects of kinetic processes, including for example absorption and
metabolic rates of a compound. For most in vitro kinetic methods (e.g.
Caco-2 permeability, metabolism measurements with microsomes or
hepatocytes), reported experimental conditions within scientific lit-
erature are manifold and no uniform protocols have been developed.
No standardized procedures are also available for the integration of in
vitro kinetic data with in silico physiologically based pharmacokinetic
(PBPK) models (Paini et al., 2017). Given that from a scientific point of
view, the predictability of these 3R methods for kinetics is generally
good (Punt et al., 2017), there is a need to develop standardized pro-
tocols and validation of these protocols, specifying also the boundaries
of the different assays (e.g. type of chemicals that fall in a specific
applicability domain) and acceptance criteria for risk assessors (e.g.
time-range experiments, checks for linearity) (Brooks et al., 2004).
These results indicate the importance of policy strategies to steer op-
portunities, not only for the development of new methods, but espe-
cially for adequate validation of existing 3R methods. The involvement
of risk assessors in the development and validation of 3R methods for
kinetics is essential to meet the need for guidance for regulators/in-
dustry. The need for funding is supported by a comment of one of the
stakeholders, who indicated that there is currently a “Lack of funding
for proper validation and development of alternative techniques”
(Table 1, factor 10).

Recommendation 3: Creating (funding) opportunities for valida-
tion of non-animal methods for kinetics and the development of gui-
dances.

4. Conclusion

In conclusion, the stakeholder opinions revealed various critical
factors that influence the development and regulatory acceptance of 3R
methods within food safety evaluations. These include i) uncertain
predictability of 3R methods/lack of validation (barrier), ii) the possi-
bility of 3R methods to provide more mechanistic information (driver),
iii) insufficient guidance regulators/industry (barrier) and iv) in-
sufficient harmonization of legislation (barrier). Given that the expert
panel consisted of toxicologists from academia, industry, and regulatory
authorities, it should be noted that the identified factors predominantly
presents a scientists’ perspective. Inclusion of stakeholders from the
public domain, such as NGOs, was beyond the scope of the present
study, but could provide relevant additional insights, e.g. on moral is-
sues. Using the stakeholder opinions to define a policy strategy towards
the inclusion of 3R methods for kinetics in regulatory safety evaluations
of food chemicals, indicate the importance of steering regulatory data
requirements as well as creating (funding) opportunities for the de-
velopment and validation of 3R kinetic methods and the development
of guidances.
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