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Discussion 
 
The chemical risk assessment under REACH requires substantial animal testing 
to ensure the safe use of chemicals for human health and the environment (van 
der Jagt et al., 2004, Pederson et al., 2003). At the same time the REACH 
regulation has implemented several options to limit animal testing, stressing 
that all other means and information should be looked into before testing. In 
Annex XI of this legislation the possibility is mentioned to use predictions of 
(Q)SARs (1.3), in vitro testing (1.4) and grouping (category) approaches (1.5) 
within specified criteria (EC, 2006, 2008, 2010a). Weight of evidence (WoE) 
approaches are those in which the assessment of relative weight to different 
pieces of information can be integrated in Integrated Testing Strategies (ITS). 
Assessing relative weight to different pieces of information, by experts or by 
objective and formalised procedures, is encouraged in the decision process on 
the need for additional animal testing (ECHA, 2010). 
 
Moreover, a new Directive for animal welfare has been adopted, advocating the 
3Rs as the key principle for humane use of animals. In the 3R approach the 
Replacement and Reduction of animal testing should be targeted if possible. If 
this is not possible Refinement of the testing should limit animal suffering as 
much as possible (EC, 2010b).  
 
(Q)SARs are a method that can potentially replace animal testing. 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 what 
conditions. To this end:  

1)  the predictivity of (Q)SARs tools have been assessed for 
(eco)toxicological endpoints (Chapter 2, Hulzebos and Posthumus, 
2003); 

2) these (Q)SAR tools have been evaluated according to the OECD 
principles for the validation of (Q)SARs (Chapter 3, Hulzebos et al., 
2005a);  

3)  a hybrid SAR skin irritation tool was developed (Chapter 4, Hulzebos et 
al., 2005b);  

4)  the Integrated Assessment Scheme (IAS), a novel tool, has been 
developed. This tool guides the risk assessor in the evaluation of 
information from (Q)SARs and other (eco)toxicological information, 
using a similar denominator. It helps the risk assessor in the decision 
making, which information to use for a particular regulatory purpose. It 
also helps in the assessment whether information can be applied as 
standalone, an information element in testing strategy, or should not be 
used (Chapter 5, Hulzebos et al., 2010);  

5)  the application of this IAS has been shown for skin irritation for 
(Q)SAR predictions and in vivo and in vitro information (Chapter 6, 
Hulzebos and Gerner, 2010).  
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In the present Chapter the use of (Q)SARs and the application of the IAS in 
replacing animal testing will be discussed. The (Q)SAR tools will be discussed 
below and will be based on the papers presented in each of the chapters 2-6 in 
this thesis. First the three (Q)SAR tools, which have been presented in Chapters 
2-4, will be discussed. Derek for Windows was selected being a SAR tool for 
human health endpoints, which presents reasoning on the MoA for the structural 
alerts in its program (LHASA, 2011). ECOSAR has been used for predicting 
aquatic toxicity because it is a freely available and very user-friendly tool (US-
EPA-EpiSUITE, 2011). An evaluation of its validity can increase its 
application. In the skin irritation SAR model all freely available information has 
been combined into one tool. The IAS presented in Chapter 5-6 will be 
discussed thereafter.  
 
1. The use of (Q)SARs for replacement of animal testing  
 
In this section (Q)SAR tools, as described in Chapter 2-4, are assessed for their 
application under REACH. In Chapter 2 it is presented to what extent Derek for 
Windows predicts chemicals for a number of human health endpoints and to 
what extent ECOSAR predicts aquatic toxicity. The focus in this discussion is 
on whether and to what extent these predictions could have been used for 
replacing animal testing under REACH. The Derek for Windows prediction for 
skin irritation and skin sensitisation will be discussed 1.1. In 1.2 the ECOSAR 
predictions are evaluated for replacing animal testing. In Chapter 4 a skin 
irritation SAR model has been developed. The predictions presented in 
Hulzebos and Gerner (2010) will be evaluated for their adequacy in replacing 
animal testing under REACH criteria. These REACH criteria for application of 
a (Q)SAR prediction are (Annex XI, EC, 2006): 

a) the prediction should be derived from a scientifically valid model. A 
scientifically valid model can be assessed using the five OECD 
principles for the validation of (Q)SARs. These require information on: 
1) the defined endpoint, 2) its algorithms, 3) the applicability domain of 
the model, 4) the uncertainty (or predictivity) and 5) the mode of action 
(MoA) (OECD 2004, 2007). 

b) the substance, which is predicted, should be in the applicability domain 
of the model; 

c) the predicted result can be used for classification and labelling and risk 
characterisation; 

d) the prediction should be adequately documented. (Annex XI). This can 
be done by e.g. the QSAR Model Reporting Formats and the QSAR 
Prediction Reporting Formats (QMRF and QPRF, respectively; JRC, 
2008a and b).  

 
 

 

1.1  Replacement of animal testing for skin irritation and sensitisation 
applying the SAR model Derek for Window using Annex XI criteria  

 
Derek for Windows (now called Derek Nexus) is a structural alert (SAR) model 
for the assessment of human health endpoints (LHASA, 2011). When Derek for 
Windows indicates the negative outcome ‗Nothing to report‘, this generally 
means that the chemical has no features matching with the structural alerts in 
the program. The discussion below will follow the above mentioned criteria a-d 
from Annex XI of REACH. 
 
Ad a) (scientifically valid method) 
Derek for Windows showed varying results when applying the OECD 
principles for the validation of (Q)SARs.  
 
Principle 1 on the definition of the endpoint is well presented because the SARs 
are generally based on OECD guideline type of testing for skin irritation and 
sensitisation. 
 
For principle 2 the algorithm can be read as: IF a substance is flagged THEN 
the prediction can be used as an indication for a positive or negative effect (e.g. 
prediction is plausible or improbable, respectively). In these cases the 
description of the structural alert, is generally well defined. The program 
presents the structural alert including the adjacent substructures which are 
allowed.  
 
When Derek for Windows flags an alert in a query chemical structure it is in its 
applicability domain (principle 3). When the program states ‗Nothing to report‘ 
after submitting a chemical structure to the program, the prediction will need to 
be considered out of the applicability domain, because this wording indicates 
that the chemical structure does not match with any structural alert in Derek for 
Windows.  
 
Principle 4: the skin irritation SARs within Derek for Windows have not been 
assessed for their predictivity other than by Hulzebos and Posthumus (2003). 
Except for one all chemicals were outside the domain of program. The 
predictivity for skin sensitisation will be dealt with using the study of Barratt 
and Langowski, presented in Table 6 in Hulzebos et al., 2005b. They used a list 
of sensitisers from the German authorities to see how many of these chemicals 
could be predicted with Derek for Windows. They showed 85% good 
predictions and 15% false negatives. However, it was not clear whether 
chemicals in this list were (partly) used to derive the structural alerts in Derek 
for Windows. 
 
For principle 5, an explanation on the MoA is adequately presented for the 
structural alerts in this model.  
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Ad b) (substance (query chemical) within the applicability domain of the used 
model) 
According to the REACH Annex XI criterion it has to be assessed whether the 
prediction is in the applicability domain of the model. The focus here is on 
whether the query chemical is within the applicability domain of the SAR 
model and thus assessing the reliability of the prediction. This is different from 
the assessment of principle 3 (scientific validity) at which the domain of the 
model has to be defined.  
 
The predictions of Hulzebos and Posthumus (2003) are used as examples to see 
if testing could have been replaced using Derek for Windows. For skin irritation 
54 chemicals were submitted to the model but for 53 chemicals the prediction 
was ‗Nothing to report‘, which indicates that these predictions are outside the 
domain of the model. Only one chemical was predicted as an irritant.  
 
For assessing the skin sensitisation potential, the predictions of 37 chemicals 
were used and these are presented in Table 1. For three chemicals the test result 
was positive and were predicted positive; for five chemicals the experimental 
test results were positive but the prediction was ‗Nothing to report‘. For one 
chemical the experimental test result was negative and the prediction positive. 
For 17 chemicals the experimental test was negative. Of these 17 chemicals 11 
were predicted ‗improbable‘. For six chemicals the prediction was ‗Nothing to 
report‘. Also nine chemicals are ‗doubted or equivocal‘ and two were in the 
training set of the model. This means that 17 chemicals are within the 
applicability domain of the model: the 4 which are predicted positive (including 
the false positive), 11 which are predicted ‗improbable‘ and 2 which are in the 
training set. 
 
Table 1  Overview of the Derek for Windows predictions for skin sensitisation that are 

in the applicability domain of the model.  
 SAR 

positive 
SAR 
doubted or 
equivocal  

SAR 
improbable 

Nothing 
to report 

Training 
set 

Experimental result 
positive 

3 4 0 5 1 

Experimental result 
negative 

1 5 11 6 1 

Total number of 
chemicals in the 
applicability domain of 
the model 

4 
 

 11  2 

 
Ad c) (result useful for classification and labelling and risk characterisation) 
 
Classification and labelling 
For the one positively predicted chemical (in the training set) for skin irritation 
further information is required to be able to classify this chemical as skin 

 

corrosive or as irritant, because Derek for Windows presents the probability for 
skin irritation and not corrosion. In section 1.3 below the Derek for Windows 
skin irritation module will be compared with the SAR skin irritation tool from 
Chapter 4. 
 
For skin sensitisation the eleven chemicals, which are predicted ‗improbable‘ 
can be used for the absence of classification and labelling, because these are in 
the applicability domain of the model. Additional expert judgement needs to be 
added to make sure that no alerting fragments are present in the chemical, other 
than those identified by Derek for Windows. For 4 chemicals the presence of 
sensitisation is predicted. However, more recently within EU-CLP more severe 
skin sensitisers are distinguished from the weaker ones to be in alignment with 
the Globally Harmonised System for Classification and Labelling of Chemicals 
(EC-CLP, 2009, UNESCO-GHS, 2010). This differentiation makes it more 
complex to translate the Derek for Windows prediction on sensitisation directly 
into EU-CLP. The Derek for Windows predictions on sensitisation fulfil the 
criteria for the 17 chemicals (12 non sensitisers, 5 sensitisers) this includes the 2 
chemicals in the training set. A WoE approach can help. A (sufficiently) similar 
chemical from the Derek for Windows database may further improve the 
prediction, because this further supporting that the chemical is in the 
applicability domain and thus lowers the uncertainty of the prediction. In 
addition, the MoA presented by Derek for Windows explains why the chemical 
is a (non) skin sensitiser e.g. because of absence of reactive groups. When the 
query chemical is predicted a sensitiser the distinction between a strong or 
moderate sensitiser can possibly be made, based on the type of alert or based on 
the classification and labelling of an analogue chemical.  
 
Risk characterisation 
For skin irritation a more qualitative risk characterisation approach has to be 
taken in case a positive result is obtained. Then risk management measures 
(RMMs) will be needed. This is because no calculation tools are yet available 
under REACH to define a DNEL for skin irritation using QSARs.  
 
For skin sensitisation under REACH a DNEL can be derived if the chemical 
shows skin sensitisation potential in the Local Lymph Node Assay (LLNA; 
OECD TG 429, 2010). Derek for Windows (now Derek Nexus) does not 
identify a DNEL yet and therefore further information may be needed for the 
risk characterisation. It is unlikely that the predictions from Derek for 
Windows, being sensitisers, can or will be used directly for risk 
characterisation.  
 
Ad d) (adequate documentation) 
The Derek for Windows model and its predictions can be documented 
according to the QMRF and QPRF description, which will show the limitations 
on predictivity of the structural alert. A summary of QMR and QPR information 
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is presented in Hulzebos and Gerner (2010). On the JRC website a QMR for 
Derek for Windows and skin sensitisation is available (JRC, 2011).  
 
In conclusion, when Derek for Windows flags an alert for skin irritation it can 
be used as a first indicator for such an effect. Further information is needed to 
decide on the hazard and on classification and labelling. The Derek for 
Windows prediction on sensitisation can only partly fulfil the criteria in Annex 
XI for (Q)SAR prediction. The developers of Derek for Windows are the first to 
admit that in risk assessment their predictions should be used in a WoE 
approach within an ITS and less so as a standalone prediction. Indeed for most 
predictions further information is needed and Derek for Windows can support 
the WoE reasoning in an ITS for a decision on classification and labelling and 
risk characterisation regarding sensitisation. The strength of Derek for Windows 
is the explanation of the Mode of Action of the alerts identified. It is unlikely 
that the risk assessors will readily accept a ‗nothing to report‘ prediction from 
Derek for Windows or from other structural alert programs such as the OECD-
Toolbox (2011). These programs may not recognise unknown but potentially 
toxic chemicals. On the other hand the mechanisms of actions for sensitisation 
have been explored in depth and therefore a negative prediction may increase 
the probability of a substance being a non-sensitiser and this information may 
be included in the ITS.  
 
1.2  Replacement of aquatic toxicity testing applying the QSAR model 

ECOSAR using Annex XI criteria 
 
The ECOSAR model consists of more than 150 chemical classes containing 
structural alerts for aquatic toxicity with respect to algae, Daphnia (crustaceae) 
and fish (US-EPA-EpiSuite, 2011). The aquatic toxicity is predicted using 
regression lines based on data for a small number of chemicals. The increasing 
log Kow is the driving parameter for the toxicity estimation. This toxicity 
increases with the log Kow up to the water solubility. ECOSAR warns when the 
prediction is above the calculated water solubility. Similarly to Derek for 
Windows, the chemicals used in the ECOSAR predictions from Hulzebos and 
Posthumus (2003) are evaluated to see if they fit into the applicability domain 
and are useful for classification and labelling and risk characterisation under 
REACH.  
 
Ad a) (scientific validity of the model) 
As to the validation of (Q)SARs the ECOSAR model fulfils principle 1 of the 
OECD validation principles on defined endpoint, because the (Q)SARs are 
derived from OECD guideline type of tests.  
 
Principle 2 on the algorithm can be read as: IF the chemical is classified into an 
ECOSAR class THEN ECOSAR presents a prediction for this class, using the 
log Kow as a parameter.  
 

 

To assess whether the query substance is within the applicability domain 
(principle 3) expert judgment is needed. For example, ECOSAR may classify a 
chemical as a neutral organic while, according to expert judgement, the 
chemical structure contains structural alerts indicating higher toxicity compared 
to neutral organics. One could prevent such an underestimation by using the 
Verhaar rules in JRC-Toxtree and the OECD-Toolbox (2011), because in the 
latter programs specific rules have been included to identify neutral organics.  
 
For principle 4 on predictivity and uncertainty ECOSAR‘s main limitations are 
that the number of chemicals used to calculate the regression lines is < 4, and/or 
R2 is < 0.7, increasing the uncertainty of the prediction. Several authors find a 
predictivity of circa 70% (Tunkel et al. (2005), OECD (1994), Robinson et al. 
(2004) and de Roode et al. 2006). These predictions are within a factor 5-10 of 
the measured values, despite fairly poor statistics of some of the regression lines 
and despite the need to use additional information to evaluate whether the 
chemical is really in the applicability domain of the model. To decrease the 
uncertainty of the ECOSAR predictions one can experimentally test the 
Daphnia first to see whether these predictions are in line with the experimental 
test result. In case the results are similar the risk assessor can assume that the 
reactivity of the ECOSAR class is well presented not only for Daphnia but also 
for fish.  
 
As to principle 5 (MoA), an increase in the bioavailability is expressed by an 
increase in log Kow for each ECOSAR class. The MoA in terms of reactivity is 
explained by specific chemical classes, which have each a different 
ecotoxicological profile.  
 
Ad b) (substance (query chemical) is within applicability domain) 
Hulzebos and Posthumus (2003) examined 79 substances for aquatic toxicity. 
For 7 substances ECOSAR denied admission, because they were antibiotics, 
polymers or salts. Of the remaining 72 substances ECOSAR categorised 10 
substances incorrectly in the specific chemical class. This means that in total 17 
of these 79 substances are out of the applicability domain. In addition, only 
those regression lines have been selected which are considered valid: R2 should 
be at least 0.7 and the number of chemicals in the regression line > 4.  
 
Ad c) (result useful for classification and labelling and risk characterisation) 
From a practical perspective the predictions carried out with ECOSAR can be 
easily used for classification and labelling and risk characterisation, since the 
program predicts L(E)C50 and NOECs analogue to the results from guidelines.  
 
Hulzebos and Posthumus (2003) considered a prediction to be sufficiently 
reliable when it was within a range of a factor ten compared to the measured 
value, taking into account the uncertainty during testing. It remains to be seen 
whether this uncertainty of the prediction, though within the applicability 
domain, is acceptable for REACH purposes especially for classification and 
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is presented in Hulzebos and Gerner (2010). On the JRC website a QMR for 
Derek for Windows and skin sensitisation is available (JRC, 2011).  
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admit that in risk assessment their predictions should be used in a WoE 
approach within an ITS and less so as a standalone prediction. Indeed for most 
predictions further information is needed and Derek for Windows can support 
the WoE reasoning in an ITS for a decision on classification and labelling and 
risk characterisation regarding sensitisation. The strength of Derek for Windows 
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toxic chemicals. On the other hand the mechanisms of actions for sensitisation 
have been explored in depth and therefore a negative prediction may increase 
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reactivity of the ECOSAR class is well presented not only for Daphnia but also 
for fish.  
 
As to principle 5 (MoA), an increase in the bioavailability is expressed by an 
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explained by specific chemical classes, which have each a different 
ecotoxicological profile.  
 
Ad b) (substance (query chemical) is within applicability domain) 
Hulzebos and Posthumus (2003) examined 79 substances for aquatic toxicity. 
For 7 substances ECOSAR denied admission, because they were antibiotics, 
polymers or salts. Of the remaining 72 substances ECOSAR categorised 10 
substances incorrectly in the specific chemical class. This means that in total 17 
of these 79 substances are out of the applicability domain. In addition, only 
those regression lines have been selected which are considered valid: R2 should 
be at least 0.7 and the number of chemicals in the regression line > 4.  
 
Ad c) (result useful for classification and labelling and risk characterisation) 
From a practical perspective the predictions carried out with ECOSAR can be 
easily used for classification and labelling and risk characterisation, since the 
program predicts L(E)C50 and NOECs analogue to the results from guidelines.  
 
Hulzebos and Posthumus (2003) considered a prediction to be sufficiently 
reliable when it was within a range of a factor ten compared to the measured 
value, taking into account the uncertainty during testing. It remains to be seen 
whether this uncertainty of the prediction, though within the applicability 
domain, is acceptable for REACH purposes especially for classification and 
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labelling which has fairly narrow ranges < 1, 1-10, 10 -100 and > 100 mg/l (EC-
CLP, 2011, Tunkel et al. 2005, de Roode et al, 2006). For industry this 
uncertainty may be too high because of the marketing impact and RMMs to be 
applied. This is especially the case when the aquatic toxicity is estimated to be 
< 1 mg/l. For regulators from authorities the same uncertainty may indicate an 
underestimation of the aquatic toxicity. This uncertainty has less impact on the 
risk characterisation of chemicals, because the actual value is used and because 
exposure consideration can be taken into account. 
 
For risk characterisation the uncertainty of the prediction can be included by 
using additional assessment factors when deriving the PNEC if needed. As long 
as the exposure during the use of the chemical remains below this PNEC no risk 
is anticipated (Vermeire et al., 2010). The RMMs for safe use will be industrial 
plant specific. When an aquatic risk is anticipated, when the chemical has a 
wide dispersive use and will be partly or fully released into the environment 
chemical, further refinement of the hazard assessment is generally needed, 
because restrictions in marketing of the chemical is a last resort.  
 
Ad d) (adequate documentation) 
The ECOSAR model and the prediction using ECOSAR can be well 
documented following the QMRF and the QPRF using the regression line in the 
program. The number of chemicals, used to draw this line, is also presented as 
well as the R2. However, the confidence levels are not presented and therefore 
the uncertainty of the prediction remains somewhat vague.  
 
In conclusion, the ECOSAR model, partly fulfils the Annex XI (Q)SAR criteria. 
Additional expert judgement is needed to decide whether the prediction is 
within the applicability domain of the neutral organics or one of the other 
identified chemical classes. Some QSARs fulfil sufficiently statistical criteria: 
R2 > 0.7 and number of chemicals on which the regression line is based is > 4. 
Predictions with these QSARs can probably be used to replace animal or algae 
testing under REACH. For classification and labelling and risk characterisation 
ECOSAR and similar tools predicting quantitative values can be used for 
REACH purposes, limiting the need for aquatic toxicity testing. The uncertainty 
of the prediction may limit the use for classification and labelling.  
 
Using the chemicals of Hulzebos and Posthumus, approximately 70 predictions 
can be used to replace testing. For acute algae toxicity there are 11/62 (18%) 
predictions; for acute Daphnia 21/51 (41%) predictions and; for acute fish 
toxicity 38/47 (72%) predictions. The QSARs for chronic toxicity in ECOSAR 
have not been used because the number of chemicals used to draw these 
regression lines was too low (N < 4) and therefore these regression lines cannot 
be used as standalone information. De Haas et al. (2011) have shown that for 
neutral organics ECOSAR predicts the NOECs for aquatic toxicity well within 
predefined statistical criteria.  
 

 

 
1.3  Replacing animal testing for skin irritation testing applying Hulzebos 

et al. SAR model and fulfilling the Annex XI criteria 
 
In Chapter 4 a SAR model on skin irritation is presented. Similar to the 
previous discussion on Derek for Windows and ECOSAR this model will also 
be discussed using the aforementioned REACH Annex XI (Q)SAR criteria. The 
five chemicals, which have been used to illustrate the IAS, will be predicted by 
the SAR model to see whether in vivo and in vitro skin irritation and corrosion 
testing can be waived under REACH (Hulzebos and Gerner, 2010). In addition, 
the Hulzebos et al. (2005) SAR model will be compared with the Derek for 
Windows skin irritation model.  
 
Ad a) (scientifically valid model) 
The skin irritation model fulfils principle 1 on the validity of SARs. The 
defined endpoint is skin irritation and the model of the physico-chemical 
exclusion rules is based on the OECD skin irritation guideline. Most skin 
irritation alerts are based on the skin irritation guideline but some were selected 
based on human patch testing or expert judgment on chemical reactivity or 
membrane irritation. Skin irritation predictions using the latter alerts will need 
further investigation and cannot be used as standalone.  
 
Principle 2 on the use of an unambiguous algorithm is fulfilled, because the 
algorithm can be transparently summarised using the following rules:  
 
IF  a substance contains one of these alerts and fulfils the inclusion rules 
AND  the exclusion rules (physico-chemical rules excluding corrosion or 

irritation) are not applicable; 
THEN the substance is classified as  

a skin corrosive or 
a corrosive or irritant or 
a skin irritant      

HOWEVER IF 
 the substance contains a skin irritation alert but the exclusion rules 
predict the absence of skin irritation or corrosion, 

THEN the substance should not be classified for skin corrosion and/or skin 
irritation. 

 
Principle 3, concerning the applicability domain of the skin irritation model, is 
fulfilled, because its domain is characterised by a structural fragment being the 
alert and showing which atoms are allowed in the vicinity of the alert. 
Furthermore, exclusion rules are presented which define the inactivity of the 
chemical. The latter rules are based on physico-chemical properties which 
preclude skin corrosion and/or irritation.  
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labelling which has fairly narrow ranges < 1, 1-10, 10 -100 and > 100 mg/l (EC-
CLP, 2011, Tunkel et al. 2005, de Roode et al, 2006). For industry this 
uncertainty may be too high because of the marketing impact and RMMs to be 
applied. This is especially the case when the aquatic toxicity is estimated to be 
< 1 mg/l. For regulators from authorities the same uncertainty may indicate an 
underestimation of the aquatic toxicity. This uncertainty has less impact on the 
risk characterisation of chemicals, because the actual value is used and because 
exposure consideration can be taken into account. 
 
For risk characterisation the uncertainty of the prediction can be included by 
using additional assessment factors when deriving the PNEC if needed. As long 
as the exposure during the use of the chemical remains below this PNEC no risk 
is anticipated (Vermeire et al., 2010). The RMMs for safe use will be industrial 
plant specific. When an aquatic risk is anticipated, when the chemical has a 
wide dispersive use and will be partly or fully released into the environment 
chemical, further refinement of the hazard assessment is generally needed, 
because restrictions in marketing of the chemical is a last resort.  
 
Ad d) (adequate documentation) 
The ECOSAR model and the prediction using ECOSAR can be well 
documented following the QMRF and the QPRF using the regression line in the 
program. The number of chemicals, used to draw this line, is also presented as 
well as the R2. However, the confidence levels are not presented and therefore 
the uncertainty of the prediction remains somewhat vague.  
 
In conclusion, the ECOSAR model, partly fulfils the Annex XI (Q)SAR criteria. 
Additional expert judgement is needed to decide whether the prediction is 
within the applicability domain of the neutral organics or one of the other 
identified chemical classes. Some QSARs fulfil sufficiently statistical criteria: 
R2 > 0.7 and number of chemicals on which the regression line is based is > 4. 
Predictions with these QSARs can probably be used to replace animal or algae 
testing under REACH. For classification and labelling and risk characterisation 
ECOSAR and similar tools predicting quantitative values can be used for 
REACH purposes, limiting the need for aquatic toxicity testing. The uncertainty 
of the prediction may limit the use for classification and labelling.  
 
Using the chemicals of Hulzebos and Posthumus, approximately 70 predictions 
can be used to replace testing. For acute algae toxicity there are 11/62 (18%) 
predictions; for acute Daphnia 21/51 (41%) predictions and; for acute fish 
toxicity 38/47 (72%) predictions. The QSARs for chronic toxicity in ECOSAR 
have not been used because the number of chemicals used to draw these 
regression lines was too low (N < 4) and therefore these regression lines cannot 
be used as standalone information. De Haas et al. (2011) have shown that for 
neutral organics ECOSAR predicts the NOECs for aquatic toxicity well within 
predefined statistical criteria.  
 

 

 
1.3  Replacing animal testing for skin irritation testing applying Hulzebos 

et al. SAR model and fulfilling the Annex XI criteria 
 
In Chapter 4 a SAR model on skin irritation is presented. Similar to the 
previous discussion on Derek for Windows and ECOSAR this model will also 
be discussed using the aforementioned REACH Annex XI (Q)SAR criteria. The 
five chemicals, which have been used to illustrate the IAS, will be predicted by 
the SAR model to see whether in vivo and in vitro skin irritation and corrosion 
testing can be waived under REACH (Hulzebos and Gerner, 2010). In addition, 
the Hulzebos et al. (2005) SAR model will be compared with the Derek for 
Windows skin irritation model.  
 
Ad a) (scientifically valid model) 
The skin irritation model fulfils principle 1 on the validity of SARs. The 
defined endpoint is skin irritation and the model of the physico-chemical 
exclusion rules is based on the OECD skin irritation guideline. Most skin 
irritation alerts are based on the skin irritation guideline but some were selected 
based on human patch testing or expert judgment on chemical reactivity or 
membrane irritation. Skin irritation predictions using the latter alerts will need 
further investigation and cannot be used as standalone.  
 
Principle 2 on the use of an unambiguous algorithm is fulfilled, because the 
algorithm can be transparently summarised using the following rules:  
 
IF  a substance contains one of these alerts and fulfils the inclusion rules 
AND  the exclusion rules (physico-chemical rules excluding corrosion or 

irritation) are not applicable; 
THEN the substance is classified as  

a skin corrosive or 
a corrosive or irritant or 
a skin irritant      

HOWEVER IF 
 the substance contains a skin irritation alert but the exclusion rules 
predict the absence of skin irritation or corrosion, 

THEN the substance should not be classified for skin corrosion and/or skin 
irritation. 

 
Principle 3, concerning the applicability domain of the skin irritation model, is 
fulfilled, because its domain is characterised by a structural fragment being the 
alert and showing which atoms are allowed in the vicinity of the alert. 
Furthermore, exclusion rules are presented which define the inactivity of the 
chemical. The latter rules are based on physico-chemical properties which 
preclude skin corrosion and/or irritation.  
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As to principle 4 on predictivity: for each alert in the model the number of 
positive and negative substances in the training set is given. An external 
validation on the absence of skin irritation using the exclusion rules of the BfR 
Rulebase has been performed. The absence of skin corrosion and irritation was 
predicted correctly for > 98%, using ca. 1300 substances (Rorije and Hulzebos, 
2005). The prediction on the presence of skin irritation and corrosion is less 
defined in this model and such a prediction will have an unknown number of 
false positives.  
 
Concerning principle 5, on mechanistic interpretation, the skin irritation alerts 
in this model are considered to be chemically reactive and therefore have the 
potential to cause skin irritation. The inclusion rules further define the 
importance of this reactivity for skin corrosion/irritation. The exclusion rules 
determine when the reactivity is hindered because of certain physico-chemical 
properties, which prevent sufficient skin absorption of the substance. 
 
The structural alerts for corrosion and skin irritation in the Hulzebos et al. 
(2005b) model are better defined compared to Derek for Windows, because 
Derek for Windows does not distinguish between these two endpoints. The 
number of structural alerts in Hulzebos et al. (2005b) model is also much larger 
compared to Derek for Windows. The mixed group of structural alerts, which 
may both indicate corrosion and irritation, in the Hulzebos et al. model are 
similar to Derek for Windows. Especially, the physico-chemical exclusion rules 
for the absence of skin irritation and/or skin corrosion makes this Hulzebos et 
al. model a superior tool to Derek for Windows. The predictions include the 
absence and presence of skin irritation/corrosion, while Derek for Windows 
predicts mainly its presence and does not distinguish between corrosion and 
irritation.  
 
Ad b) (substance (query chemical) within the applicability domain) 
As to the applicability domain assessment all five chemicals were within the 
domain of the model.  
 
Ad c) (result useful for classification and labelling and risk characterisation) 
All predictions can be used for classification and labelling. The model has been 
designed for classification and labelling using the pre-CLP classification and 
labelling rules. Under EC-CLP new classification and labelling rules have been 
implemented to align with the GHS (EC-CLP, 2008, UNECE-GHS, 2010). The 
cut-off values for classification of an irritant, based on the redness and oedema 
scores of the in vivo skin irritation test, are slightly increased: from 2 to 2.5. 
This means that the SAR skin irritation model can still be used for classification 
and labelling whereas it may be a bit more conservative because the model has 
used the lower cut-off values. For a positive skin irritation result only a 
qualitative risk characterisation under REACH is needed triggering specific 
RMMs. Therefore the prediction is also useful for the risk characterisation 
under REACH.  

 

 
Ad d) (adequate documentation) 
The model and the prediction can be well documented following the QMRF and 
QPRF as has been shown by Hulzebos and Gerner (2010). Both the physico-
chemical exclusion rules and the structural alerts have been published and have 
also been implemented in the JRC-Toxtree program and OECD-Toolbox 
(2011).  
 
In conclusion, the skin irritation alert model presented fulfils the Annex XI 
criterion for being a scientific valid model by fulfilling the five OECD 
principles on the validation of (Q)SARs with some limitations on the 
predictivity of the structural alerts. Another limitation is the training set of the 
physico-chemical exclusion rules being confidential is not fully according to the 
OECD principles. No further information gathering is needed for four out of 
five chemicals. For one chemical the prediction is somewhat more uncertain 
because it has a structural alert for skin irritation but the alert contains an equal 
number of positives and negatives and more information gathering is needed 
(Hulzebos et al., 2005b, allylheptanoate).  
 
1.4 Other types of (Q)SAR model for replacing animal testing 
 
Besides implementation of the Hulzebos et al. (2005b) skin irritation tools in 
JRC-Toxtree and OECD-Toolbox (2011), only commercial tools are available 
to assess skin irritation, such as TOPKAT (Accelrys, 2011). 
 
For skin sensitisation, Roberts and Aptula have presented some models that can 
quantify sensitisation (e.g. Aptula et al., 2005). They use an equation for alpha-
beta conjugated structures, which includes log Kow for bioavailability and a 
sigma for the estimation of electronic properties of the substructures adjacent to 
the unsaturated bonds. The model requires quite some chemical expertise for 
the classification of the substances in the applicability domains (e.g. see Fabjan 
and Hulzebos, 2008) and the calculation or estimation of the sigma parameter is 
not computerised. A DNEL can be derived with this model, because the 
outcome of the LLNA is predicted. Therefore this model is promising for a 
particular group of chemicals. Also for other specific classes of chemicals 
similar models have been developed and were reviewed by Patlewicz and 
Worth (2008). Chaudry et al. (2010) present a model which uses analogue 
identification software to calculate the presence or absence of skin sensitisation. 
The model is freely available at the CAESAR site (2011). An advantage of this 
tool is that the SAR model is documented according to the QMRF and 
presented on the JRC website (JRC, 2011). They also present six similar 
chemicals to justify the predicted value. The reasoning for the MoA is absent 
and a DNEL cannot be derived. The model and prediction need additional 
information and it is not a standalone method for REACH purposes. One could, 
however, try to find the actual data on the presented analogues and use the 
sensitisation information for read across. 
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predicts mainly its presence and does not distinguish between corrosion and 
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Ad b) (substance (query chemical) within the applicability domain) 
As to the applicability domain assessment all five chemicals were within the 
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qualitative risk characterisation under REACH is needed triggering specific 
RMMs. Therefore the prediction is also useful for the risk characterisation 
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Ad d) (adequate documentation) 
The model and the prediction can be well documented following the QMRF and 
QPRF as has been shown by Hulzebos and Gerner (2010). Both the physico-
chemical exclusion rules and the structural alerts have been published and have 
also been implemented in the JRC-Toxtree program and OECD-Toolbox 
(2011).  
 
In conclusion, the skin irritation alert model presented fulfils the Annex XI 
criterion for being a scientific valid model by fulfilling the five OECD 
principles on the validation of (Q)SARs with some limitations on the 
predictivity of the structural alerts. Another limitation is the training set of the 
physico-chemical exclusion rules being confidential is not fully according to the 
OECD principles. No further information gathering is needed for four out of 
five chemicals. For one chemical the prediction is somewhat more uncertain 
because it has a structural alert for skin irritation but the alert contains an equal 
number of positives and negatives and more information gathering is needed 
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1.4 Other types of (Q)SAR model for replacing animal testing 
 
Besides implementation of the Hulzebos et al. (2005b) skin irritation tools in 
JRC-Toxtree and OECD-Toolbox (2011), only commercial tools are available 
to assess skin irritation, such as TOPKAT (Accelrys, 2011). 
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quantify sensitisation (e.g. Aptula et al., 2005). They use an equation for alpha-
beta conjugated structures, which includes log Kow for bioavailability and a 
sigma for the estimation of electronic properties of the substructures adjacent to 
the unsaturated bonds. The model requires quite some chemical expertise for 
the classification of the substances in the applicability domains (e.g. see Fabjan 
and Hulzebos, 2008) and the calculation or estimation of the sigma parameter is 
not computerised. A DNEL can be derived with this model, because the 
outcome of the LLNA is predicted. Therefore this model is promising for a 
particular group of chemicals. Also for other specific classes of chemicals 
similar models have been developed and were reviewed by Patlewicz and 
Worth (2008). Chaudry et al. (2010) present a model which uses analogue 
identification software to calculate the presence or absence of skin sensitisation. 
The model is freely available at the CAESAR site (2011). An advantage of this 
tool is that the SAR model is documented according to the QMRF and 
presented on the JRC website (JRC, 2011). They also present six similar 
chemicals to justify the predicted value. The reasoning for the MoA is absent 
and a DNEL cannot be derived. The model and prediction need additional 
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however, try to find the actual data on the presented analogues and use the 
sensitisation information for read across. 
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For ecotoxicity a vast number of QSAR models are available. Brooke and 
Crookes (2006) reviewed non-commercial QSAR models for acute fish toxicity. 
DEMETRA is a free tool to predict aquatic toxicity using DRAGON molecular 
descriptors to estimate aquatic toxicity. It was first used for pesticides but the 
model has been extended for industrial chemicals (DEMETRA, 2006, Benfenati 
et al., 2011, DRAGON, 2011). The meaning of the DRAGON descriptors in 
explaining the MoA is not easy to grasp. The thesis of Lessigiarska (2006) 
describes this type of molecular descriptors and may be of help.  
 
Overall (Q)SAR predictions often need additional information to be able to 
make a decision on a particular (eco)toxicological endpoint for classification 
and labelling and/or risk characterisation. Therefore they need to be applied in a 
(tiered and/or) integrating testing strategy (ITS). Such strategies can be 
considered a good starting point and in the following section such a strategy 
will be discussed.  
 

2.  The SAR model on skin irritation as part of an ITS for classification 
and labelling  

 
The skin irritation SAR model presented in Chapter 4 can assess a number of 
chemical structural alerts for skin irritation and corrosion with a defined 
structural applicability domain. In addition, the physico-chemical exclusion 
rules are used to predict the absence of skin irritation (Gerner et al., 2004 and 
Rorije and Hulzebos, 2005). These two models are incorporated in the 
SICRETool-testing strategy for assessing the skin irritation/corrosion and are 
further extended by the inclusion of in vitro testing when the query chemical is 
out of the applicability domain, (see Fig 9, in the General Introduction, Walker 
et al., 2005). The applicability of the skin irritation model is due to the 
assessment of the absence of effects by the physico-chemical exclusion rules. 
These showed to have predictive power of > 98% if the chemicals with extreme 
reactivity in water, such as those resulting in a pH < 2, are not used for the 
prediction with this model (Rorije and Hulzebos, 2005, Gerner et al., 2004, 
2008). Using the physico-chemical exclusion rules alone more than 40% of the 
new chemicals does not need to be tested. This number can be further increased 
when the structural alerts for the presence of classification and labelling are 
used. This testing strategy is one out of few, which presents the absence of skin 
irritation/corrosion classification and labelling on the basis of an almost fully 
validated model according to the (Q)SAR principles. Further testing can also be 
limited when using the structural alerts for corrosion and irritation. When these 
alerts are present in the chemical reviewed one could decide to classify the 
chemical precautionary. When the risk assessor dislikes precautionary 
classification and labelling an in vitro corrosion test or an in vitro irritation test 
could be selected based on the information in SICRETool. There is no need to 
do both. 
 

 

The ITS described above is a step by step approach. In the REACH guidance 
such a step by step approaches are presented for all different endpoints. In ITSs 
WoE approaches are often needed and in the REACH legislation. In Annex XI 
on WoE (1.2) the potential for using WoE is given (EC, 2006). Though WoE 
approaches applied in ITSs provide a sound foundation for risk assessment, the 
expert risk assessor still experiences difficulties in weighting the information 
from different methods in the ITS, because the REACH guidance does not 
provide sufficient integration tools (EC, 2008, Schaafsma et al., 2009, Jaworska 
et al., 2010, Lillenblum et al, 2008). The ITSs in the literature are more of 
qualitative nature and present a step by step approach, which limits the 
integration of all data available (Jaworska and Hoffmann, 2010).  
 
To fill this gap we developed the Integrated Assessment Scheme (IAS) 
presented in Chapter 5 which is a more objective and formalised approach to 
see whether: a) toxicity data can be used as standalone; b) the data contain 
sufficient information to be used in a WoE application in an ITS or; c) the data 
show too many limitations and should not be used (Hulzebos et al., 2010, 
ECHA, 2010). This approach is worked out in detail in Chapter 6 for the skin 
irritation endpoint with an emphasis on SARs, although also in vivo and in vitro 
data are included (Hulzebos and Gerner, 2010).  
 
3.  Development and application of the novel Integrated Assessment 

Scheme (IAS)  
 
3.1 The development of the IAS 
 
The IAS is the first scheme which measures and gives weights to results from 
standardised guideline type of methods with non-standardised ones against the 
same denominator. One can use the IAS for a specific (eco)toxicological 
endpoint and for a specific regulatory decision. This scheme makes it possible 
to evaluate each single data point with similar criteria to verify the reliability of 
the data, the validity of the method the data are derived from and the regulatory 
need (the three modules). For each module the five key principles for 
evaluation, similar to the OECD principles on (Q)SARs, need to be assessed for 
its strengths and limitations.  
 
In Fig. 1 the IAS scheme is outlined. The petals of the flowers are illustrating 
the modules on reliability of the data, the validity of the method from which the 
data is derived and the regulatory need of this data. The flower‘s heart, as a five 
pointed star, represents the five key principles (derived from the five OECD 
principles) for all three modules and represents the result of the assessment: the 
3 x 5 matrix.  
 
For each module assessment codes have to be applied (Reliability 1-4, Validity 
1-4 and regulatory Need 1-4), depending on how they fulfil the 5 principles for 
evaluation. These codes are derived from and are similar to Klimisch codes for 
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the reliability of experimental data (Klimisch et al., 1997). After scoring the 
assessment codes three types of adequacy can be defined. Adequate data means 
that all criteria for a particular decision are met (R1V1N1), which is illustrated 
by a full vase. When the result of the test or the prediction is partly adequate 
(e.g. R2 or V2 or N2) it can be used as WoE in an ITS. The filling of the vases 
symbolises their contribution to the decision. Some (eco)toxicological data lack 
crucial information and cannot contribute to decision making and has to be left 
out as is reflected in the last flower in the empty vase being inadequate (R3-4 or 
V3-4 or N3-4).  
 
Integrated Assessment Scheme (IAS) in relation to Integrated Testing 
Strategy (ITS) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  The outline of the IAS: Each petal reflects a module: on reliability of the 

information, on the validity of the method it is derived from and the regulatory 
need of the information. For each module the 5 key principles for evaluation 
need to be addressed as is represented by the five pointed star. This flower‘s 
heart represents the overlapping interaction between the modules. The filling 
of the vases symbolises the adequacy of the (non) testing result. WoE=Weight 
of Evidence. 
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Interaction 
between the 3 

modules 
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Adequate  
R1V1N1 

Standalone 
 
 

Inadequate  
R3-4 or V3-V4 or N3-4 

Not useful 

 

In Table 2 an overview is presented with all possible combinations of 
assessment codes and types of adequacy. It can be seen that data a there are 8 
combinations which can be used for risk assessment and 56 combinations which 
are inadequate.  
 
Table 2 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 
 
R4V1N1 or R4V1N2 or R4V1N3 
or R4V1N4 
R4V2N1 or R4V2N2 or R4V2N3 
or R4V2N4 
R4V3N1 or R4V3N2 or R4V3N3 
or R4V3N4 
R4V4N1 or R4V4N2 or R4V4N3 
or R4V4N4 
 
R2V1N3 or R2V1N4 
R2V2N3 or R2V2N4 
R2V3N3 or R2V3N4 
R2V4N3 or R2V4N4 
R2V3N1 or R2V3N2   
R2V4N1 or R2V4N2 
 
R1V1N3 or R1V1N4  
R1V2N3 or R1V2N4 
R1V3N1 or R1V3N2 or R1V3N3 
or R1V3N4 
R1V4N1 or R1V4N2 or R1V4N3 
or R1V4N4 

 
In the case of guidelines the validity of the method has been internationally 
harmonised according to the OECD principles for testing methods (OECD 34, 
2005). Other methods, which may be valid, will not enter this international 
process because validating methods for physico-chemical properties and for 
(eco)toxicological and fate properties takes several years to complete. The IAS 
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gives guidance on how to evaluate the level of validity. It also presents a coding 
system similar to the codes of Klimisch, to identify the validity of the method 
(Klimisch et al., 1997). When assigning validity codes to methods it is expected 
that experts, risk assessors from industry and the authorities will discuss in 
depth if a method is valid with restriction (V2) or invalid (V3) (Hulzebos et al., 
2010 and Hulzebos and Gerner, 2010).  
 
Though the validity of testing methods of OECD TG is well assessed it should 
be acknowledged that there is also uncertainty related to guideline type of tests 
(OECD 34, 2005). It is expected that these have a ca. 80% concordance for 
negative and positive results based on inter-laboratory testing results. The 
applicability domain and the predictivity of new, internationally harmonised 
methods are now sometimes included. For example, in the in vitro skin irritation 
test (EC-B46, 2009). The uncertainty of these guideline tests, however, has 
hardly been taken into account by risk assessors. They only evaluate the result 
of the guideline study.  
 
The Annexes VII to X of the REACH regulation present the information 
requirements for each endpoint; generally one but sometimes more guideline 
test(s) per endpoint are needed (EC, 2006). Though the endpoint is defined in 
guidelines, the mechanisms leading to the MoA are less well defined. These 
MoAs need to be defined to make sure that alternative tests sufficiently cover 
the same MoA as the guideline study. For example, electrophilic reactivity can 
be captured with specific structural alerts, while radical formation causing 
sensitisation may be missed if alerts for radical formation are not included. 
 
In addition, the assessment of the regulatory need codes becomes especially 
important when evaluating the (eco)toxicological data for different REACH 
purposes such as deriving DNELs and PNEC, classification and labelling, PBT 
assessment and risk characterisation. For the environmental compartment there 
are different cut-off values to categorise the severity of ecotoxicity and degree 
of persistency and bioaccumulation. The uncertainty of the results around these 
cut-off values needs to be well characterised, especially for classification and 
labelling and PBT assessment, because RMMs may need to be applied if cut-
offs are exceeded.  
 
It is anticipated that the assessment codes applied to the REACH needs will be 
the least intuitive, because risk assessors are aware of the regulatory 
requirements for which the chemical needs to be evaluated. However, when the 
requirements change the regulatory need of the data needs to be made specific 
again. Under REACH, the requirements for assessing sensitisation have been 
changed. Under the former New and Existing chemical legislation the 
assessment of the presence or absence of sensitisation potential was sufficient 
for both classification and labelling and risk characterisation, while under 
REACH a DNEL can be derived for the presence of sensitisation. Almost all 

 

(Q)SARs methods at the moment predict potential activity or inactivity but do 
not define a dose descriptor.  
 
In addition, although it is important that all available (eco)toxicological data are 
collected under REACH, the actual use for the risk assessment may be limited. 
For example, genotoxicity information from a Sister Chromatid Assay limitedly 
adds to the overall assessment for genotoxicity. Also, the results of in vitro 
endocrine disruption assays are difficult to include in the risk assessment at the 
moment since a negative result in such an assay does not reduce the 
requirements for reproductive toxicity testing considering that many other 
mechanisms (including metabolism) may cause reproductive toxicity. After 
extracting (using the key principles) and scoring the regulatory needs (using the 
assessment codes) it will become clear which data are mandatory and important 
to risk assessment and which data will be of partly or limitedly of use.  
 
This IAS can also be applied for assessment of chemicals for other frameworks 
such as the Cosmetic Directive (EC-Cosmetic Directive, 2009). The assessment 
of the validity of the method remains similar, but the regulatory requirements 
(‗needs‟) between the REACH and these other directives may be different. For 
example, the Cosmetic Directive requires that no animal testing will be carried 
out on cosmetic products and ingredients. This the fact despite that for several 
endpoints requiring repeated dosing (skin sensitisation, repeated dose toxicity 
and reproductive toxicity endpoints) still no sufficient alternatives are available. 
Several chemicals are both regulated under REACH and the Cosmetic Directive 
and these differences in requirements can lead to difficulties in allowing 
chemicals into cosmetic products or being marketed under REACH. The 
European Commission has sent a report to the European Parliament and the 
Council to address this issue (EC, 2011). In silico and in vitro testing will need 
to be used to identify the hazard of especially new chemicals solely used in 
cosmetic products. However, these alternative methods may not apply to all 
these chemicals. The Cosmetic Directive has to make transparent their risk 
assessment requirements e.g. which (alternative) methods can be used, how 
these should be evaluated, how exposure can be controlled and which 
uncertainty is acceptable.  
 
Besides this IAS, other schemes have been published which all deal with 
evaluation of data under REACH, and these have been discussed in Chapters 5 
and 6. Most criteria for the evaluation of data developed in these schemes are 
covered in this IAS. The strength of the IAS is that the same denominator is 
applied to data from standard and non-standard methods. This inevitably means 
that IAS requires somewhat less detailed information considering in vitro and in 
vivo testing methods or the algorithm of the (Q)SAR. This weakness, however, 
is corrected by the modules which require a definition of the MoA. The IAS 
outweighs the ToxRtool for the reliability assessment of in vitro testing because 
it includes the assessment of the regulatory needs and explicitly asks for the 
explanation of the MoA. It has to be admitted, though, that the ToxRtool 
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requires more detail to evaluate the actual testing information (Schneider et al. 
2009).  
 
The key principles outlined here help to focus the discussions by making 
explicit the strength and weaknesses of the data for each module for each 
principle, using a similar denominator. The expert judgement needed for 
assessing the reliability and the validity can be captured in a standardised 
system, which is expected to be important for the regulatory acceptance of non-
guideline studies. In addition, it helps to develop WoE reasoning in a 
standardised and formalised procedure as proposed by ECHA (2010). 
 
The IAS has already been applied to (Q)SARs and guideline type of in vitro and 
in vivo information, but it can also be extended to data from high-throughput 
screening methods, such as toxicogenomics and metabolomics. The need for 
such an IAS has been acknowledged by Jaworska et al. (2010) in their vision on 
how ITSs should be further developed not only for REACH but also for other 
regulatory purposes. The integration of the IAS with the work of Jaworska and 
Hoffman (2010) is presented in the section below. 
 
3.2 Application of the IAS 
 
The application of the IAS in WoE reasoning in an ITS clearly shows its 
potential in Chapter 6, where the validity of the methods and the reliability of 
the results of guideline type of testing are compared with other methods using 
(Q)SARs, in vitro data and structural analogues to predict the skin irritation 
potential of five substances for classification and labelling. The case of 
allylheptanoate shows the need for an ITS approach. Firstly the (Q)SAR 
prediction is out of the applicability domain of the physico-chemical exclusion 
rules, predicting the absence of skin irritation. Secondly the chemical is out of 
the applicability domain of Derek for Windows, predicting the presence of skin 
irritation. Thirdly, the chemical is in the applicability domain of TOPKAT and 
has a positive prediction on skin irritation (Chapter 6, Accelrys, 2011). The 
assessment codes indicate that this latter prediction is only ‗partly adequate‘. 
TOPKAT does not explain the MoA and thus further information gathering was 
needed to finalise a decision for skin irritation. From the SAR model presented 
in Chapter 4, it is concluded that liquid esters may be irritants especially allylic 
esters. However, this prediction is also ‗partly adequate‟, because the algorithm 
is not very well defined. A decision for the presence of skin irritation 
classification and labelling can be made by combining the two predictions using 
the fact that allylic esters are reactive. In case the risk assessor does not want to 
classify precautionary and prefers testing, the skin corrosion test can be waived, 
because liquid esters are not corrosive (Hulzebos et al., 2005b, TOPKAT 
prediction). This in vitro skin irritation study was carried out and showed the 
absence of skin irritation. This latter information is considered adequate 
because it is derived from a validated test system for skin irritation and it is set 
as a standard for REACH (EC-B46, 2009).  

 

The IAS can be extended by including a quantitative value for uncertainty. 
Jaworska and Hoffman (2010) give an example in their conceptual framework 
on ITSs for skin sensitisation in the OSIRIS frame work (OSIRIS, 2011). In a 
more specific example Hoffmann et al. (2008) defined the hierarchy of the 
methods in the ITS for skin irritation based on the fit in the applicability domain 
and the predictivity of the methods.  
 
Jaworska and Hoffman (2010) use a Bayesian probability approach in their ITS. 
They use a model for each key feature in the MoA and calculate the probability 
relative to the final prediction. As an example they predict the result of the 
LLNA test for skin sensitisation. They sum probabilities of these key 
parameters using the LLNA as a reference method. The relative predictivity of 
the bioavailability model for skin sensitisation contributes to e.g. 0.22 to the 
skin sensitisation potential, the probability of the structural alert model (for 
potential sensitisation) is 0.35 and the positive result in the in vitro assays on 
protein activity is 0.42. The probability of this non-testing model (0.2 + 0.35 
+0.42=0.99) would in that case be similar to a positive result of the LLNA 
model.  
 
The IAS can be applied to the models used by Jaworska and Hoffman (2010). It 
will be assumed that the skin sensitisation endpoint is needed for regulatory 
purpose and that all models used will have been developed to predict the skin 
sensitisation potential. Also the skin sensitisation will be assessed for 
classification and labelling and N2 is applied because the methods and models 
will cover only partly the MoA of the query chemical (N1 would be assigned 
for a result of the LLNA or another result fully in compliance with the 
regulatory need). Note that the prediction of the Jaworska and Hoffman model 
may be inadequate or only partly adequate for risk characterisation because no 
quantitative dose descriptor is derived. The different methods and models used 
by Jaworska and Hoffman can be evaluated using the key principles for the 
validity assessment. When these methods score V1 or V2 they can be used in 
the ITS.  
 
Assuming that all reliability principles can be sufficiently addressed and 
especially that the chemical is within the applicability domain of the methods or 
models the reliability score will be R1 or R2 and the data can be used in the 
ITS. The last key principle on the MoA of the specific chemical is addressed in 
the approach of Jaworska and Hoffmann (2010) because they look into the 
predictivity of the different key features of the MoA of the query chemical such 
as bioavailability and chemical reactivity. When these two are known (e.g. 
because of the presence or absence of structural alerts or because information is 
available of in vitro tests for skin sensitisation), the probability for skin 
sensitisation can be presented compared to the LLNA result. The biological 
cascade of reactions followed after the chemicals reactivity is covered in the 
prediction of the reactivity assays which will have been related to the LLNA 
test.  
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This example of Jaworska and Hoffmann shows that overall predictivity of 
alternative methods in an ITS can be quantitatively addressed. The application 
of IAS in combination with the quantitative, statistical approach for WoE will 
therefore enhance the outcome of the ITS and its application for regulatory 
purpose. The example also shows that next to predictivity other key principles 
for evaluation need to be addressed, especially the ones addressing the MoA.  
 
4. Methods used to replace animal testing in the REACH framework  
 
In 2011, ECHA presented the number data entries for (eco)toxicological 
endpoints which were used to replace animal test results (ECHA, 2011a). The 
ECHA study was performed to see whether the opportunities, given in the 
REACH regulation to waive animal testing, had been used by the registrants. 
ECHA counted the type of the non-experimental data in the IUCLID to fulfil 
the (eco)toxicological endpoint. 
 
For each (eco)toxicological endpoint the registrant has to flag how the endpoint 
is fulfilled in IUCLID database of ECHA. The options are: by experimental 
result, (Q)SAR, read across, WoE, a flag to omit the study for scientific reasons 
and a test proposal. In the case the registrant flags a WoE, a thorough 
description of all results is needed. Without such a description the endpoint 
does not pass the computerised completeness check. In the case where a 
thorough description is not achievable for each piece of evidence the registrant 
can also select the option: ‗flag to omit the study‘, because it is scientifically not 
justified. At this spot the registrant can add free texts explaining the reasoning 
for not performing the test and it will pass this completeness check. The 
reasoning can include (Q)SARs and other pieces of evidence.  
 
The endpoints for which alternatives to animal testing has been proposed are 
presented in Table 3. This table shows that a large number of testing has been 
waived using alternatives to testing methods. The analogue approaches by using 
read across and WoE is used more often than (Q)SARs as standalone 
information. Table 3 also shows that for all endpoints read across and WoE 
approach have contributed significantly to limit animal testing specifically for 
repeated dose, reproductive and developmental toxicity. For these endpoints 
few (Q)SARs are available. For more acute endpoints e.g. skin irritation, skin 
sensitisation and acute aquatic toxicity several (Q)SARs are available but were 
limitedly used. One reason for the limited use of (Q)SAR predictions as 
standalone information is that they are ‗partly adequate‟. They may have been 
applied as WoE in ITSs but ECHA has not counted the number of (Q)SAR 
predictions within the WoE approaches.  

 

 
Table 3  Summary of the ECHA publication on the number and percentages (in 

brackets) of (eco)toxicological endpoints which have been entered using 
alternative testing results for the 2010 registrations 

 (Q)SAR 
in 
numbers 
(%)  

Read 
across in 
numbers 
(%) 

Weigt of 
Evidence 

in 
numbers 

(%) 

Flags to 
omit 
study in 
numbers 
(%) 

Replaced 
animal 
testing 
 
% 

Toxicological 
endpoints 

     

Acute toxicity all 
routes 

11 
 (0.1) 

2756 
(21.4) 

1116  
(8.7) 

1663 
(12.9) 

 
43.1 

Skin irritation in 
vitro 

0 39  
(11.9) 

35  
(10.6) 

3  
(0.9) 

 
23.4 

Skin irritation in 
vivo 

5  
(0.1) 

1113 
(21.3) 

402  
(7.7)  

353  
(6.7) 

 
35.8 

Eye irritation in 
vitro 

0 12 
 (7) 

5 
 (2.9) 

6  
(3.5) 

 
13.4 

Eye irritation in vivo 0  884  
(20.9) 

279  
(6.6)  

344  
(8.2) 

 
35.7 

Skin sensitisation 18  
(0.5) 

782  
(20.8) 

513  
(13.7) 

361  
(9.6) 

 
44.6 

Repeated dose 
toxicity all routes 

9  
(0.1)  

3032 
(28.1) 

709  
(6.6) 

2390 
(22.1) 

 
56.9 

Genotoxicity in 
vitro 

5  
(0.0) 

2272 
(22.0) 

1245 
(12.1) 

892  
(8.6) 

 
42.7 

Genotoxicity in vivo 0  
(0.0) 

875  
(24.8)  

389  
(11) 

398  
(11.3) 

 
47.1 

Toxicity to 
reproduction 

4  
(0.1) 

840  
(23.8) 

428  
(12.1) 

992  
(28.1) 

 
64.1 

Developmental 
toxicity  

7  
(0.2) 

1254 
(29.7) 

451  
(10.7) 

571  
(13.5) 

 
54.1 

Carcinogenicity 7  
(0.2) 

992  
(27.9) 

434  
(12.2) 

747  
(21) 

 
61.3 

Ecotoxicological 
endpoints 

     

Acute Fish toxicity 147  
(2.1) 

1400 
(20.2) 

983  
(14.2) 

759  
(10.9) 

47.4 

Long-term Fish 
toxicity 

141  
(4.3) 

697  
(21.2) 

296  
(9)  

1221 
(33.9) 

 
68.4 

Bioaccumulation 25  
(3.1) 

197  
(24.7) 

204  
(25.6) 

24  
(3.0) 

 
56.4 

 
 
One explanation can be that the chemicals registered in 2010 are likely to be 
data rich concerning acute toxicity, skin and eye irritation endpoints and 
possibly acute aquatic toxicity data. This is because industry will have done 
their own safety assessment of chemicals and they may have been assessed 



187
106 
 

 
This example of Jaworska and Hoffmann shows that overall predictivity of 
alternative methods in an ITS can be quantitatively addressed. The application 
of IAS in combination with the quantitative, statistical approach for WoE will 
therefore enhance the outcome of the ITS and its application for regulatory 
purpose. The example also shows that next to predictivity other key principles 
for evaluation need to be addressed, especially the ones addressing the MoA.  
 
4. Methods used to replace animal testing in the REACH framework  
 
In 2011, ECHA presented the number data entries for (eco)toxicological 
endpoints which were used to replace animal test results (ECHA, 2011a). The 
ECHA study was performed to see whether the opportunities, given in the 
REACH regulation to waive animal testing, had been used by the registrants. 
ECHA counted the type of the non-experimental data in the IUCLID to fulfil 
the (eco)toxicological endpoint. 
 
For each (eco)toxicological endpoint the registrant has to flag how the endpoint 
is fulfilled in IUCLID database of ECHA. The options are: by experimental 
result, (Q)SAR, read across, WoE, a flag to omit the study for scientific reasons 
and a test proposal. In the case the registrant flags a WoE, a thorough 
description of all results is needed. Without such a description the endpoint 
does not pass the computerised completeness check. In the case where a 
thorough description is not achievable for each piece of evidence the registrant 
can also select the option: ‗flag to omit the study‘, because it is scientifically not 
justified. At this spot the registrant can add free texts explaining the reasoning 
for not performing the test and it will pass this completeness check. The 
reasoning can include (Q)SARs and other pieces of evidence.  
 
The endpoints for which alternatives to animal testing has been proposed are 
presented in Table 3. This table shows that a large number of testing has been 
waived using alternatives to testing methods. The analogue approaches by using 
read across and WoE is used more often than (Q)SARs as standalone 
information. Table 3 also shows that for all endpoints read across and WoE 
approach have contributed significantly to limit animal testing specifically for 
repeated dose, reproductive and developmental toxicity. For these endpoints 
few (Q)SARs are available. For more acute endpoints e.g. skin irritation, skin 
sensitisation and acute aquatic toxicity several (Q)SARs are available but were 
limitedly used. One reason for the limited use of (Q)SAR predictions as 
standalone information is that they are ‗partly adequate‟. They may have been 
applied as WoE in ITSs but ECHA has not counted the number of (Q)SAR 
predictions within the WoE approaches.  

 

 
Table 3  Summary of the ECHA publication on the number and percentages (in 

brackets) of (eco)toxicological endpoints which have been entered using 
alternative testing results for the 2010 registrations 

 (Q)SAR 
in 
numbers 
(%)  

Read 
across in 
numbers 
(%) 

Weigt of 
Evidence 

in 
numbers 

(%) 

Flags to 
omit 
study in 
numbers 
(%) 

Replaced 
animal 
testing 
 
% 

Toxicological 
endpoints 

     

Acute toxicity all 
routes 

11 
 (0.1) 

2756 
(21.4) 

1116  
(8.7) 

1663 
(12.9) 

 
43.1 

Skin irritation in 
vitro 

0 39  
(11.9) 

35  
(10.6) 

3  
(0.9) 

 
23.4 

Skin irritation in 
vivo 

5  
(0.1) 

1113 
(21.3) 

402  
(7.7)  

353  
(6.7) 

 
35.8 

Eye irritation in 
vitro 

0 12 
 (7) 

5 
 (2.9) 

6  
(3.5) 

 
13.4 

Eye irritation in vivo 0  884  
(20.9) 

279  
(6.6)  

344  
(8.2) 

 
35.7 

Skin sensitisation 18  
(0.5) 

782  
(20.8) 

513  
(13.7) 

361  
(9.6) 

 
44.6 

Repeated dose 
toxicity all routes 

9  
(0.1)  

3032 
(28.1) 

709  
(6.6) 

2390 
(22.1) 

 
56.9 

Genotoxicity in 
vitro 

5  
(0.0) 

2272 
(22.0) 

1245 
(12.1) 

892  
(8.6) 

 
42.7 

Genotoxicity in vivo 0  
(0.0) 

875  
(24.8)  

389  
(11) 

398  
(11.3) 

 
47.1 

Toxicity to 
reproduction 

4  
(0.1) 

840  
(23.8) 

428  
(12.1) 

992  
(28.1) 

 
64.1 

Developmental 
toxicity  

7  
(0.2) 

1254 
(29.7) 

451  
(10.7) 

571  
(13.5) 

 
54.1 

Carcinogenicity 7  
(0.2) 

992  
(27.9) 

434  
(12.2) 

747  
(21) 

 
61.3 

Ecotoxicological 
endpoints 

     

Acute Fish toxicity 147  
(2.1) 

1400 
(20.2) 

983  
(14.2) 

759  
(10.9) 

47.4 

Long-term Fish 
toxicity 

141  
(4.3) 

697  
(21.2) 

296  
(9)  

1221 
(33.9) 

 
68.4 

Bioaccumulation 25  
(3.1) 

197  
(24.7) 

204  
(25.6) 

24  
(3.0) 

 
56.4 

 
 
One explanation can be that the chemicals registered in 2010 are likely to be 
data rich concerning acute toxicity, skin and eye irritation endpoints and 
possibly acute aquatic toxicity data. This is because industry will have done 
their own safety assessment of chemicals and they may have been assessed 
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already in other regulatory frameworks. For the long-term toxicity endpoint 
such as for repeated dose and reproductive toxicity limited (Q)SARs are 
available. 
 
Another reason may be that the translation of (Q)SAR predictions insufficiently 
meets the REACH need for classification and labelling and risk 
characterisation. There could also be a financial drawback for using (Q)SARs 
for short-term (eco)toxicological endpoints, because it takes quite a lot of expert 
judgment to make QMRs and QPRs to adequately document these approaches. 
This documentation can be more expensive than doing the actual test. In 
contrast, read across has been used much more often compared to (Q)SARs. 
Industry may have also used (Q)SAR models to find a chemical structure most 
similar to the one which needs to be registered. Analogue approaches may often 
be more convincing and more explanatory compared to (Q)SARs, because the 
differences in the structures are limited compared to (Q)SARs approaches. For 
the endpoints for which the number of animals and the costs are highest 
analogue approaches have been used as the main alternative approach for 
animal testing.  
 
According to ECHA the documentation of (Q)SARs and other alternative 
approaches has been insufficient in a number of cases (ECHA, 2011a). Using 
the IAS these alternative approaches can be well documented and thus facilitate 
the acceptance by REACH authorities. 
Besides the non-testing methods which have been used to limit animal testing 
mentioned in Table 3, REACH requests to submit testing proposals before 
testing for long-term animal studies can be initiated. These proposals are put on 
the ECHA website to invite data holders to present information on these long-
term studies and thus to prevent animal testing (ECHA, 2011b). The number 
and percentages of testing proposals in the 2010 registration dossiers for 
repeated dose are 104 (1%) for reproductive toxicity 150 (4.2%) and for 
developmental toxicity 151 (3.6%). It remains to be seen whether other 
(exposure) information will become available to waive this animal testing.  
 
5 On-going development of alternative testing methods  
 
The focus in this thesis is on the application of alternative methods within 
REACH. The application of alternative methods for (eco)toxicity assessment is, 
however, not limited to the REACH regulation on industrial chemicals. Also 
Assuring Safety without Animal Testing (ASAT), research concerning the 
Cosmetic Directive and the TOX 21 try to find a new paradigm to assess 
chemicals, that includes new methods to assess hazards of chemicals and to 
construct a framework where these outcomes can be integrated (ASAT, 2007, 
EC-Cosmetic Directive, 2009, Adler et al., 2011 and NRC, 2007, Krewski et al., 
2010).  
 

 

The Cosmetic Directive in Europe (EC-Cosmetic Directive, 2009) intends to 
prohibit the use of animal testing for cosmetic products and their ingredients 
from 2013 onwards for those tests for which repeated dose application is 
needed. For single dose application the animal testing was already banned in 
2009. New chemicals which will enter solely cosmetics may have to be 
assessed by alternative testing methods only, though this may be in conflict 
with the REACH regulation as discussed earlier. Though much progress on 
alternative methods has been made in the last ten years, especially for systemic 
repeated dose and reproductive toxicity the in vivo testing is difficult to replace 
yet (Adler et al., 2011, EC, 2011).  
 
The pharmaceutical testing strategies need further development to prevent that 
pharmaceuticals, which have gone through all screening tests, cannot be 
marketed due to effects seen in the clinical trials (Olson et al., 2000). Olson 
showed that liver effects and cutaneous hypersensitivity were the most critical. 
The overall concordance between animal studies and human effects was more 
than 71%, for rodents this was 43 %. This indicates that in vivo studies, in spite 
of its merits, do not detect a sufficient large number of human toxic effects, 
which is worrying. 
 
The TOX21 discussion in the US among expert toxicologists also assumes that 
standard animal testing is not the only way to assess chemical hazards (NRC, 
2007, Krewski et al., 2010). New methods, such as high-throughput screening 
methods, toxicogenomics and metabolomics, need to prove their effectiveness 
in assessing the hazard effects of all chemicals before they can be used in an 
ITS. Voutchkova (2010) and ECETOC (2010) explored the potential of these 
methods as alternatives for animal testing. They all agree that these new 
methods, once available, cannot - for the time being- fully replace animal 
testing but they may, however, reduce animal testing considerably. The 
regulatory information requirements, e.g. under REACH, should be more risk 
based because the uncertainty of this type of information result can be more 
easily taken into account when deriving DNEL and PNEC values using 
(additional) assessment factors, when needed. The safe use of chemicals can 
then be assured by ascertaining exposure being below these values, which is 
already a REACH requirement.  
 
6. Outlook 
 
It can be expected that the information gathered and the testing initiated under 
REACH will result in more classification and labelling of chemicals for all 
(eco)toxicological endpoints. For all registered chemicals also DNELs and 
PNECs will be derived enabling a risk characterisation. Manufacturers, 
importers and downstream users can use these classification and labelling and 
risk characterisation to communicate the hazards and risks. This documentation 
will increase the awareness of the (eco)toxicity profiles of chemicals. In 
industry the safety for workers and environment will now have to include the 
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ITS. Voutchkova (2010) and ECETOC (2010) explored the potential of these 
methods as alternatives for animal testing. They all agree that these new 
methods, once available, cannot - for the time being- fully replace animal 
testing but they may, however, reduce animal testing considerably. The 
regulatory information requirements, e.g. under REACH, should be more risk 
based because the uncertainty of this type of information result can be more 
easily taken into account when deriving DNEL and PNEC values using 
(additional) assessment factors, when needed. The safe use of chemicals can 
then be assured by ascertaining exposure being below these values, which is 
already a REACH requirement.  
 
6. Outlook 
 
It can be expected that the information gathered and the testing initiated under 
REACH will result in more classification and labelling of chemicals for all 
(eco)toxicological endpoints. For all registered chemicals also DNELs and 
PNECs will be derived enabling a risk characterisation. Manufacturers, 
importers and downstream users can use these classification and labelling and 
risk characterisation to communicate the hazards and risks. This documentation 
will increase the awareness of the (eco)toxicity profiles of chemicals. In 
industry the safety for workers and environment will now have to include the 
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individual registered chemicals for which exposure levels and concentrations 
have been derived with a need to stay below the DNELs and PNECs.  
 
Besides the safe use of chemicals REACH also wants to give a floor to the 
application of alternative methods such as analogue approaches, (Q)SARs, in 
vitro testing and WoE approaches in ITSs. The results in this thesis show that 
for a significant number of chemicals in vivo testing can be and has been 
waived. In vivo and in vitro skin and eye irritation testing can be restricted using 
(Q)SARs and in vitro testing for corrosion and irritation. Table 3 shows that 
(Q)SARs have been limitedly used as standalone method for these endpoints 
but may have been included in a WoE approach: ca. 30% of the endpoints have 
been replaced by other means than in vivo testing. In this table it can also be 
seen that repeated dose toxicity testing has been waived for more than 50% 
using mainly analogue approaches. It has not been clarified by ECHA with 
what type of information the WoE and of ‗flags to omit the study for scientific 
reasons‘ have entered. For acute aquatic toxicity QSARs have been limitedly 
used (ca. 5% of the dossiers). Similar to the toxicological endpoints, read across 
and WoE have been used more often. The justification for using these 
alternative methods may still be challenged by ECHA, because they already 
indicated that the documentation of the alternative testing approaches was 
limited and not always transparent. The IAS can play an important role to 
justify the alternative approaches by documentation of the information and thus 
make it more transparent. As has been shown above, testing can be reduced 
using alternative approaches, but is still needed for a significant number of 
chemicals. This is because chemicals may be out of the applicability domain of 
alternative approaches and because of other limitations of these approaches (e.g. 
limited information on uncertainty). 
 
Overall the number of animal testing under REACH has been less than expected 
(e.g. van der Jagt et al., 2004 vs. ECHA, 2011a). This is because industry has 
used alternatives for testing approaches. It remains to be seen in the coming 
years whether these approaches will be acceptable to ECHA and whether the 
information submitted as an answer to the test proposals on the ECHA website 
will contribute to waive the testing.  
 
One way forward for regulatory application of (Q)SARs predictions is to 
present the 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 the query chemical being in the 
applicability domain can be confirmed. Moreover the identification of 
appropriate analogues from the (Q)SAR model also identifies the coverage of 
the MoA of the query chemical. This type of analogue information will first 
result in more confidence of the prediction and it helps to answer the last 3 key 
principles of the IAS (applicability domain, uncertainty and MoA). It will thus 
document this confidence and make it transparent. 
 

 

The IAS can be further developed with including an evaluation on the identity 
of the substance and by quantification of predictivity to indicate more 
quantitatively and objectively the uncertainty of the results. In addition, the IAS 
regulatory need module can already be standardised for several methods and the 
different REACH needs such as effect assessment, classification and labelling 
and DNEL and PNEC derivation. The practical application of the IAS should 
further be tested with analogue approaches for particular (eco)toxicological 
endpoints.  
 
Another way of moving forward (Q)SAR application and other alternative 
approaches, such as ‗omic‘ type of information, is to do more research into 
grouping of chemicals according to their chemical working mechanisms (as 
being part of the MoA). For example, types of electrophilicity and their effects 
for specific endpoints. In this way the main (eco)toxicological pathways of 
substances can be elucidated. It is expected that this will also lead to more 
confidence in the MoA for a specific group of chemicals. For skin sensitisation 
such grouping has already been done. Further research to apply this approach to 
systemic and reproductive toxicity is encouraged. 
 
The future will tell whether ECHA and the Member States want to ensure safe 
use via classification and labelling and thus require further testing or whether 
they will take the approach of risk characterisation and will use the NOAELs 
for repeated dose toxicity also for reproductive toxicity endpoints. It is expected 
that ECHA is stimulated to identify potential endocrine disruptors. 
Classification and labelling for reproductive toxicity may be an important 
starting point. ECHA may as well be put under pressure by animal welfare 
organisations to limit animal testing. ECHA and the Member States may use the 
generic observation that NOAELS of repeated dose toxicity and reproductive 
toxicity, considering fertility are similar (Janer et al., 2006, Dent, 2007). From a 
risk based perspective some reproductive toxicity testing would limitedly add to 
the overall risk characterisation. In addition, risk assessors may also use an 
exposure based waiving approach. In that case the predicted exposure levels and 
concentration (PELs and PECs) need to be below the DNELs and PNECs for all 
(eco)toxicological endpoints, which could warrant no further (animal) testing as 
can be interpreted from the updated guidance in 2008 (EC, 2010a).  
 
There are several initiatives such as ASAT and TOX 21 which challenge the 
current approach in risk assessment. The maximum required doses applied in 
toxicity testing are unlikely to occur for workers and consumers in the real 
world. Lowering doses in testing to more realistic values would refine testing 
(as to the definition of one of the 3Rs) because animals would suffer less. High 
doses may also induce irrelevant effects due to overexposure of the 
detoxification pathway. Animal data may not always be that relevant for 
humans due to differences in metabolic pathways. On the other hand animal 
testing has been a safeguard for the exposure to chemicals. Non-testing 
approaches such as (Q)SARs, analogue and category approaches and new 
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individual registered chemicals for which exposure levels and concentrations 
have been derived with a need to stay below the DNELs and PNECs.  
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waived. In vivo and in vitro skin and eye irritation testing can be restricted using 
(Q)SARs and in vitro testing for corrosion and irritation. Table 3 shows that 
(Q)SARs have been limitedly used as standalone method for these endpoints 
but may have been included in a WoE approach: ca. 30% of the endpoints have 
been replaced by other means than in vivo testing. In this table it can also be 
seen that repeated dose toxicity testing has been waived for more than 50% 
using mainly analogue approaches. It has not been clarified by ECHA with 
what type of information the WoE and of ‗flags to omit the study for scientific 
reasons‘ have entered. For acute aquatic toxicity QSARs have been limitedly 
used (ca. 5% of the dossiers). Similar to the toxicological endpoints, read across 
and WoE have been used more often. The justification for using these 
alternative methods may still be challenged by ECHA, because they already 
indicated that the documentation of the alternative testing approaches was 
limited and not always transparent. The IAS can play an important role to 
justify the alternative approaches by documentation of the information and thus 
make it more transparent. As has been shown above, testing can be reduced 
using alternative approaches, but is still needed for a significant number of 
chemicals. This is because chemicals may be out of the applicability domain of 
alternative approaches and because of other limitations of these approaches (e.g. 
limited information on uncertainty). 
 
Overall the number of animal testing under REACH has been less than expected 
(e.g. van der Jagt et al., 2004 vs. ECHA, 2011a). This is because industry has 
used alternatives for testing approaches. It remains to be seen in the coming 
years whether these approaches will be acceptable to ECHA and whether the 
information submitted as an answer to the test proposals on the ECHA website 
will contribute to waive the testing.  
 
One way forward for regulatory application of (Q)SARs predictions is to 
present the 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 the query chemical being in the 
applicability domain can be confirmed. Moreover the identification of 
appropriate analogues from the (Q)SAR model also identifies the coverage of 
the MoA of the query chemical. This type of analogue information will first 
result in more confidence of the prediction and it helps to answer the last 3 key 
principles of the IAS (applicability domain, uncertainty and MoA). It will thus 
document this confidence and make it transparent. 
 

 

The IAS can be further developed with including an evaluation on the identity 
of the substance and by quantification of predictivity to indicate more 
quantitatively and objectively the uncertainty of the results. In addition, the IAS 
regulatory need module can already be standardised for several methods and the 
different REACH needs such as effect assessment, classification and labelling 
and DNEL and PNEC derivation. The practical application of the IAS should 
further be tested with analogue approaches for particular (eco)toxicological 
endpoints.  
 
Another way of moving forward (Q)SAR application and other alternative 
approaches, such as ‗omic‘ type of information, is to do more research into 
grouping of chemicals according to their chemical working mechanisms (as 
being part of the MoA). For example, types of electrophilicity and their effects 
for specific endpoints. In this way the main (eco)toxicological pathways of 
substances can be elucidated. It is expected that this will also lead to more 
confidence in the MoA for a specific group of chemicals. For skin sensitisation 
such grouping has already been done. Further research to apply this approach to 
systemic and reproductive toxicity is encouraged. 
 
The future will tell whether ECHA and the Member States want to ensure safe 
use via classification and labelling and thus require further testing or whether 
they will take the approach of risk characterisation and will use the NOAELs 
for repeated dose toxicity also for reproductive toxicity endpoints. It is expected 
that ECHA is stimulated to identify potential endocrine disruptors. 
Classification and labelling for reproductive toxicity may be an important 
starting point. ECHA may as well be put under pressure by animal welfare 
organisations to limit animal testing. ECHA and the Member States may use the 
generic observation that NOAELS of repeated dose toxicity and reproductive 
toxicity, considering fertility are similar (Janer et al., 2006, Dent, 2007). From a 
risk based perspective some reproductive toxicity testing would limitedly add to 
the overall risk characterisation. In addition, risk assessors may also use an 
exposure based waiving approach. In that case the predicted exposure levels and 
concentration (PELs and PECs) need to be below the DNELs and PNECs for all 
(eco)toxicological endpoints, which could warrant no further (animal) testing as 
can be interpreted from the updated guidance in 2008 (EC, 2010a).  
 
There are several initiatives such as ASAT and TOX 21 which challenge the 
current approach in risk assessment. The maximum required doses applied in 
toxicity testing are unlikely to occur for workers and consumers in the real 
world. Lowering doses in testing to more realistic values would refine testing 
(as to the definition of one of the 3Rs) because animals would suffer less. High 
doses may also induce irrelevant effects due to overexposure of the 
detoxification pathway. Animal data may not always be that relevant for 
humans due to differences in metabolic pathways. On the other hand animal 
testing has been a safeguard for the exposure to chemicals. Non-testing 
approaches such as (Q)SARs, analogue and category approaches and new 
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testing approaches using e.g. high-throughput screening methods and ‗omics‘ 
are proposed as new predictors of toxicity. An important issue is whether it can 
be agreed upon to use the results for a more risk based approach. In this 
approach the uncertainty can be more easily taken into account compared to 
hazard assessment and its classification and labelling. Toxico-kinetic modelling 
will become very important to translate the results of these new methods to 
external effect doses and concentrations to be able to do a risk characterisation 
(Judson et al., 2011). The IAS can play an important role in the adequacy 
assessment of the single data derived from these new methods. The IAS can 
also help in applying the data in the ITS to see which data are complementary 
and which are overlapping.  
 
7. Conclusion 
 
The purpose of this thesis was to investigate whether (Q)SARs can be applied 
successfully within a regulatory framework such as REACH and, if so, under 
what conditions. To this end: 1) the predictivity of (Q)SARs tools have been 
assessed for (eco)toxicological endpoints; 2) these (Q)SAR tools have been 
evaluated according to the OECD principles for the validation of (Q)SARs; 3) a 
SAR skin irritation tool was established; 4) a novel tool, the Integrated 
Assessment Scheme (IAS) has been developed. This tool guides the risk 
assessor in the evaluation of information from (Q)SARs and other 
(eco)toxicological information, using a similar denominator. It helps the risk 
assessor in the decision making, which information to use for a particular 
regulatory purpose. It also helps in the assessment whether information can be 
applied as standalone, an information element in testing strategy, or should not 
be used; 5) the application of this IAS has been shown for skin irritation of both 
(Q)SAR predictions and in vivo and in vitro data.  

Several (Q)SAR tools for human health and ecotoxicity have been 
evaluated for their predictivity and scientific validity. In this thesis the focus 
was on Derek for Windows, ECOSAR and the skin irritation model of Hulzebos 
et al. (2005a). For the skin irritation model and for a number of ECOSAR 
classes the (Q)SARs can be considered scientifically valid and can be used for 
classification and labelling under REACH. ECOSAR can also be used for risk 
characterisation for REACH, resulting in fewer animal tests. Derek for 
Windows, a number of ECOSAR classes and other (Q)SAR models often have 
(some) limitations considering the scientific validity according to the OECD 
principles, limiting their potential use for REACH purposes when used as 
standalone. It has been shown that for Derek for Windows predictions 
additional information is needed and no clear estimation can be made on how 
much it can replace testing. The skin irritation exclusion rules alone can limit 
testing by ca. 40%. By including the structural alerts this percentage is likely to 
increase. For the five chemicals used to show the IAS application no further 
testing was needed. Using ECOSAR almost 70% of the fish tests are 
superfluous.  

 

The (Q)SAR predictions, though not fully predictive by themselves, can 
often be added as part of a WoE approach in an ITS. Additional in vitro and/or 
in vivo information gathering can be more focussed and as such reduce the 
number of animals used. ITSs are considered essential tools to combine 
(eco)toxicity information from different sources, including (Q)SARs, in vitro, in 
vivo information and information from new methods, such as toxicogenomics 
and metabolomics. For the integration of such information it is needed to assess 
the strength and limitations of such information  

The IAS scheme provides a sound, consistent denominator to assess in a 
similar way the reliability of the data, the validity of the methods they are 
derived from and the regulatory need of these guideline, non-guideline and 
alternative testing results. These data can come from in vivo, in vitro, (Q)SARs 
and the new methods such as the ‗omics‘. Five key principles for evaluation 
being derived from the OECD principles for the validation of (Q)SARs are used 
to evaluate these three modules. Subsequently a 3 x 5 matrix is derived to which 
assessment codes can be applied based on the Klimisch codes for the evaluation 
of results from guideline type of studies. These assessment codes have been 
adopted in this thesis to assess methods and regulatory needs as well. 
Combining the assessment codes the adequacy of the data for a particular 
regulatory purpose can be assigned. In this way the IAS can guide the risk 
assessor to weigh test data and decide whether information can be used as 
standalone (adequate), as part of an ITS (partly adequate) or is not 
(inadequate).  

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 new and transparent tool for risk assessors which can be applied in 
ITSs and will contribute to limiting animal testing, time and costs.  

It has been shown that the REACH registrations of 2010 from industry used 
alternative approaches up to 50%. ECHA will challenge part of these 
approaches because of lack of documentation or scientific reasons. Risk 
assessors from ECHA and industry can further document these alternative 
approaches by using the IAS.  
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assessment of the single data derived from these new methods. The IAS can 
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approaches because of lack of documentation or scientific reasons. Risk 
assessors from ECHA and industry can further document these alternative 
approaches by using the IAS.  

 
References 
 
Accelrys (2011), TOPKAT, http://accelrys.com/mini/toxicology/predictive-

functionality.html, site visited August, 2011. 
Adler, S., Basketter, D., Creton, S., Pelkonen, O., van Benthem, J., Zuang, V., 

Andersen, K.E., Angers-Loustau, A., Aptula, A., Bal-Price, A., 
Benfenati, E., Bernauer, U., Bessems, J., Bois, F.Y., Boobis, A., 
Brandon, E., Bremer, S., Broschard, T., Casati, S., Coecke, S., Corvi, 
R., Cronin, M., Daston, G., Dekant, W., Felter, S., Grignard, E., 
Gundert-Remy, U., Heinonen, T., Kimber, I., Kleinjans, J., 
Komulainen, H., Kreiling, R., Kreysa, J., Leite, S.B., Loizou, G., 
Maxwell, G., Mazzatorta, P., Munn, S., Pfuhler, S., Phrakonkham, P., 
Piersma, A., Poth, A., Prieto, P., Repetto, G., Rogiers, V., Schoeters, 



194114 
 

G., Schwarz, M., Serafimova, R., Tähti, H., Testai, E., van Delft, J., van 
Loveren, H., Vinken, M., Worth, and A., Zaldivar, J.M., 2011, 
Alternative (non-animal) methods for cosmetics testing: current status 
and future prospects, Arch. Toxicol. 85, 367-485.  

Aptula, A.O., Patlewicz, G., and Robert, D.W., 2005, Skin sensitisation: 
Reaction Mechanistic Applicability domains for structure-activity 
relationships, Chem. Res. Toxicol., 18, 1420-1426. 

ASAT, Assuring Safety without Animal Testing, 2008, http://www.asat-
foundation.org/asat_concept.9.html#ASAT%20Concept, site visited 
June, 2011. 

Benfenati, E., Lombardi, A., Roncaglioni, A., and Boriani, E., 2011, QSAR 
models for bioconcentration and fish toxicity for regulatory purposes,  
http://www.caesar-project.eu/posters/ebenfenati_irfmn.pdf, site visited 

November, 2011.  
Brooke, D. and Crookes, M.,2006, Review of Non-Commercial (Q)SAR 

Models for Acute Fish Toxicity, 
http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/informa
tion-sources/qsar-document-area, site visited September, 2011.  

CAESAR, 2011, Computer Assisted Evaluation of industrial chemical 
Substances According to Regulations, The skin sensitisation model, 
http://www.caesar-project.eu/index.php?page=index, site visited July, 
2011. 

Chaudhry, Q., Piclin, N., Cotterill, J., Pintore, M., Price, N.R., Chrétien, J.R., 
and Roncaglioni, A., 2010, Global QSAR models of skin sensitisers for 
regulatory purposes, Chem. Central J., 4, (Suppl 1):S5. 

DEMETRA, 2006, Development of Environmental Modules for Evaluation of 
Toxicity of pesticide Residues in Agriculture, http://www.demetra-
tox.net/index.php?option=com_frontpage&Itemid=1, site visited July 
2011. 

Dent, M.P., 2007, Strengths and limitations of using repeat-dose toxicity studies 
to predict effects on fertility, Regul. Toxicol. Pharm., 48, 241-258. 

DRAGON software for calculating molecular descriptors, 
http://michem.disat.unimib.it/chm/, site visited, July 2011. 

EC, 2006, Regulation (EC) No 1907/2006 of the European Parliament and of 
the Council of 18 December 2006, concerning the Registration, 
Evaluation, Authorisation and Restriction of Chemicals (REACH), 
establishing a European Agency, amending Directive 1999/45/EC and 
Repealing Council Regulation (EEC) No 793/93 and Commission 
Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC 
and Commission Directives 91/155/EEC, 93.67/EEC, 93/105/EC and 
2000/21/EC, OJ L136, volume 50, 29 May 2007. 

EC, 2008, REACH Guidance on Information requirements, Part B, Hazard 
assessment. http://echa.europa.eu/web/guest/guidance-
documents/guidance-on-information-requirements-and-chemical-
safety-assessment, Site visited December, 2011. 

 

EC, 2010a, Guidance on the information requirements and chemical safety 
assessment, Chapter 5, Adaptations of information requirements, 
version 2, 
http://echa.europa.eu/documents/10162/17235/information_requirement
s_r5_en.pdf, site visited December, 2011. 

EC, 2010b, Directive 2010/63/EC of the European parliament and the Council 
of 22 September on the protection of animals for scientific purposes, 
L276/33. 

EC, 2011, Report on the Development, Validation and Legal Acceptance of 
Alternative  
Methods to. Animal Tests in the Field of Cosmetics (2009), 
http://ec.europa.eu/consumers/docs/annual_reports_animal_testing_130
92011_en.pdf, site visited December, 2011. 

EC-B46, 2009, Regulation (EC) No 761/2009 of 23 July 2009 amending, for 
the purpose of its adaptation to technical progress, Regulation (EC) No 
440/2008 laying down test methods pursuant to Regulation (EC) No 
1907/2006 of the European parliament and of the Council on the 
Registration, Evaluation, Authorisation and Restriction of Chemicals 
(REACH), L220/24, Annex III, B.46, In vitro skin irritation: 
reconstructed human epidermis model test.  

EC-CLP, 2008, Regulation (EC) No 1272/2008 of the European Parliament and 
the Council of 16 December 2008, on classification, labelling and 
packaging of substances and mixtures, amending and repealing 
Directive 67/548/EEC and 1999/45/EC, and amending Regulation (EC) 
No 1907/2006. 

EC-CLP, 2011, Commission Regulation (EU) No 286/2011 of 10 March 2011 
amending, for the purposes of its adaptation to technical and scientific 
progress, Regulation (EC) No 1272/2008 of the European Parliament 
and of the Council on classification, labelling and packaging of 
substances and mixtures (1). 

EC-Cosmetic Directive Cosmetic Directive, 2009, Council Directive 
76/768/EEC of 27 July 1976 on the approximation of the laws of the 
Member States relating to cosmetic products (Cosmetics Directive) and 
its amendment in 2008, http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:342:0059:020
9:en:PDF, site visited September 2011. 

ECETOC Technical Report 109, 2010, High information content technologies 
in support of read-across in chemical risk assessment, Brussels.  

ECHA, 2010, How to report weight of evidence, Practical guide 2, ECHA-10-
B-05-EN, 
http://echa.europa.eu/documents/10162/17250/pg_report_weight_of_ev
idence_en.pdf, site visited December, 2011. 

ECHA, 2011a, The use of alternatives to testing on animals for the REACH 
Regulation, ECHA-11-R-004.1-EN, 
http://echa.europa.eu/documents/10162/17231/alternatives_test_animal
s_2011_en.pdf, site visited December, 2011. 



195114 
 

G., Schwarz, M., Serafimova, R., Tähti, H., Testai, E., van Delft, J., van 
Loveren, H., Vinken, M., Worth, and A., Zaldivar, J.M., 2011, 
Alternative (non-animal) methods for cosmetics testing: current status 
and future prospects, Arch. Toxicol. 85, 367-485.  

Aptula, A.O., Patlewicz, G., and Robert, D.W., 2005, Skin sensitisation: 
Reaction Mechanistic Applicability domains for structure-activity 
relationships, Chem. Res. Toxicol., 18, 1420-1426. 

ASAT, Assuring Safety without Animal Testing, 2008, http://www.asat-
foundation.org/asat_concept.9.html#ASAT%20Concept, site visited 
June, 2011. 

Benfenati, E., Lombardi, A., Roncaglioni, A., and Boriani, E., 2011, QSAR 
models for bioconcentration and fish toxicity for regulatory purposes,  
http://www.caesar-project.eu/posters/ebenfenati_irfmn.pdf, site visited 

November, 2011.  
Brooke, D. and Crookes, M.,2006, Review of Non-Commercial (Q)SAR 

Models for Acute Fish Toxicity, 
http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/informa
tion-sources/qsar-document-area, site visited September, 2011.  

CAESAR, 2011, Computer Assisted Evaluation of industrial chemical 
Substances According to Regulations, The skin sensitisation model, 
http://www.caesar-project.eu/index.php?page=index, site visited July, 
2011. 

Chaudhry, Q., Piclin, N., Cotterill, J., Pintore, M., Price, N.R., Chrétien, J.R., 
and Roncaglioni, A., 2010, Global QSAR models of skin sensitisers for 
regulatory purposes, Chem. Central J., 4, (Suppl 1):S5. 

DEMETRA, 2006, Development of Environmental Modules for Evaluation of 
Toxicity of pesticide Residues in Agriculture, http://www.demetra-
tox.net/index.php?option=com_frontpage&Itemid=1, site visited July 
2011. 

Dent, M.P., 2007, Strengths and limitations of using repeat-dose toxicity studies 
to predict effects on fertility, Regul. Toxicol. Pharm., 48, 241-258. 

DRAGON software for calculating molecular descriptors, 
http://michem.disat.unimib.it/chm/, site visited, July 2011. 

EC, 2006, Regulation (EC) No 1907/2006 of the European Parliament and of 
the Council of 18 December 2006, concerning the Registration, 
Evaluation, Authorisation and Restriction of Chemicals (REACH), 
establishing a European Agency, amending Directive 1999/45/EC and 
Repealing Council Regulation (EEC) No 793/93 and Commission 
Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC 
and Commission Directives 91/155/EEC, 93.67/EEC, 93/105/EC and 
2000/21/EC, OJ L136, volume 50, 29 May 2007. 

EC, 2008, REACH Guidance on Information requirements, Part B, Hazard 
assessment. http://echa.europa.eu/web/guest/guidance-
documents/guidance-on-information-requirements-and-chemical-
safety-assessment, Site visited December, 2011. 

 

EC, 2010a, Guidance on the information requirements and chemical safety 
assessment, Chapter 5, Adaptations of information requirements, 
version 2, 
http://echa.europa.eu/documents/10162/17235/information_requirement
s_r5_en.pdf, site visited December, 2011. 

EC, 2010b, Directive 2010/63/EC of the European parliament and the Council 
of 22 September on the protection of animals for scientific purposes, 
L276/33. 

EC, 2011, Report on the Development, Validation and Legal Acceptance of 
Alternative  
Methods to. Animal Tests in the Field of Cosmetics (2009), 
http://ec.europa.eu/consumers/docs/annual_reports_animal_testing_130
92011_en.pdf, site visited December, 2011. 

EC-B46, 2009, Regulation (EC) No 761/2009 of 23 July 2009 amending, for 
the purpose of its adaptation to technical progress, Regulation (EC) No 
440/2008 laying down test methods pursuant to Regulation (EC) No 
1907/2006 of the European parliament and of the Council on the 
Registration, Evaluation, Authorisation and Restriction of Chemicals 
(REACH), L220/24, Annex III, B.46, In vitro skin irritation: 
reconstructed human epidermis model test.  

EC-CLP, 2008, Regulation (EC) No 1272/2008 of the European Parliament and 
the Council of 16 December 2008, on classification, labelling and 
packaging of substances and mixtures, amending and repealing 
Directive 67/548/EEC and 1999/45/EC, and amending Regulation (EC) 
No 1907/2006. 

EC-CLP, 2011, Commission Regulation (EU) No 286/2011 of 10 March 2011 
amending, for the purposes of its adaptation to technical and scientific 
progress, Regulation (EC) No 1272/2008 of the European Parliament 
and of the Council on classification, labelling and packaging of 
substances and mixtures (1). 

EC-Cosmetic Directive Cosmetic Directive, 2009, Council Directive 
76/768/EEC of 27 July 1976 on the approximation of the laws of the 
Member States relating to cosmetic products (Cosmetics Directive) and 
its amendment in 2008, http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:342:0059:020
9:en:PDF, site visited September 2011. 

ECETOC Technical Report 109, 2010, High information content technologies 
in support of read-across in chemical risk assessment, Brussels.  

ECHA, 2010, How to report weight of evidence, Practical guide 2, ECHA-10-
B-05-EN, 
http://echa.europa.eu/documents/10162/17250/pg_report_weight_of_ev
idence_en.pdf, site visited December, 2011. 

ECHA, 2011a, The use of alternatives to testing on animals for the REACH 
Regulation, ECHA-11-R-004.1-EN, 
http://echa.europa.eu/documents/10162/17231/alternatives_test_animal
s_2011_en.pdf, site visited December, 2011. 



196116 
 

ECHA, 2011b, Testing proposals involving vertebrate animals: request for 
information from third parties: 
http://echa.europa.eu/consultations/test_proposals/test_prop_cons_en.as
p, site visited December, 2011.  

Fabjan, E. and Hulzebos, E., 2008, Selection of valid and mechanistically based 
SARs for skin sensitisation, In Vitro Toxicol., 22, 468-490.  

Gerner, I., Walker, J.D., Hulzebos, E., and Schlegel, K., 2004, Use of physico-
chemical property limits to develop rules for identifying chemical 
substances with no skin irritation or corrosion potential, QSAR Comb. 
Sci., 23, 726-733.  

Gerner, I., Hulzebos, E., Rorije, E., Hakkert, B., Walker, J.D., Herzler M., and 
Spielmann, H., 2008, Potential regulatory use of (Q)SARs to develop 
dermal irritation and corrosion assessment strategies, Chapter 29, 
Dermal absorption and toxicity. Eds. Roberts, M.Walters, R., H29, 495-
506, Infarma Healthcare New York, USA, ISBN-13 978-0-8493-7591-
0. 

Haas de, E.M., Eikelboom, T., Bouwman, T., 2011, Internal and external 
validation of the long-term QSARs for neutral organics to fish from 
ECOSAR™, SAR QSAR Environ. Res., 22, 545-59. 

Hulzebos, E.M., and Posthumus, R. 2003, (Q)SARs: Gatekeepers against risk 
on chemicals?, SAR QSAR Environ. Res., 14, 285-316. 

Hulzebos, E., Sijm, D., Traas, T., Posthumus, R., and Maslankiewicz, L., 
(2005a) Validity and validation of expert (Q)SAR system, SAR QSAR 
Environ. Res., 16, 385-401.  

Hulzebos E., Walker, J.D., Gerner, I., and Schlegel, K., 2005b, Use of structural 
alerts to develop rules for identifying chemical substances with skin 
irritation or skin corrosion potential. QSAR Comb. Sci., 24, 332-342. 

Hulzebos, E., Gunnarsdottir, S., Rila, J-P, Dang, Z., and Rorije, E., 2010, An 
Integrated Assessment Scheme for assessing the adequacy of 
(eco)toxicological information under REACH, Toxicol. Letters, 198, 
255-263. 

Hulzebos, E. and Gerner, I., 2010, Weight factors in an Integrated Testing 
Strategy using adjusted OECD principles for (Q)SARs and extended 
Klimisch codes to decide on skin irritation classification, Regul. 
Toxicol. Pharmacol., 58, 131-144. 

Jagt, van der, K., Munn, S., Torslov, J., and de Bruijn, J., 2004, Alternative 
approaches can reduce the use of test animals under REACH. 
Addendum to the report: Assessment of additional testing needs under 
REACH – effects of (Q)SARs, risk based testing and voluntary industry 
initiatives. EC DG JRC Report EUR 20863.  

Janer, J., Slob, W., Hakkert, B., Vermeire, T., and Piersma, A.H., 2007, A 
retrospectivive analysis of the added value of rat 2-generation 
reproductive toxicity study versus the rat sub-chronic toxicity stud, 
Reprod. Toxicol., 24, 103-113. 

 

Jaworska, J., Gabbert, S., and Aldenberg, T., 2010, Towards optimization of 
chemical testing under REACH: A Bayesian network approach to 
integrated testing strategies, Regul. Toxicol. Pharmacol., 57, 157-167. 

Jaworska, J., and Hoffmann, S., 2010, Integrated Testing Strategy (ITS) - 
Opportunities to better use existing data and guide future testing in 
toxicology, ALTEX, 27, 231-42. 
http://altweb.jhsph.edu/bin/m/h/ALTEX_4_10_Jaworska_Hoffmann.pd
f, site visited September, 2011. 

JRC, 2008a, Joint Research Centre, QSAR Model Reporting Format. 
http://qsardb.jrc.ec.europa.eu/qmrf/, site visited August, 2011. 

JRC, 2008b, Joint Research Centre, QSAR Prediction Reporting Format, 
http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/qsar_to
ols/qrf/QPRF_version_1.1.doc, site visited August, 2011. 

JRC, 2011, QSAR Model Report for Derek for Windows for skin sensitisation, 
http://qsardb.jrc.it/qmrf/search_catalogs.jsp?id=315&idstructure, site 
visited September, 2011.  

JRC-Toxtree, Joint Research Centre, 2011, 
http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/qsar_to
ols/toxtree, site visited September, 2011. 

Judson, R.S., Kavlock, R.J., Setzer, R.W., Hubal, E.A., Martin, M.T., Knudsen, 
T.B., Houck, K.A., Thomas ,R.S., Wetmore, B.A., and Dix, D.J., 2011, 
Estimating toxicity-related biological pathway altering doses for high-
throughput chemical risk assessment, Chem. Res. Toxicol. 24, 451-62.  

Klimisch, H.J., Andreae, M., and Tillmann, U., 1997, A systemic approach for 
evaluation the quality of experimental and ecotoxicological data, 
Regul.Toxicol. Pharmacol. 25, 1-5. 

Krewski, D., Acosta, D. Jr, Andersen, M., Anderson, H., Bailar, J.C. 3rd, 
Boekelheide, K., Brent, R., Charnley, G., Cheung, V.G., Green, S. Jr, 
Kelsey, K.T., Kerkvliet, N.I., Li, A.A., McCray, L., Meyer, O., 
Patterson, R.D., Pennie, W., Scala, R.A., Solomon, G.M., Stephens, M., 
Yager, J., Zeise, L., 2010, Toxicity testing in the 21st century: A vision 
and a strategy, J. Toxicol. Environ. Health B Crit. Rev., 13, 51-138. 

LHASA, 2011, Derek Nexus (formerly known as Derek for Windows). 
https://www.lhasalimited.org/index.php/derek_nexus/, site visited 
August, 2011. 

Lillenblum, W., Dekant, W., Foth, H., Gebel, T., Hengstler, J.G., Kahl, R., 
Kramer, P.J., Schweinfurth, H., and Wollin, K.M., Alternative methods 
to safety studies in experimental animals: role in the risk assessment of 
chemicals under the new European Chemicals Legislation (REACH), 
Arch. Toxicol., 82, 211-36.  

Lessigiarska, I., 2006, Developments of structure-activity relationships for 
pharmacotoxicological endpoints relevant to European legislation, 
Thesis, 
http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/doc/Ph
D_thesis_Iglika_Lessigiarska.pdf/view, site visited September, 2011. 



197116 
 

ECHA, 2011b, Testing proposals involving vertebrate animals: request for 
information from third parties: 
http://echa.europa.eu/consultations/test_proposals/test_prop_cons_en.as
p, site visited December, 2011.  

Fabjan, E. and Hulzebos, E., 2008, Selection of valid and mechanistically based 
SARs for skin sensitisation, In Vitro Toxicol., 22, 468-490.  

Gerner, I., Walker, J.D., Hulzebos, E., and Schlegel, K., 2004, Use of physico-
chemical property limits to develop rules for identifying chemical 
substances with no skin irritation or corrosion potential, QSAR Comb. 
Sci., 23, 726-733.  

Gerner, I., Hulzebos, E., Rorije, E., Hakkert, B., Walker, J.D., Herzler M., and 
Spielmann, H., 2008, Potential regulatory use of (Q)SARs to develop 
dermal irritation and corrosion assessment strategies, Chapter 29, 
Dermal absorption and toxicity. Eds. Roberts, M.Walters, R., H29, 495-
506, Infarma Healthcare New York, USA, ISBN-13 978-0-8493-7591-
0. 

Haas de, E.M., Eikelboom, T., Bouwman, T., 2011, Internal and external 
validation of the long-term QSARs for neutral organics to fish from 
ECOSAR™, SAR QSAR Environ. Res., 22, 545-59. 

Hulzebos, E.M., and Posthumus, R. 2003, (Q)SARs: Gatekeepers against risk 
on chemicals?, SAR QSAR Environ. Res., 14, 285-316. 

Hulzebos, E., Sijm, D., Traas, T., Posthumus, R., and Maslankiewicz, L., 
(2005a) Validity and validation of expert (Q)SAR system, SAR QSAR 
Environ. Res., 16, 385-401.  

Hulzebos E., Walker, J.D., Gerner, I., and Schlegel, K., 2005b, Use of structural 
alerts to develop rules for identifying chemical substances with skin 
irritation or skin corrosion potential. QSAR Comb. Sci., 24, 332-342. 

Hulzebos, E., Gunnarsdottir, S., Rila, J-P, Dang, Z., and Rorije, E., 2010, An 
Integrated Assessment Scheme for assessing the adequacy of 
(eco)toxicological information under REACH, Toxicol. Letters, 198, 
255-263. 

Hulzebos, E. and Gerner, I., 2010, Weight factors in an Integrated Testing 
Strategy using adjusted OECD principles for (Q)SARs and extended 
Klimisch codes to decide on skin irritation classification, Regul. 
Toxicol. Pharmacol., 58, 131-144. 

Jagt, van der, K., Munn, S., Torslov, J., and de Bruijn, J., 2004, Alternative 
approaches can reduce the use of test animals under REACH. 
Addendum to the report: Assessment of additional testing needs under 
REACH – effects of (Q)SARs, risk based testing and voluntary industry 
initiatives. EC DG JRC Report EUR 20863.  

Janer, J., Slob, W., Hakkert, B., Vermeire, T., and Piersma, A.H., 2007, A 
retrospectivive analysis of the added value of rat 2-generation 
reproductive toxicity study versus the rat sub-chronic toxicity stud, 
Reprod. Toxicol., 24, 103-113. 

 

Jaworska, J., Gabbert, S., and Aldenberg, T., 2010, Towards optimization of 
chemical testing under REACH: A Bayesian network approach to 
integrated testing strategies, Regul. Toxicol. Pharmacol., 57, 157-167. 

Jaworska, J., and Hoffmann, S., 2010, Integrated Testing Strategy (ITS) - 
Opportunities to better use existing data and guide future testing in 
toxicology, ALTEX, 27, 231-42. 
http://altweb.jhsph.edu/bin/m/h/ALTEX_4_10_Jaworska_Hoffmann.pd
f, site visited September, 2011. 

JRC, 2008a, Joint Research Centre, QSAR Model Reporting Format. 
http://qsardb.jrc.ec.europa.eu/qmrf/, site visited August, 2011. 

JRC, 2008b, Joint Research Centre, QSAR Prediction Reporting Format, 
http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/qsar_to
ols/qrf/QPRF_version_1.1.doc, site visited August, 2011. 

JRC, 2011, QSAR Model Report for Derek for Windows for skin sensitisation, 
http://qsardb.jrc.it/qmrf/search_catalogs.jsp?id=315&idstructure, site 
visited September, 2011.  

JRC-Toxtree, Joint Research Centre, 2011, 
http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/qsar_to
ols/toxtree, site visited September, 2011. 

Judson, R.S., Kavlock, R.J., Setzer, R.W., Hubal, E.A., Martin, M.T., Knudsen, 
T.B., Houck, K.A., Thomas ,R.S., Wetmore, B.A., and Dix, D.J., 2011, 
Estimating toxicity-related biological pathway altering doses for high-
throughput chemical risk assessment, Chem. Res. Toxicol. 24, 451-62.  

Klimisch, H.J., Andreae, M., and Tillmann, U., 1997, A systemic approach for 
evaluation the quality of experimental and ecotoxicological data, 
Regul.Toxicol. Pharmacol. 25, 1-5. 

Krewski, D., Acosta, D. Jr, Andersen, M., Anderson, H., Bailar, J.C. 3rd, 
Boekelheide, K., Brent, R., Charnley, G., Cheung, V.G., Green, S. Jr, 
Kelsey, K.T., Kerkvliet, N.I., Li, A.A., McCray, L., Meyer, O., 
Patterson, R.D., Pennie, W., Scala, R.A., Solomon, G.M., Stephens, M., 
Yager, J., Zeise, L., 2010, Toxicity testing in the 21st century: A vision 
and a strategy, J. Toxicol. Environ. Health B Crit. Rev., 13, 51-138. 

LHASA, 2011, Derek Nexus (formerly known as Derek for Windows). 
https://www.lhasalimited.org/index.php/derek_nexus/, site visited 
August, 2011. 

Lillenblum, W., Dekant, W., Foth, H., Gebel, T., Hengstler, J.G., Kahl, R., 
Kramer, P.J., Schweinfurth, H., and Wollin, K.M., Alternative methods 
to safety studies in experimental animals: role in the risk assessment of 
chemicals under the new European Chemicals Legislation (REACH), 
Arch. Toxicol., 82, 211-36.  

Lessigiarska, I., 2006, Developments of structure-activity relationships for 
pharmacotoxicological endpoints relevant to European legislation, 
Thesis, 
http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/doc/Ph
D_thesis_Iglika_Lessigiarska.pdf/view, site visited September, 2011. 



198118 
 

NRC, 2007, National Research Council Toxicity testing in the 21st century: A 
Vision and a Strategy, 
http://www.nap.edu/openbook.php?record_id=11970, site visited May, 
2011. 

OECD, 2004, The report from the expert group on (quantitative) structure-
activity relationships [(Q)SARs] on the principles for the validation of 
(Q)SARs. OECD Environment Health and Safety Publications. Series 
on testing and Assessment No. 49. Environment Directorate, Paris. 
(http://www.oecd.org/officialdocuments/displaydocumentpdf/?cote=en
v/jm/mono(2004)24&doclanguage=en) 

OECD, 2005, OECD series on testing and assessment, no 34. Guidance 
document on the validation and international acceptance of new or 
updated test methods for hazard assessment. ENV/JM/MONO(2005)14, 
Paris. 

OECD, 2007. Guidance document on the validation of (quantitative structure-
activity relationship [QSAR] models. OECD Environment Health and 
Safety Publication, Series on testing and assessment no. 69, 
ENV/JM/MONO(2007)2, Paris, 
http://www.oecd.org/dataoecd/55/35/38130292.pdf, site visited April, 
2011. 

OECD Test Guidline 429, Local Lymph Node Assay, 2010, 
http://iccvam.niehs.nih.gov/methods/immunotox/llnadocs/OECD429.pd
f, Site visited August, 2011. 

OECD-Toolbox, (Q)SAR application toolbox, 2011, 
http://www.oecd.org/document/54/0,3343,en_2649_34379_42923638_
1_1_1_1,00.html, site visited September, 2011. 

Olson, H., Betton, G., Robinson, D., Thomas. K., Monro, A., Kolaja, G., Lilly, 
P., Sanders, J., Sipes, G., Bracken, W., Dorato, M., Van Deun, K., 
Smith, P., Berger, B., and Heller, A., 2000, Concordance of the toxicity 
of pharmaceuticals in humans and in animals, Regul. Toxicol. 
Pharmacol. 32, 56-67. 

OSIRIS, Optimized Strategies for Risk Assessment of Industrial Chemicals 
through integration of Non-Test and Test Information, 
http://www.ufz.de/index.php?en=15009, site visited September, 2011. 

Patlewicz, G., Worth, A.P., 2008, Review of data sources, QSARs and 
Integrated Testing Strategies for skin sensitisation, JRC website: 
http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/doc/EU
R_23225_EN.pdf, site visited October, 2011.  

Pederson, F., de Bruijn, J., Munn, S., and van Leeuwen, K., 2003, Assessment 
of additional testing needs under REACH – effects of (Q)SARs, risk 
based testing and voluntary industry initiatives. EC DG JRC Report 
EUR 20863. 

Roode, de, D., Hoekzema, C., de Vries-Buitenweg, S., van de Waart, B., and 
van der Hoeven, J., 2006, QSARs in ecotoxicological risk assessment, 
Regul. Toxicol. Pharmacol., 45, 24-35. 

 

Robinson, P., MacDonald, D., Davidson, N., Okonski, A., and Sene, A.,2004, 
Use of Quantitative Structure Activity Relationships (QSARS) in the 
Categorization of Discrete Organic Substances on Canada‘s Domestic 
SubstancesList (DSL), Environ. Inf. Arch. 2, 122-130, 
http://www.iseis.org/eia/pdfstart.asp?no=04014, site visited September, 
2011. 

Rorije E. and Hulzebos, E. (2005), Evaluation of (Q)SARs for the prediction of 
skin irritation/corrosion potential. ECB site, 
http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/informa
tion-sources/qsar-document-
area/Evaluation_of_Skin_Irritation_QSARs.pdf, site visited December, 
2011. 

Schaafsma, G., Kroese, E.D., Tielemans, E.L.J.P., Van de Sandt, J.J.M., and 
Van Leeuwen, C.J., 2009, REACH, non-testing approaches and the 
urgent need for a change in mind set. Regul. Toxicol. Pharmacol., 53, 
70-80. 

Schneider, K., Schwarz, M., Burkholder, I., Kopp-Schneider, A., Edler, L., 
Kinsner-Ovaskainen, A., Hartung, T., and Hoffmann, S., 2009, 
ToxRTool―, a new tool to assess the reliability of toxicological data, 
Toxicol. Letters, 189, 138-144.  

Tunkel, J., Mayo, K., Austin, C., Hickerson, A., and Howard, P., Practical 
considerations on the use of predictive models for regulatory 
purposes, Environ. Sci. Technol. 39, 2188-99. 

Vermeire T., van de Bovenkamp, M., Bruinen de Bruin, Y., Delmaar, C., van 
Engelen, J., Escher, S., Marquart, H., and Meijster, T, 2010, Exposure 
Based Waiving under REACH, Regul. Toxicol. Pharmacol., 58, 408-
420.  

Voutchkova, A.M., Osimitz, T.G. and Anastas, P.T., 2010, Towards a 
comprehensive molecular design framework for reduced hazard, Chem. 
Rev., 110, 5854-5882. 

UNECE-GHS, Globally Harmonised System for classification and labelling of 
chemicals, 2010, 
http://live.unece.org/trans/danger/publi/ghs/ghs_welcome_e.html, site 
visited September, 2011. 

US-EPA, EpiSUITE, 2011, ECOSAR, models predicting aquatic toxicity, 
http://www.epa.gov/opptintr/exposure/pubs/episuite.htm, site visited 
May 2011. 

Walker, J.D., Gerner, I., Hulzebos, E.T., Schlegel, K., 2005, The skin irritation 
corrosion rules estimation tool (SICRET), QSAR Comb. Sci., 24, 378-
384. 

 



199118 
 

NRC, 2007, National Research Council Toxicity testing in the 21st century: A 
Vision and a Strategy, 
http://www.nap.edu/openbook.php?record_id=11970, site visited May, 
2011. 

OECD, 2004, The report from the expert group on (quantitative) structure-
activity relationships [(Q)SARs] on the principles for the validation of 
(Q)SARs. OECD Environment Health and Safety Publications. Series 
on testing and Assessment No. 49. Environment Directorate, Paris. 
(http://www.oecd.org/officialdocuments/displaydocumentpdf/?cote=en
v/jm/mono(2004)24&doclanguage=en) 

OECD, 2005, OECD series on testing and assessment, no 34. Guidance 
document on the validation and international acceptance of new or 
updated test methods for hazard assessment. ENV/JM/MONO(2005)14, 
Paris. 

OECD, 2007. Guidance document on the validation of (quantitative structure-
activity relationship [QSAR] models. OECD Environment Health and 
Safety Publication, Series on testing and assessment no. 69, 
ENV/JM/MONO(2007)2, Paris, 
http://www.oecd.org/dataoecd/55/35/38130292.pdf, site visited April, 
2011. 

OECD Test Guidline 429, Local Lymph Node Assay, 2010, 
http://iccvam.niehs.nih.gov/methods/immunotox/llnadocs/OECD429.pd
f, Site visited August, 2011. 

OECD-Toolbox, (Q)SAR application toolbox, 2011, 
http://www.oecd.org/document/54/0,3343,en_2649_34379_42923638_
1_1_1_1,00.html, site visited September, 2011. 

Olson, H., Betton, G., Robinson, D., Thomas. K., Monro, A., Kolaja, G., Lilly, 
P., Sanders, J., Sipes, G., Bracken, W., Dorato, M., Van Deun, K., 
Smith, P., Berger, B., and Heller, A., 2000, Concordance of the toxicity 
of pharmaceuticals in humans and in animals, Regul. Toxicol. 
Pharmacol. 32, 56-67. 

OSIRIS, Optimized Strategies for Risk Assessment of Industrial Chemicals 
through integration of Non-Test and Test Information, 
http://www.ufz.de/index.php?en=15009, site visited September, 2011. 

Patlewicz, G., Worth, A.P., 2008, Review of data sources, QSARs and 
Integrated Testing Strategies for skin sensitisation, JRC website: 
http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/doc/EU
R_23225_EN.pdf, site visited October, 2011.  

Pederson, F., de Bruijn, J., Munn, S., and van Leeuwen, K., 2003, Assessment 
of additional testing needs under REACH – effects of (Q)SARs, risk 
based testing and voluntary industry initiatives. EC DG JRC Report 
EUR 20863. 

Roode, de, D., Hoekzema, C., de Vries-Buitenweg, S., van de Waart, B., and 
van der Hoeven, J., 2006, QSARs in ecotoxicological risk assessment, 
Regul. Toxicol. Pharmacol., 45, 24-35. 

 

Robinson, P., MacDonald, D., Davidson, N., Okonski, A., and Sene, A.,2004, 
Use of Quantitative Structure Activity Relationships (QSARS) in the 
Categorization of Discrete Organic Substances on Canada‘s Domestic 
SubstancesList (DSL), Environ. Inf. Arch. 2, 122-130, 
http://www.iseis.org/eia/pdfstart.asp?no=04014, site visited September, 
2011. 

Rorije E. and Hulzebos, E. (2005), Evaluation of (Q)SARs for the prediction of 
skin irritation/corrosion potential. ECB site, 
http://ihcp.jrc.ec.europa.eu/our_labs/computational_toxicology/informa
tion-sources/qsar-document-
area/Evaluation_of_Skin_Irritation_QSARs.pdf, site visited December, 
2011. 

Schaafsma, G., Kroese, E.D., Tielemans, E.L.J.P., Van de Sandt, J.J.M., and 
Van Leeuwen, C.J., 2009, REACH, non-testing approaches and the 
urgent need for a change in mind set. Regul. Toxicol. Pharmacol., 53, 
70-80. 

Schneider, K., Schwarz, M., Burkholder, I., Kopp-Schneider, A., Edler, L., 
Kinsner-Ovaskainen, A., Hartung, T., and Hoffmann, S., 2009, 
ToxRTool―, a new tool to assess the reliability of toxicological data, 
Toxicol. Letters, 189, 138-144.  

Tunkel, J., Mayo, K., Austin, C., Hickerson, A., and Howard, P., Practical 
considerations on the use of predictive models for regulatory 
purposes, Environ. Sci. Technol. 39, 2188-99. 

Vermeire T., van de Bovenkamp, M., Bruinen de Bruin, Y., Delmaar, C., van 
Engelen, J., Escher, S., Marquart, H., and Meijster, T, 2010, Exposure 
Based Waiving under REACH, Regul. Toxicol. Pharmacol., 58, 408-
420.  

Voutchkova, A.M., Osimitz, T.G. and Anastas, P.T., 2010, Towards a 
comprehensive molecular design framework for reduced hazard, Chem. 
Rev., 110, 5854-5882. 

UNECE-GHS, Globally Harmonised System for classification and labelling of 
chemicals, 2010, 
http://live.unece.org/trans/danger/publi/ghs/ghs_welcome_e.html, site 
visited September, 2011. 

US-EPA, EpiSUITE, 2011, ECOSAR, models predicting aquatic toxicity, 
http://www.epa.gov/opptintr/exposure/pubs/episuite.htm, site visited 
May 2011. 

Walker, J.D., Gerner, I., Hulzebos, E.T., Schlegel, K., 2005, The skin irritation 
corrosion rules estimation tool (SICRET), QSAR Comb. Sci., 24, 378-
384. 

 




