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W Task 5.1,5.2,5.3,&5.4

1. Objectives

« Original: combined ontology-driven and Al-based approach for probabilistic hazard
prediction

« Current: replicate OPRA framework with automated logic, tools, and queries

2. Progress since January, 2025
« OPRA framework defined and shared

« ToxIndex.com live and publicly accessible
« Current workflow is NOT OPRA (see later slides)

3. Problems/solutions and next steps

« Theoretical - how are outputs (e.g. probabilities) to be interpreted? How is exposure
defined?

« Platform - which tools should be used for each step in OPRA?

« Pragmatism - which tools can be used for each step today?
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http://toxindex.com
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) OPRA framework - realized
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) OPRA framework - realized

Many models ]

Expostre E—— & Tic B—» Lots of data
ConsExpo/SHEDS/EUSES reached? Stop
PRy o—| Stop
SN Lotsof data |
Lots of data 1 g Low———— | Derisk
Yes,
Many models SAC r 1
Hazard Bioactivity Risk
i probability o g Dedicated
probability Low —— probability ~——p Intermediate—p
e Yes—| Sto
DEREK/QSAR Toolbox/ prob.? £ ToXCast/QSAR/ Bayesian/MC i
ToxTransformer Y
VEGA/ToxTransformer

Potency Full RA,
No—»| BMDExpress/ High—| classification,
Lots of data ] ECS05 management
[ Many models
Many models ]

Funded by the Horizon 2020 NTUX
Framework Programme of the
European Union ECETOC/VH P4Safety/ONTOX WS 28 — 29 October 2025




There are many (automated/Al) tools

https://www.atsdr.cdc.gov/toxprofiles/tp9-c3.pdf
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W Each has a time and place

Targeted Risk Assessment
tool (Ecetoc TRA)

Stoch. Human Exp. Dose Simul.
model (SHEDS-multimedia) USEPA

Risk Assess, Ident. And Ranking
model (RAIDAR) cemc-TrentU CA

Risk and Exposure Tool
(EGRET) ESIGIEU

Probabilistic Aggreg. Consm. Exp.
Model (PACEM) RIVM

Pesticide Residue Intake
Model (PRIMo) EFSA

Multimedia transport & transform.
maodel (CalTOX) USEPA

Monte Carlo Risk Assessment
(MCRA) RIVM/EFSA

Modelling Exp. to chemic. for
Risk assess. (MERLIN-Expe) EU

Mathematical models and toolboxes

Exposure Forecasting
(ExpoCast) USEPA

Environment Program
(USEtox) model UN

Consumer Exposure & Uptake
Model (ConsExpo) RIVM

Exposure route
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Fig. 5. Mathematical models and toolboxes most frequently used to estimate exposure in the included 299 papers versus exposure route.

Funded by the Horizon 2020
Framework Programme of the
European Union

Voatle
I....,..m [ﬁ"ﬂ:‘ commets ‘.",..‘m-” = | e[| ot | oo |[ st |[ e || prams. |m.... v
USEtox- |7 Izs |7 Iz1 I7 |7 |7 | 14
SHEDS
multimedia| "3 |10 ‘3 |14 |3 |7 I31 ‘3 3 |7 |14
RAIDAR" |17 |17 I:s:s |17 |17
Q PRIMo: |11 ||7 Iso |17
S
2
S PACEM: I67 |17 |17
P
“& MERLIN-Expo- I4o Ieu
£
= MCRA |5 19 5 il
= |
3 I
£  ExpoCast Ias Izs |25 Izs
£
2 EGRET .100
E:emc~|25 Isa |25
ConsExptrIB |17 |25 |e |17 |e 8 |5
CalTox: |1o |1o I40 10 |10 Izo
G 60120 © 60120 0 60120 0 63120 0 60120 G 60120 O 60120 0 60170 0 60170 0 60170 0 60120 0 60120 0 60120 0 60 120
percentage (%)
Fig. 6. h 1 models and toolb most used to in the included 299 papers versus chemical classes.

Exposure Route and Chemical type per
evaluated exposure model(Klavya, 2014)
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 Including within OPRA

Which exposure model(s) Do we have enough information?
should be used? What is the confidence in our prediction?
Exposure Biokinetics Hazard » Bioactivity > Risk
Assessment
What data is known? Can we make a decision?
What can be predicted? Do we need more tests?
By which model(s)? Which ones?
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I Agentic orchestrators can help

Which exposure model(s) Do we have enough information?

should be used? What is the confidence in our prediction?

Depends on chemical & Benchmarking informs applicability

exposure

Exposure Biokinetics Hazard » Bioactivity —> Risk
Assessment

What data is known?
What can be predicted?
By which model(s)?

Aggregate databases
Run available and relevant models
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Can we make a decision?
Do we need more tests?
Which ones?

Hazard ranking, testing
prioritization, new data ingestion



I Enter ToxIndex (https://github.com/insilica/toxindex)

Interdependent Agents
« aggregate all known information
* integrate multiple tools

« query / execute only when required

- Welcome to ToxIindex
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Getting started

Sign in and account management

Login

-

§/!N.I.UX ECETOC/VHP4Safety/ ONTOX WS 28 — 29 October 2025

.
-

Start a Task

O Tasks Archive

Create a Dose Response Analysis Report
Crnute Risk Assessment IN PROGRESS

Review Genotoxicity Data
IN PROGRESS IN PROGRESS

Prepare Exposure Assessment
IN PROGRESS IN PROGRESS

Conduct a Risk Assessment

IN PROGRESS IN PROGRESS
MMCS Sample Data Review
IN PROGRESS IN PROGRESS

Does PFOA cause cholestasis?




B Workflow Similarities

OPRA
Exposure Biokinetics Hazard » Bioactivity — Risk
Assessment
Database Toxtransformer
Search
> ! Property | Mechanistic _ Hazard

Exposure *| Metabolites j Modeling | Probability | Assessment
Literature

RAP Search
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B Next step: OPRA in Toxindex

ﬁfxposure Agenﬁ
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B Next step: OPRA in Toxindex

// Modeling Agent(s)

ﬁfxposure Agenﬁ

TTC?
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Logic
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Aggregate data
Sufficient data?
Predict data
Choose model(s)
Output:
a. hazard probability
b. Key missing
information

hily
\ fAssessment\
Agent
Hazard » Bioactivity > Risk
Assessment
Tools Logic
Toxtransformer 1. Hazard?
ProtoQSAR 2. Confidence?
Others? 3. Key missing
information?
4. Choose test
5. Identify
providers
NAMASTOX 6. Order test
7. Ingest
results
/ k& Reprocess/
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. Toxtransformer: abbreviated  efomace i vanon

diverse set of 12 chemical property databases, with
performance metrics shown below. A separate holdout

1 . M u |t| - p ro pe rty m Od el dataset is maintained for independent evaluation and is

excluded from all training procedures.

a. Diverse data
i. Trained on 12 databases ---

ii. Predicts for > 4000 properties BBBP  98.31% 93.7%
b. Transfer learning Tox2l|  9393% 84.7%
i. Allow for conditional ClinTox|  95.53% 94.8%
pI"EdICtIOHS (ITS) BACE 95.21% 88.2%
SIDER 92.03% 69.0%
2. Easily extended S R
a. More data, more power Toxcast  88.37%
i. New-experimental CrdinaDE| 82445
ii. Existing-literature/database X -
3. Further testing mhcem| BA
Chembl 87.03%

a. Can identify important data gaps

Table AUC Performance:

AUC performance of chemprop when allowed to see 5 known
properties for chemicals across different datasets.
Performance is compared to Molformer, a state of the art
QSAR only model. 10.1038/s42256-022-00580-7
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https://www.nature.com/articles/s42256-022-00580-7

Property Heatmap

Proparty Predictions Hestmap

W Predict.toxindex.com

Find & Rank Adverse Outcomes for a Chemical & Prompt

Workflow steps
- Aggregate data

« Predict for attributes
(Toxtransformer)

* Includes OECD assays
e Cluster attributes into MIEs/KEs

e Predict for overall hazard based
on mechanistic pathways

-y
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I Workshop time

1. Explore
a. toxindex.com

« Ask any question
b. predict.toxindex.com

« Choose an existing chemical(s)-hazard pair or create your own

2. Imagine
What tools should OPRA include?
What decision trees are necessary to decide when and where to use a tool?

Which audiences may find value in the output?
« And in what form should that output be delivered?
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