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Outline

• Regulatory Drivers
• Integrated Approaches to Testing and Assessment (IATA) – definitions 
and Adverse Outcome Pathway (AOP) informed

• Decision contexts and their impact on the approaches applied
• Practical workflow – where and what approaches can be used

–Using the US EPA Chemistry Dashboard
• Summary remarks



National Center for
Computational Toxicology

2

• Societal demands for safer and sustainable chemical products are 
stimulating changes in toxicity testing and assessment frameworks

• Chemical safety assessments are expected to be conducted faster and 
with fewer animals, yet the number of chemicals that require 
assessment is also rising with the number of different regulatory 
programmes worldwide.

• In the EU, the use of alternatives to animal testing is promoted. 

• Animal testing is prohibited in some sectors e.g. cosmetics

• The European Registration, Evaluation, Authorisation and Restriction 
of Chemicals (REACH) legislation lays out specific information 
requirements, based on tonnage level triggers. However, the regulation 
explicitly expresses the need to use New Approach Methodologies 
(NAM) to reduce the extent of experimental testing in animals.

Regulatory drivers
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• REACH-like schemes also have been established in China, South Korea, 
and Turkey.

• In the US, the new Frank Lautenberg Chemical Safety for the 21st

Century Act (LCSA) requires that a risk based prioritisation is 
conducted for all substances in commerce, some 80,000, many of 
which are lacking sufficient publicly available toxicity information.

• The LCSA also suggests developing alternative methods to 
reduce/refine animal testing.

• Risk based prioritisation is also an important aspect of regulatory 
frameworks in Canada (the Domestics Substance List), Australia and 
the EU.

• NAM offer a means of facilitating the regulatory challenges in 
chemical safety assessment

Regulatory drivers
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Integrated Approaches to Testing 
and Assessment (IATA)

• A means of integrating existing data and non-testing data together, 
determining what new information needs to be generated in order to 
make a decision with sufficient confidence for the purpose in mind

• IATA can be likened to workflows depicting the steps of gathering 
information for a substance and evaluate its fitness for purpose for the 
decision required

• Some IATA are more complex than others but the generic building 
blocks of considering existing data, NAM (i.e. in vitro methods, non-
testing approaches) BEFORE instigating new in vivo testing are the same

• NAM fit within the context of these IATA schemes and should not 
necessarily be considered in vacuo
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General framework of an IATA

From OECD
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Typical Information within an IATA

• Historical information on the chemical of interest
• Non-standard in vivo tests
• Information from “similar” chemicals
• Predictions from other non-testing approaches such as (Q)SAR
• In chemico tests
• In vitro tests
• Molecular biology, -omics
• Exposure, (bio-)kinetics
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Mechanistic based and AOP-informed IATA

• As noted earlier, there is a shift towards non animal alternatives as 
a response to regulatory drivers 

• Integration of different non-animal approaches requires an organising 
framework to ensure that the different information sources are being 
interpreted in their appropriate context. This is particularly relevant 
for New Approach Methodologies (NAMs).

• AOPs serve to provide this organisational framework and hence play 
an important role in developing and applying IATA for different 
purposes as well as provide a roadmap for future QSAR development

• AOPs provide the linkage from chemistry, through the Molecular 
Initiating Event (MIE) to Adverse Effect
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An AOP represents existing knowledge concerning the sequence of events and 
causal linkages between initial molecular events, ensuing key events and an 

adverse outcome at the individual or population level.

AOPs
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1 Develop the AOP 
2 Develop new (or map existing) specific assays to key events within the AOP 
3  Conduct (or document) Analytical Validation of each assay 
4 Develop new (or map existing) models that predict a specific key event from one or 

more pre-cursor key events. (The input data for the prediction models comes from the 
assays described in Steps 2 and 3 above.) 

5  Conduct (or document) Qualification of the prediction models 
6 Utilization: defining and documenting where there is sufficient scientific confidence to 

use one or more AOP-based prediction models for a specific purpose (e.g., priority 
setting, chemical category formation, integrated testing, predicting in vivo responses, 
etc.) 

7 For regulatory acceptance and use, processes need to be agreed upon and utilized to 
ensure robust and transparent review and determination of fit-for-purpose uses of 
AOPs.  This should include dissemination of all necessary datasets, model parameters, 
algorithms, etc., to enable stakeholder review and comment, fully independent 
verification and independent scientific peer review.  Whilst these processes have yet 
to be defined globally, in time, these should evolve to enable credible and transparent 
use of AOPs with sufficient scientific confidence by all stakeholders. 

 

Patlewicz et al (2015) Regul Toxicol Pharmacol. 71(3):463-77.
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Establishing Scientific Confidence in 
the application of AOPs for IATA


		1

		Develop the AOP



		2

		Develop new (or map existing) specific assays to key events within the AOP



		3 

		Conduct (or document) Analytical Validation of each assay



		4

		Develop new (or map existing) models that predict a specific key event from one or more pre-cursor key events. (The input data for the prediction models comes from the assays described in Steps 2 and 3 above.)



		5 

		Conduct (or document) Qualification of the prediction models



		6

		Utilization: defining and documenting where there is sufficient scientific confidence to use one or more AOP-based prediction models for a specific purpose (e.g., priority setting, chemical category formation, integrated testing, predicting in vivo responses, etc.)



		7

		For regulatory acceptance and use, processes need to be agreed upon and utilized to ensure robust and transparent review and determination of fit-for-purpose uses of AOPs.  This should include dissemination of all necessary datasets, model parameters, algorithms, etc., to enable stakeholder review and comment, fully independent verification and independent scientific peer review.  Whilst these processes have yet to be defined globally, in time, these should evolve to enable credible and transparent use of AOPs with sufficient scientific confidence by all stakeholders.
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AOP-informed IATA

c) Regulatory 
Applications
• Screening
• Prioritisation
• Classification & 

Labeling
• Hazard Assessment
• Risk Assessment

Is data input 
adequate to make 
regulatory 
decision?

a) What existing 
data and data 
types are 
available? 

What AOP-IATA tools/assays 
can be applied or need to be 
developed to generate data to 
make the decision?

Regulatory
decisions

IATA
e.g. QSARs, Read-
across, ITS

Insufficient confidence

b) Is there an AOP that is 
applicable to the regulatory 
application of interest?

Additional Data, 
Method Needs

Tollefsen et al, 2014
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Scientific confidence considerations for 
IATA

•Proposed validation principles:
–define the endpoint being assessed; 
–define the purpose/application for which the IATA is proposed;
–describe the rationale underlying the construction of the IATA;
–describe how the individual information sources constituting the 
IATA are integrated to derive the final prediction/assessment and,

–describe the predictive capacity of the approach, the limitations in 
the application of the approach and the known uncertainties 
associated with the IATA application.

Worth and Patlewicz 2016
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Gather existing
information

Problem formulation

Weight of Evidence
Assessment: Adequate

information for decision-making?

Generate additional information

Weight of Evidence 
assessment: Adequate 

information for decision-making?

Regulatory
conclusion

YES

NO

YES

NO

General workflow in Integrated Approaches to Testing and 
Assessment (IATA) 

AOP

Multiple 
strategies e.g. in 

house data, mining 
of relevant data 
bases, literature 

search

Expert 
Judgement

From OECD

Expert Judgement

Specific test and non-test 
methods, used together in 

defined combinations,
data interpretation is fixed



National Center for
Computational Toxicology

13

• A defined approach to testing and assessment consists of a fixed 
data interpretation procedure (DIP) used to interpret data 
generated with a defined set of information sources, that can 
either be used alone or together with other information sources, 
to satisfy a specific regulatory need. 

• Guidance Document on the Reporting of Defined Approaches to 
be Used within Integrated Approaches to Testing and 
Assessment ENV/JM/MONO(2016)28

• Guidance Document on the Reporting of Defined Approaches and 
Individual Information Sources to be Used within Integrated 
Approaches to Testing and Assessment (IATA) for Skin 
Sensitisation ENV/JM/MONO(2016)

Defined approaches within IATA

http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)28&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2016)29&doclanguage=en
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Defined approaches within IATA

• Work currently underway within the OECD is aiming to establish 
Performance-based Defined Approaches for skin sensitisation

• Aims to substitute the need for animal testing for skin 
sensitisation based on a combination of methods which predict key 
endpoint responses in the AOP

• DA will be evaluated based on their performance using the same 
data sets/reference chemicals for the endpoint of interest
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• Peptide depletion

• Adduct formation

• Relative
reactivity rate

Expression of co-stimulatory 
and adhesion molecules

Release of pro-inflammatory 
mediators

Pathways-associated 
gene/protein expression 

In vitro skin 
absorption 
(TG 428)

In silico
toxicokinetic

models

(Q)SARs

Activation of biochemical 
pathways (e.g. Keap-1 

Nrf2-ARE pathway) In vitro T cell 
priming/ 

proliferation

Guinea Pig 
Maximisation Test

Buehler Test

Local Lymph Node 
Assay

AOP and available toolbox of non-animal methods

Defined approaches within IATA: Skin 
sensitisation

Presented by S Casati, JRC
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Defined approaches within IATA: Skin 
sensitisation (SS)

TG 442C (DPRA)

 h-CLAT (draft TG)
 U-SENSTM

 IL-8 Luc assay
 RhE IL-18

 Sens-is

In vitro skin 
absorption 
(TG 428)

In silico
toxicokinetic

models

(Q)SARs

 TG 442D (ARE-Nrf2 
Luciferase test method, 
KeratinoSensTM); LuSens In vitro T cell 

priming/ 
proliferation

Guinea Pig 
Maximisation Test

Buehler Test

Local Lymph Node 
Assay

Presented by S Casati, JRC



National Center for
Computational Toxicology

17
17

Defined approaches within IATA-SS

17

AOP from 
ENV/JM/MONO(2012)10/PART1

h-CLAT (TG 442E)
U-SENSTM

IL-8 Luc assay
RhE IL-18

Sens-is

TG 442D (ARE-Nrf2 
Luciferase test method, 
KeratinoSensTM)
LuSens

Guinea Pig 
Maximisation Test

Buehler Test

In vitro T cell 
priming/ 

proliferation

Local Lymph 
Node Assay

In vitro skin 
absorption 
(TG 428)

In silico
toxicokinetic

models

QSARs

TG 442C 
(DPRA)

QSARs

https://aopwiki.org/wiki/index.php/Aop:40

Specific test and 
non-test 

methods, used 
together in 

defined 
combinations,

data 
interpretation is 

fixed

Expert 
Judgementx
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Defined approaches for skin sensitisation

Defined Approach (BASF)
‘2 out of 3 approach’

Bayesian Networks for 
Skin sensitization 
Jaworska et al (2015) 
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IATA in practice
• What is the Substance of concern (SOC)?
• What is already known about the SOC?
• What is the Decision context?
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An Assessment workflow

Patlewicz and Fitzpatrick 2016 
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An Assessment workflow

Patlewicz and Fitzpatrick 2016 

Data gap analysis

Strategies for filling the 
data gaps using read-
across

Strategies for filling 
data using QSARs, AOP-
informed DA etc.

Strategies for filling 
data using bioactivity 
information
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Decision contexts

•Prioritisation
•Screening level hazard assessment
•Risk Assessment

A Data gap analysis is 
typically the first step 

What do we know about 
our substance of 
interest..
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Identifies data including 
C&L flags & associated in 
vivo hazard information

In silico evaluation 
(Q)SARs read-
across etc.

Literature search              

Data gap analysis

H
az

ar
d 

Ev
al

ua
ti

on

Sufficient Data 
Available

No Data Available or Data 
is insufficient for the 
decision context

Data Available 

Assessment request

In vitro data (HTTR, 
HTS, HCS)             
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The CompTox Chemistry Dashboard

•A publicly accessible website delivering access:
–~760,000 chemicals with related property data
–Experimental and predicted physicochemical property data
– Integration to “biological assay data” for 1000s of 
chemicals

– Information regarding consumer products containing 
chemicals

– Links to other agency websites and public data resources
– “Literature” searches for chemicals using public resources
– “Batch searching” for thousands of chemicals 
–DOWNLOADABLE Open Data for reuse and repurposing

24
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CompTox Chemistry Dashboard
https://comptox.epa.gov/dashboard

25
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Detailed Chemical Pages
26
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Access to Chemical Hazard Data27
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In Vitro Bioassay Screening 
ToxCast and Tox21 

28
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Sources of Exposure to Chemicals
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Identifiers to Support Searches30
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Literature Searches and Links31
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External Links to Data and Services
32
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Integrated Linkouts
33
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Integrated Linkouts
Comparative Toxicogenomics DB

34
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Advanced Searches
35
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Advanced Searches
Mass Based Search

36
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Advanced Searches
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Batch Searches38
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Batch Search39



National Center for
Computational Toxicology

Excel Output



National Center for
Computational Toxicology

Real-Time Predictions
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Real-Time Predictions



National Center for
Computational Toxicology

Real-Time Predictions
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Downloadable Data 
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Future Development: GenRA-Read-across tool

Data gap analysis
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Target
Run GenRA

Source analogues

Future Development: GenRA-Read-across tool
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Future Development
Real Time OPERA Predictions 

47
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Future Search Possibilities

48

Chemical Assay Gene Product
Search Assay Endpoint Name
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Summary remarks on the Dashboard
•The CompTox Chemistry Dashboard provides access to 
data for ~760,000 chemicals

•High quality data from ongoing curation efforts
•An integration hub for multiple “modules”

– Experimental and predicted properties
– Human and Ecological Hazard data
– Exposure data – products, data in the environment
– In vitro bioassay data – ToxCast/Tox21
– Literature searching – Google Scholar and PubMed
– Specialized searches – mass/formula for analytical support
– Batch searching and Real Time Predictions

•The primary architecture for NCCT data 
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Take home messages
• Outlined Regulatory Drivers
• What Integrated Approaches to Testing and Assessment (IATA) are and how 
they have evolved taking into account Adverse Outcome Pathways (AOPs)

• How different decision contexts impact the types of NAMs applied
• Practical workflow – where and what approaches (including NAMs) can be 
used with reference to the US EPA Chemistry Dashboard
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