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EFSA Challenges of Emerging 
Technology Innovation 

• Pace of invention and innovation is growing 
– Likewise, getting further refined and specified 
– Revolutionary potential to benefit health – pressures to innovate 

 

• For public health, also breaching existing 
scientific knowledge 
– Nanotechnology, synthetic biology/systems engineering, many others 

 

• Existing governance structures ill equipped to 
deal with new technologies 
– Often captured under general chemical regulation or other conventional 

materials 
– Behave differently than conventional technologies, defy existing knowledge of 

hazard and exposure assessment 
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EFSA - What Do You See? 
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Ways to Integrate Evidence  

Hypothesis free? 



Ways to Model 

From Keisler and Linkov, 2014 



Property/Process Based 

Data Driven 

Approaches to Data Integration in Food Safety 

Complex 
Data Intensive 

Simplified process 
models, Less Data 
Intensive 

Omics Networks 

AI BloockChains CompTox 

Decision Analysis 

AOP 

Expert- or data-
driven weights  



Proposed Approach 



Case 1: Alternative Testing Strategy 

Information/  

LOE 

Decision 

Model 

Alternative 

Testing Strategies 

Best Test 

Alternative/ 

Batteries 



What are the purposes for WOE  
in ATS context? 

• Determine if there is enough evidence to 
support a determination or action (threshold) 

• Compare alternative to see what is better 
supported (carcinogen MOA) 

• Identify gaps in understanding 

• Highlight scientific consensus to bolster use of 
an approach/tool 

Selected WOE methodology needs to        
reflect the reason for the analysis. 



WOE: From Qualitative to Quantitative 

Past 

Future 

Present 

After Linkov et al., 2009 
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Implementation in Current Guidelines  



 Multi-Criteria Decision Analysis (MCDA) methods: 
 Evolved as a response to the observed inability of people to effectively 

analyze multiple streams of dissimilar information 
 Many different MCDA approaches based on different theoretical 

foundations (or combinations) 

 MCDA methods provide a means of integrating various inputs 
with stakeholder/technical expert values  

 MCDA methods provide a means of communicating 
model/monitoring outputs for regulation, planning and 
stakeholder understanding 

  Risk-based MCDA offers an approach for organizing and 
integrating varied types of information to perform rankings and 
to better inform decisions 

 
 

Multi-Criteria Decision Analysis 







 
• Does the method follow an existing OECD Test Guideline? 
• Does the method adhere to Good Laboratory Practice (GLP)? 
• Does the method adhere to OECD guidance specific to that test method? 

• ex. guidance for describing Non-Guideline Test Methods (e.g. TG#211 for in vitro); for AOPs (e.g. 
TG#184); for QSARs; for grouping and read-across strategies 

• Is the method or specific tool OECD-sponsored (e.g. AOP KB)? 
• Does the method meet the MAD criteria for IATA (to be defined…)? 

 
Output could be list of “OECD Mutually Accepted” IATA methods and tools 
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Alternative Method #1* 

(e.g. OECD QSAR Toolbox)         

Alternative Method #2 

* Each Alternative Testing 
Method will map to its own 
unique subset of the broader 
Acceptability Criteria 

Considerations when Evaluating  
Alternative Testing Methods: 



Sufficiency of 
IATA Proxy 

What Batteries of IATA Methods Serve as 
Sufficient Proxies for in vivo toxicological 

endpoints? 

QSAR AOP in silico in vitro ex vivo MORE… 

0.6 0.7 0.3 0.2 0.1 

Value represents 
predictive capacity of 

selected in vitro method 
relative to in vivo method 

in vitro Test Method #1 – Predictive Capacity = 0.6 

in vitro Test Method #2 – Predictive Capacity = 0.45 
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Case 2: Nano Prioritization Tool 
 Numerous stakeholders across the globe are concerned with safety of 

nano-enabled consumer products (a 30-fold increase from 2005 to 2015) 

 Even the largest stakeholders do not have the resources to perform a 
formal risk assessment for every nano-enabled consumer product 

 Stakeholders need the ability to screen and prioritize a diverse array of 
nano-enabled consumer products in order to prioritize research into risks, 
triage reported safety concerns, and allocate limited resources more 
efficiently 

Cosmetic products  

(improved cleansing and 
absorption) 

Food packaging  

(reduce moisture & 
bacteria) 

Children’s toys and 
blankets  

(antimicrobial protection) 

Polymer composite 
materials  

(lighter and more durable) 



Best of Risk Assessment: Integrating 
Metrics through Decision Analysis 

Hazard Exposure 

Risk 
Score 

Product Life 
Characteristics 

Fate & Transport 
Affected Population 

Characteristics 

Production 

Use 

Disposal 

… 

Partition 

Transforma
tion 

Dispersion/
Stability 

… 

Duration 

Frequency 

Intake Rate 

… 

… 

… 

… 

… 

… 

Physical Attributes Chemical Attributes … 

Size 

Shape 

Flammability 

Reactivity 

… 

Toxicity 

… 

… 

… 
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How the NPF Works 

 Three modules: 

 Hazard 

 Exposure 

 User Defined 
Criteria 

 User answers 
questions within each 
module 

 Answers are scored and integrated into an overall prioritization score using Multi-
Criteria Decision Analysis (MCDA) methods 

 The prioritization score is relative – must be compared to other scores in the product 
catalog 



Pilot Tool Product Catalog 
 The Product Catalog allows the user to analyze outputs from the Pilot Tool for all 

products that have been evaluated: 

Allows for 
comparison of 

Prioritization Scores 

User 



Calibration / Hypothetical Case Study 

 Seven hypothetical nano-enabled products 

 Sensitivity analysis used to recommend default weight schemes 



Data-Driven Risk Governance 

• Definition of risk governance (IRGC) 
• Governance refers to the actions, processes, traditions and 

institutions by which authority is exercised and decisions are 
taken and implemented.  

• Risk governance (RG) applies the principles of good 
governance to the identification, assessment, management 
and communication of risks 

• Requires the coordination of multiple stakeholders – cannot 
simply be a top-down approach to governance 

• Traditional RA & RM are important subsections of RG 

 

 



 



Comparative Risk Governance in Practice 

Multi Criteria 

Comparative/Multi-Criteria 

Hazard Exposure Effects Cost Benefit LCA 

Comparative Utility of Alternatives 

Risk Based 

Risk Assessment 

Hazard Exposure Effects 

Cancer/Non-Cancer Risk/ 
Probability of Failure 

m m m m m m m m m m m m m m m m m m 



Approach: Physical and Social Science Integration 

Need for  
integration 

Energy yield
Health risks…

Uncertain Scores for 
Each Alternative on 

Each Criterion Metric

Manufacturers
Consumers

Regulators
Environmentalists

Balanced
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after Linkov, 2011 (NatureNanotechnology) 



Top-Down 
Decision Analysis/Social Science 

Bottom-Up 
Risk Assessment/ Physical Sci  

Goal Identification and Problem 
Framing 

- 

What are the goals,  
alternatives, and  

constraints? 

Decision Model 
- 

What are the criteria and metrics, 
How do we  measure decision-

maker values 

Metrics Generation and 
Alternative Scoring 

- 

How does each alternative score 
along our identified criteria and 

metrics? 

Data Collection 
- 

What are fundamental 
properties/mechanisms  

associated with each alternative?  
 

Physical/Statistical Model 
- 

What is the hazard? 
What is exposure?   

Risk Characterization 
- 

What are the risks relative to a 
threshold? How do they compare to 

other alternatives? 

Modeling 

Data  
Collection 

Management 

Data-Driven Risk-Governance Integration 

Linkov et al., 2014 
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