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The two-generation study (OECD TG 416) is the standard requirement within REACH to test reproductive
toxicity effects of chemicals with production volumes >100 tonnes. This test is criticized in terms of
scientific relevance and animal welfare. The Extended One Generation Reproductive Toxicity Study
(EOGRTS), incorporated into the OECD test guidelines in 2011 (OECD TG 443) has the potential to replace
TG 416, while using only one generation of rats and being more informative. However, its regulatory
acceptance proved challenging. This article reconstructs the process of regulatory acceptance and use
of the EOGRTS and describes drivers and barriers influencing the process. The findings derive from
literature research and expert interviews. A distinction is made between three sub-stages; The stage of
Formal Incorporation of the EOGRTS into OECD test guidelines was stimulated by retrospective analyses
on the value of the second generation (F2), strong EOGRTS advocates, animal welfare concern and
changing US and EU chemicals legislation; the stage of Actual Regulatory Acceptance within REACH
was challenged by legal factors and ongoing scientific disputes, while the stage of Use by Industry is
influenced by uncertainty of registrants about regulatory acceptance, high costs, the risk of false positives
and the manageability of the EOGRTS.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Chemicals are subjected to a broad range of requirements to
guarantee safety for humans, animals and the environment. The
requirements describe the endpoints for which chemical
substances have to be assessed and generally also the test
procedures that need to be performed for a particular endpoint.
Reproductive and developmental toxicity are two of the main end-
points in the assessment of industrial- and agrochemicals. These
endpoints include the toxic effects of a substance on an organism’s
reproduction and development of its offspring. The reproduction
cycle of mammals, being a highly complex process, is very difficult
to investigate in vitro. For this reason regulatory reproductive and
developmental toxicity tests are still conducted in laboratory
animals with a prenatal developmental study in rodents and a
non-rodent species and a one- or two generation reproduction
toxicity study in rats (Janer et al., 2007b).

Since the 1980s the OECD 416 two-generation study has been
the most comprehensive reproductive toxicity study (OECD,
2001). Up to 30% of the reproductive toxicity tests conducted are
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two-generation studies (Spielmann and Vogel, 2006), requiring
around 2600 animals per study (Lilienblum et al., 2008). The two
generation test is estimated to use nearly 40% of the laboratory
animals under REACH (Janer et al., 2007a) and thereby is one of
the major users of rodents in safety test programs.

In anticipation of the introduction of the European Directive for
the Registration, Evaluation, Authorization and restriction of
CHemicals – REACH (EU, 2006) concern was expressed that
reproductive toxicity testing would lead to a significant increase
in numbers of animals needed. Reproductive and developmental
toxicity were even estimated to become the largest animal user
for safety testing within REACH (Pedersen et al., 2003; Van der
Jagt et al., 2004) since approximately 10,000 chemicals with an
annual volume of >100 tonnes would have to be tested on repro-
ductive toxicity. The estimates ranged from 40% to 90% of the total
number of animals to comply with REACH that would be needed
for reproductive toxicity testing purposes (Van der Jagt et al.,
2004; Spielmann and Vogel, 2006; Hartung and Rovida, 2009;
Martin et al., 2011). At about the same time, several studies
became available that questioned the added value of the second
generation (Cooper et al., 2006; Janer et al., 2007a,b; Martin
et al., 2009; Piersma et al., 2011) and criticized the limited predic-
tive value of the OECD TG 416 for developmental immunotoxic and
neurotoxic parameters (See Section 2.1.).

In 2006 the Agricultural Chemical Safety Assessment (ACSA)
Technical Committee of the ILSI Health and Environment Sciences
Institute (HESI) proposed a whole new testing paradigm, which
constituted a tiered approach of toxicity testing. Part of this para-
digm was a proposal for an alternative protocol for OECD TG 416
which required only one generation of animals while being more
informative in data obtained (Cooper et al., 2006). This protocol
became the basis for the Extended One Generation Reproductive
Toxicity Study – EOGRTS – with a reduction of up to 40% in animal
use – i.e. a total of 1200 animals per study – compared to the
two-generation study. In addition the EOGRTS protocol includes
parameters for developmental neurotoxicity-DNT – and develop-
mental immunotoxicity-DIT –. The Cooper protocol was proposed
to the OECD secretariat for incorporation into the OECD guidelines
in 2007 and accepted in 2011 as OECD TG 443 after a process in
which many amendments were made, as will be described in Sec-
tion 2.1. of this manuscript.1

The EOGRTS matches with the ambition of the European
Commission to diminish the use of laboratory animals and to stim-
ulate the acceptance and use of models to replace, reduce and
refine (3Rs) existing animal models (Russel and Burch, 1959). This
ambition is laid down in Directive 2010/63/EU on the protection of
animals used for scientific purposes and in REACH. Directive 2010/
63/EU states in article 13.2 that in choosing between procedures,
those which use the minimum number of animals shall be selected
(EU, 2010). Furthermore, REACH states in article 25 (1) that in
1 ‘‘This Test Guideline is designed to provide an evaluation of reproductive and
developmental effects that may occur as a result of pre- and postnatal chemical exposure
as well as an evaluation of systemic toxicity in pregnant and lactating females and young
and adult offspring. In the assay, sexually-mature males and females rodents (parental (P)
generation) are exposed to graduated doses of the test substance starting 2 weeks before
mating and continuously through mating, gestation and weaning of their pups (F1
generation). At weaning, pups are selected and assigned to cohorts of animals for
reproductive/developmental toxicity testing (cohort 1), developmental neurotoxicity
testing (cohort 2) and developmental immunotoxicity testing (cohort 3). The F1 offspring
receive further treatment with the test substance from weaning to adulthood. Clinical
observations and pathology examinations are performed on all animals for signs of
toxicity, with special emphasis on the integrity and performance of the male and female
reproductive systems and the health, growth, development and function of the offspring.
Part of cohort 1 (cohort 1B) may be extended to include an F2 generation; in this case,
procedures for F1 animals will be similar to those for the P animals’’.; http://www.oecd-
ilibrary.org/environment/test-no-443-extended-one-generation-reproductive-toxic-
ity-study_9789264122550-en.
order ‘‘. . .to avoid unnecessary animal testing, testing on vertebrate
animals for the purpose of this Regulation shall be undertaken only
as a last resort’’. (EU, 2006) (See also Section 2.2.). Despite these
legislative stimulants and the incorporation of the EOGRTS into
the OECD test guidelines, the regulatory acceptance and use of
the EOGRTS within Europe has been a point of strong disparity.
This raises the following key questions which will be addressed
in this paper:

� Which factors influence the regulatory acceptance and use of the
EOGRTS within Europe?2

� What is needed to augment the current process?
� Which lessons can be drawn from the case of the EOGRTS for future

processes?

To improve the use of the 3Rs-congruent with the EC’s ambition
– an exhaustive comprehension of the process of regulatory
acceptance and use and its drivers and barriers is needed. In order
to understand and examine the regulatory process, we made a
distinction between the following three successive stages:
Sub stages of regulatory acceptance and use of a new test
method
FI: Formal Incorporation into the OECD test guidelines

ARA: Actual Regulatory Acceptance by regulatory authorities

UI: Use for regulatory purposes by Industry

Full regulatory acceptance and use means that a 3R model has
passed all three stages.

This manuscript builds on earlier work of the authors
(Schiffelers et al., 2012, 2014) which examined the process of
regulatory acceptance and use of 3R models from a technology
acceptance perspective (see also Section 3). The reconstruction of
the EOGRTS case offers additional in depth knowledge of this
process.

The EOGRTS is currently in a critical phase. Although there is
agreement on the inclusion of the EOGRTS in the fifth adaptation
of the REACH test methods regulation, the discussion on the actual
regulatory acceptance (ARA) and the use of the EOGRTS by industry
(UI) for the release of chemicals is still taking place within Europe.
Disentangling the process from a more general perspective of
technology acceptance can offer relevant input for this discussion
and lessons for future processes.

2. Results

This section reconstructs the process of the acceptance and use
of the EOGRTS and gives an overview of the barriers and drivers on
this process throughout the three sub stages of Formal Incorpora-
tion (FI) of the EOGRTS in the OECD Test Guidelines – Section 2.1.;
the Actual Regulatory Acceptance (ARA) by European regulatory
authorities for chemical registration and authorization purposes
under REACH – Section 2.2.; and the Use by Industry (UI) for
chemical registration and authorization purposes under REACH –
Section 2.3. The findings derive from examination of available doc-
uments connected to the acceptance process (e.g. meeting- and
workshop reports) and a series of interviews with experts involved
in this process (see Appendix A for a description of the methodol-
ogy). To elucidate the results, several quotes from respondents are
inserted in the description of drivers and barriers.
2 Although this paper focusses on the European situation, major parts of the
discussion in the US are also covered in this manuscript.
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2.1. The Formal Incorporation (FI) of the EOGRTS in the OECD test
guidelines

From 2006 onwards several developments have led to the
development of the EOGRTS and its incorporation into the OECD
test guidelines, with the ILSI HESI strategy for agricultural chemical
safety assessment (ACSA) (Cooper et al., 2006) as the starting point.
Shortly after the publication of the Cooper report, several groups of
experts examined the possibilities of leaving out the second gener-
ation for other products such as industrial chemicals.3 This discus-
sion was especially important in the light of the new REACH
regulation that was estimated to lead to a significant increase in
reproductive toxicity studies (see Section 1). The EOGRTS was seen
as a possible answer to some of the future questions in terms of
the risk assessment of chemical substances, such as meeting the
REACH deadlines for CMR (Carcinogenic, Mutagenic and Reprotoxic)
substances, the animal welfare concern related to reproductive
toxicity testing under REACH and mounting questions regarding
endocrine disruptors. The conclusion was that the EOGRTS, as
proposed by the ACSA project, was applicable for industrial
chemicals, if handled in a flexible way and modified to the existing
requirements.4

Next to this European sense of urgency there was pressure from
the side of the US EPA due to the aspiration to incorporate the
EOGRTS into the OCSPP (Office of Chemical Safety and Pollution
Prevention) guidelines that needed to be revised. The attention
for the topic on both sides of the Atlantic led to a shared initiative
in 2007 by the US, Germany and the Netherlands to submit a
proposal to the OECD secretariat to draft an OECD test guideline
(TG) based on the EOGRTS. An expert group was formed which
drafted the guideline through a series of teleconferences and meet-
ings chaired by the US and the Netherlands. In 2009, the OECD
member states, except for Sweden, agreed on a draft of the TG
(Gilbert, 2011).

To scientifically booster the process, four retrospective reviews
were conducted (Janer et al., 2007a; Martin et al., 2009; Piersma
et al., 2011; Rorije et al., 2011).5 The retrospective analyses of Janer
et al., Martin et al. and Piersma et al. concluded that the second
generation has very limited added value and is not essential to
3 For instance, both the European Centre for the Validation of Alternative Methods
(ECVAM) and the European Partnership for Alternative Approaches to Animal Testing
(EPAA) organized workshops in 2006 with experts from industry and regulatory
authorities to evaluate the applicability of this approach for industrial chemicals.

4 The EOGRTS, as proposed by the ACSA project was developed for agrochemicals. It
therefore addresses much more endpoints as requested under REACH for industrial
chemicals. This means that triggering and/or waiving criteria were needed for these
additional endpoints. (ECETOC, 2008).

5 The Janer study evaluated 176 multi-generation studies on 148 substances to
assess the potential differences between the first and the second generation. The
study concluded that the F2 did not affect the overall NOAEL. No critical effect was
observed in de second generation and the F2 had no impact on ensuing risk
assessment nor on classification and labelling (Janer et al., 2007a). In 2009 the US EPA
provided the OECD EOGRTS expert panel with a report on a retrospective analysis of
350 multi-generation reproductive toxicity rat studies mostly conducted for pesti-
cides (Martin et al., 2009), concluding that . . .‘‘There is a great deal of redundancy in the
second generation tests.’’ (Gilbert, 2011). The OESO expert meeting concluded in 2008
that all available two generation studies should be combined into one database to be
able to fully judge the value of the second generation. This analysis was executed in
the Netherlands based on a US database structure (US EPA ToxRefDB). In 2011
Piersma et al. published a retrospective analysis of 498 multi-generation reproductive
toxicity study reports performed since the 1980s to review the added value of the
second generation (Piersma et al., 2011). The manuscript was officially published in
2011. However, the authors have made their intermediate results continuously
available to the delegates in the OECD expert group, through a secured website,
monthly teleconferences and two conferences at the Dutch airport Schiphol. The
retrospective analysis was finalized in October 2010 and got accepted for publication
in November 2010, just a week before the OECD Joint Meeting accepted the new test
guideline. Additionally, in 2011 a study of Rorije et al. became available in which the
impact of the 2nd gen on classification & labelling was studied in all 50 reproductive
toxicants classified at the time (Rorije et al., 2011).
establish the lowest effect level (LEL)/lowest observed adverse effect
level (LOAEL) of the substances under examination. The study of
Rorije et al. concluded that the second generation did not play a
crucial role in the classification decision of 50 classified reproductive
toxicants in Europe. Moreover, these studies underlined that the
EOGRTS includes a more comprehensive evaluation, offering more
information than the current two generation study, while using far
less animals. The studies therefore concluded that the existing test-
ing strategies for reproductive toxicity testing needed revision in
favour of the EOGRTS.

The national authorities that submitted the proposal to the
OECD, were strong advocates of the new protocol and proved suc-
cessful in involving frontrunners within the American/European
agrochemical industry, ICAPO-International Council on Animal
Protection- and other OECD Member States. The extensive animal
use, the time consumed by the two generation study and the
limited added value of the second generation, were the dominant
drivers for these stakeholders to support the FI of the EOGRTS in
the OECD TG’s. Subsequently some countries took the lead (US
and NL) in keeping the EOGRTS high on the OECD agenda and
guiding the protocol through the OECD process. Five years after
the proposal was sent to the OECD secretariat, the EOGRTS was
formally incorporated into the OECD TG’s (OECD, 2011a).

The process of FI of the EOGRTS is often viewed upon as a
success in terms of formal regulatory acceptance, however this
does not mean that the process went effortless. Or as one of the
respondents said: ‘‘This dream became reality in 4 years’ time, but
it was a very rough ride through the OECD expert committee’’.

Four of the points of discussion throughout this process of FI are
elaborated on below.

Firstly, the issue of the added value of the second generation;
this issue gave rise to the dominant discussion throughout the
process of FI. The studies of Janer et al. (2007a,b), Martin et al.
(2009). Piersma et al. (2011) and Rorije et al. (2011) did not
convince all parties involved. Some stakeholders (e.g. the European
Chemicals Agency (ECHA), Sweden and France) questioned
whether the retrospective analyses covered all categories of
compounds and/or whether the involved studies did meet the right
criteria to reflect the reality of risk assessment and classification
and labelling (e.g. Ruden and Hansson, 2008). To meet the concerns
of those stakeholders who did not feel at ease with leaving out the
second generation the OECD Joint Meeting (JM) agreed not to spec-
ify the EOGRTS as a replacement for the two-generation test (OECD
TG 416). The guideline leaves it to the competent authority when
and how the EOGRTS can be accepted as a replacement for TG 416.

Secondly, a discussion took place on the incorporation of clear
triggers for a second generation. This discussion was held in the
context of the US legal requirement to perform a two-generation
reproduction and fertility study for food-use pesticides (Cooper
et al., 2006). The triggers (i.e. effects that can be found in the first
generation of animals) were to be interpreted as signals that a sec-
ond generation of animals was needed to monitor the full effect of
a substance. The US developed a broad range of triggers for this
purpose, but the evaluation of these triggers revealed that they
would lead to a second generation study in about 48% of the exam-
ined studies, while in only 1% of the cases there was a scientific
justification for doing so. This way of operating would lead to an
unjustifiable increase in the use of laboratory animals and
therefore resulted in the decision to address this issue in a guid-
ance document-GD6 117-supporting OECD TG 443 (OECD, 2011b).

A third discussion point concerned the reduction of the premat-
ing exposure period from 10 weeks in the two generation study to
6 A guidance document serves to specify the guideline and is far easier to adapt
compared to a TG.
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2 weeks in the EOGRTS.7 This approach would, according to the
proponents of the EOGRTS, have sufficed in all known cases to affect
fertility, but this was heavily debated by several stakeholders.

A fourth point of discussion, initiated in 2009 by a coalition of
animal welfare organisations and industry, concerned the neces-
sity of including immunotoxic parameters into the TG. The concern
of these stakeholders was that the inclusion of immunotoxic
parameters would lead to an unjustified increase of animal use
and additional costs. The discussion was part of a broader debate
between OECD experts on how to incorporate the extra cohorts
DNT and DIT in the guideline. In 2008 the DNT and DIT cohorts
were still optional but at the second Joint Meeting in 2009 Canada
and the US insisted to make both cohorts obligatory. According to
several respondents this resulted in the demand of other OECD
member states to make additional – optional-parameters (e.g. clin-
ical chemistry, haematology, pathology and necropsy in extra
organs) obligatory. By doing so the discretionary space, that was
originally offered by the Cooper protocol, gradually disappeared.
The decision to require these parameters was, according to several
respondents, not based on scientific arguments. It was part of the
negotiation process that was needed to get the guideline adopted.

These discussion points illustrate that the process of FI was a
very delicate process that took a lot of sensitivity and diplomacy.
For the sake of the process numerous concessions had to be made.
One of the respondents described the process as both encouraging
and frustrating: ‘‘On the one hand this guideline was established in a
short time span and had an unprecedented pack of data to back the
proposed change. On the other hand a small minority of OECD mem-
bers remained withholding and several political decisions were made
that were superfluous from a scientific perspective.’’

2.2. The Actual Regulatory Acceptance (ARA) of the EOGRTS within the
context of REACH

Ever since the establishment of TG 443 there has been discus-
sion about its implementation in the context of REACH. The
regulatory acceptance of the EOGRTS for risk assessment purposes
proved to be highly challenging. One of the respondents remarked;
‘‘writing the guideline was quite easy; it is the implementation which
is the difficult part’’. This is the result of a combination of factors
that are described below.

First of all, OECD test guidelines are non-binding guidance
documents leaving the implementation of the test up to the
relevant competent authority. Furthermore, TG 443 was not
defined as a direct replacement for the two-generation test and
is flexible in the way it can be operationalized. This offers regula-
tory authorities and registrants the possibility to adapt the proto-
col to the needs of a specific situation, but at the same time
leads to an ongoing discussion regarding the use of the EOGRTS
within the context of REACH.

In August 2011 an Expert group-EOGRTS EG – was established
within CARACAL (the Competent Authorities for REACH and CLP)
on how to operationalize TG 443 within REACH. The preliminary
conclusion of this expert group was to use the EOGRTS as the pre-
ferred method under REACH. This conclusion was supported by
CARACAL. Subsequently the European Commission (EC) was urged
to initiate the inclusion of OECD TG 443 in the Test Method
Regulation (TMR) and to modify the relevant REACH Annexes
accordingly. However, the legal, procedural and financial analysis
on the application of TG 443 was not covered by the mandate of
the EOGRTS EG and needed to be resolved by the Commission.
7 The 10 weeks originate from the duration of one complete spermatogenic cycle.
However the EOGRTS prescribes 2 weeks premating exposure, plus extended
exposure of males after mating up to a total of 10 weeks exposure followed by testis
histopathology to check for testis effects.
During the November meeting of 2011 of the Member States Com-
mittee of ECHA (MSC), the secretariat of the European Chemicals
Agency (ECHA) gave a presentation on the legal considerations
and procedural aspects of the EOGRTS. The MSC was informed that
in accordance with Article 13(3) of REACH Regulation, ECHA can in
principle recognize OECD TG 443 as an appropriate study guide-
line, but to meet the requirements in Annex IX/X, 8.7.3 of REACH
there are legal considerations that have to be taken into account.
This means that as long as the EOGRTS is not part of the REACH
TMR its legal position remains under discussion.

During the ECHA MSC meeting of September 2011 it became
apparent that the MSC for the first time could not come to a
unanimous agreement on a draft testing proposal for reproductive
toxicity for scientific and technical reasons. In this case a few
members of the MSC were in favor of the EOGRTS, while others
preferred to leave the choice for the EOGRTS or the two-generation
study to the registrant. A third group supported the latter argu-
mentation but wanted to include the second generation in the
EOGRTS. To deal with this disagreement, the procedure foreseen
in Article 51(7) of the REACH Regulation was used for the first time.
This procedure offers the possibility to split the draft decision on
the registration of chemicals in those cases where the MSC fails
to reach unanimous agreement. The part on which no agreement
is reached, is sent to the EC to take the final decision. ECHA
received around 230 testing proposals for reproductive toxicity
(Annex IX/X, 8.7.3.) for phase-in substances registered by the
December 2010 deadline. These should have been examined and
decided upon by December 2012. However, due to the fact that
in 2012 the MSC was not able to find unanimous agreement on
the use of the EOGRTS and the need for a second generation, no
decisions have been taken on these dossiers. Instead the parts of
the dossier containing the reproductive toxicity endpoint were
sent to the EC for decision making in the REACH Committee.

In November 2012 the Commission outlined their proposed
approach to introduce the EOGRTS into the REACH regulatory
framework. The approach involved inclusion of TG 443 in the Test
Method Regulation (TMR) via the 5th Adaptation to Technical
Progress (ATP) to the CLP Regulation, meaning ‘‘. . .a modification
of the REACH Annexes IX and X to include a ‘‘core’’ EOGRTS as the stan-
dard information requirement under point 8.7.3, and a 5 year review
phase’’.8 (also see at the end of Section 2.2)

The discussion on the acceptance of the EOGRTS within Europe
is dominated by two lines of argumentation i.e. the line of precau-
tion versus the line of innovation.

2.2.1. The precaution frame
The precaution frame is the result of a strict interpretation of

the Precautionary Principle (as laid down in EU Commission Com-
munication 2000)9 and is driven by a perceived risk of chemicals as
being involuntary and dreadful. This category of risks requires a high
level of protection from the government. In response regulators in
the area of chemicals are stimulated to be very conservative in the
decisions they take (Schiffelers et al., 2012). Any change in the
existing way of testing has an additional risk to it, often leading to
a preference for ‘‘the devil we know’’ (Storer et al., 2010). In this case
the risk avoidance is increased by the complexity of the reproductive
cycle and the fear of calamities such as the thalidomide disaster in
the 1960s. The precautionary line of argumentation is in this case
mainly represented by ECHA, Sweden, Finland and to a lesser extent
France. The main objection of these stakeholders when it comes to
the EOGRTS is connected to skipping the second generation and
8 http://ec.europa.eu/enterprise/sectors/chemicals/files/caracal/minutes-121128-
29_en.pdf; consulted February 2014.

9 http://ec.europa.eu/dgs/health_consumer/library/pub/pub07_en.pdf; consulted
February 2014.

http://ec.europa.eu/enterprise/sectors/chemicals/files/caracal/minutes-121128-29_en.pdf
http://ec.europa.eu/enterprise/sectors/chemicals/files/caracal/minutes-121128-29_en.pdf
http://ec.europa.eu/dgs/health_consumer/library/pub/pub07_en.pdf
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thereby running the risk of missing out relevant information.
According to an officer from the European Commission these stake-
holders ‘‘were very firm that the EOGRTS is not offering the information
sought’’ to safeguard the high level of protection on Human Health
and Environment that REACH aims at in article 1.1 of REACH (EU,
2006). This was affirmed by ECHA in a statement to Nature: ‘‘The
two-generation study is the only study that covers effects on reproduc-
tion after exposure during all life-stages’’ (Gilbert, 2011). An additional
concern of these stakeholders is that the EOGRTS was originally
designed for pesticides and not for industrial chemicals, while the
retrospective analyses (see Section 2.1) are believed to cover insuffi-
cient industrial chemicals to offer a clear frame of reference for
industrial chemicals. ECHA c.s. therefore emphasized that the two-
generation study is the formal requirement in the REACH TMR (EU,
2008a). This was formulated as follows in the meeting minutes of
April 2011 of ECHA’s MSC: ‘‘The current legal requirement under
REACH is not the EOGRTS but the two generation reproductive toxicity
study. ECHA needs to ensure with its decisions on testing proposals that
this requirement is covered and the information expected from a two-
generation reproductive toxicity study is available and adequate for
the purposes of risk assessment and classification and labelling. There-
fore, ECHA currently can accept the EOGRTS as a testing proposal of a
registrant only if it is modified/specifically designed to cover the key
parameters of a two-generation reproductive toxicity study (EU Test
Method B.35).’’10 The US and Canada, having to deal with a compara-
ble legal situation for agrochemicals in which the second generation
is legally required, solved this through guidance document 117 (the
waiving guidance) (OECD, 2011b). It sets out internal triggers for
those cases where a second generation is required by the Canadian
Pest Management Regulatory Agency and by the United States Envi-
ronmental Protection Agency, Office of Chemical Safety and Pollution
Prevention. If these triggers are not found, the second generation can
be waived. This transition regulation will be used for the intermediate
period until new regulation including the EOGRTS is at force. The
European OECD member states did not support guidance 117, accord-
ing to one of the respondents, ‘‘out of fear by some European member
states that the goal of animal reduction would not be achieved.’’

Additionally, the European regulation on classification, labelling
and packaging of substances and mixtures requires that substances
are classified as reprotoxic when proven that they interfere with
the sexual function and fertility (EU, 2008b). Fertility is defined
as the ability to mate and create offspring. Rorije et al., argue that
fertility can also be examined through parameters such as the
sperm/follicle quality of the first generation (Rorije et al., 2011),
but according to ECHA examining fertility requires an F2.11

Another point of concern of the representatives of the precau-
tionary frame relates to the interpretation of the additional param-
eters that are generated by the EOGRTS. The additional information
is according to ECHA only valuable for risk assessment purposes if
it can be interpreted in a useful way. However, for many of these
parameters no frame of reference exists, making it highly challeng-
ing from a regulators perspective to interpret the information. In
addition, TG 443 is a flexible protocol which can be tailor made.
This is on the one hand an advantage but on the other hand it also
offers additional uncertainties in terms of how to conduct the test
and how to deal with the additional data obtained. Holding on to
the existing way of testing is the safest option for the parties
doubting the usability of the EOGRTS. This is intensified by the fact
10 echa.europa.eu/.../meet_minutes_msc_17_en.pdf; consulted February 2014.
11 To attest their point of view ECHA presented several substances that were

perceived to cause unique effects in the second generation and therefore would only
be classified and labeled as reprotoxic after examination of the F2. However, the RAC
discussed some of these examples and concluded that there was no need for the C&L
of these substances. http://echa.europa.eu/meetings-of-the-rac;consulted February
2014.
that two generation test (TG 416) is a one size fits all protocol with
a long history of application and extensive experience in interpret-
ing the results.

2.2.2. The innovation frame
The innovation frame is represented within Europe by a group of

EU MS (NL, UK, DE, DK and AU) together with several animal welfare
organisations and industries. These stakeholders are advocates of
the EOGRTS for a combination of scientific and animal welfare rea-
sons which have been elaborated on in the Sections 1 and 2.1.

The EOGRTS advocates point to the fact that REACH offers
discretion to regulatory authorities and manufacturers to choose
the testing method best suitable for the job. Moreover, REACH
favors alternative methods to conventional in vivo testing and arti-
cle 25 (1) states that: In order to avoid unnecessary animal testing,
testing on vertebrate animals for the purpose of this Regulation shall
be undertaken only as a last resort (EU, 2006). Some of the member
states have therefore already rejected draft registration dossiers
through the MSC that still required a second generation. REACH
in addition states that: the methods shall be regularly reviewed and
improved with a view to reducing testing on vertebrate animals and
the number of animals involved. The Commission, following consulta-
tion with relevant stakeholders, shall, as soon as possible, make a pro-
posal, if appropriate, to amend the Commission Regulation on test
methods. . .. so as to replace, reduce or refine animal testing-art.
13.2 REACH – (EU, 2006).

It must be noted though that the group of advocates is not as
homogenous as it might seem. Several MS for example are very
much in favor of the EOGRTS procedure with the DIT/DNT cohorts
(e.g. DE, DK and NL) while others like the UK are not. This addi-
tional disagreement further complicates the issue.

When it comes to the ARA of the EOGRTS, the representatives of
the two lines of argumentation each have their own legal and
scientific arguments which are brought forward repetitively. The
trench between precaution and innovation lies at the centre of
the existing controversy and has led to fundamental disagreement
in which the various institutions and particularly their experts
have taken firm positions on the issue. This resulted in rigid opin-
ions on all aspects of the discussion and moving away from the
existing entrenched positions, held the risk of lose face. All in all,
the two lines of argumentation led to an impasse in the discussion
in which ‘‘They agreed to disagree’’.

The ball is now in the European Commission’s court. The way
the EC deals with the impasse is by generating more information
to reassure those stakeholders who do not feel at ease with
skipping the second generation. This is done through an additional
5 year review on the value of the second generation for a selection
of substances and through a period of parallel testing. ‘‘Once
enough EOGRTS information has been collected, it will be necessary
to re-assess the test design.’’12 There may not be a clear scientific base
for the additional review phase but science alone was unable to
build the bridge to escape from the existing deadlock. Gaining trust
in and experience with the procedure is crucial at this stage.

Early 2014 the Commission decided that the basic EOGRTS,
without an F2 study, is the preferred test method to achieve the
standard information requirement under REACH. However, it
recognizes the ‘‘scientific uncertainty’’ over the ‘‘added value’’ of
the F2 generation and states that EOGRTS should include F2 tests
for a ‘‘certain number of substances for which significant exposure
of relevant populations (consumers, professional users) occurs’’.13
12 http://chemicalwatch.com/18058/caracal-discusses-extended-one-generation-
study-in-reach; consulted June 2014.

13 http://chemicalwatch.com/18058/caracal-discusses-extended-one-generation-
study-in-reach; consulted June 2014.

http://www.echa.europa.eu/.../meet_minutes_msc_17_en.pdf
http://echa.europa.eu/meetings-of-the-rac
http://chemicalwatch.com/18058/caracal-discusses-extended-one-generation-study-in-reach
http://chemicalwatch.com/18058/caracal-discusses-extended-one-generation-study-in-reach
http://chemicalwatch.com/18058/caracal-discusses-extended-one-generation-study-in-reach
http://chemicalwatch.com/18058/caracal-discusses-extended-one-generation-study-in-reach
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With regards to the DNT and DIT cohorts the Commission recently
proposed that the DNT/DIT tests should only be carried out in ‘‘cer-
tain cases’’, due to ‘‘technical, economic and practicality reasons.’’14

The decision to leave out the DNT and DIT cohorts initially led to
opposition from several stakeholders such as the Netherlands. It
was seen as a missed opportunity in terms of protecting the popula-
tion from potential harmful effect of chemicals.15 The Commission
has asked member states to suggest conditions (triggers) for inclu-
sion of DNT/DIT cohorts. Once decided on, such conditions will be
part of the amendment to the REACH annexes.16
17
2.3. The Use by Industry (UI) of the EOGRTS to comply with REACH

The adoption of the OECD Test Guideline 443 has given
registrants the possibility to choose between the two-generation
reproductive toxicity study (test method: EU TM B.35/OECD TG
416) and the extended one-generation reproductive toxicity study
(OECD TG 443) to meet the REACH requirements in Annex IX or X
8.7.3. ECHA’s current position is that for the EOGRTS to meet the
REACH information requirements (EU TM B.35), it will need to
include an extension of Cohort 1B to mate the F1 animals to pro-
duce the F2 generation, which are kept until weaning. Nonetheless,
ECHA also states that the EOGRTS can, under certain conditions, be
suitable for a higher-tier study on a registered substance to fulfil
the current information requirement in Annexes IX and X 8.7.3.
There may be cases where registrants have specific information
on properties of a substance explaining that the F2 in the EOGRTS
is not necessary. The underlying scientific arguments can be used
in a weight of evidence approach according to Annex XI, 1.2. of
REACH to legitimize the adaptation of the standard information
requirement (EU, 2006). It is the responsibility of the registrant
to present these arguments in their testing proposal. They can
modify the registration dossier to include the test method they
prefer to use for reproductive toxicity before they receive a draft
decision from ECHA. These arguments will be deliberated on in
the analysis of the testing proposal by ECHA and the successive
decision making. In the next stage the registrants can comment
on the draft decision for the testing proposal. In this case ECHA
expects that registrants express their preference on the method
they want to use, so that their preference can be considered during
the decision making procedure.

Some registrants actually already have proposed TG 443 in their
registration dossier to meet the REACH information requirements
on reproductive toxicity. However due to the fact that the MSC
could not come to an agreement, most of the test proposals from
registrants for reprotoxic endpoints have been stacked up for an
undefined period of time.

The Use by Industry of the EOGRTS in the context of REACH is
influenced by the following factors:

First of all, the EOGRTS protocol was originally developed for
pesticides/agrochemicals. Agrochemicals need to comply to more
test parameters than industrial chemicals, since they are designed
to disrupt biological processes in the target species they intend to
control. To meet these requirements the Cooper protocol included
several endpoints (e.g. DNT and DIT) to the endpoints of
reproductive toxicity to make it an all-inclusive test protocol for
agrochemical compounds. As a result the EOGRTS produces more-
and more accurate-information when compared to the TG 416.
This is on the one hand a scientific advantage but may at the same
14 http://chemicalwatch.com/20219/eu-commission-notifies-wto-of-reach-amend-
ment-for-eogrts; consulted June 2014.

15 http://chemicalwatch.com/20219/eu-commission-notifies-wto-of-reach-amend-
ment-for-eogrts; consulted June 2014.

16 http://chemicalwatch.com/18534/eu-test-method-regulation-update-disap-
points-animal-groups; consulted June 2014.
time be an economic drawback due to the fact that many new
models are oversensitive and prone to false positives (Storer
et al., 2010). Consequently, more compounds will not pass the
safety criteria, which is a serious entrepreneurial risk in terms of
the development/use of compounds. Consequently, a group of
companies is not supportive of an EOGRTS which includes the
DNT and DIT parameters, since it has a higher risk of hindering
products from getting onto the market.

Secondly, the costs for the EOGRTS are estimated, according to
the European Commission, to be 2.5 times higher than the tradi-
tional two generation study. This estimation is based on informa-
tion provided by industry and CRO’s who refer to the costs of
EOGRTS including the 2nd generation and the DIT/DNT cohorts
(Cehtra, 2012). A survey conducted by Cehtra in request of ECHA
speaks about an increase in costs of 41% if the EOGRTS is conducted
with the second generation (Cehtra, 2012). Despite the difference
in estimations it is clear that the EOGRTS leads to a substantial
increase of costs considering the fact that a TG 416 costs about
500,000 Euro.17 It should be notified however that the most expen-
sive part of the EOGRTS testing concerns the performance of DIT and
DNT cohorts.18, 19 And the recent proposal of the EC excludes the
DNT and DIT cohorts from the standard EOGRTS protocol.20 For agro-
chemicals the EOGRTS normally is cost effective since both TG 416
and the Developmental Neurotoxicity study (TG 426) are often
required for these substances. For industrial chemicals, however, it
will results in increased test costs if all the additional parameters
are required (Cehtra, 2012).

Thirdly, the EOGRTS is quite a complex and labour intensive
testing procedure. Several labs have run trial studies and the results
show that the procedure is feasible but complex (Schneider et al.,
2010; Fegert et al., 2012). Moreover, the laboratory capacity to
undertake the EOGRTS is still limited (Cehtra, 2012).

According to one of the respondents these practical/economical
drawbacks were insufficiently taken into account during the stage
of FI where ‘‘for the sake of a swift adoption of the protocol, parame-
ters were stacked on each other’’.

From the side of agrochemicals the situation is more straight-
forward. The additional parameters targeted by the EOGRTS are
required anyhow and the costs are comparable to or even lower
than the required combination of TG 416 and TG 426. Several agro-
chemical companies have been involved in setting up the Cooper
test protocol from the start and have thereby gained abundant
experience with the EOGRTS. This combined with the higher stan-
dard of data and the use of substantially less animals has led to the
fact that several agrochemical companies have already taken the
step of executing the EOGRTS to meet with US/EU test require-
ments. The US EPA and Health Canada in the meanwhile have
already accepted two studies on pesticides submitted by Dow con-
ducted with the EOGRTS. Despite this progress the situation for
industrial chemicals within Europe under REACH remains uncer-
tain as has been described in Section 2.2. And as long as there is
no clarity on how TG 443 needs to be conducted to meet the
REACH information requirements, registrants will be cautious in
using the EOGRTS protocol for the registration and authorization
of their compounds, especially in those cases where higher costs
are involved and the risk of false positives increases.
http://www.oecd.org/chemicalsafety/testing/46436593.pdf; page 487; consulted
June 2014.

18 http://echa.europa.eu/documents/10162/13578/meet_minutes_msc_23_en.pdf;
consulted June 2014.

19 Especially the DNT is very expensive due to the embedding and histology of
tissues and behavioral assessments.

20 http://chemicalwatch.com/20219/eu-commission-notifies-wto-of-reach-amend-
ment-for-eogrts; consulted June 2014.

http://chemicalwatch.com/20219/eu-commission-notifies-wto-of-reach-amendment-for-eogrts
http://chemicalwatch.com/20219/eu-commission-notifies-wto-of-reach-amendment-for-eogrts
http://chemicalwatch.com/20219/eu-commission-notifies-wto-of-reach-amendment-for-eogrts
http://chemicalwatch.com/20219/eu-commission-notifies-wto-of-reach-amendment-for-eogrts
http://chemicalwatch.com/18534/eu-test-method-regulation-update-disappoints-animal-groups
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3. Analyses

Section 2 reveals that the sub stage of ARA has been the most
challenging part in the process of regulatory acceptance and use
of the EOGRTS. The controversy between the MS has become
deeply entrenched. To comprehend this situation it is important
to disclose the interrelatedness of the drivers and barriers
described above. For this purpose two analytic steps are taken.

First of all, the influencing factors on regulatory acceptance and
use are placed in the multilevel perspective on technology transi-
tions which covers three main levels of influence on technology
transitions (see text box for an explanation of this perspective).

Secondly the connection between the sub-stages of FI, ARA, and
UI is analyzed to better understand the recent impasse.

3.1. The drivers and barriers from the multilevel perspective on
technology transitions
THE MULTILEVEL PERSPECTIVE ON TECHNOLOGY
TRANSITIONS

Regulatory acceptance and use of 3R models, such as the
EOGRTS, is influenced by a combination of scientific, politi-
cal, institutional, economic, ethical and social factors
(Schiffelers et al., 2012). Such system innovations are hardly
ever the effect of a single cause but the ‘‘result of the inter-
play between many factors and actors’’. Therefore an integra-
tive approach is needed to understand such processes
(Geels, 2006; Schiffelers et al., 2012). The multilevel perspec-
tive on technology transitions, developed by Schot and Rip
(1996) offers such an integrative approach.

This perspective addresses three levels of influences
which play a role in technology transitions (Kemp, 2010;
Schiffelers et al., 2012):

� The micro- or niche level where innovations are devel-

oped and validated;

� The meso- or sociotechnical regime level covering the

existing rules and regulations, expertise, dominant prac-

tices and the standing institutions;

� And the macro- or sociotechnical landscape level covering

the material infrastructure, existing political culture and

coalitions, social values, the macro-economy, demogra-

phy and the natural environment.

For a new technology to become accepted and used,
developments at these three levels need to reinforce each
other before a shift in favor of the new technology can occur.
In other words, an alignment or conjunction of the three
levels can only take place if an innovation (e.g. a 3R model)
fulfils the needs of the meso- and the macro level (Schiffelers
et al., 2012). As long as the innovation does not fulfil these
needs it will be unable to escape from the niche where it
was developed (Kemp, 2010) as has been the case for several
3R models. Furthermore, the distinction between the levels
can assist in defining the factors that are more suitable to
start working on in order to improve the acceptance of the
3R model, since factors at the micro- and partly the meso
level usually offer more possibilities for change than the
broader societal developments at the macro level.
As long as an innovation’s value is disputed, it will face difficul-

ties in getting accepted at the meso level to become part of the
existing regulatory regime (see text box on multilevel perspective
of technology transitions). Fig. 1 illustrates this dispute with
regards to the EOGRTS by displaying the contradicting pressures
as described in Section 2, using the multilevel perspective on tech-
nology transitions.

The drivers at the micro level proved strong enough for the
EOGRTS to become accepted at the OECD level. Yet the actual reg-
ulatory acceptance needs to be effectuated at the European level
and at the level of individual countries such as the US and Canada.
In the context of REACH, the drivers at the micro level were not
convincing enough for all parties. The underlying cause is the dif-
ference in the frames of reflection embraced by the two opposing
groups. The advocates of the EOGRTS focus on the advantages of
the innovation while the advocates of TG 416 focus on the uncer-
tainties connected to the switch to new way of testing. And since
consensus is needed within ECHA’s MSC the EOGRTS repeatedly
bounces back to the micro level where it’s suitability is disputed
and put to the test. This for example is illustrated by the decision
of the Commission to conduct an additional review phase perform-
ing the 2nd generation for a limited number of substances.

The colliding factors at the micro level have led to a policy con-
troversy. ‘‘Such disputes are resistant to resolution by appeal to facts
or reasoned argumentation because the parties’ conflicting frames –
i.e. the innovation versus the precautionary frame – determine what
counts as a fact and what arguments are taken to be relevant and
compelling’’ (Schön and Rein, 1994). While in policy disagreements,
‘‘the parties to contention are able to resolve the questions at the heart
of their disputes by examining the facts of the situation’’ the parties
are no longer able to do so when it comes to policy controversies
(Schön and Rein, 1994).

The formal discussions are primarily of a scientific and/or legal
nature. However, the scientific and legal arguments used by both
parties tend to disguise the underlying interests, uncertainties,
sympathies and antipathies. From the interviews it became clear
that the controversy is fed by dissimilar interests and values of
the stakeholders involved. Moreover, the different individual
experts represent unalike levels of influence, expertise and thereby
trust in the EOGRTS and different levels of responsibility in case
anything goes wrong. Off the record, respondents were sometimes
willing to refer to aspects such as perceived lack of expertise and
experience, reputational issues, the fear of lose face and clashing
personalities. Such psychological and institutional aspects strongly
influence the existing impasse but are normally only addressed in a
private manner.

3.2. The connectedness of the sub stages FI, ARA and UI

Although the sub stages of FI, ARA and UI have their own spe-
cific drivers and barriers, the stages are strongly connected and
barriers and drivers at one stage also influence the other stages.
If we want to understand why consensus was hard to reach at
the stage of ARA it is essential to take the drivers and barriers at
the stage of FI into account. Several respondents specified that
the swiftness of the process of FI has slowed down progress at
the stage of ARA. The doubts that played a role at the stage of FI
resurfaced at the stage of ARA. Several issues were unsolved at
the stage of FI and were transferred to the stage of ARA to be
decided upon. Some respondents suggested that parties that had
doubts about the EOGRTS only accepted TG 443 because they knew
that the actual acceptance needed to be effectuated at the Euro-
pean level where they would have chance to reopen the discussion.
The discussion during the OECD process was predominantly a
scientific one. The influence of other aspects such as feelings of dis-
comfort and lack of experience with the proposed protocol and
impracticalities of the model in terms of costs and operationaliza-
tion, may have been partially underestimated. The heritage of the
stage of FI is perceived to have had a big influence on the stage
of ARA while the sub stage of ARA on its turn influences the sub
stage of UI. As long as there is uncertainty about the ARA and the
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way the EOGRTS needs to be conducted, UI will be delayed. How-
ever frontrunners within industry that proposed the EOGRTS
despite these uncertainties, have on their turn also influenced
the ARA by pressurizing the system to come to a decision.

In other words the sub stages of regulatory acceptance and use
are largely connected. For a 3R model to become accepted and used
for regulatory purposes it is therefore very important that the
involved stakeholders anticipate on the criteria/obstacles a 3R
model might face in the other sub stages.
4. Discussion

Despite the fact that the OECD adopted TG 443 in July 2011: ‘‘A
quick implementation of the EOGRTS has been hampered by disagree-
ment among experts on the value of information obtained from the
2nd generation (F2) and the extended debate whether the DNT/DIT
cohorts should be included in the default study design in REACH and
its relevance for the assessment when the F2 generation is not
performed,’’21

The challenging implementation process within the European
context is thought-provoking since directive 2010/63/EU states in
article 13.2 that: ‘‘. . .in choosing between procedures, those which
use the minimum number of animals shall be selected’’. In addition
recital 11 of the directive states that ‘‘Where no alternative method
is recognized by the legislation of the Union, the numbers of animals
used may be reduced by resorting to other methods and by implement-
ing testing strategies, such as the use of in vitro and other methods
that would reduce and refine the use of animals.’’ (EU, 2010). Further-
more, ECHA’s board of appeal declared in a recent decision to annul
an animal study that; ‘‘. . .Directive 2010/63/EU on the protection of
animals used for scientific purposes cannot be treated as directly
imposing any obligations on ECHA, but the latter’s actions should
not run counter to the principles – 3R – laid down therein. . ..‘‘.22
21 http://chemicalwatch.com/18058/caracal-discusses-extended-one-generation-
study-in-reach; consulted June 2014.

22 http://echa.europa.eu/documents/10162/13575/a_005_2011_boa_deci-
sion_en.pdf; consulted June 2014.
In this light the challenging acceptance of 3R models such as TG
443 begs the following final question; ‘What is needed to augment
the current process and what can be learned from this case study for
future processes?’

For 3R models such as the EOGRTS to really enter the area of
risk assessment it is important that the conflicting parties reflect
on the existing frames and the connected disputes. Reconsidera-
tion is needed whether these are really opposing or to a certain
extent also appending arguments. Such a reflection on the existing
frames (Schön and Rein, 1994) may well reveal that the parties
share many mutual interests. All of the involved stakeholders for
example adhere to the general principle that science should be at
the basis of the decision making process and they all aim for risk
minimization with regards to chemical substances. The precau-
tionary frame and the innovation frame may therefore be less
worlds apart as they at first might appear. New protocols such as
the EOGRTS offer possibilities to simultaneously improve the level
of innovation and of precaution. This however requires that all par-
ties get the chance to build experience with the new protocol and
investigate its – dis-advantages for a certain period. This way the
seemingly conflicting frames can slowly merge into one shared
frame. Reframing though requires a neutral policy entrepreneur
(Bryson and Crosby, 1992) with sufficient mandate to bring the
conflicting parties together to reconsider the present situation
and formulate a strategy to blend the diverging interests. When
it comes to the EOGRTS this role best fits the EC.

Furthermore, it requires shared Commitment of all parties
involved to a joint policy goal, intense Communication between
the parties on diverging and mutual interests – which took
place during the OECD process but some interests were parked
for the sake of speed of the process, enduring Cooperation
between all stakeholders and a strong process Coordination,
which was well arranged during the OECD process but was
taken up quite late within the European process. These 4C’s
(Schiffelers et al., 2014) are pivotal to transform slow accep-
tance processes, in which non-decision making lurks, into a pro-
active process in which all parties work towards a clear defined
policy goal.

http://chemicalwatch.com/18058/caracal-discusses-extended-one-generation-study-in-reach
http://chemicalwatch.com/18058/caracal-discusses-extended-one-generation-study-in-reach
http://echa.europa.eu/documents/10162/13575/a_005_2011_boa_decision_en.pdf
http://echa.europa.eu/documents/10162/13575/a_005_2011_boa_decision_en.pdf
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testing (see Dr. Paul Foster for references).
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Buying some additional time through an additional 5 year
review (see Section 2.2) might in our opinion in this case well be
a wise move from the EC to let all parties get used to the new pro-
cedure and reframe the discussion. In this process it can become
clear how and when the EOGRTS should be conducted. In the
meantime the Commission can evaluate the existing positions
and work towards a stepwise strategy to overcome the remaining
controversies.

In short the following recommendations are made to enhance
the process of regulatory acceptance and use of the EOGRTS and
similar future processes:

� The EOGRTS case reveals that the combination of profuse
scientific information and strong advocates are important
ingredients for the regulatory acceptance of a 3R model. How-
ever, it also reveals that regulatory acceptance is often a highly
politicized process in which science can become part of the
existing disagreement and in which other arguments e.g. the
lack of experience with and trust in the new model, institutional
agenda’s and political realities are seen to regularly outweigh
the scientific ‘facts’.
� These ‘other’ arguments therefore continuously have to be

taken into consideration. This means that a permanent anticipa-
tion is needed on the legal, practical and psychological require-
ments for the 3R model to proceed to the following sub stages of
ARA and UI (e.g. legal issues regarding the existing regulatory
frame, costs connected to the new protocol, capacity needed
to perform it, trust in the innovation and knowledge required
to work with it). A regular meta-communication is important
to discuss the remaining doubts and existing interests and to
identify the criteria needed to merge the remaining diverging
interests.
� All stakeholders need to be aware of the fact that the three sub

stages of FI, ARA and UI are largely connected. The heritage of a
previous stage is likely to remain of influence at the subsequent
stage.
� The current implementation process needs reflection on the

existing frames and on the mutual and conflicting aspects
within these frames.
� To guide a 3R model through the sub stages of regulatory accep-

tance and use, a neutral process manager is needed to set out a
clear strategy, steer the process, keep all parties involved and be
sensitive to the different interests at stake. Clearly, there is a
role for the EC in bringing together the views of the different
European stakeholders on such issues.
� Commitment needs to be asked by the EC from all European

stakeholders in light of Directive 2010/63/EU in terms of stim-
ulating the use of 3R models.
� In short mutual trust, shared commitment, a strong process

coordination and close cooperation and communication are
needed to enhance the process of regulatory acceptance and
use of 3R models in general and the EOGRTS in particular
(Schiffelers et al., 2014).

Finally, when it comes to reproductive toxicity testing, the
EOGRTS should not be considered as a stand-alone procedure.
The EOGRTS is an important step in terms of animal welfare and
scientific progress. However, since many chemicals need to be
tested for reproductive toxicity the step from the two generation
study to the EOGRTS will not solve the testing bottleneck for the
many chemical substances in commerce. For this, a paradigm shift
is needed from extensive animal testing to efficient and focussed
animal and in vitro testing. This other way of thinking combines
clever ways of chemical prioritization with intelligent testing strat-
egies in which different reproductive toxicity testing methods are
combined, as for example proposed by Schaafsma et al. (2009),
Spielmann (2009) and Martin et al. (2011).23 Such intelligent
testing strategies, offer the best potential to minimize in vivo repro-
ductive toxicity testing.

Conflict of interest

The authors declare that there are no conflicts of interest.

Acknowledgment

We thank the Doerenkamp-Zbinden Foundation and the Dutch
Ministry of Economic Affairs for funding this project.

We thank the respondents for sharing their expertise and
perspectives with us.

Appendix A

This appendix describes the research approach, the research
methods, the criteria for the case selection and the process of
respondent selection that are used for this manuscript.

A.1. Case study approach: causal process tracing

Regulatory acceptance and use is a process which is influenced
by a broad variety of drivers and barriers (Schiffelers et al., 2012,
2014). With this manuscript the authors aim at creating a profound
clarification of the underlying mechanism of regulatory – non-
acceptance of available 3R models through the examination of
the variables influencing this complex problem. This means
creating an in depth picture to unravel causal mechanisms, by
reconstructing events and situations that have unfolded over time.
For this purpose the case study approach of causal process-tracing
is used (George and Bennett, 2005; Blatter and Haverland, 2012).
Through this qualitative analysis technique the intervening causal
process between an independent variable (i.e. regulatory accep-
tance and use of 3R models) and various dependent variables
(e.g. scientific information, level of risk aversion, concern about
animal welfare, regulatory frame, etc.) is scrutinized.

A.2. Research methods

Case study research relies on multiple sources of evidence.
Different research methods are combined in order to get to a com-
prehensive representation of the situation examined (Yin, 2003).
The variables influencing the process of regulatory acceptance
and use of the EOGRTS were identified through a combination of
literature review and expert interviews. The literature research
provided an overview of the regulatory framework, stakeholders
involved, existing testing practices and variables influencing the
regulatory acceptance and use. The examined sources consisted
of scientific publications, meeting reports –e.g. minutes between
2010 and 2013 of the Member States Committee of ECHA (MSC),
the Risk Assessment Committee of ECHA (RAC) and the Competent
Authorities for REACH and GLP (CARACAL)-, websites of involved
stakeholders –e.g. OECD, EC, ECHA-, press releases and correspon-
dence between stakeholders. In addition, a series of 18 in depth
interviews was conducted between 2012 and 2013 to collect the
respondents’ perspectives on the process of acceptance and use
of the EOGRTS (see also Section A.4.). The interviews were semi-
structured, asking open-ended questions designed to reconstruct
the process and identify the drivers and barriers per subsequent
sub stage, i.e. FI, ARA and UI. The interviews began with the
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question of the involvement of the respondent in the process, a
short chronology of this involvement and the position of his/her
organization regarding the EOGRTS. Next, a series of questions
were asked regarding the barriers and drivers per sub stage of
the process. Lastly, interviewees were asked to give their views
on optimizing the current process of regulatory acceptance and
use of the EOGRTS within Europe. The main questions were the
same for every respondent but the focus differed depending on
the respondents involvement in the process.

Most interviews were audio recorded and subsequently tran-
scribed. In those cases where interviews were not recorded
(N = 4) the interviews were transcribed and made available to the
respondent for validation of the findings. Next the transcripts were
analyzed to make an inventory of drivers and barriers per stub
stage and of the optimization possibilities.

A.3. Case selection

In order to fully depict the issue of regulatory acceptance and
use, the case study had to meet the following criteria:

1. The existing regulatory test is an animal model which is under
discussion;

2. There is a model available to reduce, replace or refine the exist-
ing animal model (3R model);

3. And this 3R model is in the process of becoming regulatory
accepted/used.

The EOGRTS case meets all three criteria. The fact that the
EOGRTS is already quite far in the process of becoming accepted/
used for regulatory purposes, offers the possibility to depict the full
process of different causes (independent variables) influencing the
outcome of regulatory acceptance and use (dependent variable).

A.4. Respondent selection

The respondents selection was done through a combination of
criterion and snowball sampling (Patton, 2001). Through criterion
sampling24 a small group of relevant respondents was selected
beforehand using the selection criteria of being a scientific, legal
and/or political expert with experience in/or knowledge of the
EOGRTS case study and with former or current involvement in this
case study. Involvement means having been able to closely follow
or take part in – parts of – the process of acceptance and use of
the EOGRTS. The first sample existed of a group of 5 experts involved
in the process of regulatory acceptance and use of the EOGRTS. Next,
the population was broadened through snowball sampling asking
each respondent for other suitable candidates. Suitability was
defined as direct or indirect involvement in one or more of the sub
stages of FI, ARA or UI. We have explicitly looked for respondents
with different perspectives on the case both in terms of stakeholder
groups as in terms of opinion regarding the EOGRTS. The respon-
dents came from the following stakeholder groups: European
legislators (5) European and national regulatory authorities (4),
industry/contract research organizations (5), academia (2) and ani-
mal welfare organizations (2).
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