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a b s t r a c t

In the FP6 European project OSIRIS, Integrated Testing Strategies (ITSs) for relevant toxicological end-
points were developed to avoid new animal testing and thus to reduce time and costs. The present paper
describes the development of an ITS for repeated-dose toxicity called RepDose ITS which evaluates the
conditions under which in vivo non-guideline studies are reliable. In a tiered approach three aspects of
these ‘‘non-guideline’’ studies are assessed: the documentation of the study (reliability), the quality of
the study design (adequacy) and the scope of examination (validity).

The reliability is addressed by the method ‘‘Knock-out criteria’’, which consists of four essential criteria
for repeated-dose toxicity studies. A second tool, termed QUANTOS (Quality Assessment of Non-guideline
Toxicity Studies), evaluates and weights the adequacy of the study by using intra-criterion and inter-
criteria weighting. Finally, the Coverage approach calculates a probability that the detected Lowest-
Observed-Effect-Level (LOEL) is similar to the LOEL of a guideline study dependent on the examined
targets and organs of the non-guideline study. If the validity and adequacy of the non-guideline study
are insufficient for risk assessment, the ITS proposes to apply category approach or the Threshold of
Toxicological Concern (TTC) concept, and only as a last resort new animal-testing.

� 2013 Elsevier Inc. All rights reserved.

1. Introduction

For human risk assessment usually in vivo tests in rodents are
needed to conclude on the toxicological potency of substances.
Currently under REACH, the toxicological properties of thousands
of chemicals have to be assessed. This also implies that numerous
in vivo tests have to be performed to protect human health. Besides
jeopardizing animal welfare, in vivo tests are time and cost inten-
sive and laboratory testing facilities are limited.

In the European project OSIRIS (Optimized Strategies for Risk
Assessment of Industrial Chemicals through Integration of Non-
Test and Test Information) Integrated Testing Strategies (ITSs)
were developed to give guidance on how to assess the quality of
older non-guideline studies and how to integrate alternative meth-
ods and thereby to avoid animal tests. Four toxicologically relevant
endpoints for humans were considered: repeated dose toxicity,

mutagenicity and carcinogenicity, and skin sensitization (see
Vermeire et al., 2013).

An ITS aims to gather all available information on the test sub-
stance first, including data from in vivo tests, alternative tests
(in vitro, chemoassays e.g. Böhme et al., 2010 and Thaens et al.,
2012, genomic tests) and non-testing information, such as structural
alerts (e.g., Blaschke et al., 2010, 2012; Schramm et al., 2011), math-
ematical methods, QSAR models (e.g., Wondrousch et al., 2010;
Mulliner et al., 2011), computational chemistry (Ji and Schüürmann
2012a, 2012b) or data on structurally similar substances for read
across (e.g. Schüürmann et al., 2011). For a general description of
the ITS approaches for human toxicity within OSIRIS (2007), refer
to Vermeire et al. (2013) in this issue. The validity, relevance, and
reliability of the alternative tests and non-testing information differ.
A main challenge of the ITS is therefore the weighting of different
types of information to conclude whether the compiled data are suf-
ficient for risk assessment or whether a data gap exists. If a data gap is
identified an ITS first prioritizes non-testing and alternative meth-
ods with regard to the 3R principle and animal welfare (Russel and
Burch, 1959). New in vivo testing is foreseen if none of the alternative
methods can be applied.
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The present publication describes the development of the Rep-
Dose ITS, an Integrated Testing Strategy for repeated-dose toxicity
(RDT) studies in rodents. RDT is assessed in study types such as
subacute, subchronic and chronic and is therefore not a categorical
endpoint such as mutagenicity or sensitization but a collection of
continuous endpoints (e.g. changes in body weight, mortality in-
creased). The overall result of a RDT study, a No Observed Effect Le-
vel (NOEL) or Lowest Observed Effect Level (LOEL), can be any
value between the lowest dose and the highest dose tested in the
respective study.

Repeated-dose toxicity in vivo can be caused by unspecific as
well as numerous specific mechanisms of action, which are often
not known. Because of this complex situation in vivo, non-testing
methods such as QSAR models or alternative tests such as
in vitro methods are currently not available to completely replace
in vivo RDT studies. Many ‘‘old’’ non-guideline studies are however
available, which provide to some extent relevant information on
the toxicity of the target substance. The RepDose ITS therefore fo-
cuses on two major building blocks: the assessment of the validity
of ‘‘old’’ non-guideline studies and the application of two alterna-
tive methods: the Threshold of Toxicological Concern (TTC) and
read-across.

This article describes the development of the ITS concept and its
building blocks and its application to subacute, subchronic and
chronic studies is demonstrated. The application of the RepDose
ITS concept to cancer studies is documented in more detail in Buist
et al. (2013).

2. Overview of the RepDose ITS

Based on the general ITS scheme described by Vermeire et al.
(2013), the ITS concept was adapted to the endpoint repeated-dose
toxicity. The outline of the RepDose ITS is depicted in Fig. 1. In the
following the main steps are described based on the building
blocks of the ITS.

2.1. Step 1: Gather all relevant in vivo data

First the user has to gather already available information for the
endpoint repeated-dose toxicity. Ideally these include all kinds of

public or in-house repeated-dose toxicity studies with study dura-
tions from 10 days to lifetime. For the endpoint carcinogenicity in
lifetime studies the ITS on carcinogenicity from Buist et al. (2013)
can be used.

Actually, the RepDose ITS is applicable to oral studies, covering
administration by feed, drinking water or gavage. Single parts of
the ITS are also applicable to the evaluation of inhalation studies.
The quality assessment tool QUANTOS is applicable to both routes
of exposure – oral and inhalation as the tool evaluates general
study parameters which are valid for both routes. Up to now the
coverage approach is, however, only applicable to oral toxicity
studies. Main target organs depend on the route of application
and it has been shown that targets of the respiratory tract do fre-
quently trigger the LOEC in inhalation studies (Escher et al. 2010).

2.2. Step 2: assess data quality of the gathered data. If non guideline
studies are available examine the validity and adequacy of the non-
guideline studies

In step 2 the quality of all gathered studies is assessed according
to Klimisch et al. 1997 (see Vermeire et al., 2013). It can be as-
sumed that studies conducted according to a guideline (Klimisch
code 1) are sufficient to be used for risk assessment. Therefore fur-
ther assessment of the validity and adequacy is not needed. For Kli-
misch code 4 studies the quality is not assignable. The RepDose ITS
therefore focusses on the validity and adequacy of Klimisch code 2/
3 studies and studies for which the user did not assign a Klimisch
code. In this context the ITS evaluates three different aspects:

� Documentation of the study (reliability).
� Quality of the study design (adequacy).
� Scope of examination (validity).

The minimal requirements on the documentation of the study
are given as a set of four knock-out criteria (Section 3.1). If any
of these four criteria is not documented, the study is judged to
be not sufficient for risk assessment and classification and labeling.

If the knock-out criteria are not applicable, subsequently the
study design will influence the reliability of the study results.
The QUANTOS (Quality Assessment of Non-guideline Toxicity

Fig. 1. RepDose ITS outline.
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