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New Leadership Structure in NCEA

• In January 2017, EPA appointed new leadership to the National Center 
for Environmental Assessment and to its IRIS Program. 

– With significant experience in the chemical industry, and formerly the Director 
of ORD’s Chemical Safety for Sustainability National Research Program, the 
new NCEA Director brings knowledge of TSCA, innovative applications of 
computational toxicology, and exposure science.

– As a recognized leader in systematic review, automation, and chemical 
evaluations, the new IRIS Program Director brings experience in early partner 
and stakeholder engagement and input, and demonstrated actions to increase 
capacity and transparency in assessments.

• Improved responsiveness and accountability through Senior Leadership 
Team

– NCEA IO
– Divisions
– Integrating across the spectrum of human and ecological RA practices 1



• Created in 1985 to foster consistency in the evaluation of chemical toxicity 
across the Agency.

• IRIS assessments contribute to decisions across EPA and other health agencies

• Toxicity values 

– Noncancer: Reference Doses (RfDs) and Reference Concentrations (RfCs).
– Cancer: Oral Slope Factors (OSFs) and Inhalation Unit Risks (IURs).

• IRIS is the only federal program to provide toxicity values for both cancer and 
noncancer effects.

• IRIS assessments have no direct regulatory impact until they are combined 
with

– Extent of exposure to people, cost of cleanup, available technology, etc. 
– Regulatory options, which are the purview of EPA’s program offices.
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IRIS Addresses Agency Priorities 
and Mandates

3

Clean Air Act (CAA)
Safe Drinking Water Act (SDWA)
Food Quality Protection Act (FQPA)
Comprehensive Environmental 

Response, Compensation, and Liability 
Act (CERCLA)
Resource Conservation and Recovery 

Act (RCRA)
Toxic Substances Control Act (TSCA)

Broad 
Input to 
Support

• Agency Strategic 
Goals

• Children’s Health, 
Environmental 
Justice

IR
IS



National Academy of Sciences (2014) 
Overarching Statements

“Overall, the committee finds that substantial improvements in the
IRIS process have been made, and it is clear that EPA has embraced
and is acting on the recommendations in the NRC formaldehyde
report. The NRC formaldehyde committee recognized that its
suggested changes would take several years and an extensive effort
by EPA staff to implement. Substantial progress, however, has been
made in a short time, and the present committee’s
recommendations should be seen as building on the progress that
EPA has already made.” [p.9]

“ . . . the IRIS program has moved forward steadily in planning for and
implementing changes in each element of the assessment process.
The committee is confident that there is an institutional
commitment to completing the revisions of the process . . . Overall
the committee expects that EPA will complete its planned revisions
in a timely way and that the revisions will transform the IRIS
Program.” [p.135]
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Previous Phased Improvements to the 
IRIS Program

• Revising the structure of assessments to enhance the clarity and transparency 
of presentation:

- detailing the methods underlying each step of draft development (e.g., literature search 
strategy)

- restructuring the document into separate hazard identification and dose-response 
chapters

- replacing lengthy study summaries with synthesis text, supported by standardized 
tables and graphs

• Implementing “IRIS Enhancements”  

– an updated process for developing and reviewing assessments that increases public 
input and peer consultation at earlier stages of assessment development, and clarifies 
processes for considering new evidence and scientific issues

• Establishing the SAB Chemical Assessment Advisory Committee (CAAC)

– 5 IRIS assessments completed CAAC review since 2014
• Restructuring the IRIS program to create expertise-specific workgroups and 

improved assessment oversight
5



How is IRIS Focusing?

• Increase transparency and full implementation of systematic review
– implement using approaches that foster consistency across the IRIS program; many active 

and all new starts address ALL SR-related recommendations of 2014 NRC report

•Modernize the IRIS Program
– through automation and machine learning to expedite systematic review, incorporation of 

emerging data types

•Modularize product lines
– implement a portfolio of chemical evaluation products that optimize the application of the 

best available science and technology. These products will allow IRIS to remain flexible and 
responsive to clients within the EPA as well the diverse collection of stakeholders beyond 
EPA, including states, tribal nations, and other federal agencies.

•Enhance accessibility
– provide outreach and training to make systematic review practices ubiquitous and more 

accessible; enhance data sharing through publicly available software platforms for assessments 
developed by EPA, other federal and state agencies, industry, academia and other third-
parties. 
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Other IRIS Improvements

Next Generation IRIS
• IRIS in the 21st Century – implement recommendations of the NAS 

2017 report, Using 21st Century Science to Improve Risk-Related 
Evaluations; 

• Collaborate with EPA’s National Center for Computational Toxicology 
(NCCT) to build expert-judgement case studies that inform assessment 
development and fill gaps in assessments, especially for data poor 
chemicals; inform where resources should be strategically invested to 
generate additional data.

Improved Management Practices
• Create efficiencies – engage other agencies to share common practices, 

data, and tools, and more efficiently leverage resources across the 
federal government.  

• Improve timeliness and responsiveness – deploy program and project 
management tools to more effectively and efficiently utilize human 
resources to ensure timely delivery of products.  
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IRIS Multi-Year Agenda

Developing Agenda
• Released to the public 

December 2015
• Survey EPA program and 

regional offices for their 
assessment needs

• Estimate the resources 
needed for each 
assessment by science 
discipline

• Discuss with senior EPA 
officials how to meet the 
most high-priority needs

• Allocation of IRIS 
resources based on the 
plan

• Evaluate annually for 
continued relevance

Group Chemicals

1

Manganese
Mercury/methylmercury
Nitrate/nitrite
Perfluoroalkyl compounds
Vanadium and compounds

2

Acetaldehyde
Ammonia (oral)
Cadmium and compounds
Uranium 

3

Di-(2-ethylhexyl) phthalate
Dichlorobenzene isomers
Methyl t-butyl ether (MTBE)
Nickel and compounds
Styrene 8
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Implementation within the IRIS 
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Systematic Review
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A structured and documented process 
for transparent literature review1,2

“… systematic review is a scientific investigation that focuses on 
a specific question and uses explicit, pre-specified scientific 
methods to identify, select, assess, and summarize the findings of 
similar but separate studies. The goal of systematic review 
methods is to ensure that the review is complete, unbiased, 
reproducible, and transparent”

1 Procedures for Chemical Risk Evaluation Under the Amended Toxic Substances Control Act. EPA-HQ-OPPT-
2016-0654. https://www.epa.gov/sites/production/files/2017-
06/documents/prepubcopy_tsca_riskeval_final_rule_2017-06-22.pdf

2 Institute of Medicine. Finding What works in Health Care: Standards for Systematic Reviews.   
p.13-34. The National Academies Press. Washington, D.C. 2011

https://www.epa.gov/sites/production/files/2017-06/documents/prepubcopy_tsca_riskeval_final_rule_2017-06-22.pdf


NAS (2017): Reflections and Lessons 
Learned from the Systematic Review

“….one disadvantage in conducting a systematic review is that it can
be time and resource intensive, particularly for individuals that have
not previously conducted a systematic review.” [p.157]

“The committee discussed at length whether it could provide EPA
with advice about when a systematic review should be performed
but decided it could not be more specific because that decision will
depend on the availability of data and resources, the anticipated
actions, the time frame for decision making, and other factors.”
[p.157]

“The committee also recognized that it might be advantageous for
EPA to build on existing systematic reviews that are published in
the peer-reviewed literature.” [p.157]

“The committee recognizes that the methods and role of systematic
review and meta-analysis in toxicology are evolving rapidly and EPA
will need to stay abreast of these developments, strive for
transparency, and use appropriate methods to address its
questions.” [p.157]
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Making Systematic Review (SR) 
Pragmatic and Feasible For IRIS

• Standard operating procedures (IRIS Handbook), templates (draft assessment 
plans, chemical-specific protocols), and regular training

• Solicit early feedback during scoping and problem formulation via assessment 
plans

• Utilize iterative protocols to ensure communication on included studies and 
focus on best-available and most-informative evidence as the assessment 
progresses

• Multiple assessment products (“modularity”)

• Targeted focus, especially for evidence-rich topics

– Make better use of existing assessments as starting point

• Use of specialized SR software applications/automation and project 
management tools 

12



Standard Operating Procedures 
(SOPs),Templates & Training
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• Promote consistency across the IRIS Program, which is implemented across 
staff in different Divisions and geographic regions

• Assemble systematic review support teams:  One for handbook/template 
protocol and another to provide support to chemical assessment teams (e.g., 
screening, study evaluation, data extraction, use of specialized software, etc.)

• Provide regular training via skill-building seminars, focused discussions, and 
retreats

Scoping

Initial Problem 
Formulation

Literature 
Search

Literature 
Inventory

Preliminary 
Analysis Plan

Study 
Evaluation

Organize 
Hazard Review

Data 
Extraction

Evidence Analysis and 
Synthesis

Evidence 
Integration

Select and Model 
Studies

Derive Toxicity 
Values

Systematic 
Review Protocol

Assessment 
Initiated

Assessment 
Developed

Handbook: Approaches and considerations for applying principles of systematic 
review to IRIS assessments, including general frameworks for evaluation and examples 

Protocols: How the assessment will be conducted (specific 
procedures and approaches for each assessment component, with 
rationale where needed)

Assessment 
Plans: 
What the 
assessment 
will cover



IRIS Handbook

• Level of detail aimed for EPA staff and contractors, e.g., use of HERO

• Currently being updated to reflect agency input and evolving IRIS practices to 
implement SR

– Anticipate public posting in 2018
• Evergreen to reflect future advances in implementing SR

• Chemical-specific protocols are stand-alone method description documents 
and do not rely on IRIS Handbook to convey methodology
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Preliminary 
Analysis Plan

Study 
Evaluation

Organize 
Hazard Review

Data 
Extraction

Evidence Analysis and 
Synthesis

Evidence 
Integration

Select and Model 
Studies

Derive Toxicity 
Values

Systematic 
Review Protocol

Assessment 
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Systematic Review Tools

Scoping

Initial Problem 
Formulation

Literature 
Search

Literature 
Inventory

Preliminary 
Analysis Plan

Study 
Evaluation

Organize 
Hazard Review

Data 
Extraction
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Synthesis

Evidence 
Integration

Select and Model 
Studies
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Systematic 
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HERO
Literature searching, storage and 
documentation (tagging)

SWIFT Review
Problem formulation

SWIFT Review
DoCTOR 
Machine learning for 
screening prioritization

Distiller
SWIFT Active
Multiple reviewer 
reference screening and 
tracking (HERO-tagging)

HAWC
DRAGON
Modules to track 
multiple 
reviewer study 
evaluations

Extracted data 
storage

HAWC
Interactive 
graphical 
display, 
evidence 
profile tables

GRADEPro
Evidence 
profile table, 
evidence to 
decision 
making 

METAXL, 
Metafor
Evaluation of 
heterogeneity 
or combined 
study results 
analysis

Database of SR software tools:
http://systematicreviewtools.com/

http://systematicreviewtools.com/


IRIS Assessment Plans and their 
Role within the IRIS Process
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Presentation Outline

• How the IRIS Assessment Plans (IAPs) fit into the 7-step 
IRIS process for developing human health assessments

• Refinement and increased transparency of systematic 
review materials, including scoping & problem formulation 
materials

• IAPs: what they are intended to be, and what they are not

17



IRIS Assessment Plans in the 7-Step 
IRIS Process

IRIS 
Assessment 
Plans (IAPs)
• What the 

assessment will 
cover

Systematic 
Review 
Protocols
• How the 

assessment will 
be conducted

18https://www.epa.gov/iris/basic-information-about-integrated-risk-information-system#process

https://www.epa.gov/iris/basic-information-about-integrated-risk-information-system#process


Transparency in the IRIS Assessment Process

Assessment materials 
will be made available 
for public comment at 
various stages in 
development
• Early Step 1: IRIS 

Assessment Plans 
(IAPs)

– The federal docket for 
public comment is open 
for 30 days

• Mid-Step 1: Systematic 
Review Protocols

• Step 4: Public 
Comment Assessment 
Draft

19



IAPs Represent Continuous Refinement of 
Scoping/Problem Formulation Materials

20

07/2014 Ethylbenzene Scoping & Problem 
Formulation Document

09/2017 Ethylbenzene Assessment Plan Document

Introduction and background Introduction and background
Production and use, human exposure 
pathways, environmental fate

Concise discussion to extent this information 
provides necessary context

Scoping (“Scope of the Assessment”) Scoping (“Scoping Summary”)
[Not explicitly discussed] Table of Agency Interest

Problem Formulation Problem Formulation
Preliminary Literature Survey (conducted 
by manual review of studies retrieved) 

Preliminary Literature Survey (conducted 
using various approaches, e.g. machine-
learning, prior assessments)

Systematic Review Elements Systematic Review Elements
[Not explicitly discussed] Specific Aims
Hazard Questions for Systematic Review Draft Populations, Exposures, Comparators, 

Outcomes (PECO)
[Not explicitly discussed] Assessment Approach
Key Issues Key Science Issues



What IAPs Are Intended to Be

IAPs are what will be covered in the assessment, including:

• Summary of the assessment plan:
– Scoping and initial problem formulation determinations
– Overall objectives and Specific aims 

• Presentation of draft PECO (Populations, Exposures, 
Comparators, and Outcomes)
– Outline what evidence will be considered most pertinent

• Discussion of the fit-for-purpose approach:
– Address the need and decision context (e.g., targeted to outcome, route, and/or 

modular)

• Identification of key areas of scientific complexity
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What IAPs Are Not Intended to Be

IAPs are not intended to be a discussion of how the work will be 
conducted.

Because they represent a very early step in the systematic review process, 
IAPs will not include detailed review of various topics, including:

• Agent use or production

• Agent properties, stability, biochemistry, metabolism, prevalence or fate 

• Quality of identified literature

• Extensive discussion on hypothesized mechanisms or modes of human toxicity

• Strength or direction of reported hazard associations

• Other science issues
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IAP Purpose
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As the INITIAL step in problem formulation, IAPs 
summarize:
• Scoping and initial problem formulation conclusions

• Objectives and specific aims

• Draft PECO (Populations, Exposures, Comparators, and Outcomes)

• Identification of key areas of scientific complexity
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will cover



Draft IAPs Presented as Case Studies

• Chloroform
– RfD, cancer assessment and mode-of-action (MOA) (from 2001); 

IUR (from 1987)
– Focusing on inhalation exposure – will attempt to derive a noncancer RfC based 

upon inhalation data, and conduct a cancer assessment

• Nitrates/Nitrites (NO3
-/NO2

-)
– RfDs (from 1991, 1987)
– Focusing on oral exposure – will attempt to derive separate noncancer RfDs for 

NO3
- and NO2

-, and conduct a cancer assessment

• Ethylbenzene
– RfC and RfD (from 1991, 1987), cancer assessment (from 1988)
– Modular approach – due to different levels-of-effort needed, may derive 

noncancer RfC, RfD, and a cancer assessment, separately and sequentially

24



Protocols

Kris Thayer, NCEA IRIS Division Director

Office of Research and Development
NCEA, IRIS 



Protocol Release
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• Post protocol for public shortly after review of IAP

• Protocol captures changes made to IAP in response to public science meeting 
discussions

• Protocol is a separate document from draft assessment (supplemental 
material document, ~40-60 pages)

• Protocol is iterative to ensure the SR focuses on the best available and most 
informative evidence

– Protocols include revision history to reflect updates

Scoping
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Literature 
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Hazard Review
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Select and Model 
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Derive Toxicity 
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Systematic 
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Assessment 
Initiated

Assessment 
Developed

Protocols: How the assessment will be conducted (specific 
procedures and approaches for each assessment component, with 
rationale where needed)



Protocol: Literature Searching and Screening

basic practices

special topics
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Protocol: Defining Study Evaluation Ratings
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Protocol: Study Evaluation 
(Epidemiology)
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Protocol: Study Evaluation 
(Animal)

30



Protocol: Evidence Synthesis and Integration
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Demonstrating Advances in 
Systematic Review

IRIS Systematic Review Workgroup

Office of Research and Development
NCEA, IRIS 



IRIS Systematic Review Workgroup

33

IRIS Systematic Review Workgroup IRIS Automation Subgroup

Xabier Arzuaga* Ingrid Druwe

Vince Cogliano Audrey Galizia

Catherine Gibbons Amanda Persad

Barbara Glenn* Michele Taylor*

Karen Hogan Kris Thayer*

Andrew Kraft* Amina Wilkins

April Luke

Beth Radke*

Kris Thayer*

George Woodall

* Presenting Today



Systematic Review Advances

• Approaches and processes for every systematic review component in IRIS 
assessments have been developed and are being implemented

• Many steps are being optimized through tools development

• Approaches and tools were developed based on extensive research within the 
field of systematic review (traditionally oriented around clinical medicine)
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Specific Examples of Advances

Scoping

Initial Problem 
Formulation

Literature 
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Literature 
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Study 
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3) Barbara Glenn and Andrew Kraft:
• Synthesis and Integration of the Available Evidence

35

2) Beth Radke and Xabier Arzuaga:
• Evaluation of Individual Epidemiology and Animal Toxicology 

Studies

1) Michele Taylor and Kris Thayer:
• Tools for Problem Formulation and Efficient Literature Screening
• Tools for Data Content Management



Demonstration of Tools for Problem 
Formulation and Efficient Literature 

Screening

Michele Taylor, Ph.D

Office of Research and Development
NCEA, IRIS 



SWIFT Review Capabilities

• Freely available interactive workbench 

• Developed by Brian Howard and Ruchir Shah at Sciome

• HERO Integration – seamlessly import HERO references and tag according to 
SWIFT categories

• Automated tools assist in problem formulation and literature prioritization

• Utilizes statistical text mining and machine learning methodology

• Train the model with 10-20 include/10-20 exclude “seeds”

• Identifies data rich/data poor topics within the literature corpus

• Priority ranks documents for manual screening

37



SWIFT Review: Problem Formulation and 
Literature Screening

Health Assessment Workspace Collaborative 
(HAWC)
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https://www.sciome.com/swift-review/
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SWIFT Review: Problem Formulation and 
Literature Screening
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47

Seed the model to 
priority rank



Priority Ranking Improves Literature 
Screening Efficiency
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Increase screening efficiency
Reduce screening burden on average 50%



Interactive Displays Reveal Patterns of 
Available Evidence
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Interactive Displays Reveal Data-Rich Topics



Configure Heatmap Displays
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Download Data to Excel
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Publication Year by Health Outcome
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Send Results Directly to SWIFT Active
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Automated Priority Ranking
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SWIFT Active Screener Capabilities -
Improved Ranking Model

• Web-based, real-time, collaborative systematic review software application

• State-of-the-art statistical models prioritize articles as they are being reviewed

• Machine continually learns from screener-input without training “seeds”

• Option to “seed” studies if relevant on/off topic literature has been identified

• Incorporates a simple, but powerful graphical user interface to provide project 
status updates

• User-defined screening levels

– Level 1: Title and Abstract
– Level 2: Full text screening
– Level 3: Conflict Resolution
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Customize Inclusion/Exclusion Criteria 
According to the PECO Statement
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58

Automatically Priority Ranks
While Screening
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Track Progress
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61

“Seed” studies when Relevant On/Off Topic 
Literature is Identified



“Seed” studies when Relevant On/Off Topic 
Literature is Identified
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Manage References with Conflict 
Resolution –Track and Archive Changes

63
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SWIFT Active Screener: Export Reports
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SWIFT Active: Data Integration

66

• Active Screener integrates with systematic review tools already in use:

– Accepts imports from bibliographic databases and reference curation platforms 
including SWIFT Review, EndNote, Mendeley, Zotaro, and PubMed

– Results from screening in Active Screener can be exported in standard data 
formats compatible with applications including HAWC and Excel, EndNote, 
Mendeley, and Zotaro

Current Users



Data Management

Kris Thayer, NCEA IRIS Division Director

Office of Research and Development
NCEA, IRIS 



HAWC: Study Evaluation, Extraction, 
Visualization and Data Sharing

Health Assessment Workspace Collaborative 
(HAWC)

https://hawcproject.org/

68

https://hawcproject.org/


HAWC Capabilities

• Free and open source

• Developed at UNC by Andy Shapiro* with Ivan Rusyn

• Literature search and initial screening

• Animal bioassay, epidemiological, and in vitro structured data extraction and 
visualization

• Interactive “click to see more” graphics

• Risk of bias evaluation

• Modular to work with other tools and maximize flexibility for users

*current affiliation is National Institute of Environmental Health 
Sciences/National Toxicology Program (NIEHS/NTP) 69



HAWC: Data Extraction Animal Bioassay
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Epidemiology: Click to See More Display

71NTP Monograph: Identifying Research Needs for Assessing Safe Use of High Intakes of Folic Acid. 2015 Aug:1-
51. http://ntp.niehs.nih.gov/ntp/ohat/folicacid/final_monograph_508.pdf

http://ntp.niehs.nih.gov/ntp/ohat/folicacid/final_monograph_508.pdf
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NTP Monograph: Identifying Research Needs for Assessing Safe Use of High Intakes of Folic Acid. 2015 Aug:1-
51. http://ntp.niehs.nih.gov/ntp/ohat/folicacid/final_monograph_508.pdf

Epidemiology: Click to See More Display

http://ntp.niehs.nih.gov/ntp/ohat/folicacid/final_monograph_508.pdf
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NTP (National Toxicology Program). 2016. Systematic Literature Review on the 
Effects of Fluoride on Learning and Memory in Animal Studies. NTP Research Report 
1. Research Triangle Park, NC: National Toxicology Program. 
https://ntp.niehs.nih.gov/ntp/results/pubs/rr/reports/01fluoride_508.pdf

Animal Bioassay: Click to See More Display

Animal data can be expressed as 
effect size, e.g., percent control 

https://ntp.niehs.nih.gov/ntp/results/pubs/rr/reports/01fluoride_508.pdf
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NTP (National Toxicology Program). 2016. Systematic Literature Review on the Effects of Fluoride on Learning and Memory in Animal 
Studies. NTP Research Report 1. Research Triangle Park, NC: National Toxicology Program. 
https://ntp.niehs.nih.gov/ntp/results/pubs/rr/reports/01fluoride_508.pdf

Animal Bioassay: Click to See More Display

Coming soon: Built-in graph digitizer 
(from graph to numbers)

https://ntp.niehs.nih.gov/ntp/results/pubs/rr/reports/01fluoride_508.pdf


HAWC: Dose-Response Displays
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HAWC: Dose-Response Displays
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HAWC: Risk of Bias
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HAWC: Risk of Bias
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HAWC: Download Reports

• Entire database for an 
assessment can be downloaded 
in Microsoft Excel exports

79



HAWC Benchmark Dose Modeling
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HAWC Web-Based Interactive Reports

81



HAWC: Enhance Interoperability of 
Data Platforms

82



Advantages

• Structured data extraction to promote consistency and completeness

• Free, open source and customizable

• Enhance database interpretability 

• Integration with automated data-extraction tools

• Web-based to promote team collaboration

• Ability to export data files promotes independent analysis of findings 
and quantification (in assessments or for methods development)

– Exploring the creation of meta-analysis using the R metafor library
• Creates possibilities for web-based, interactive reports

• Systematic review tools like HAWC could be “re-purposed” for next 
generation of journal submission practices

83



Study Evaluation

Xabier Arzuaga, Ph.D
Beth Radke, Ph.D

Office of Research and Development
NCEA, IRIS 



Evaluating Studies

Structured approaches to study evaluation help to:

• Identify the most informative studies for synthesizing evidence

• Provide a standardized, documented process

• Increase transparency of assessments

85



Evolving Approaches

NavGuide

EFSA

EPA-
IRIS

NTP-
OHAT

NTP-
ORoC

SciRAP

ToxRTool



Evaluation of Individual Studies

• General approach same for human and animal studies
• Evaluation process focused on:

– Internal validity/bias
– Sensitivity
– Applicability; relevance to the question
– Reporting quality
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Development of Evaluation Strategies

• Subject-matter knowledge is used to formulate a list of issues to 
consider in the evaluation

• Questions in IRIS Protocol Template highlights general study 
attributes or elements to consider

• Develop a set of considerations based on exposure and outcome-
specific knowledge

88



Overview of Study Evaluation in IRIS
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Individual Study (or 
Analysis) Evaluation 
Domains:

Individual Study 
Overall 
Confidence

Domain Specific 
Evaluation 
Classifications

• Good
• Adequate
• Poor
• Not Reported
• Critically Deficient

• High
• Medium
• Low
• Uninformative



Ratings for Individual Domains
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IRIS 
Judgement

How to interpret

Good
Appropriate study conduct relating to the domain & 
minor deficiencies not expected to influence results.

Adequate
A study that may have some limitations, but not likely to 
be severe or to have a substantive impact on results.

Poor
Identified biases or deficiencies interpreted as likely to 
have had a substantial impact on the results or prevent 
reliable interpretation of study findings.

Critically 
Deficient

A flaw that is so serious that the study could not be used.



Overall Study Confidence
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Rating Description
High No notable deficiencies or concerns identified; potential for 

bias unlikely or minimal and sensitive methodology.
Medium Possible deficiencies or concerns noted, but resulting bias or 

lack of sensitivity would be unlikely to be of a substantive 
degree.

Low Deficiencies or concerns were noted, and the potential for 
substantive bias or inadequate sensitivity could have a 
significant impact on the study results or their interpretation. 

Uninformative Serious flaw(s) makes study results unusable for hazard 
identification



Evaluation of Animal Toxicology 
Studies
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Risk of Bias (Internal 
Validity)
• This evaluation assesses whether 

notable methodological concerns 
or uncontrolled variables have 
been introduced into the 
experiment, thereby influencing 
the results

Sensitivity
• The evaluation of sensitivity 

addresses whether the 
experiment would be able to 
detect and characterize the 
potential effect(s) in question



General Considerations to Evaluate 
Outcomes From Animal Toxicology Studies
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Domain Metric
Reporting Quality Reporting of information necessary for study evaluation
Selection or Performance 
Bias

Allocation of animals to experimental groups
Blinding of investigators, particularly during outcome assessment

Confounding/Variable 
Control

Control for variables across experimental groups

Reporting or Attrition Bias Lack of selective data reporting and unaccounted for loss of animals

Exposure Methods 
Sensitivity

Characterization of the exposure to the compound of interest
Utility of the exposure design for the endpoint of interest

Outcome Measures and 
Results Display

Sensitivity and specificity of the endpoint evaluations
Usability and transparency of the presented data

Other Optional

Example 1: Control for other threats to internal validity: animal 
husbandry concerns, reports of pre-dosing toxicity or infection, etc.



Overview of the Evaluation Process for 
Animal Toxicology Studies
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Individual Study (or 
Analysis) Evaluation 

Domains:

Reporting Quality

Individual Study 
Overall 

Confidence

Domain Specific 
Evaluation 

Classifications

Exposure Methods
Sensitivity 

Confounding/Variable
Control

Reporting or Attrition 
Bias

Outcome 
Measurements and 

Results Display

Selection or 
Performance Bias

Good

Adequate

Poor

Not Reported

Critically 
Deficient

High

Medium

Low

Uninformative



Epidemiology Study Evaluation

•Approach based on the Cochrane Risk of Bias in Nonrandomized 
Studies of Interventions (ROBINS-I)1, modified for environmental and 
occupational exposures

•Start by considering an “ideal” study for each domain, identifying 
“critical deficiencies”, then developing criteria to define other levels of 
confidence

•Emphasis is on discerning bias that would produce a substantive change 
in the estimated effect estimate.

1Sterne, Hernan, et al. ROBINS-I: a tool for assessing risk of bias in non-randomized 
studies of interventions. BMJ 2016; 355:i4919.
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Epidemiology Evaluation Domains
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Domain Core Question 
Exposure 
measurement

Does the exposure measure reliably distinguish between levels 
of exposure in an appropriate time window?

Outcome 
ascertainment

Does the outcome measure reliably distinguish the presence or 
absence (or degree of severity) of the outcome?

Population 
selection

Is there evidence that selection into or out of the study (or 
analysis sample) was jointly related to exposure and outcome?

Confounding Is confounding of the effect of the exposure likely?

Analysis Does the analysis strategy and presentation convey the 
necessary familiarity with the data and assumptions?

Sensitivity Are there concerns for study sensitivity?



Example of Considerations by Domains
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Domain Core Question 
Exposure 
measurement

Does the exposure measure reliably distinguish between levels 
of exposure in an appropriate time window?

Examples of Prompting Questions:
• Does the exposure measure capture the sources of variability in exposure among 

the participants, considering intensity, frequency, and duration of exposure? 
• Does the exposure measure reflect a relevant time window? 
• Was exposure measurement likely to be affected by knowledge of outcome or by 

presence of the outcome (i.e., reverse causality)?

Examples of Follow-up Questions:
• Is the degree of exposure misclassification likely to vary by exposure level?
• If there is a concern about the potential for bias, what is the predicted direction of 

the bias on the effect estimate?



Study Evaluation: Final Review in HAWC
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Questions, instruction text, and 
drop down rating options are 
customizable by user



Study Evaluation: Final Review in HAWC
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Individual Studies in HAWC

100Medium confidence Uninformative



Individual Studies in HAWC

101Medium confidence



Study Evaluation Summary in HAWC
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Evidence Synthesis and Integration

Barbara Glenn, Ph.D
Andrew Kraft, Ph.D

Office of Research and Development
NCEA, IRIS 



Synthesis and Integration of Evidence Linking 
Exposure and Health Effects: Purpose
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Develop judgements regarding strength of evidence
• Integration within evidence streams – to develop judgements about the 

strength of evidence for health effects in each human and animal evidence 
stream incorporating mechanistic information

• Integration across evidence streams - to develop a conclusion about 
whether exposure to a substance may cause a health effect in humans

Scoping

Initial Problem 
Formulation

Literature 
Search

Literature 
Inventory

Preliminary 
Analysis 

Plan

Study 
Evaluation

Organize 
Hazard 
Review

Data 
Extraction

Evidence Analysis 
and Synthesis

Evidence 
Integration

Select and Model 
Studies

Derive Toxicity 
Values

Systematic 
Review Protocol

Organize and analyze evidence
• Synthesis of each line of evidence (human, animal and mechanistic 

evidence) - to identify important health effects potentially linked to 
exposure, and to analyze results to inform strength of evidence



Synthesizing Evidence on Health 
Effects – Organization and Structure

• What outcomes are relevant to each health hazard domain and at what level 
(e.g., health effect or subgroupings) should synthesis occur?

• What populations were studied (e.g., general population, occupations, life 
stages, species, etc)

• Can study results be described across varying exposure patterns, levels, 
duration or intensity? 

• Are there differences in the confidence in study results for different 
outcomes, populations, or exposure?

• Does toxicokinetic information influence differences in responses across 
route of exposure, other aspects of exposure, or life stages?

• How might dose response relationships be presented (specific study results 
or across study results)?
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Organizing the Approach to Synthesizing 
Evidence on Health Effects
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Example Health Hazard Domain - Nervous System

Studies in Humans
Several low confidence studies reporting 
symptoms, prevalence variable and one 
medium confidence study that conducted 
functional tests of neurological function in 
highly exposed occupational groups

Studies in Animals
Several studies of rats and mice exposed as 
adults, variety of endpoints with varying level 
of utility (e.g., cage side observations of 
activity were considered less informative 
than automated motor activity tests), effects 
more prevalent and severe in rats, toxic 
metabolite found at higher levels in rats, one 
study of postnatal exposure reported 
stronger responses, and at lower levels

Synthesis Narrative
• Separately describe the more 

informative endpoints by species 
(emphasizing high & medium 
confidence studies)

• Highlight difference in metabolism, 
a possible explanation for the 
lesser effects in mice

• Point out potential early life-stage 
vulnerability 

Synthesis Narrative
• Medium confidence study of 

neurological function
• Minimal summary low 

confidence studies of symptom 
prevalence



Scientific Judgment in Analysis and 
Synthesis of Evidence

• Synthesis of evidence is more than counting the number of “positive” 
and “negative” studies

• Must systematically consider the influence of bias and sensitivity when 
describing study results and synthesizing evidence

• Synthesis should primarily be based on studies of medium and high 
confidence (when available)

• Analysis should also address composite evidence from collections of 
studies

Scoping

Initial Problem 
Formulation

Literature 
Search

Literature 
Inventory

Preliminary 
Analysis 

Plan

Study 
Evaluation

Organize 
Hazard 
Review

Data 
Extraction

Evidence Analysis 
and Synthesis

Evidence 
Integration

Select and Model 
Studies

Derive Toxicity 
Values

Systematic 
Review Protocol
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Synthesis Considerations for 
Determining Strength of Evidence

Epidemiology evidence Animal toxicology evidence
Study evaluation conclusions (risk of bias, sensitivity, and directness) are incorporated 

into analyses of each of the following considerations (adapted Hill considerations):

Consistency

Effect magnitude/ precision

Biological gradient/ dose-response

Coherence

Natural experiments

Temporality

• Informative human and animal health effect evidence is analyzed and 
synthesized separately.

• Mechanistic evidence is synthesized that informs the conclusions regarding 
the human and animal health effect evidence. 108



Synthesis Examples: Epidemiology

RoC Monograph on Trichloroethylene. January 2015. https://ntp.niehs.nih.gov/go/797306

Highest 
exposure level 
graphed for each 
study

109

TCE and 
kidney 
cancer: 
stratification 
by utility

https://ntp.niehs.nih.gov/go/797306


EPA. 2011. Toxicological Review of Trichloroethylene

TCE and Kidney 
Cancer: 
stratification by 
exposure level

Synthesis Examples: Epidemiology

110



Synthesis Examples: Animal Toxicology

Gestational

Juvenile/Adult

Hormone Level

All Rats

All Rodents

By Species

Rats By 
Duration

Pathology Incidence Behavioral Function

All Rats

Medium/ High Confidence

Low 
Confidence



Moving from Synthesis to Integration

Scoping

Initial Problem 
Formulation

Literature 
Search

Literature 
Inventory

Preliminary 
Analysis 

Plan

Study 
Evaluation

Organize 
Hazard 
Review

Data 
Extraction

Evidence Analysis 
and Synthesis

Evidence 
Integration

Select and Model 
Studies

Derive Toxicity 
Values

Systematic 
Review Protocol
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Results of Human Health 
Effect Study Synthesis

Results of Animal Health 
Effect Study Synthesis

Results of Synthesis of 
Mechanistic Evidence 
Informing the Human and 
Animal Syntheses

Transparent and Structured 
Processes for Drawing 
Summary Conclusions 
Across Lines of Evidence

Outputs of Evidence Synthesis

Evidence Integration



Evidence Integration Involves a 
Sequential, Two-Step Process 
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Scoping

Initial Problem 
Formulation

Literature 
Search

Literature 
Inventory

Preliminary 
Analysis 

Plan

Study 
Evaluation

Organize 
Hazard 
Review

Data 
Extraction

Evidence Analysis 
and Synthesis

Evidence 
Integration

Select and Model 
Studies

Derive Toxicity 
Values

Systematic 
Review Protocol

• Evidence synthesis interpretations for each consideration relating to causality 
are combined across lines of evidence using transparent, structured frameworks

Step 1:“Within-Stream” Integration

Characterize the Strength of the Evidence from Human 
Studies (Human Evidence Stream Judgement)

Human health effect study synthesis conclusions for each 
consideration are integrated in light of mechanistic 
evidence in exposed humans or human cells (or other 
human models)

Characterize the Strength of the Evidence for an Effect in 
Animals (Animal Evidence Stream Judgement)

Animal health effect study synthesis conclusions for each 
consideration are integrated in light of mechanistic 
evidence in exposed animals or animal cells (or other 
relevant models)

Step 2: “Across-Stream” Integration

Draw Overall Conclusions Regarding Confidence in the 
Available Evidence for a Human Health Effect

The judgements regarding the strength of the human and 
animal evidence streams are integrated in light of evidence 
on the human relevance of the findings in animals, 
susceptibility, and the coherence of the findings across 
evidence streams.

Step 1:“Within-Stream” Integration

Judge the Strength of the Evidence from the:
• Human Evidence Stream
• Animal Evidence Stream

Step 2:“Across-Stream” Integration

Draw Overall Evidence Integration Conclusions based on: 
• Combined Human and Animal Evidence Streams



Within-Stream (Human; Animal Stream) 
Evidence Judgement Considerations

114

NAS (2011): “the weight of evidence descriptions need to indicate the various determinants of weight... The reader needs 
to be able to understand what elements (such as consistency) were emphasized in synthesizing the evidence”

Synthesis of Each Line of Evidence

Criteria (based on 
Bradford-Hill)

Human Health Effect 
Study Synthesis

Animal Health Effect 
Study Synthesis

Mechanistic 
Evidence Synthesis

Consistency
In
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 C
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n ↑↓
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n ↑↓

Dose-response ↑ ↑
Magnitude and 

Precision
↑↓ ↑↓

Natural experiments ↑↓

Coherence ↑↓ ↑↓ ↑↓
Human or Animal

Temporality
*During Study 

Evaluation

Biological Plausibility ↑↓
Human or Animal



Within-Stream (Human; Animal Stream) 
Evidence Judgement Considerations

115

Human Evidence Stream Animal Evidence Stream

Confidence
High or medium confidence studies provide stronger evidence (consider biological significance, and findings across studies, not 

just statistical significance)

Consistency Different studies or populations increase evidence strength Different studies, species, or labs increase evidence strength

Dose-
response

Simple or complex (nonlinear) relationships stronger, but if lacking don’t dismiss
(consider other studies and known biology as explanatory)

Magnitude 
and Precision

Large or severe effects can increase strength, but don’t dismiss small changes
(consider variability, historical data, and bias as explanatory)

Natural 
experiments 

Rarely available, but can be persuasive N/A

Coherence

Biologically related findings within an organ system, within or across studies, or across populations (e.g., sex) increase evidence 
strength (temporal or dose-dependent linkage evaluated); Conversely, an observed lack of expected changes could weaken

Informed by mechanistic evidence on the biological development of the health effect or toxicokinetic/ dynamic knowledge of the 
chemical or related chemicals

Temporality N/A (considered in study evaluation) N/A

Biological 
Plausibility

Mechanistic evidence in humans or animals of precursors or biomarkers of health effects, or of changes in established biological 
pathways or a theoretical mode-of-action can strengthen within-stream evidence; Conversely, lack of mechanistic understanding 

does not weaken evidence outright, but can if well-conducted experiments exist to demonstrates that effects are unlikely

Human Evidence Stream Animal Evidence Stream

Confidence
High or medium confidence studies provide stronger evidence (consider biological significance, and findings across studies, not 

just statistical significance)

Consistency Different studies or populations increase evidence strength Different studies, species, or labs increase evidence strength

Human Evidence Stream Animal Evidence Stream

Confidence
High or medium confidence studies provide stronger evidence (consider biological significance, and findings across studies, not 

just statistical significance)

Light blue rows highlight inferences for each line of evidence based on mechanistic evidence  



Strength of the Evidence for the Human (i.e. in Human Studies) or Animal Stream (i.e. an Effect in Animals)

A set of consistent high or medium confidence, independent experiments reasonably ruling out alternative explanations; any 
conflicting set of studies is weaker. Additional criteria must also be met: 

Human evidence stream: Observed across populations, with clear dose-response evidence
Animal stream: Observed across labs or species, with multiple lines of additional support (e.g., pronounced severity or frequency; 
clear dose-response; coherence)

Strength of the Evidence for the Human (i.e. in Human Studies) or Animal Stream (i.e. an Effect in Animals)

A set of consistent high or medium confidence, independent experiments reasonably ruling out alternative explanations; any 
conflicting set of studies is weaker. Additional criteria must also be met: 

Human evidence stream: Observed across populations, with clear dose-response evidence
Animal stream: Observed across labs or species, with multiple lines of additional support (e.g., pronounced severity or frequency; 
clear dose-response; coherence)

A smaller set of high or medium confidence, independent experiments, which may include inconsistent evidence or alternative 
explanations (the inconsistent evidence does not discount the positive findings). Includes at least 1 high or medium confidence 

study and supporting evidence (e.g., cross-study coherence)

Mechanistic evidence providing clear support for the exposure-induced effects (e.g., informing dose-response, coherence, or MOA 
with reasonable confidence) can strengthen weaker sets of evidence to this level

Scenarios where only low confidence experiments are available, or scenarios where medium confidence studies exist, but 
conflicting evidence reduces confidence in the effects. Typically, the MOA is not understood. Mechanistic studies alone might prove 

sufficient for this level. Evidence at this level is useful for identifying research needs. 

No studies are available, or there is a set of low confidence experiments that are not reasonably consistent.

Consistent evidence demonstrating no effects of exposure (at any tested level) from numerous high confidence experiments, 
reasonably ruling out alternative explanations. The data are compelling in that they have examined an extensive range of exposure 

concentrations, exposure durations, and all populations of potential concern (e.g., lifestages; species; sex; etc.) using optimal 
methods for both exposure and the evaluation of the health effect(s) of interest

Step 1: Framework for Within-Stream 
Evidence Judgements

116

Strength of the Evidence for the Human (i.e. in Human Studies) or Animal Stream (i.e. an Effect in Animals)

Strongest Evidence Supporting an Effect

Weakest Evidence Supporting an Effect

Convincing Evidence of No Effect

The Hill-based considerations are applied to categorize evidence streams according 
to their strength (aka, confidence in the conclusions for the two evidence streams)

ST
RO

N
GE

R 
EV

ID
EN

CE



Judgements regarding the strength of the human and animal evidence streams are combined to 
conclude confidence in the evidence for a human health effect

A very high level of certainty that exposure causes the health effect in humans, e.g.,:
• The strongest evidence judgement for the human evidence stream
• A moderate human evidence judgement and the strongest animal evidence judgment alongside strong mechanistic evidence 

that MOAs and key precursors identified in animals are anticipated in humans

Judgements regarding the strength of the human and animal evidence streams are combined to 
conclude confidence in the evidence for a human health effect

A very high level of certainty that exposure causes the health effect in humans, e.g.,:
• The strongest evidence judgement for the human evidence stream
• A moderate human evidence judgement and the strongest animal evidence judgment alongside strong mechanistic evidence 

that MOAs and key precursors identified in animals are anticipated in humans

Reasonable certainty that exposure causes the health effect in humans, although outstanding questions may remain, e.g.,:
• The strongest evidence judgement for the animal evidence stream, but not meeting the criterion above
• A moderately high human or animal evidence stream judgement, or slightly weaker judgements with evidence increasing 

confidence from the opposite stream (e.g., mechanistic evidence of precursors supporting coherence)

Conveys some concern that exposure may cause a particular health outcome in humans, but either there were very few studies 
that contributed to the evaluation, the evidence was weak or conflicting, and/ or the methodological conduct of the studies was 
poor. Given the substantial degree of uncertainty, additional research is encouraged. Scenarios include:
• A moderately low human or animal evidence stream judgement, or a slightly stronger judgement with evidence reducing 

confidence in the opposite stream (e.g., null results in well-conducted mechanistic studies of precursors).
• Exceptionally, strong mechanistic evidence in the absence of conventional human or animal studies

This conveys either a lack of information or an inability to interpret the available evidence, e.g.,:
• The weakest evidence judgement for both the human and animal evidence stream.
• The strongest animal evidence stream judgement in the absence of human evidence, and with strong mechanistic 

information indicating that the animal evidence is unlikely to be relevant to humans. 

A substantial degree of certainty that there is negligible concern for exposure to cause the health effect in humans, e.g.,:
• Convincing evidence indicating no effect for the human evidence stream
• Convincing evidence indicating no effect for the animal evidence stream alongside the weakest judgement for the human 

evidence stream and strong mechanistic support that the animal models are able to identify an association

Judgements regarding the strength of the human and animal evidence streams are combined to 
conclude confidence in the evidence for a human health effect

Strongest Conclusion of Confidence in the Evidence for a Human Health Effect

Weakest Conclusion of Confidence in the Evidence for a Human Health Effect

Conclusion of Confidence in the Evidence for No Human Health Effect

Step 2: Framework for Overall 
Evidence Integration Conclusions
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Evidence Profile Tables: Complement Narrative 
Summary of the Integration of All Evidence

Studies and confidence 
(risk of bias, sensitivity) 

Factors that increase 
confidence

Factors that 
decrease confidence Summary of findings Within stream evidence 

strength judgements 
Inference across evidence 

streams
Final evidence integration 

conclusion

[Health Effect or Outcome Grouping]
Evidence from Human Studies (Route)

• Human relevance of 
findings in animals

• Cross-stream coherence 
(i.e. for both health effect-
specific and mechanistic 
data)

• Other inferences:
o Information on 

susceptibility
o MOA analysis inferences: 

precursors, cross-species 
inferences of 
toxicokinetics, or 
quantitative implications

o Relevant information 
from other sources (e.g., 
read across; other, 
potentially related 
health hazards)

Describe conclusion(s) and 
primary basis for the 
integration of all available 
evidence (e.g., across human, 
animal, and mechanistic):

⨁⨁⨁ Strongest Conclusion
⨁⨁◯

⨁◯◯
◯◯◯ Weakest Conclusion
◯◯◯No effect Conclusion

• References 
• Study confidence and 

explanation
• Study design description

• Consistency
• Dose-response 

gradient
• Coherence of 

observed effects 
(apical studies)

• Effect size 
(magnitude, severity)

• Biological plausibility 
• Low risk of bias/ high 

quality
• Insensitivity of null/

negative studies
• Natural experiments
• Temporality

• Unexplained 
inconsistency

• Imprecision
• Indirectness/ 

applicability 
• Poor study quality/ 

high risk of bias
• Other (e.g., 

Single/Few Studies; 
small sample size)

• Evidence 
demonstrating 
implausibility

• Results information (general endpoints 
affected/ unaffected) across studies

• Human evidence informing biological 
plausibility: discuss how mechanistic 
data influenced the within stream 
judgement (e.g., evidence of precursors 
in exposed humans).

Could be multiple rows (e.g., 
grouped by study confidence 
or population) if this informs 

results heterogeneity

Describe confidence in 
evidence from human 
studies, and primary basis:

⨁⨁⨁ Strongest evidence
⨁⨁◯

⨁◯◯
◯◯◯ Weakest evidence
◯◯◯Convin. no effect

Evidence for an Effect in Animals (Route)

• References 
• Study confidence and 

explanation
• Study design description

• Consistency and 
Replication

• Dose-response 
gradient

• Coherence of 
observed effects 
(apical studies)

• Effect size 
(magnitude, severity)

• Biological plausibility 
• Low risk of bias/ high 

quality
• Insensitivity of null/ 

negative studies

• Unexplained 
inconsistency

• Imprecision
• Indirectness/ 

applicability 
• Poor study quality/ 

high risk of bias
• Other (e.g., 

Single/Few Studies; 
small sample size)

• Evidence 
demonstrating 
implausibility

• Results information (general endpoints 
affected/ unaffected) across studies

• Evidence informing biological 
plausibility for effects in animals: discuss 
how mechanistic data influenced the 
within stream judgement (e.g., evidence 
of coherent molecular changes in 
animal studies)

Could be multiple rows (e.g., by 
study confidence, species, or 

exposure duration) if this 
informs results heterogeneity

Describe confidence in 
evidence for an effect in 
animals, and primary basis:

⨁⨁⨁ Strongest evidence
⨁⨁◯

⨁◯◯
◯◯◯ Weakest evidence
◯◯◯ Convin. no effect
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“No matter what method is used to integrate the different kinds of evidence available for an IRIS assessment, using a 
template for the evidence-integration narrative could help to make IRIS assessments more transparent.” [NAS, 2014]

-- -

- --

---



Evidence Integration Conclusions

• For Cancer, conclusions on the integrated evidence for each cancer type (or 
grouping) are evaluated in the context of MOA information to define a 
descriptor for carcinogenicity:
– carcinogenic to humans; 
– likely to be carcinogenic or [toxic] to humans; 
– suggestive evidence of carcinogenic or [toxic] potential; 
– inadequate information to assess carcinogenic or [toxic] potential; or
– not likely to be carcinogenic or [toxic] to humans. 

• For Noncancer, while a structured framework for evaluating the integrated 
evidence has been developed, the specific manner in which these conclusions 
are summarized is currently being tested and discussed with EPA partners
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Office of Research and Development
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