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Summary 
 
Introduction 
In Europe the requirements for risk assessment of industrial chemicals are laid 
down in the REACH-Regulation, which stands for Registration, Evaluation, 
Authorisation and restriction of CHemical substances (EC, 2006). The 
toxicological effect assessment under REACH requires substantial animal 
testing to determine the acute toxicity, skin and eye irritation, skin sensitisation, 
repeated dose toxicity, genotoxicity, reproductive toxicity and carcinogenicity. 
For ecotoxicity information is needed on acute aquatic toxicity for algae, 
crustacean (e.g. Daphnia) and fish. The information requirements depend on the 
marketed tonnages per year and are laid down in Annex VII to Annex X of the 
regulation. The information needed for over 1 through 10 tons are described in 
Annex VII, while the information for substances over 10 through 100 tons can 
be found in Annex VIII, for over 100 through 1000 tons in Annex IX and for 
over 1000 tons in Annex X.  
 
In society concern about the use of animals in bio- and medical research is 
increasing. This concern is reflected in a new Directive for animal testing 
(Directive 2010/63.EU) advocating the Replacement, Reduction and 
Refinement (the 3Rs) as the key principles for humane use of animals.  
 
To address the above concern the REACH regulation has implemented several 
options to use other information than from animal testing (alternatives) for the 
effect assessment. In Annex XI of this regulation it is described which types of 
information from alternatives can be used and which criteria should be adhered 
to. These methods can be (quantitative) structure-activity relationships 
((Q)SARs), in vitro testing and grouping (category) approaches. Weight of 
evidence (WoE) approaches are also encouraged for reaching a decision on an 
(eco)toxicological endpoint. In such an approach, relative weight is assigned to 
different pieces of information and this weighted information is then combined 
in Integrated Testing Strategies (ITS) using expert judgement and/or an 
objective and formalised procedure. 
 
Though the possibility of using alternatives is presented in the REACH 
regulation, the application of these methodologies can cause cold feet to 
regulatory toxicologists in the absence of internationally harmonised and 
validated methods and limited practical technical guidance of the REACH 
regulation. To bridge the gap between scientific work on methods replacing 
vertebrate animal testing and their regulatory application a lot of research has 
been carried out during the last ten years on (Q)SARs and other replacers for 
animal testing. This thesis is a reflection of this research. More specifically, the 
purpose of this thesis is to investigate whether (Q)SARs can be applied 
successfully within a regulatory framework such as REACH and, if so, under 
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what conditions replacement of animal testing is feasible. It will be shown that 
ITSs and WoE play an important role.  
 
Predictivity of (Q)SAR models 
To get acquainted with (Q)SAR models their predictivity of (eco)toxicological 
endpoints has been assessed in Chapter 2. Peer reviewed data from 50 
chemicals were used to assess the predictivity of the commercial software 
program Derek for Windows (now Derek Nexus) from LHASA. This program 
was selected because it reflects a formalised way of capturing mammalian 
toxicological expert judgment. This program searches for toxicological active 
structural fragments in the chemical of interest (query chemical). It responds 
with a probability expressing how likely it is that the query chemical will show 
this activity. The predictivity of SARs was around 65% for sensitisation and 
75% for genotoxicity and carcinogenicity, using a yes/no classification. 
Especially for the latter two endpoints this is a crude measure because several 
(in vitro) tests are needed for a final decision. For other endpoints the 
predictivity was much lower.  
 
The freely available QSAR software program ECOSAR of the US-EPA was 
used to predict the aquatic toxicity for the same 50 chemicals and additionally 
for 29 registered new chemicals. This program was selected because it is built 
by the US-EPA regulators who often need to predict the ecotoxicity of new 
chemicals to make a risk assessment. In the US, in contrast to Europe, it was not 
compulsory to submit data for these chemicals. When a query chemical is 
submitted to ECOSAR it assigns the chemical to one or more classes of 
chemicals which have an ecotoxicological active structural fragment in 
common. A linear regression line approach is used to calculate the 50% effect 
concentration e.g. an LC50 for fish. The log Kow (octanol water partition 
coefficient) of the query chemical is the driving parameter to calculate its effect 
concentration. The overall predictivity of ECOSAR for all three acute toxicity 
tests on aquatic species was assessed at 67%, taking into account that the result 
can vary with a factor of 10. 
 
During the assessment of these (Q)SAR models it became clear that 
standardised criteria needed to be developed to assess the validity of these 
models for regulatory application. This need was acknowledged by the industry, 
scientists and OECD (Organisation for Economic Co-operation and 
Development). During a workshop in Setubal in Portugal (2002) criteria were 
established and in 2004 the OECD principles for the validation of (Q)SARs 
were published. The next step in this thesis was therefore to assess the validity 
of the two models presented above.  
 
Validity of (Q)SARs according to the OECD principles 
In Chapter 3 Derek for Windows and ECOSAR have been evaluated according 
to the so-called OECD principles for the validation of (Q)SARs. In order to use 
(Q)SARs for regulatory purposes a good predictivity alone is not good enough. 

 

(Q)SAR methods that are used for regulatory purposes should be scientifically 
valid and address and document the following five OECD principles of the 
validation for (Q)SARs: 1) the defined endpoint for a regulatory purpose; 2) the 
algorithm; 3) the applicability domain of the model (what type of chemicals can 
the model predict); 4) the predictivity and/or the uncertainty of the model and 5) 
a mechanistic interpretation, if possible.  
 
Derek for Windows partly fulfilled the OECD principles on (Q)SARs. In 
general the principles on defined endpoints and the algorithm are fulfilled. The 
applicability domain and predictivity were less well presented in the program at 
the time of the investigation. Since then improvements have been made, 
including the number of positives and negatives in the training set. The mode of 
action (MoA) related to the structural fragment is generally well presented.  
 
For ECOSAR the first two (Q)SAR principles and the last one on the MoA can 
be well documented. Additional expertise is needed to assess whether the query 
chemical is within the applicability domain. The uncertainty is indicated in the 
statistical parameters of the regression line: R2 and number of chemicals used 
for the prediction. However, the regression lines are not presented with 
confidence intervals, which would indicate the variability of the result.  
 
The validity assessment of the (Q)SARs mentioned above and of others was 
often resulting in an incomplete fulfilment of the validity rules. The 
combination of (Q)SAR models and potentially other information will be 
needed to finalise a decision on the (eco)toxicity of a chemical. As a first trial 
two types of models on skin irritation were integrated to build an ITS. 
 
SARs for Skin Irritation 
In Chapter 4 a hybrid skin irritation SAR model is developed. The SAR skin 
irritation model combines structural alerts from literature indicating skin 
irritation with physico-chemical exclusion rules to predict the absence of skin 
irritation. Both types of SAR rules were in line with the OECD principles on the 
validation of (Q)SARs. The physico-chemical exclusion rules can already limit 
skin irritation testing in the REACH framework for over 40%. When these rules 
are combined with structural alerts for the presence of skin irritation this 
proportion can further increase. 
 
Integrated Assessment Scheme 
The research mentioned above made it clear that the prediction of one (Q)SAR 
program was often not sufficient to reach a decision on the (eco)toxicological 
effect of a chemical. Moreover, combining (Q)SAR data with other 
(experimental) information was problematic because no common denominator 
was available to compare results from different methods in a formalised and 
standardised way. To fill this gap a conceptual framework, the Integrated 
Assessment Scheme (IAS) was developed and is presented in Chapter 5.  
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The IAS is outlined in Fig.1. (Eco)toxicological information can be derived 
from certain methods and needs to be applied for certain regulatory goals, such 
as classification and labelling and risk characterisation. Therefore three modules 
are outlined in the IAS to evaluate the data, the methods used and the 
requirements of the regulatory goal for application. To assess the quality of the 
first two modules and the regulatory need of the data, five key principles have 
been established, which are derived from the OECD principles for the 
validation of (Q)SARs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Integrated Assessment Scheme to evaluate (eco)toxicological data using 3 modules and 5 key 

principles for evaluation, which lead to reliability (R), validity (V) and need (N) assessment 
codes. The combined codes determine the adequacy, partial adequacy and inadequacy of the 
(eco)toxicological data; * MoA= Modes of Action bioavailability, chemical and biological 
mechanisms; ** ITS=Integrated Testing Strategy 

Apply assessment code 
R1-R4 

 

Apply assessment code 
N1-N4 

Documentation and Evaluation of (Eco)Toxicological data 

 

Apply assessment code 
V1-V4  

Determine further information needs (if any) using the key principles for evaluation in 
the ITS to meet the requirements for the REACH endpoint 

Determine weight and decide on adequacy, partial adequacy and inadequacy of the (eco) toxicological data 

Key principles for 
evaluation 

Module 1 Module 2 Module 3 

 Reliability of (eco) 
toxicological data  

 
 R 

Validity of  
method  

 
V 

Regulatory need of the REACH 
endpoint  

 
N 

1) Defined endpoint  
 
 
 
2) Methodology 
 
 
 
3) Domain 
 
 
 
4) Uncertainty 

 
 
 
5) MoA 

What is the result of the 
defined endpoint? 
 
 
What are the measures for 
the specific substance? 
 
 
Does the substance fit the 
domain of the method?  
 
 
How uncertain is the 
substance specific result?  
 
 
What MoAs* are triggered 
by the substance? 

What is the defined endpoint 
of the method by which the 
substance is tested? 
 
Which measures are 
prescribed by the method to 
define the result? 
 
For which substances can 
the method be used? 
 
 
What is the uncertainty of 
the method? 
 
 
What MoA* does the 
method cover? 

1)Is the endpoint regulatory 
needed or  
2) Can it be used in the ITS**?  
 
Is the substance tested 
according to a prescribed 
method? 
 
Does the substance fall under 
the regulation? 
 
 
Does the uncertainty result fall 
within the regulatory defined 
borders? 
 
1) Are all regulatory defined 
MoA* covered? 
2) Can the coverage of the 
MoA* be used in the ITS 

  

 

This 3 x 5 matrix is the input for the adequacy assessment of the information. It 
is thought that the OECD principles for the assessment of (Q)SAR information 
can be made more universal and also include the assessment of experimental 
(guideline) methods and their (eco)toxicological results. 
 
The quality assessment of guideline type of information has been addressed by 
Klimisch et al. in 1997. Their reliability codes have been used since for the 
assessment of (eco)toxicological experimental information of industrial 
chemicals. In short, Reliability (R)1 means that the test information for a 
specific chemical is fully in compliance with the guideline; R2 means that the 
information is reliable despite some missing details; R3 means that the 
information is unreliable and; R4 means that the reliability cannot be 
established due to limited documentation. Under REACH these reliability codes 
need to be applied to other than guideline type of information e.g. (Q)SARs 
predictions to be able to submit the data in the IUCLID database under 
REACH. For (Q)SARs, reporting formats and guidance are available to assess 
this reliability.  
 
The validity of guideline type of methods has been internationally established 
and documented. For (Q)SAR models the OECD principles for (Q)SARs can be 
used. For (Q)SARs and other non-guideline methods, the validity of the model 
or method has to be documented by the industry registering the chemical for 
REACH. It is shown in this thesis that the OECD principles on (Q)SARs can be 
applied to other (experimental) methods as well to assess their validity. To 
define this Validity (V) of methods similar codes to those from Klimisch for 
reliability can be used: V1-4 with similar wording as described above but with 
―data‖ replaced by ―methods‖ and ―reliability‖ with ―validity‖.  
 
The regulatory need has to be defined because information may or may not 
fulfil the regulatory (REACH) requirements. Therefore to assess this need of the 
information, similar key principles as for reliability and validity are derived. 
This need (N) is scored as: N1 means that the information is fully according to 
the REACH requirements in Annex VII-X; N2 can be assigned to information 
with some limitations (e.g. information from non-guideline testing); N3 is 
assigned to information which is not needed for the effect assessment (though it 
may be reliable and from a valid method, e.g. genotoxicological information 
from a Sister Chromatid Exchange assay) and N4 is given to information that 
may be nice to have but its requirements are not well documented under 
REACH.  
 
Based on the scores for reliability, validity and regulatory need, the adequacy of 
the data can be assessed. Three types of adequacy decisions can be made: 1) the 
data point is adequate and can be used as standalone information for a specific 
(eco)toxicological endpoint; 2) When the data is partly adequate it can be used 
as part of WoE in an ITS and; 3) (eco)toxicological data that lack crucial 
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information has to be left out and is thus inadequate. In Table 1 an overview is 
presented of possible combinations of assessment codes and types of adequacy. 
 
In this way the IAS can guide the risk assessor in assessing the adequacy of 
information. In addition, specifically for REACH purposes, the application of 
the IAS integrates all Annex XI criteria for (Q)SARs and WoE approaches. The 
IAS therefore is a useful weighting tool for risk assessors. The IAS-based 
weights can be applied in ITSs and a weighted regulatory decision can be made 
to see if the available information is sufficient. It also becomes transparent 
which uncertainties exist and how they can be captured without dismissing all 
the information and do a full blown animal test. An overview is presented in 
Table 1 of all possible combinations of quality codes. 
 
Table 1 Relation between reliability, validity and regulatory need codes and the adequacy of the information 

Adequacy of information Adequate Partly Adequate Inadequate 
Reliability code R1 R1 or R2  R3 or R4 
Validity code V1 V1 or V2  V3 or V4 
Regulatory need code N1 N1 or N2  N3 or N4 
Possible assessment code 
combinations 

R1V1N1 R1V1N2 
R1V2N1 
R1V2N2 
R2V1N1 
R2V1N2 
R2V2N1 
R2V2N2 

R3V1N1 or R3V1N2 or R3V1N3 or 
R3V1N4 
R3V2N1 or R3V2N2 or R3V2N3 or 
R3V2N4 
R3V3N1 or R3V3N2 or R3V3N3 or 
R3V3N4 
R3V4N1 or R3V4N2 or R3V4N3 or 
R3V4N4 
 
R4 with similar combination as above 
R2 and R1 with combinations of V3 or 
V4 and/or N3 or N4 

 
In Chapter 6 an example of such an ITS is presented. An ITS for skin irritation 
where several (Q)SARs and an in vitro testing result are combined to show the 
usefulness of the IAS for classification and labelling.  
 
During the development of this thesis REACH came into force in 2006. The 
first registration deadline was 2010 and it was interesting to see how often 
industry had used (Q)SARs and other methods than animal testing to fulfil the 
REACH requirements.  
 
(Q)SAR application and other methods replacing animal testing under REACH 
In a report of the European Chemical Agency (ECHA) it was presented that the 
REACH registrations of 2010 contain limited (Q)SAR information but up to 
50% alternative approaches for experimental testing. It seems that potentially 
adequate (Q)SAR predictions have not been used, partly because testing data 
was already available for the registrations of 2010. Higher numbers are 
expected for the registrations of 2013 and 2018 because less data are available 
for these registered substances. For skin irritation the SAR model fulfils the 
REACH need of being a valid model and at least 40% of the testing of 
chemicals is superfluous. Also ECOSAR has several valid regression lines 

 

predicting fish toxicity and thus this type of testing could also be reduced with 
possibly 70%. This means that the (Q)SAR predictions for these endpoints 
alone are more feasible than is reflected in the registration of 2010. According 
to ECHA the documentation of (Q)SAR and other approaches for replacing 
animal testing has often been insufficient. Using the IAS (eco)toxicological 
information can be much better documented and integrated, thus improving 
application of other than animal testing approaches.  
 
In the REACH regulation approaches for replacing animal testing are 
encouraged but animal testing will remain important for fulfilling the regulatory 
needs, especially for the long-term endpoints it is unlikely that the REACH 
requirement can be met with other than animal types of information. This is in 
contrast with the Cosmetic Directive, which intends to prohibit the use of 
animals for cosmetic products and ingredients form 2013 onwards. This means 
that regulatory requirements for REACH and the Cosmetic Directive are in 
conflict. This can cause difficulties because chemicals which need to be 
registered for REACH can also be cosmetic ingredients. At the moment (2012) 
it is discussed in the European Parliament how to deal with this conflict 
considering animal testing.  
 
One way forward for regulatory application of (Q)SAR predictions is to present 
its prediction simultaneously with one or more analogues of the training set of 
the (Q)SAR method. By including this analogue information the uncertainty of 
the prediction will decrease and it can be confirmed that the query chemical is 
within the applicability domain. Moreover, the identification of appropriate 
analogues from the (Q)SAR model identifies the coverage of the MoA of the 
query chemical. This type of analogue information also answers questions on 
the applicability domain and the uncertainty of the prediction. This will make 
the prediction more transparent and consequently results in more confidence in 
the prediction.  
 
(Q)SARs and other methods for replacing animal methods 
The IAS can be further developed by including an evaluation of the identity of 
the chemical. The inclusion of a quantification of predictivity indicates 
objectively the uncertainty of the result.  
 
Another way of moving forward the application of (Q)SARs and other 
approaches, such as toxicogenomic type of information, is to do more research 
into grouping of chemicals according to their chemical working mechanisms, 
e.g. types of electrophilicity of substances and their effects on specific 
endpoints. In this way the main (eco)toxicological pathways of substances can 
be found. It is expected that this will also lead to more confidence in the MoA 
of chemicals for this specific group of chemicals. For skin sensitisation such 
grouping has already been done by Aptula, Roberts and Patlewicz. Further 
research to apply this approach to systemic and reproductive toxicity is 
encouraged.  
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information has to be left out and is thus inadequate. In Table 1 an overview is 
presented of possible combinations of assessment codes and types of adequacy. 
 
In this way the IAS can guide the risk assessor in assessing the adequacy of 
information. In addition, specifically for REACH purposes, the application of 
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IAS therefore is a useful weighting tool for risk assessors. The IAS-based 
weights can be applied in ITSs and a weighted regulatory decision can be made 
to see if the available information is sufficient. It also becomes transparent 
which uncertainties exist and how they can be captured without dismissing all 
the information and do a full blown animal test. An overview is presented in 
Table 1 of all possible combinations of quality codes. 
 
Table 1 Relation between reliability, validity and regulatory need codes and the adequacy of the information 

Adequacy of information Adequate Partly Adequate Inadequate 
Reliability code R1 R1 or R2  R3 or R4 
Validity code V1 V1 or V2  V3 or V4 
Regulatory need code N1 N1 or N2  N3 or N4 
Possible assessment code 
combinations 

R1V1N1 R1V1N2 
R1V2N1 
R1V2N2 
R2V1N1 
R2V1N2 
R2V2N1 
R2V2N2 

R3V1N1 or R3V1N2 or R3V1N3 or 
R3V1N4 
R3V2N1 or R3V2N2 or R3V2N3 or 
R3V2N4 
R3V3N1 or R3V3N2 or R3V3N3 or 
R3V3N4 
R3V4N1 or R3V4N2 or R3V4N3 or 
R3V4N4 
 
R4 with similar combination as above 
R2 and R1 with combinations of V3 or 
V4 and/or N3 or N4 

 
In Chapter 6 an example of such an ITS is presented. An ITS for skin irritation 
where several (Q)SARs and an in vitro testing result are combined to show the 
usefulness of the IAS for classification and labelling.  
 
During the development of this thesis REACH came into force in 2006. The 
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was already available for the registrations of 2010. Higher numbers are 
expected for the registrations of 2013 and 2018 because less data are available 
for these registered substances. For skin irritation the SAR model fulfils the 
REACH need of being a valid model and at least 40% of the testing of 
chemicals is superfluous. Also ECOSAR has several valid regression lines 
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into grouping of chemicals according to their chemical working mechanisms, 
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Information on the MoA of chemicals is also a key part in the Assuring Safety 
without Animal Testing foundation (2008). ASAT is searching for the 
replacement of animal testing by looking more into clinical toxicology and 
pharmacology. At the same time in the US the TOX21 program is developed 
based on an initiative by the US-EPAs who wants to make more use of e.g. 
high-throughput screening methods and genomic types of information to predict 
human health toxicity. In both these programs in silico and in vitro methods are 
important. Besides further improvement of (Q)SARs and in vitro testing, the 
conversion of the outcome of this type of information into the 
(eco)toxicological external effect doses is important. Only then these outcomes 
can be used in a quantitative risk characterisation.  
 
The IAS can have an important role in the above described processes to replace 
animal testing, because using this scheme the information from very different 
methods can be evaluated and integrated using similar assessment criteria. In 
addition, the IAS, used as an integral part of the ITS, determines which 
information is still missing and how and in what way the (regulatory) need of 
the information has been or can be fulfilled.  
  

 

Samenvatting 
 
Inleiding 
In Europa zijn de vereisten voor de risicobeoordeling van industriële stoffen 
opgenomen in de REACH verordening. Deze afkorting staat voor: Registratie, 
Evaluatie, Autorisatie en restrictie van CHemische stoffen (EC, 2006). Voor de 
toxicologische effectbeoordeling onder REACH zijn substantiële aantallen 
dierproeven nodig voor de bepaling van de acute toxiciteit, huid- en oogirritatie, 
huidsensibilisatie, systemische toxiciteit na herhaalde dosering, genotoxiciteit, 
voortplantingstoxiciteit en carcinogeniteit. Voor de ecotoxicologische effect-
beoordeling is informatie nodig over de aquatische toxiciteit voor algen, 
kreeftachtigen (Daphnia) en vis. De informatievereisten zijn beschreven in 
Annex VII tot en met Annex X en zijn tonnage afhankelijk. De eerste 
informatie is nodig wanneer de producent of importeur meer dan 1 ton op de 
markt brengt (Annex VII). Annex VIII geeft aan welke informatie nodig is voor 
stoffen met tonnages > 10 ton, Annex IX > 100 ton en Annex X voor > 1000 
ton per jaar.  
 
In de maatschappij is er echter steeds meer zorg over het doen van dierproeven 
voor bio- and medisch onderzoek. Deze zorg is in de EU vertaald naar de 
nieuwe wetgeving op het gebied van dierproeven (Directive 2010/63/EU). Deze 
Richtlijn bevordert een humaan gebruik van proefdieren door de toepassing van 
methoden die leiden tot Vervanging,Vermindering enVerfijning in het gebruik 
van proefdieren.  
 
Om aan deze maatschappelijke zorg tegemoet te komen zijn in de REACH 
verordening mogelijkheden aangegeven om informatie anders dan afkomstig 
van dierproeven te gebruiken voor de (eco)toxicologische effectbeoordeling. In 
Annex XI van deze Verordening wordt specifiek beschreven aan welke criteria 
deze alternatieven, zoals (kwantitative) structuur-activiteitsrelatie ((Q)SAR) 
voorspellingen, in vitro data, en data voor analoge stoffen, moeten voldoen. 
‗Weight of Evidence‘ (WoE) benaderingen zijn ook mogelijk om tot een 
beslissing te komen voor een bepaald (eco)toxicologisch eindpunt. In zo‘n 
benadering wordt door experts, in een min of meer geformaliseerde procedure, 
een relatief gewicht toegekend aan verschillende typen informatie voor een 
specifiek eindpunt. Deze gewogen informatie wordt vervolgens gecombineerd 
in een geïntegreerde teststrategie (ITS).  
 
Ondanks deze mogelijkheden onder REACH kunnen de resultaten van deze 
alternatieve methoden de risicobeoordelaar koudwatervrees geven vanwege de 
afwezigheid van internationaal geharmoniseerde en gevalideerde methoden en 
de beperkte toegepassing van dergelijke informatie in de technische leidraad 
van de ECHA. Om een brug te slaan tussen het wetenschappelijke werk aan 
deze alternatieven en de regulatoire toepassing is de laatste 10 jaar veel 
onderzoek gedaan op het gebied van (Q)SARs en andere vervangers 




