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49 FFT articles
24 t4 workshop reports
11 t4 reports



No alternative method will be 
used in a global industry until 
the last important market 
accepts it!



Example

Two workshops 2011

Baltimore & Budapest

Covered in Nature 30 Jun 2011



o Economical reasons behind where we 
are, obstacles and opportunities

o Many methods are not worth their costs

o Transatlantic divide: animal welfare vs. 
new technologies



ALTEX 2018, 
35:275-305 



Traditional
Toxicology

Tox uses only 10%
of all animals,
but here 90% of 
work on alternatives



Toxicology
$3 billion per 
year

$20 million
per pesticide About 

5 years

20kg needed

$1 million for
a cancer study



140 million chemicals synthesized
140,000 in consumer products

1,000 new ones per year
(hardly tested)

40% market China

3% extensively tested
10% tested

After REACH (May 2018):
8% extensively tested

16% tested



Clear strategies 
and actual 
implementation



Animal tests in toxicology 
should be better than 

other areas:

Standardized tests (OECD TG)

Good Laboratory Practice
Skilled performers

Maximum tolerated doses

No disease models on top of 
substance effects



Luechtefeld et al., ToxSci 2018

Six most frequent tox tests

Consuming 57% of animals in tox

350-750 chemicals with repeat tests

81% reproducible

69% reproducible for toxic chemicals





Irreprodu-cell-bility
Cell tests have not less problems!

• Ca. 25% of cell lines 
misidentified

• 15-25% mycoplasma 
infected

• Genetic instability 
• Culture artifacts 



HOW TO ASSESS 140,000 

CHEMICALS IN CONSUMER PRODUCTS? 



Traditional Read-Across has a 
smell of GOBSAT

• Simplistic identification of similar 
chemicals driven by data availability

• Good Read-Across Practice only 
emerging

• One-to-one or one-to-few read-across
• Cannot be validated

But it works and is broadly used in REACH!

Data gap filling from similar chemicals



CAAT 
Read-Across 
Program



ALTEX 2018, 35:413-419

Megan Chesnut

Master of Health Sciences, May 2018





10,000 chemicals
800,000 tox

studies
(Dec 2014)

Natural language 
processing
(Feb 2016)

&
Web app

Tom Luechtefeld



Nature online and
Scientific American

Initial irritation by EChA

Resolved in mtg. 4’2016
Led to data release 3’2017

“A registrant would need permission to use protected 
data to read-across from a single substance to the target 
substance, … But they would not need this to make a Qsar
prediction.”

Chemical Watch 
5 July 2017



10+ million 
chemicals

300,000 with biol. & 
20,000 with animal 

data
(Mar 2017)

10,000 chemicals
800,000 tox

studies
(Dec 2014)

Natural language 
processing
(Feb 2016)

&
Web app



A.I. is making big sense of big (complex) data



Vision and academic beta-version tool
Start collaboration with UL Aug 2016

The (r)evolution of big data

ALTEX 2017, 34:459-478



RASAR - A marriage of technologies
Read-across
• Support weight of evidence
• Circumstantial
• Manual
• Unclear acceptability

(Q)SAR
• Data-mining by computer
• Broader applicability
• Can be validated with enormous 

consequences for acceptability 

Read-Across-based Structure Activity Relationship  = RASAR
• Mines local “similarity space”
• Comprehensive use of available data (data fusion)
• Expresses certainty
• Validation on the way



The map of the 

chemical universe

Similarity = 

proximity

ARTIFICIAL 

INTELLIGENCE

0,5 BILLION 

CALCULATIONS 

PER PREDICTION



33.383 chemicals
with no label

300 chemicals with label 600 chemicals with label

900 chemicals with label 1,387 chemicals with label

Modelling of sufficiently close neighbor availability 
with increasing number of chemicals with data 



REACHAcross



REACHACROSS™ REPORT



58,000 predictions, 42,500 possible



Toxicological Research 2018, in press, doi:10.1039/C8TX00051D
Available online



CHEMICAL UNIVERSE – 2018 DATABASE

COLLABORATION

10 million compounds
50 trillion comparisons

2 days on Amazon cloud 
server



The next level: DATA FUSION

Do not analyze 
hazards 
independently, 
but let them 
inform each 
other



Then next level: DATA FUSION

Coverage 100% !

190,000 predictions
87% correct



Published 11 July 2018



Six most used tox tests  - 55% of animals in tox
Animal repeat test: 81% (balanced) accuracy
A.I. prediction: 87 % (balanced) accuracy 

for 4-48.000 chemicals with animal data

2018 first regulatory acceptance of REACHacross (Korea)

Luechtefeld et al., ToxSci 2018



Formal validation will have to show, 

whether  we can get information for the most 
used animal tests now by pressing a button?



REACHacrossTM

• Different markets & industries

Cheminformatics Suite

• Validation
• Comparison with 

other tools
• Regulatory 

acceptance

• Engine 2.0
• Thresholds of Tox

Concern



UL Cheminformatics
Suite
Behind firewall
Combine proprietary data
Customized user interface

• Run lists of chemicals
• Chemical design
• 1-on-1 comparison for

alternative chemistry
• Identify alternative chemicals



Finding alternative
Chemicals
Example
Dichloromethane

1. Tox space

2. Chemical 
Similarity Space

Here:
Polarizing 
chemicals

3. Optimized
Combination





Threshold of 
Toxicological Concern 
(TTC)

NOEL

Concept:
• No untested substance will 

be much more toxic than 
all (similar) tested ones

• Compare to dose of use 
scenario

Very pragmatic de-risking



ALTEX 2017, 
34:331-351

Board Request May 2017
EFSA invitation June 2017



We still need testing!

Quality of animal data

Complex endpoints: chronic, cancer, 
reproductive toxicity…

Lack of (public) animal data



Gold Standard?

GOAL

MPSSystems
Toxicology

Sturla et al, 2014



ALTEX 2018, 35:139-162

Chem Res Toxicol 2017, 30:870–882



EMERGING NEW DISEASES

DEVELOPMENTAL 

NEUROTOXICITY IS 

THE ENDOCRINE 

DISRUPTOR PROGRAM 

OF THE NEXT DECADE

2013: 1 in 68 children (CDC)

2014: 1 in 59 children
(CDC 27 April 2018)



Animal test:
$1,4 million

1,400 animals

200 chemicals tested:
No regulatory
consequence



ALTEX 2014, 31:129-156 



OUR MINI-BRAIN 

PROJECT

 FROM SKIN OF DONORS, 

INDIVIDUAL STEM CELLS

 IN 3 MONTHS 

THOUSANDS OF 

IDENTICAL ORGANOIDS

 NEURONS 

COMMUNICATING

 SOME BRAIN 

FUNCTIONALITY



Human mini-brains 
spontaneously electrophysiologically active

Courtesy of: Dr. Tzahi Cohen-Karni
Carnegie Mellon University



DISEASES LIKE AUTISM 

CANNOT BE EXPLAINED 

BY GENETICS OR 

EXPOSURE ALONE

TEST IN MINI-

BRAINS WITH 

GENETIC 

BACKGROUND 

THAT ALLOWS 

DEVELOP-MENTAL 

NEUROTOXICITY

DISPOSITION TO TOXICANTS?

MINI-BRAINS



VIRUS INFECTION

(ZIKA, HIV, JC…)

NEURODEGENERATION:

PARKINSON, ALZHEIMER, ALS…

MAKE MINI-BRAINS FROM PATIENTS!

STROKE, TRAUMA, TOXICITY



PERSONALIZED MEDICINE

GLIOBLASTOMA 

IN MINI-BRAIN

DEVELOP DRUGS

OPTIMIZE CHOICE 

OF DRUG



Drafting of GCCP 2.0 has started

CAAT-EU: Reporting standards

ALTEX 2018, 35:353-378





Education
Communication
Workshops
Strategic plans
Policy programs
Evidence-based approaches



ALTEX 2017, 34:3-21 



Evidence-based toxicology!

2006 Article 

2007 Conference

2009 Chair Hopkins

2011 Organization
www.ebtox.org



Emerging EBT concepts 
Joint workshop with EFSA
25-26 Oct 2017 in Lisbon

Evidence-Based Toxicology 
Collaboration



Emerging EBT
concepts



EFSA – EBTC Colloquium, Lisbon 2017

Report published: https://www.efsa.europa.eu/en/supporting/pub/1396e

https://www.efsa.europa.eu/en/supporting/pub/1396e


No relevant exposure (TTC)

No prediction of hazard (A.I.)

Testing in meaningful cell models (MPS)

Systems Toxicology

Systematic review existing data (EBT)

Our vision

Last resort



Regulatory Toxicology

Our strategy papers,
Workshop reports… Tox-21c and EBT finally 

promise implementation:

New technologies and a 
framework for implementing 
them by handling evidence 
appropriately.

The New Yorker,
1’2017

The need for change and EBT



• Tox21c Scientific Application (L. Smirnova, T. Hartung)

• Evidence-based Toxicology (L. Smirnova, T. Hartung)

• Humane Experimental Techniques and Animal in Law (K. Hermann)

• Green Toxicology (Alex Maertens)

• Computational Tools for Environmental Health (A. Maertens)

• Bioinformatics for Environmental Health (A. Maertens)

• Practical Ethics in Biomedical Sciences (T. Hartung, L. Smirnova)

• Reproductive and Developmental Toxicology (L. Smirnova)

(Online) courses at JHU: current and future



Highlight Coursera

Released 2’18, EBT to follow 9’18 







The difficulty lies, not in the new ideas, 

but in escaping from the old ones.

John Maynard Keynes 

(1883 - 1946)


