
Toxicity testing in the 21st century (NRC 2007): 
Replacement of traditional toxicity testing 
 Traditional toxicity testing should be replaced by 

testing in vitro based on toxicity pathways in 
human cells because traditional toxicity testing has 
difficulty in addressing the wide variety of 
challenges that testing must meet today (NRC 
2007). 
 



Limitations of traditional toxicity testing (NRC 
2007) 
 Low-dose extrapolation from high-dose animal 

data is controversial. 
 Animal to (heterogeneous) human population 

extrapolation. Test based on human cell systems 
and toxicity pathways are better models than 
apical studies in animals! 

 Mixtures. Testing in animals not feasible. Testing 
based on toxicity pathways allow grouping 
according to their effects on key pathways! 



HESI RISK21 
 Define framework for risk assessment based on 

existing knowledge on MOA/Human Relevance 
Framework and Key Events Dose Response 
Framework. 

Focus areas: Dose response, in vitro in vivo 
extrapolation, exposure science, cumulative risk, 
integrated evaluation strategies that flexibly 
incorporates new technologies (more in vitro 
assays, enhanced exposure assays, in silico models) 
 
 



 
 What do you see as the biggest challenges 
facing risk assessment in Europe? 
 Low-dose extrapolations from animal to humans (and 

from in vitro to in vivo)  
 How to perform cumulative risk assessment? 
 When is an in vitro response indicative of toxicity in 

humans? 
 To obtain concensus on ”adversity”. (In Europe) there 

is a tendency that subtle effects that earlier were not 
considered adverse (such as liver enlargement, mild 
enzyme induction, subtle changes in clinical chemical 
parameters) are now used to set human health based 
reference values (ADI, TDI).  
 



What do you see as the key drivers for change in 
risk assessment? (1) 
 Reduce use of test animals 
 Reduce cost and time 
 Large number of existing chemicals not tested 
 Large number of new chemicals 
 Increased focus on subtle effects (neurotoxic 

(developmental) effects, endocrine activity, 
adverse immunological changes). 

 Focus on vulnerable population groups (not new). 
 
 



What do you see as the key drivers for change in 
risk assessment? (2) 
 Limited resources to perform traditional toxicity testing  

and traditional risk assessments in the future. 
 Academia and governmental institutions do not have 

resources to do toxicity testing after current guidelines and 
GLP. Studies performed by commercial laboratories 
sponsored by industry are seen by many as a conflict. 

 Assessment based on in vitro toxicity pathway assays would 
allow academia and governmental institutions to 
contribute more? However, severe validation and 
quality control is needed to gain acceptance among 
risk assessors. 
 



What are the major hurdles? 
 Lack of resources 
 Lack of knowledge on, confidence in, and 

validation of the alternative approaches 
 (partly due to) Conservatism among ”classical” 

toxicologists and risk assessors (risk managers are 
not the bottle neck as they will generally rely on 
the advises given by the risk assessors). 



What are the major strategies that are needed? 
 Develop standard practices for research methods, 

reporting of results, and use in risk assessment so 
that they are understandable and acceptable for a 
broad audience of researchers and risk assessors 
(NRC 2007). 

 ”Sell” the ideas to scientific advisors of ”over-
national” institutions (WHO, EFSA, ECHA, EMA, 
FDA, EPA etc.) in order to implement the 
framework in guidance documents. 
 



How would RISK21 help?  
 To define approaches for risk assessment based on 

existing MOA/Human Relevance Framework and 
Key Events Dose Response Framework: 

 Demonstrate that the new approach is appropriate 
based on a suite of illustrative case studies 
 



A near-future approach? 
 From target tissue dose or surrogate dose (blood 

concentration?)  → dose-response relationships 
for adverse effect  → PBTK/PBTD modeling 
from internal to external dose (animals and 
humans) (including human variations)  → 
external dose → Human health based reference 
dose (ADI, TDI, RfD). 
 



Future perspective? 
 From agreed toxicity pathways in vitro with 

defined levels of pertubations of homeastasis 
leading to either adaptive stress response or 
toxicity  → dose-response relationships for the 
pertubations → PBTK/PBTD modelling (including 
human variations) → external dose → Human 
health based reference dose. 
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