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• Aim: prediction of bioconcentration factor (BCF) in fish of 2,3,4-Trichlorobiphenyl using two QSAR 

models available in the LIFE CONCERT REACH Gateway, VEGA/CAESAR and OCHEM/Gramatica & 

Papa (2005)

• Out of scope: documentation of results in IUCLID 

Case study definition 

3

Cl

Cl

Cl

Input: Clc1ccc(c2ccccc2)c(Cl)c1Cl

Section 

02

Section 

03
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04

Output: BCF

Case studies: mutagenicity (R. Gonella-Diaza, 17/05); 

logKow (A. Szymoszek, 31/05) 

Appendix



The Gateway in LIFE CONCERT REACH

• Web-based system to guide users to integrate data from four platforms, i.e., VEGAHUB, AMBIT, 

OCHEM and Danish (Q)SAR Database, for evaluation of substance(s) under REACH 

• Four main categories of endpoints: physicochemical, toxicological, ecotoxicological and endocrine 

disruption properties  

• Freely accessible at https://www.life-concertreach.eu/results/results-gateway/
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Model(s) selection
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Filter the models by 

the endpoints list

• For each endpoint, the gateway reports a list of 

models with basic information: model name, 

type of prediction (categorical; continuous), 

size of the dataset used to develop the model, 

split in training and test set (if available), link 

to the model/platform and documentation

(QSAR Model Reporting Format, QMRF; papers)

• The user can look at the whole list or select 

models belonging to a specific platform

• Currently 12 BCF-related models from VEGA, 

Danish (Q)SAR Database and OCHEM



Model(s) selection and prediction(s)
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After model(s) selection, click on the link 

in the “Model” column(s): you will be 

redirected to the access page of the 

platform(s)

Section 

02

Section 

03
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Access VEGA
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https://www.vegahub.eu/portfolio-item/vega-qsar/1

… And unzip the 

folder

2

3

4



Access VEGA
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VEGA: Virtual models for Evaluating the 

properties of chemicals within a Global 

Architecture

• Developed mainly by Mario Negri Institute (Milan) 

and Kode s.r.l. (Pisa) 

• Free platform developed based on contributions 

from EU projects

• Includes more than 100 statistical and 

knowledge-based (Q)SAR models for the 

prediction of (eco)toxicity, environmental fate and 

physicochemical properties of chemicals.
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Insert the target chemical
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Cl

Name: 2,3,4-Trichlorobiphenyl

SMILES: Clc1ccc(c2ccccc2)c(Cl)c1Cl
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Select the model(s) of interest and preferred output(s) settings
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Model information in QMRF, available at

https://www.vegahub.eu/portfolio-item/vega-qsar-

models-qrmf/

10

11. Tick the layout(s) and 

choose the destination

folder(s) for saving the 

report(s)

Full PDF reports:

• prediction(s) results

• applicability domain

• experimental data of the target (if any)

• most similar substances

• other supporting info (if any)

Simplified text reports:

• essential information

• useful for excel import



Predict the target chemical
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12
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Assessment: scientific validity of the QSAR model (CAESAR) 

https://www.vegahub.eu/portfolio-item/vega-qsar-models-qrmf/
13

QMRF

• Quantitative prediction of BCF in fish (log of 

L/kg)

• Hybrid model, implementing the detection of 

structural alerts for reasoning (outliers, 

chemical classes with particular BCF behavior, 

polar groups)

• Applicability Domain Index (ADI) [0 - not 

reliable; 1 - fully reliable]

• Goodness-of-fit

• n training set = 378; R2 = 0.81; RMSE = 0.58

• Robustness - leave many out (20%) cross 

validation

• R2cv= 0.79; SDEP = 0.66 

• Predictivity - external validation

• n test set = 95; R2 = 0.78; RMSE = 0.62 



Assessment: QSAR model applicability to the query chemical

Compound predicted as bioaccumulative 

(LogBCF > 3.3) 

In applicability domain (AD)

Individual models give 

consistent predictions

No alerts identified
LogP as support (≤ 6)

ADI > 0.85



Assessment: QSAR model applicability to the query chemical

A similarity index (SI) of the target with respect to similar molecules with known 

experimental value is calculated. It takes into account how similar are the first 

two most similar compounds. Values near 1 mean that the predicted 

compound is well represented in the dataset used to build the model, 

otherwise the prediction could be an extrapolation. 

The 2 mostly similar compounds from the training set:

• exhibit high similarity to the target

• have experimental values that agree with target prediction… 

• …and their prediction accuracy is good.

SI > 0.9

< 0.5

< 0.5

In the literature, experimental BCF values varies between 0.45 log units 

(EURAS; gold standard) and ±0.75 log units (Dimitrov et al., 2005) 

(Lombardo et al., 2010).
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Assessment: QSAR model applicability to the query chemical

(5.47 ≤ 6)

LogP as support

The most similar chemicals to the target 

also share the same logP 
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LogBCF = 3.3 (B)

LogBCF = 3.7 (vB)

Predicted LogBCF = 4.33

Predicted LogBCF = 4.33

<

<

Uncertainty interval = 0.5 log units

Uncertainty interval = 0.5 log units

The target fulfils the criteria for B* and vB**

• Screening criterion (LogKow = 5.47 > 4.5) 

also fulfilled.
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Assessment: relevance of the QSAR model to regulatory purpose

* B: bioaccumulative

** vB: very bioaccumulative



Assessment: adequacy of the QSAR result 
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Highly reliable  based on model validity, ADI and information to derive it

• Target well represented in the training set (i.e., strongly similar compounds, target descriptors within the range of 

the training set, all structural fragments found in the training set) 

• Training set analogues experimental values: consistent with target prediction

• Training set analogues prediction accuracy: good 

• The maximum error in prediction of training set analogues has a low value, considering the experimental 

variability.

Relevant based on the purpose

• The target fulfils B and vB criteria.

Adequate

Klimisch 2 - results derived from a valid QSAR model and falling into its applicability domain, 

with adequate and reliable documentation/justification.
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Access OCHEM

20https://ochem.eu/login/show.do?render-mode=full

2

3

1 (option A)
Direct access to the model: 

Gramatica & Papa (2005) Access to the portal
1 (option B)



Access OCHEM
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OCHEM: Online CHEmical database and 

Modeling environment

• Free web-based platform that provides tools for 

automation of steps to create a predictive 

QSAR/QSPR model

• It consists of a database of experimental 

measurements (> 1M chemical structures and 

3M data points) integrated with a modeling 

framework, which supports all the steps to 

create a predictive model

• > 150 models are published on the web site, 

which can be used to predict new molecules. 



Model page layout – “Overview” tab
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Reference
Equation and descriptors. 

Descriptors refer to 

molecular size, hydrogen 

bonding capacity, 

electronic properties 

(atomic polarizability and 

electronegativity), 

molecular complexity

Predicted property, model type, 

access to training and test sets, 

statistics

Prediction generation

Observed-vs-predicted chart



Model page layout – “Applicability domain” tab
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• The AD assessment in OCHEM is based on distance to model (DM), i.e., any numerical measure of the prediction 

uncertainty for a given compound by the model

• DM assesses how “far” is the compound from the model: compounds with larger values of DM are expected to have 

lower prediction accuracy than compounds with smaller DM

• DMs estimate the reliability of predictions.

In Gramatica & Papa (2005) model 

leverage is used as DM

Tetko, I.V. et al, J. Chem. Inf. Mod. 2008, 48(9), 1733-1746

Sushko I., Applicability Domain of QSAR models. Doctoral 

work. 2011. http://mediatum.ub.tum.de/node?id=1004002

• High leverage values indicate that 

one starts extrapolating outside 

the training set range and it is no 

guaranteed that the model is 

valid and applicable

• Compounds with leverage 

exceeding a warning threshold h* 

are often outside the AD of the 

model.
Statistics on validation set



Predict the target chemical

244
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Name: 2,3,4-Trichlorobiphenyl

SMILES: Clc1ccc(c2ccccc2)c(Cl)c1Cl
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https://qsardb.org/repository/handle/10967/110

QMRF available 

at QsarDB

• Quantitative prediction of BCF in fish (log of L/kg)

• Multiple linear regression (Ordinary Least Square regression method)

• The AD was checked by leverage approach (high leverage compounds: hat 

value > 0.1). Outliers for the response were identified by analysis of the 

standardized residuals (values > 2.5 standard deviation units) 

• Goodness-of-fit

• n training set = 179; R2 = 80.7%; RMSE = 0.56

• Robustness - leave many out cross validation

• Q2LMO(25%)=79%; Q2LMO(50%)=78.2%

• Predictivity - external validation

• n test set = 59; Q2ext = 86.4%; R2ext = 90.5%; RMSE = 0.57 

Assessment: scientific validity of the QSAR model (Gramatica & Papa, 2005) 



Assessment: QSAR model applicability to the query chemical

Compound predicted as bioaccumulative 

(LogBCF > 3.3) 

Target chemical compliant with the AD of the 

model

95% confidence interval

DM value



Assessment: QSAR model applicability to the query chemical
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9

Experimental and predicted data, leverage and similarity of the most similar compounds

Sources

Two compounds from the training set:

• are similar to the target

• are moderately well predicted

• have experimental values in line with target prediction (logBCF = 4.1 ± 1.14)



Highly reliable  based on model validity, AD compliance and information to derive it

• Strongly similar compounds to the target

• Training set analogues experimental values: in line with target prediction

• Training set analogues prediction accuracy: moderately good.

Relevant based on the purpose

• The target fulfils B and vB criteria.

Adequate

Klimisch 2 - results derived from a valid QSAR model and falling into its applicability domain, 

with adequate and reliable documentation/justification.

Assessment: adequacy of the QSAR result 

28
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Conclusion

30

• CAESAR and Gramatica & Papa (2005) models are documented in QMRF and provide supporting information 

(e.g., AD compliance, similar molecules), allowing expert evaluation 

• In the present case study, CAESAR and Gramatica & Papa (2005) models provide consistent, reliable and 

adequate predictions and the target molecule 2,3,4-Trichlorobiphenyl can be assessed as B and vB (logBCF = 

4.33 as a worst case).

The result may be used in the context of REACH:

• To cover the endpoint fully

• Together with other information (e.g., experimental data) as supporting 

data or part of WoE
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Adequacy and reliability of documentation: IUCLID

• Results of (Q)SARs may be used instead of testing when the conditions set in REACH Annex XI (1.3) are met:

(i) a (Q)SAR model where the scientific validity has been established should be used;

(ii) the substance should fall within the applicability domain of the (Q)SAR model;

(iii) the prediction should be fit for the regulatory purpose; and

(iv) the information should be well documented. 

Section 

02

Section 

03

Appendix

Compile one Robust Study Summary (RSS) for each QSAR result (at least two RSS of the predicted 

endpoint of interest for the target molecule, which are related to the two most reliable predictions derived 

from different models).

ECHA Practical guide “How to use and report (Q)SARs” Version 3.1 – July 2016



Adequacy and reliability of documentation: administrative data

If the molecule is compliant with the applicability 

domain of the model, the QSAR result can be 

used as “key study”, “weight of evidence” or 

“supporting study”, depending on your case.

When the molecule does not (completely) fit 

into the applicability domain, the QSAR result 

should be used only within a “weight of 

evidence” approach or as “supporting study”. 

Reliability and its justification is 

case by case decision. As a 

general rule, all (Q)SAR entries 

should be of RL2, because RL1 is 

reserved for high quality 

experimental studies and RL3 or 

RL4 can be considered only in 

exceptional cases.



Adequacy and reliability of documentation: administrative data



Adequacy and reliability of documentation: data source



Adequacy and reliability of documentation: materials and methods



Adequacy and reliability of documentation: materials and methods



Adequacy and reliability of documentation: results and discussion

This section includes information on the most similar substances to the 

target, as provided by the VEGA model (experimental and predicted data, 

similarity index). Quality of prediction is assigned by the user, as indicated. If 

the most similar substances are not provided automatically by the software, 

related information can be searched by the user, e.g., using the OECD 

QSAR Toolbox.

In this section the user has to conclude on applicability domain compliance of 

the target and validity of the prediction.  
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