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Disclosure
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Practitioner of systematic review (SR) and evidence-based methods applied in the fields of toxicology and risk 
assessment (including chemicals, food ingredients/ contaminants, etc.)

Vice-Chair, Science Advisory Committee, Evidence Based Toxicology Collaboration  (http://www.ebtox.org/)

• Member of Tox21, RoB and Education workgroups

Associate Editor (Systematic Review), Toxicological Sciences; active peer reviewer of SR for other journals

Travel to meeting supported by the NAS 



Objectives
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1. Highlight the complexities of problem formulation as it relates to use of mechanistic data in 
risk assessment facilitated by systematic review

2. Provide an appreciation of the challenges encountered during the practice of systematically 
reviewing mechanistic data (and potential solutions that can be addressed during problem 
formulation)



Common Components of Systematic Review
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• Scoping, scientific needs/objectives, feasibility
• Develop PECO question/statement and contextProblem Formulation

• Determine methods for selecting, appraising, and evaluating evidence
• Document methods (a priori)Protocol Development

• Implement search strategy (syntax, databases, etc.)
• Screen and select studies via inclusion/exclusion criteriaIdentify Evidence Base

• Extract data
• Critical appraisal for risk of bias (internal validity) and possibly other elements 

of study quality/relevance

Individual Study 
Assessment

• Qualitative synthesis and integration - includes assessment of confidence 
(consistency, magnitude, dose-response, etc.)

• Quantitative synthesis and integration (e.g., meta-analyses, meta-regression)

Body of Evidence 
Assessment

• Comprehensive documentation of approach, findings, and  conclusions in a 
public forumReporting

Wikoff DS, Miller GW. 2018. Systematic reviews in toxicology. Toxicol Sci 163(2):335–337.

https://academic.oup.com/toxsci/article/163/2/335/5017561?searchresult=1


Transparency

Responsiveness

Impartiality

Multidisciplinary

Problem Formulation Framework
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Context Purpose

FocusFormat

1. PECO (and rationale)
2. Guidance for protocol

A.A. Rooney, P. Whaley; E. Aiassa; N. Randall; B. Beverly; D. Wikoff. A Problem Formulation Framework to 
Support Optimal Use of Scientific Resources in Conducting Chemical Risk Assessments. In Preparation



Problem Formulation in Risk Assessment (Facilitated by Systematic Review)
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Figure S-1. Systematic Review in the context of the USEPA IRIS process. Adapted from NRC (2014)

Problem formulation ultimately relates to the derivation of toxicity values 

Uncertainty 
Assessment



Why is problem formulation (often) challenging for mechanistic data? 
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What is Mechanistic Data?
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Use of Mechanistic Data in Risk Assessment
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Mechanistic Data (Often) has Contextual Application to a Standard PECO
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Population Exposure OutcomeComparator

Example:  Characterize initiating or key 
events in a pathway leading to an adverse 
outcome (e.g., concordance, plausibility)

Example:  Assess impact of dose 
relevance (i.e., exposure relevance) 

on key events or outcomes

Example:  Characterize 
possible inter- or intra-

species differences

If it is assumed that the standard PECO involves the potential for an adverse effect (outcome) in humans…

Mechanistic Data Mechanistic Data Mechanistic Data Mechanistic Data



Mechanistic Data are Complex
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2 models1 Study

1 endpoint measured in 1 cell line 
& 4 tissues

+
1 endpoint measured in 4 tissues

9 total data points: 
5 with activity, 

4 without activity
=

human cell line

transgenic mice

liver

Activity
cytokine

mRNA expression 
(qPCR)

spleen

kidney

Study of carcinogenic 
mechanisms
Author, Author, Author

Receptor binding

plasma

Activity

Activity

Activity

Activity

No activity

No activity

No activity

No activity
cytokine

mRNA expression 
(qPCR)

Requires expertise, training, resources, established workflow, flexible tools, etc.

Difficult to plan a priori



Evidence Identification Can be Challenging (which impacts problem formulation)
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“Induces chronic 
inflammation”
Acute v. chronic?
In vivo v. vitro?

“Modulates 
receptor-
mediated effects”
Any receptor?
Directionality?

Mechanistic 
Characteristic



Best Practices Evolving for Systematic Review
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Best Practices Still In Development for 
Experimental Animal Data
Different questions (e.g., comparative effectiveness of 
an intervention vs characterization of hazard and risk)
• Need flexibility in application
• Need tools tailored to these types of evidence

Best Practices Generally Established for Human 
Data

Mechanistic data 
can be (is) from 

many study types, 
designs, models, 

etc.

Less “fit for purpose” 
in context of use or 
refining existing SR 

tools

Difficult to guide operationalization in the protocol



Challenges During Practice 
(and Solutions During Problem Formulation) 
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Example: Selection, Appraisal, and Integration for Specific Purpose
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Challenges in Identification, Selection, and Extraction of Mechanistic Data
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Potential impact on problem formulation: 

Are there “mapped” mechanisms or assays to the 
endpoint of interest? 

Which types of data are relevant for inclusion? 

What level of scoping, piloting, and refinement may be 
needed? 

Do we have appropriate expertise? 

Do we have appropriate tools to facilitate an accurate 
review? 



Challenges with Integration
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Potential impact on problem 
formulation: 

Are integration approaches 
available? 

Will the a-priori decisions provided 
for collection and evaluation of all 

necessary information?

What kind of experts will we need?



Example: Critical Appraisal of Mechanistic Data

18



Challenges in Identification, Selection, and Appraisal
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Potential impact on problem formulation: 
How do we identify which data are relevant to the endpoint? Or to risk assessment?  Do we have the 

time or resources to conduct a given level of appraisal? Do we have the expertise?



Challenges in Critical Appraisal
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Potential impacts on problem formulation: 
What will we do with the appraisal output? How will we consider “quality” of mechanistic in the risk 

assessment? How will appraisal compliment relevance?



Example: Structured Evaluation of Mechanistic Data in MoA to Support Risk 
Assessment
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Potential impact on problem formulation: 
What existing frameworks exist to help structure the evaluation? How will mechanistic data be used in 

risk assessment? 



Conclusions and Recommendations 
For Problem Formulation
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Intent for Mechanistic Data Must be Understood and Very Well-Defined
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• Identify potential hazard?
• Characterize potential hazard? 
• Characterize MoA to inform 

dose-response methods or 
selection of key events, etc.?

How will it be determined which 
mechanistic data are relevant? 

Important? Necessary? Appraised? 
Integrated?



Conclusions From Practice 
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• Complexity is often difficult to fully accommodate a priori
• Considerations of systematic mapping or iterative determination for systematic review of mechanistic 

data may be important 

• Use (and volume) of mechanistic data are likely to determine most suitable 
approaches for selection and critical appraisal
• Considerations for aspects not covered by internal validity (e.g., relevance)

• Rely on existing guidance/frameworks where possible 
• Appreciate the role of staff training, piloting, and subject matter expertise



Overall Recommendations
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Recognize the iterative process associated with development of best practiceS

“We are looking for rigor, not rigidity.” – Dr. Gary Miller

Wikoff DS, Miller GW. 2018. Systematic reviews in toxicology. Toxicol Sci 163(2):335–337.

https://academic.oup.com/toxsci/article/163/2/335/5017561?searchresult=1


Thank you!
Grace Chappell, Chad Thompson, Jon Urban, Susan Borghoff, Julia 
Rager, Seneca Fitch, Mark Harris, Laurie Haws
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