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Read-across
• Read-across describes the method of filling a data gap whereby a 

chemical with existing data values is used to make a prediction for a 
‘similar’ chemical.

• A target chemical is a chemical which has a data gap that needs to be 
filled i.e. the subject of the read-across.

• A source analogue is a chemical that has been identified as an 
appropriate chemical for use in a read-across based on similarity to the 
target chemical and existence of relevant data.

Source 
chemical

Target 
chemical

Property  





Reliable data

Missing data Predicted to be 
harmful

Known to be 
harmful

Acute 
toxicity?
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• Although there is much guidance for developing read-across assessment, 
acceptance remains an issue, not helped since read-across still remains a 
subjective, expert driven assessment.

• One issue thwarting acceptance relates to the “uncertainty of the read-
across prediction”. 

• As such there have been many efforts to identify the sources of 
uncertainty in read-across, characterise them in a consistent manner and 
identify practical strategies to address and reduce those uncertainties.

• Notable in these efforts have been the development of frameworks for 
the assessment of read-across, evaluating the utility of New Approach 
Methods (NAMs).

• Quantifying uncertainty and performance of read-across is still a need as 
are ways to better characterise different similarity contexts 
(metabolism, reactivity etc.)

Ongoing issues with read-across
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Read-Across Tools 

(Patlewicz et al., 2017)



Decision Context Analogue 
identification

Data gap analysis 
for target and 

source analogues

Analogue evaluationData gap filling:
Read-across

Uncertainty 
assessment

Read-across workflow



A harmonised hybrid read-across workflow

Patlewicz et al., 2018

• Where do NAM data fit? 
• How should we transition to data-driven 

approaches? 
• Quantifying the uncertainty in the read-

across predictions made?



GenRA (Generalised Read-
Across)

•Predicting toxicity as a similarity-weighted 
activity of nearest neighbours based on 
chemistry and bioactivity descriptors (Shah 
et al, 2016)

•Goal: To establish an objective 
performance baseline for read-across and 
quantify the uncertainty in the predictions 
made



Decision Context
Screening level assessment of 

hazard based on toxicity effects 
from ToxRefDB v1

Analogue 
identification

Similarity context is based on 
structural characteristics

Data gap analysis 
for target and 

source analogues

Analogue evaluation
Evaluate consistency and 

concordance of experimental 
data of source analogues across 

and between endpoints

Read-across
Similarity weighted average –

many to one read-across

Uncertainty 
assessment

Assess prediction and 
uncertainty using AUC and p 

value metrics

Read-across workflow in GenRA v1.0



GenRA tool in reality
• GenRA v1.0 Integrated into the EPA CompTox Chemicals Dashboar



Search for a chemical and click on the GENRA link on the 
lefthand panel

Radial plot with Target chemical of interest in the 
centre and source analogues (similar) ordered clockwise 
by decreasing similarity (Jaccard)

GenRA tool in practice



• How data poor is my 
target and what data 
exists for the source 
analogues identified

• Do they address the data 
gaps of interest for the 
target chemical?

GenRA tool in practice



What is the consistency and concordance across my source analogues? 
Should I deselect analogues from consideration from the entire set of predictions?
Should I consider subcategorising the analogues selected?

Toxicity data represented as binary outcomes – red (positive), blue (negative), grey (no data)

GenRA tool in practice



GenRA tool in practice

First column is 
updated with 
predictions

GenRA tool in practice



GenRA Tool in practice
• Database underpinning GenRA v1.0: ToxRefDB v1

• Different study types and effects within them are predicted e.g. 
chronic_liver is annotated as CHR_liver

• Negative results – assume that if a particular guideline study was 
conducted but the effects were not reported than a chemical would 
be negative for that particular effect for that type of guideline 
study

• Positive results – min dose at which toxicity effects are observed in a 
study

• Prediction: Similarity weighted activity
• Performance is categorised by the AUC of the ROC

• The significance was empirically estimated by constructing a null 
distribution by permuting the toxicity values 100 times and calculating 
the fraction of times the AUC was more extreme than what would be 
observed by chance (this is reported as the p-value). 



GenRA Tool in practice
• Ability to export the predictions as an excel file
• Output can be analysed in different ways



GenRA Tool in practice
• Rank order positive results based on AUC and p values
• Look at the distribution of positive vs negatives predictions
• Explore what effects are being identified for the source 
analogues – consider identifying the underlying data for 
source analogues (elsewhere on the Dashboard) – is there a 
critical effect that is driving the toxicity that should be 
compared with the target chemical predictions?

• ……
• Depends on the decision context and the level of uncertainty 
that can be tolerated.



GenRA tools
• Efforts are underway to update the 
underlying data sources of the webapp 
GenRA for a summer release*

• An alternative and programmatic batch 
means of using GenRA is available 
through genra-py*, a standalone python 
library to enable user specific datasets 
to be analysed – see 
https://github.com/i-shah/genra-py
(Shah et al, 2021)

https://github.com/i-shah/genra-py


• Consideration of other information to define and refine the 
analogue selection & evaluation 

• physicochemical similarity (Helman et al 2018)
• metabolic similarity (Patlewicz in prep), 
• reactivity similarity (Nelms et al 2018)
• transcriptomics similarity (Tate et al, under review)*

• Transitioning to quantitative predictions of toxicity 
• Using GenRA to predict LOAEL, acute oral LD50 (Helman et al 2019a,b)

• Developing a compendium of expert driven read-across examples 
to investigate how data driven read-across with NAM data can 
mirror expert assessments (Jenkins et al in prep)*

GenRA – Current research
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• Search for a maximum of 10 nearest neighbours on entire 
dataset on the basis of Morgan chemical fingerprints

• Use a min similarity threshold of 0.5

• Linear regression used to fit 
predicted and observed 
LD50 values

• R2 = 0.61
• RMSE = 0.58

Acute oral toxicity : ‘Global’ performance

• Monte Carlo CV
• Estimate confidence in R2
• 75-25 train-test splits
• R2 values range from 0.46 to 0.62Helman et al., 2019a
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GenRA Predictions using Morgan 
fingerprints with k=10 and s=0.05 
(mean aggregated LOAELs)
Linear regression used to fit 
predicted and observed LOAEL 
values

Endpoint Category R2
Cholinesterase 0.43
Developmental 0.22
Reproductive 0.14
Systemic 0.26

LOAEL prediction : ‘Global’ performance

Helman et al., 2019b



Characterising metabolic similarity

Creating custom fingerprints to 
characterise metabolic transformations



GenRA – Overall goal

• Quantify the contribution that different similarity contexts 
play in toxicity prediction and how that differs depending on 
the toxicity endpoint of interest, the chemical of interest 
and whether it mirrors expert driven read-across

• Quantify level of confidence for prediction made

=> objective, reproducible read-across assessments
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• GenRA is an attempt to move towards an objective read-across approach 
where uncertainties and performance can be quantified. Provides 
opportunities for NAM data to be incorporated.

• GenRA v1.0 establishes a baseline in performance. The approach relies on 
chemical descriptors to predict binary toxicity values but work continues to 
characterise other contexts of similarity (e.g. mechanistic, reactivity, 
metabolism) and quantify their contribution in predicting in vivo toxicity 
outcomes.

• GenRA v1.0 exists as an app within the Dashboard to facilitate a workflow 
approach to make read-across predictions. An updated version is anticipated 
this summer. A python package (genra-py) has been released (March 2021) 
to facilitate batch processing using user specific datasets.

• Items* will be presented at QSAR2021 – see qsar2021.org

GenRA Summary



• In 2018, US Agencies established a read-across workgroup (RAWG) under 
ICCVAM to develop and implement a plan to build capacity in the 
development and application of read-across approaches and to harmonise 
them. 

• Initially, the RAWG summarised current experiences and needs, and 
catalogued the different tools applied (Patlewicz et al (2019)

• More recent RAWG efforts have been focused on developing a compendium 
of member agency read-across case studies to inform guiding principles for 
different read-across decision contexts. 

• Several case studies were discussed ranging from the utility of metabolic 
data in categories, the FDA Extended Decision Tree for TTC to the 
qualitative use of ToxCast data to characterise bioactivity similarity of a 
target and candidate analogues.

• A short manuscript is in preparation to summarise the case studies and 
extract any general guiding principles that will be informative as part of 
ongoing efforts to refine existing guidance e.g. OECD grouping guidance.

ICCVAM Read-Across Workgroup
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