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•• Who is the Who is the Johns Hopkins Center for Alternatives to Animal TestingJohns Hopkins Center for Alternatives to Animal Testing??
•• The Key Driving Force:The Key Driving Force: Toxicity Testing in the 21th Century:Toxicity Testing in the 21th Century:

A Vision and StrategyA Vision and Strategy
•• The Concept:The Concept: Pathways of Toxicity & Adverse Outcome PathwaysPathways of Toxicity & Adverse Outcome Pathways
•• The Vision:The Vision: We need Systems Toxicology, EvidenceWe need Systems Toxicology, Evidence--Based Based 

Toxicology, Integrated Testing Strategies and Toxicology, Integrated Testing Strategies and ““FitFit--forfor--purposepurpose””
validation and regulatory acceptance for Toxvalidation and regulatory acceptance for Tox--21c21c

OverviewOverview
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Who is CAAT?Who is CAAT?
The Information and Communication HubThe Information and Communication Hub

• We ecourage the adoption of alternatives to the use of animals
in biomedical and pharmaceutical research, product safety
testing and education

• Global clearinghouse; ~30 team members
• Alt Web: 5.000 individual visitors per month, 10.000 fans on 

facebook
• Workshops, info days, stakeholder networks
• Lecture and courses, open source
• ALTEX, CAATfeed, CAATwalk
• Research 



CAATCAAT‐‐EuropeEurope

transatlantic cooperation

Daneshian et al. (2010) Altex, 27, 63 – 69.

US Policy program
Renewed EU center of excellence
by DG RELEX 

EU Policy program
Started Feb 2012



Emerging concepts
Article series in ALTEX



Toxicology Toxicology -- $3 billion of testing $3 billion of testing 
to regulate $10 trillion of tradeto regulate $10 trillion of trade

Problems / Motivation
•Throughput
•Costs
•Animal use
•Mixtures
•High-dose to low-dose
extrapolation
•Applicability to new
products/hazards (e.g. nano)
•Inter individual/species
differences
=> Low predictive capacity

=>Too precautionary



Preclinical tox testing of Aspirin in 
animals would result in: 
•R 22 harmful if swallowed 
•(LD50 = 150-200mg/kg in rats)
•R 36 irritant to eyes
•R 37 respiratory irritant
•R 38 irritant to skin
•Not carcinogenic, 
but co-carcinogen (promotor)

•Unclear mutagenicity
•Embryonic malformations in
cat, dog, rat, mice, rabbit, monkey

=> Difficult to be brought to
the market today

Hartung (2009) ATLA, 37(2), 45 – 47

Too precautionaryToo precautionary……



=> An atmosphere of  
departure in toxicology

=> New technologies from 
biotech and 
(bio)informatics revolution

NAS vision report ToxNAS vision report Tox--21c21c

“We propose a shift from 
primarily in vivo animal studies 
to in vitro assays, in vivo 
assays with lower organisms, 
and computational modeling for 
toxicity assessments”
F. Collins, NIH, 2008

“With an advanced field of
regulatory science, new 
tools, including functional 
genomics, proteomics, 
metabolomics, high-
throughput screening, and
systems biology, we can 

replace current toxicology assays with tests 
that incorporate the mechanistic 
underpinnings of disease and of underlying 
toxic side effects.” M.A. Hamburg, FDA 2011 
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• Costs of $400.000+ per test
• Duration of 3+ years validation, 2+ years 

for peer-review and 2+ years for 
International acceptance

• Through-put limited (40 tests in 20 years)

100 PoT = $40 million and 50 years 

• No paradigm shift when comparing to 
traditional methods

• Rigidity of validity statement versus 
dynamic method development

Validation
- blessing 
or curse 
for Tox-21c?
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What we want to measure are the causal events

What we typically measure



PoT



Ecosystem: Ecosystem: ‘‘OmicsOmics’’

We need as well
• Genomics

(Methylation)
• Proteomics

(Phosphorylation)
• Metabolomics
• Visualization and interpretation

(Andersen et al,  2013, Arch Toxicol 87, 7-11 )

Cave: Transcriptomics gives only part of the picture!

To understand
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“We have always been using evidence!”

Yes, so have 
9,4 million 
physicians 
worldwide and 
still Evidence-
based medicine 
has made a 
difference !!!



Some Benefits of an Some Benefits of an 
EvidenceEvidence--based Approachbased Approach

• Core principles: transparency, consistency, objectivity
• Limits bias in the review of all relevant studies on a 

specific topic
• Concisely summarizes the literature on a specific topic 

for decision-makers and non-experts
• Identifies gaps in evidence
• Through feedback, encourages: 

– needed research
– better conducted and reported studies

• Leaves room for professional judgment in how to apply 
the review’s conclusion to policy or practice

[www.ebtox.com]
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What we lack:
o Data
o Information

portal
o Meta-analysis

& WoE tools
o Quality scoring

tools
o Probabilistic

risk
assessment
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Key contribution to REACH 
implementation process by

• Use of different information,
(not stand-alone replacement)

• Interim decision points

But we have to improve
• Modeling/advanced statistical approaches
• Probabilistic prediction models
• “Fit-for-purpose” validation and regulatory
acceptance.

Toxicology will make more use of
Integrated Testing Strategies and
Systems Toxicology

Integrated Testing Strategies



•Jaworska J and Hoffmann S (2010) Integrated 
Testing Strategy (ITS) - Opportunities to better use 
existing data and guide future testing in toxicology. 
ALTEX 27:231–242. 

•Jaworska J, Harol A, Kern PS, Gerberick GF (2011) 
Integrating non-animal test information into an 
adaptive testing strategy - skin sensitization proof of 
concept case.
ALTEX 28(3):211-25.

Probabilistic Hazard Assessment => e.g. Bayesian NetworkProbabilistic Hazard Assessment => e.g. Bayesian Network



ITS Validation and Regulatory AcceptanceITS Validation and Regulatory Acceptance

• Just some embryonic ideas at the moment:



The basic concepts

Traditional validation effort (1 + 1)2

Tests 1 + 1 = 2

Predictive relevance 1 + 1 > 1 < 2
Applicability domain 1 + 1 < 1



What if we lack What if we lack 
enough reference enough reference 
substances to substances to 
establish establish 
predictive capacity, predictive capacity, 
e.g. DNT?e.g. DNT?

New
TEST METHOD

REFERENCE
(TEST) 

Reliability 
(reproducibility)
Reliability 
(reproducibility)

Relevance:
scientific basis
Relevance:
scientific basis

Relevance:
predictive capacity
Relevance:
predictive capacity

✔
!!!

✗
? Scientific 

Knowledge:
- PoT
- Mechanistic 
Validation
by EBT

The Modular ApproachThe Modular Approach



• Diverse study types in toxicology
• Availability of proprietary and negative data 
• Limited nature of existing guidance
• “Publication” in databases versus scientific literature
• General resistance to change
• Misperception that evidence-based approaches leave no 

room for professional judgment
• Quality control without the creation of obstacles by formal 

validation
• Balance between precaution and innovation





EBT and You
• Interested in 

– getting involved?
– receiving updates?

• Get in touch!

• Thanks:
– Marty Stephens
– Sebastian Hoffmann
– working groups

www.ebtox.com

info@ebtox.com


