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The problem:
Complex mixture

Many unknown

Variable composition

UVCB
Mass-spectrum of diesel fuel



And a lot of it…



Individual 
substances

Test needs 
by tonnage



Skin Irritation 1.200 €
Skin Sensitization (LLNA) 

4.700
Oral Acute Toxicity 4.500
Inhalation Acute Toxicity 

3.900
Dermal Acute 1.500
Repeated Dose 28d

46.500
Repeated Dose 90d

106,000
Mutagenicity 62.500

Carcinogenicity 700.000 €
Developmental Tox

63 – 112.000
ReproTox 1gen rat

77.700
ReproTox 1gen rabbit 

126.000
ReproTox 2gen rat

328.000
ReproTox 2gen rabbit 

481.000
Long-term fish 8.600

ALTEX 2018, 35:275-305 
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State of the play 12’08:
- > 2,7 million pre-

registrations by
about 65.000 companies

- 144.000 substances

Originally expected:
- 180.000 pre-registrations 

by about 27.000 
companies

- 30.000 substances

REACH

t4 analysis (Nature 27 Aug):
- 68.000+ chemicals
- > 54 mill. animals
- > 9 bill. €
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Slide from Katy Taylor, 2015
EU Coalition to End Animal Exp.

Total: 13,328
Our prediction: 12,007



The number of animals used … first REACH deadline, is very high; 
it may add up to 1.6 million animals just to accomplish 
reproductive and developmental toxicity endpoints if the data 
collected from 400 dossiers are extrapolated to the total number of 
registered substances. 

ALTEX 2011, 28:273-294

40% existing data (but quality concerns), only 11% propose tests



The ultimate burden of REACH
depends on how petrochemicals
are handled



ALTEX 2018, 35:275-305 

Tox: $18.6 billion (14,4 in vitro, 4,2 in vivo)

40% of chemical industry is now in China
EU down from 35% to 15% in one decade

Sales in Europe 25.9% petrochemicals 

REACH: registered as categories with unclear 
acceptability 
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Read-across
Data gap filling concluding 
from (structurally) similar  
chemicals

Category approach
Test only representatives 
of a group of similar 
chemicals or complex 
mixtures

REACH: Data-rich substances 
registered 2010 and 2013:

75% of dossiers use read-across

Other alternatives hardly used

Expertise in industry low

Low acceptance by EChA



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





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



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
+ CERTAINTY



CHEMICAL UNIVERSE – CURRENT DATABASE

COLLABORATION

10 million compounds
50 trillion comparisons

2 days on Amazon 
cloud server



58,000 predictions, 42,500 possible



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



The next level: DATA FUSION

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



Published 11 July 2018



Then next level: DATA FUSION

Coverage 100% !

190,000 predictions
87% correct



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



EU animal use 2008

The 9 tests consume 5-600.000 animals 
in Europe per year



Formal validation will have to show, 

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

a button?



The 4R

Read-across

Replace

Refine

The 4th R?

Reduce*
*pesticides



Does not (yet) help for 
complex (expensive) 
endpoints

Usefulness for 
mixtures only starting 
to be explored



Mixture Toxicology Collaboration

• Failure of many alternatives for 
mixtures

• Petrochemicals and REACH
• Cosmetic end-product testing
• Pesticide minimal formulation changes





ALTEX 2012, 29:3-89 



Stakeholder Fora

Brussels, March 2012 DC, May 30-31, 2013



Joint CAAT – BASF - EU-ToxRisk think tank 
May 15th to 17th 2017

on “Alternative Approaches for Developmental and 
Reproductive Toxicity (DART) Testing” 

in Konstanz, Germany

Report in preparation



ALTEX 2018, 35:139-162

Too expensive

Only for individual 
chemicals



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



ALTEX 2017, 34:3-21 





The difficulty lies, not in the new ideas, 

but in escaping from the old ones.

John Maynard Keynes 

(1883 - 1946)
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