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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 10O
— Divisions

— Integrating across the spectrum of human and ecological RA practices



® 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.



Pl IRIS Addresses Agency Priorities
\"EPA and Mandates

»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)

IRIS

Broad * Agency Strategic
Input to Goals
Support e Children’s Health,

Environmental
Justice



National Academy of Sciences (2014)
Overarching Statements

2014

eview of EPA’s
Integrated Risk
Information System
(IRIS) Process

“Overall, the committee finds that substantial improvements in the

({3

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]




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



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.



Other IRIS Improvements e

— USING
. 215T CENTURY
Next Generation IRIS SCIENCE
TO IMPROVE

A : : : RISK-RELATED

IRIS in the 2|st Century — implement recommendations of the NAS EVALUATIONS

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.



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

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

Acetaldehyde

Ammonia (oral)

Cadmium and compounds
Uranium

Di-(2-ethylhexyl) phthalate
Dichlorobenzene isomers
Methyl t-butyl ether (MTBE)
Nickel and compounds
Styrene
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\Q’EPA Systematic Review e WH'M

WORKS IN
HEALTH CARE

STANDARDS FOR SYSTEMATIC REVIEWS

A structured and documented process
for transparent literature review!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”

I 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 |nstitute of Medicine. Finding What works in Health Care: Standards for Systematic Reviews. 10
p-13-34.The National Academies Press.Washington, D.C.201 |


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

T “....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
SYSTEMATIC REVIEW METHODS actions, the time frame for decision making, and other factors.”
IN AN OVERALL STRATEGY [P, I 57]

FOR EVALUATING LOW-DOSE TOXICITY
FROM ENDOCRINE ACTIVE CHEMICALS

“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]



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 evidencerich topics
— Make better use of existing assessments as starting point

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

12
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EPA Standard Operating Procedures

(SOPs), Templates & Training

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

Systematic Literature Study Data Evidence Derive Toxicity

Sco;loing Review rrotocol Inve:nory Evalulation Extralction Integ:ation Vallues

Assessment
Initiated )

I I I I I ]
Initial Problent Literature Preliminary Organize Evidence Analysisand Select and Model
Formulation Search Analysis Plan Hazard Review Synthesis Studies

Assessment
Plans: ) )
What the Protocols: How the assessment will be conducted (specific

assessment procedures and approaches for each assessment component, with
will cover rationale where needed)

Assessment
Developed

® 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

13



ielEPA IRIS Handbook

Systematic Literature Study Data Evidence Derive Toxicity
Scoping Review Protocol Inventory Evaluation Extraction Integration Values
! ! ! ! ! ! !
w9000 000000000 i
Initiated Developed
U I I I U I
Initial Problem Literature Preliminary Organize Evidence Analysis and Select and Model
Formulation Search Analysis Plan Hazard Review Synthesis Studies

® 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

14
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Systematic Review Tools

Systematic Literature Study Data Evidence Derive Toxicity
Scopmg Review Protocol Inventory Evaluation Extraction Integration Values
1 1 1 1
Assessment ‘
Initiated Assessment
In|t| Problem therature Prelm ry Orgelmize Evifence A'nalysis and Sele¢t irgd Model Developed
For dlation Search Analy{isplan Hazard Review Synthesis Sgudies
HERO HAWC HAWC METAXL,
Literature searghing, storage and DRAGON Interactive Metafor
documentatior] (tagging) Modules to track | | graphical Evaluation of
multiple display, heterogeneity
. reviewer stud evidence or combined
SWIFT Review e dv resul
, evaluations profile tables | |study results
Problem formulation analysis
. Extracted data GRADEPro
SWIFT Review Evid
DoCTOR storage vidence
MO hine | o f profile table,
achine fearning for evidence to
screening prlorltlzatlon decision
.. making
D 1 stl I I er Advanced Search
SWIFT Active
Multiple reviewer Database of SR software tools: SRIo% e
[:{0).4

reference screening and
tracking (HERO-tagging)

http://systematicreviewtools.com/

Quick Search

Heard of ool Try searching for L.

Colaboration
Cotumnert Uansgtmest


http://systematicreviewtools.com/
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IRIS Assessment Plans and their
Role within the IRIS Process

Jason Fritz, Ph.D. : _
Associate Director for Science (acting)

- Office of Research and Development
NCEA, IRIS



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

® |APs: what they are intended to be, and what they are not

17



o IRIS Assessment Plans in the 7-Step
b EPA IRIS Process

IRIS
Assessment

Review Finalize
N T Scoping and 2‘2 Agency Review 5 Revise Assessment
o Wh at th e Problem Formation I ’ Review by health I ’ Address peer review and
VYA L [ : - Scoping: Identify needs scientists in EPA’s public comments
. of EPA’s program and program and regional
assessment will -4 il s .
* Problem formulation: [-\ Fi i
inal Agency Review
cover ‘ Frame scientific u rj g y
o r' e to th g‘ - and Interagency
Tt Sfem lefotne ) Interagency Science Science Discussion
@ il Consultation : _
‘ Draft Development Discuss with EPA health
_ ‘ Review by other federal scientists and with other
Apply principles of agencies and Executive federal agencies and
o ‘ systematic review [o. Office of the President Executive Office of the
ystematic @| | identiy portinont stucies prosidon
‘ + Evaluate study methods
° and quality (‘:I - A'4
Review /_ O |- i e o } _Public Comment f,' s ==
OST FIna
4 each health outcome Release for public review A ¢
P rotoco I S ‘ - Select studies for s e ssessmen
deriving toxicity values :
|\ = Derive foxicity values ~— —— External Peer Post to IRIS website
Review
[
M the Release for independent
. I I external peer review —
assessment wi

be conducted

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



https://www.epa.gov/iris/basic-information-about-integrated-risk-information-system#process
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Transparency in the IRIS Assessment Process

Assessment materials
will be made available
for public comment at
various stages in
development

® Early Step I: IRIS
Assessment Plans
(1APs)

— The federal docket for
public comment is open

for 30 days
® Mid-Step |: Systematic
Review Protocols
® Step 4: Public
Comment Assessment
Draft

1

Scoping and
Problem Formation

« Scoping: Identify needs
of EPA’s program and
regional offices

* Problem formulation:
Frame scientific
questions specific to the
assessment

Draft Development

Apply principles of

systematic review [o.

« [dentify pertinent studies

+ Evaluate study methods
and quality

+ Integrate evidence for
each health outcome

+ Select studies for
deriving toxicity values

* Derive toxicity values

2‘2 Agency Review

Review by health
scientists in EPA’s
program and regional

offices

3,

Interagency Science
Consultation

Review by other federal
agencies and Executive
Office of the President

il

Public Comment

Release for public review
and comment

External Peer
Review

Release for independent
external peer review

®

i'j Final Agency Review

Finalize

5 Revise Assessment

Address peer review and
public comments

v

and Interagency
Science Discussion

Discuss with EPA health
scientists and with other
federal agencies and
Executive Office of the
President

\'4

I

Post Final
Assessment

Post to IRIS website

19




SEPA

IAPs Represent Continuous Refinement of
Scoping/Problem Formulation Materials

07/2014 Ethylbenzene Scoping & Problem

Formulation Document

09/2017 Ethylbenzene Assessment Plan Document

Introduction and background

Production and use, human exposure
pathways, environmental fate

Scoping (“Scope of the Assessment”)
[Not explicitly discussed]
Problem Formulation

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

Systematic Review Elements
[Not explicitly discussed]

Hazard Questions for Systematic Review

[Not explicitly discussed]

Key Issues

Introduction and background

Concise discussion to extent this information
provides necessary context

Scoping (“Scoping Summary”)
Table of Agency Interest
Problem Formulation

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

Systematic Review Elements
Specific Aims

Draft Populations, Exposures, Comparators,
Outcomes (PECO)

Assessment Approach

Key Science Issues

20



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

21



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

22



\e’ EPA IAP Purpose

Systematic Literature Study Data Evidence Derive Toxicity
Scoping Review Protocol Inventory Evaluation Extraction Integration Values
1 1 1 1 1 1
Assessment N\ 1\ <~ ‘ ‘ ‘ ‘ ‘ ‘ Assessment
Initiated < " 1/ Developed
£
I I I U I
Initial Problen Literature Preliminary Organize Evidence Analysisand Select and Model
Formulation Search Analysis Plan Hazard Review Synthesis Studies

Assessment

Plans:

What the

assessment

will cover

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)

® |dentification of key areas of scientific complexity 23



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 (NO;/NO,)
— RfDs (from 1991, 1987)

— Focusing on oral exposure — will attempt to derive separate noncancer RfDs for
NO;- and NO,", and conduct a cancer assessment

® Ethylbenzene
— RfC and RfD (from 1991, 1987), cancer assessment (from |988)

— Modular approach — due to different levels-of-effort needed, may derive
noncancer RfC, RfD, and a cancer assessment, separately and sequentially

24
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United States
Environmental Protection
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Protocols
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3 EPA Protocol Release

Systematic Literature Study Data Evidence Derive Toxicity
Scoping Review Protocol Inventory Evaluation Extraction Integration Values
1 1 1 1 1 1 1
Assessment ‘ ‘ Assessment
Initiated Developed
U I I I U |}
Initial Problem Literature Preliminary Organize Evidence Analysisand Select and Model
Formulation Search Analysis Plan Hazard Review Synthesis Studies

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

® 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 o



0 Protocol: Literature Searching and Screenin
wEPA g g

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

4, LITERATURE SEARCH AND SCREENING
STRATEGIES

4.1. USE OF EXISTING ASSESSMENTS

Diescribe any use of existing assessments that serve as starting peints for the literature

search.

basic practices

special topics

/

4.2. LITERATURE SEARCH STRATEGIES 21 4.3.UNPUBLISHED DATA
Literature search strategies were developed using key terms and words relate) 2z IRIS only includes publiclyaccessible, peer-reviewed information in its evaluations. However,
statement. Developmelt of the search strategy for each topic area were conducted B 23 itis pessible that unpublished data directly relevant to the PECO statement may be identified
relevant search terms through [1) reviewing PubMed's Medical Subject Headings (M 24  during the course of the assessment. [n this case, EPA iz able to obrain external peer review if the
relevant and appropriate terms, [2) extracting key terminalogy from relevant review 25 owmners of the data are willing to have the study details and results made publicly accessible. The
. . . . . E 15 review would includ luati fthe stu imilar to that for " PEVI fajournal
previously identified primary data studies that are known to be relevant te the topie P“r_le‘_le“ WO tnstde a_n em_ uation af the study simi {_} a peerTEVIEW D_ aja_“r )
p— 5 5 . . 5 _ o 27  publication. The EPA would identify and select two to three scientists knowledgeable in sctentific
g 2B  disciplines relevant to the topic as potential peer reviewers, Persons invited to serve as peer
waort 7 4.4, SCREENING PROCESS 9 reviewers would be screened for conflict of interest (COI) prior to confirming their service, In most
t::: B Studies that domply with the criteria specified in the PECO :f ! 14  4.4.1. Multiple publications of the same data
I
| inclusion while thase that do not meet these criteria will be exclude . o . . o .
data i o . i 32 1 18 Multiple publications with overlapping data for the same study [e.g., publications reporting
the exclusion criteria noted below will be applied, However, the refes _______ . ) .
each . . . i . 16  subgroups additional outcomes er exposures cutside the scope of an evaluation, or longer follaw-
11 will be reviewed to identify PECO-relevant studies that may have been m ) . . . .
17 up) can be identified by xamining author affiliations, study designs, cohort name, enrollment
The ! 1z searching, 1B criteria, and enrollment dates. If necessary, study authors will be contacted to clarify any
13 * Records that do not contain original data, such as reviews, editorials, 19  uncertainty about the independence of two or more articles. [R13 will include all publications on the
. 20 study, select one study to use as the primary, and consider the others as secondary publications
. 14 # Smdies that have not been peer-reviewed (eg., conference abstracts, 21 with annetation as being related to the primary record during data abstraction. The primary study
a 15 theses/dissertations, working papers from research groups or committees, and white
| 16 papers),
17 #» [others decided by the assessment team]
1B
19 Studies will be screened for inclusion using a structured form in [list the software

20 anmlicaticon and TR, ra nroduct site. a7 THistllerSR (Fridenee Partners:

27
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EPA Protocol: Defining Study Evaluation Ratings

L S e e A
LT =T = = T R o B O O = T = T = I Y = (O ) [N =Sy T R X B oy

6.1. STUDY EVALUATION OVERVIEW
The general approach (described in this section] of study evaluation for epidemiology and

animal studies is the same, but the specifics of applying the approach differ and thus they are
described separately in the following sections [Sections 6.2 and &.3)

for comparing and resolving differences. For studies that examine more than ¢
outcome, the evaluation process will be outcome or endpoint-specific, as the u
vary for the different endpoints,

The evaluation will be conducted independently by at least two review

L =T = TS I = (R T S

For each study® (specifically, an outcome or group of related outcomes

study or in a sample within a study), in each domain, reviewers will reach a coi10
Good, Adequate, Poor, or Critically Deficient. It is important to stress that 111
performed in the context of the study’s utility for hazard identification ufindivii
While limitations specific to the usability of the study for dose-response amlysM

(to inform those later decisions), they do not contribute to the study confidenc
These terms are defined as follows:

13
16
“Good” is intended to represent a judgment that there was appropriats1 7
relating to the domain, and any minor deficiencies that were noted w18
to influence the study results, 19

“Adequate” indicates a judgment that there were experimental limitatiZ0
1
22
23

24
substantial impact on the results or which prevent reliable interpretati, o

findings. 25

domain, but that those limitations are not likely to be severe or to have
on the results.

“Poor” denotes identified biases or deficiencies that are interpreted as

“Mot reported” indicates that the information necessary to evaluate thez7
was not available in the study. Genprally, this term carries the same fur28
interpretation as “Poor” for the purposes of the study confidence classi2®

Once the evaluation domains have been considered, the identified strengths and limitations

will be combined to reach a study confidence classification of High, Medium, Low, or

Uninformative, This classification will be based on the reviewer judgments across the evaluation

domains, and will include consideration of the likely impact of the noted deficiencies in bias and

sensitivity, or inadequate reporting, on the results, The classifications, which reflect a consensus

judgment between reviewers, are defined as follows:

High Confidence: No notable deficiencies or concerns were identified; the potential for bias
is unlikely or minimal, and the study used sensitive methodelogy. In general, although
classifications are net decided by “scoring”, high confidence studies would reflect judgments
of good across all or most evaluation domains.

Medium Confidence: Possible deficiencies or concerns were noted, but the limitations are
unlikely to be of a substantive degree. Generally, medium confidence studies will include
adequate or good judgments across mast domains, with the impact of any identified
limitation not being judged as severe.

Low Confidence: 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. Typically, low confidence studies would have a poor evaluation for one or
more domains (unless the impact of the particular limitations on the results is judged as
unlikely to be severe).

Uninformative: Serious flaw(s) make the study results unusable for informing hazard
identification. Studies with critical deficiencies in any evaluation domain will almost always
be classified as uninformative (see explanation above). Studies with multiple poor
judgments across domains may also be considered uninformative, particularly when there
is a robust database of studies on the outcome(s) of interest or when the impact of the
limitations is viewed as severe.

on the number and severity of other limitations identified in the study, #'may or may not be

waorth reaching out to the study authors for this information (see discussion below).

“Critically Deficient” reflects a judgment that the experimental conduct relating to the

domain auestion introduced a flaw so serious that the studyv should not be used without
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Protocol: Study Evaluation
(Epidemiology)
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6.2. EPIDEMIOLOGY STUDY EVALUATION

Evaluation of epidemiology studies to assess bias and study sensitivity will be conducted for

the following domains: exposure measures, outcome measures, participant selection, potential

confounding, analysis, selection of reported results, and study sensitivity (Table 2)

Table 2. Domains of evaluation for epidemiology studies

Domain Example information

Exposure Source(s) of exposure {consumer products, ocoupational, 2n industrial accident) and sc

Measures exposure data, blinding to outcome, level of detail for job history data, when measurel
were tzken, type of biomarker(s], assay information, reliability data from repeat meas
studies, validation studies.

Outcome Zource of cutcome (effect) measure, blinding to exposure status or level, how

Measures measured,/clazsified, incident versus prevalent disease, evidence from validation studi
prevalence (or distribution summary statistics for continuous measuras).

Participant Etudy design, where and when was the study conducted, and who was included? Recr

selection process, exclusion and inclusion criteria, type of controls, total eligible, comparison bei
participants and nonparticipants {or followed and not followed), finzl znakysis group. [
study include patential vulnerable/susceptible groups or lifestages?

Potential Background research on key confounders for specific populations or zettings; participa

confounding | characteristic data, by group; strategy/approach for consideration of potential confour
strength of associations between exposure and potential confounders and between po
confounders and outcome; degree of exposure to the confounder in the population.

Analysis Extent (and if applicable, treatment) of missing data for exposure, cutcome, and confa
approach to modeling, classificztion of exposure and cutcome varizbles [continuous w
categorical), testing of assumptions, sample size for specific analyses, relevant sensitivi
analyses.

Selective Are rezults prezented with adequate detsil for all of the endpoints of interest? Are res

reporting presented for the full sample as well as for specified subgroups? Were stratified analy
modification) mativated by a specific hypothesis?

Sensitivity What exposure range is spanned in this study? What are the ages of participants [e.g.,

young in studies of pubertzl development)? What is the length of follow-up (for outcg
long latency periods)? Choice of refarent group and the level of exposure contrast bet
groups (i.e., the extent to which the “unexposed group” is truly unexposed, and the pr
of exposura in the group designated as “exposed”).

The principles and framework used for the evaluation of epidemiclogy studies are based ¢
Cochrane Risk of Bias in Non-randomized Studies (ROBINS) of interventions (ROBINS-I) [
al., 2016) but modified to address environmental and occupational exposures. The underl
philosophy of ROBINS-I is to describes attributes of an “ideal” study with respect to each ¢
evaluation domains (e.g., exposure measurement, outcome classificajon, ete.). Core and prompting

Table 3. Example question specification for evaluation of domains in
epidemiclogy studies

Core question

Example prompting questions

Example follow-up guestions

Exposure

Dioes the expaosure
measure reliably
distinguish betwesn
levels of exposure in a
time window
considered maost
relevant for a causal
effect with respect to
the development of
the outcome?

Far all:

Does the exposure measure capture the major source(s) of
wariability in exposure among the participents, considering
intensity, frequency, and duration of exposure?

Does the exposure measure reflect 2 relevant time window?
If not, can the relstionship between measures in this time a2nd
the relevant time window be estimated reliably?

Was the exposure measurement likely to be affected by a
knowledze of the outcome ar by the presence of the outcome
(i.e., reverse causality]?

For case-control studies of occupational exposures:

I= exposure based on a comprehenszive job histary describing
tasks, setting, time period, and use of specific materials?

For biomarkers of exposure, general population:

Is 2 standard as=ay used? What are the intra- and inter-aszay
coefficients of variation? s the assay likely to be affectad by
contamination? Are values less than the limit of detaction
dealt with adequately?

What expasure time-period iz reflacted by the biomarker? If
the half-life iz short, what is the correlation between serial
measuremsnts of exposure?

Iz the degree of exposure
misclassification likely to vary
by exposures level?

If the corrzlation between
EXPOSUTE MESUNEMENts is
moderate, is there an
zdequate statistical approach
to ameliorate variability in
measurerments?

If there is a concern about the
potentizl for bias, what is the
predictad direction or
distortion of the bias on the
effect estimate [if therz is
enough information)?

DOutcome

Does the outcome
measure reliably
distinguish the
presence ar zhz=nce
[or degree of severity)
of the cutcoms?

nnestinns are used ta eallect information tn suide evalnatinn of each domain. In addition. exnected

Far all:

Is disease ascertainment likely to be affected by knowledze of,
or presence of, expasure (e.g., consider access to health cars,
if based on s2lf-reported history of dizgnosis)?

Far case-control studies:

Is the non-diseased comparison group |2.g., controls in 2 case-
contraol study) based on objective criteria with little or no
likelihood of inclusion of people with the diseaze?

For meortality measures:

How well does cause of death data reflect occurrence of the
diszase in an individual? How well do mortality data reflect
incidence of the dizease?

For dizgnosis of disease measures:

I= dizgnosiz based on standard clinical criteria? If based on

calf_rannrt of diagnncic sihat ic tho alidit of thic moacara?

Iz there a concern that amy
‘outcome misclassification is
non-differential, differential,
or both?

What is the predicted
direction or distortion of the
bizs on the effect estimate |if
there is enough informatian)?
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Protocol: Study Evaluation
(Animal

Table 4. General criteria to evaluate outcomes from animal toxicology studies

Domain

Metric

Criteria

Reporting Quality

Reparting of
information
necessary fior study
evaluation

Key information necessary for study evalustion [study would be deemed critically

deficient if not reported):

®  Specdies; test article desc

endpoints investigated; |
Impartant information, which shi
bracksts contain secondary infon
based on the neads of 3 given as:
information.

®  Test gnimal — strain; sex
(=g, housing, feed, mat
procedures); age or bod

*  Exposure methods — test
route of administration;
wolume, exposure chaml|
verification methods].

*  Experimentol design—pi
during exposure and at &
evaluztion(s) (e.g., lsten

*  Endpoint evaluations —
were measured; proced)
and negative controls; [r
region of tissue/ organ g
{e.g., surgery, co-treatm

*  Resyits presentation — pl
were investigated; infon
azzessed; sample size; 5t
maternal toxicity in dews
in long-term bioassayz).

* Although such decisions should
information is not reported, itisg
authars. However, for other miss
confidence conclusions if it they y
‘out 1o study authars.

Mate: Studies adhering to GLP (gt
estzblished by (interjnationz| zge
‘quality.

Selection or Performance Bias

Allocation of
animals to
experimental
Eroups

Ideally, animal studiss are randor
chance of being assigned to any €
zllocation procedures sufficiently
or good, are studies indicating ng
exposure, for example according
of randomization. The least prefe
howi groups were sssigned.

Blinding of
investigatars,
particularly during
outcome
assessment

‘Good studies will conceal the tres
the endpaint evaluaticns (and, in
perzannel and technicians). Cone
‘oubcome measures are more obji

Domain | Metric Criteria
weights) or measurement is automated using computer-driven systems (e.g., 35
iz the cass in many behavioral 2ssessments).
Control for In 2 good study, outside of the (chemiczl] exposure of interest, all variables will
B wariablez across be controlled for and consistent across expet
] experimental edditionz| variables, introduced intentionzlly | Demain | Metric Criteria
8 graups mitigated by knowdedge or inferances regard Eens.iliu_ir\r arh Consider ijlet.hel there are nnt_able EClnl:E.I'nE shout aspects of the procedures
E which the veriable can influence the endpain Spel:lﬁ_clw of the for, or the timing of,_lhe endpcflnt evaluations. _ )
r| N . - endpaoint Bzzed on the endpoint evaluation protocal used for the endpaints of interest,
= A very important example to consider is whe - . 3 . R R R N
" . eveluations specific considerations will typically include:
controfled to attribute the effects of exposur X i .
% *  Concerns regarding the sensitivity of the specific protocols for
£ zlone. Generalh,r,.w_ell-l:ondun!# e | evzluating the endpoint of interast {i.e. assays can differ dramatically in
B exposures and will include experimental conl terms of their sbility to detect effects), and/or their timing (i.2. the z2ge
E confounding (e.g., use of & suitable vehicle o of animals =t assessment can be critical to the appropriateness and
Crther examples of varizbles that may be ung sensitivity of the evaluation). This includes both oversstimates or
3 axperimentzl groups include: protective or t underestimates of the true effect, az well a5 a much higher (or lower)
exacerbate effects; diet compasition; surgica probability for di.anening thE_eﬁ_"‘-'“[S] hein.g.assessed. )
Lack of szlective In 2 good study, information is reperted on 3 *  Concerns regarding the specificity and validity of the protocols. This
g data reporting and comparisons for all animals, scross trestmen |nc|u.des the uss of_a ppropriate prut.ocol controls to ruIE. out nor}- )
= - . specific effects, which can often be inferred from established guidelines
‘! unaccountad for Aspects to consider incude whether all study PR X R -
) . N ar historical azsay dats. It may be considered useful for insensitive,
< @ loss of animals B”!B {if not, are explanations, such as dt_zaﬁ complas, or novel protocels ta include positive and/or negative
5 E provided), and whether expected comparisal contrals.
] X
E from the analyzes. In some studies, the cutct —E *  Concerns regarding adequate sampling. This includes both the
E [2.g., 2 suite of standard measures in a guide g experimentzl unit {e.z., litter; animzl) and endpaint {e.g., number of
% Mate: This metric does not address whether ( 8 slides evaluated). This is typically inferred from historical knowledge of
considers statistical tast methods. 2 the assay or comparable assays.
= MNates: Human relevance of the endpoint is not addressed during study
Characterization of | Consider whether there sre notable issues th E evaluation; for under sampling without blinding |e.z., s=ampling bias), this will
the exposure to the | of the exposure levels, or of expozure to the n typically le=d to gross oversstimates of effect; sample size is generally not 2
compound of on the chemical being zssessed, this may ind % reason for exclusion.
interest stability and composition (2.g., purity; isoma) 2 Usability znd ‘Consider wheth?l the r\evsu.hs.a.re analyzed or presented in 3 way that limits
exposure generation and analytic verification E transparency of the | concerns rEg_aldln; the rElI.Eblllt‘p' of the ﬂndll_'lgs. )
+ levels 2nd spacing between exposure. 5 presented dats Iterns that will typically be important l{'jl :onsl.der include: )
E . " *  Concern that the level of detsil provided does not allow for an informed
. methads); and details of expasure methods | g . - . - .
F=] | )1 bi a interpretation of the results [e.g., authors’ conclusions without
& Eavage vo fume -in SDI'_I'I_E rases, exposure il guantitative data; discussing neoplasms without distinguishing between
A treated animals can mitigate concerns regan benign and malignant tumors; not presenting variability).
n - .
2 on the validity of the biomarker for the chem *  Concern that the way in which the data were anzlyzad, compared, or
£ Mote: While this identifies uncertainties in dt presented is inapproprizte or misleading. Examples include: failing to
g wzlid reason for exclusion from Hazard 10 control for litter effects |=.g., when presenting pup data rather than the
[ Utility of the Based on the known or presumed biclogical | preferred litter data); pocling results from males and females or across
E exposure desizn for | evaluated, consider whether there zre notab lesian types; failing to 2ddress abserved or presumed toucity leg.,in
- . aszessad znimals; in dams) when exposurs levels are known or expected
& the endpaint of freguency, or duration of exposure. For exan R - X N
] . . . to be highly toxic; incomplets presentation of the data [=.g., presenting
interest will cover 2 greater proportion of the develo)

critical to the system of interest, while bette
ather chronic outcomes will be of longer dun
infrequently or sporadically, or, conwerssly, ¢
Aenendine an the evnnsurs lewvsl ranimnact

continuous data as dichotomized); or non-preferred display of results
{e.z., using = different readout than is expected for that assay). The
evaluator should support how or why, and to what extent, this might
mislead interpretations.

Motes: Concerns regarding the statistical methods zpplied are not addressed
during study svalustion, but should be flagged for review by a statistician.
Missing information related to this metric should typically be requested from

study authors.

30



<EPA

Protocol: Evidence Synthesis and Integration

Table 8. Primary considerations for synthesizing the human and, separately,

EPA's standardized hazard descriptors for cancer

Carcinogenic to humans: convincing epidemiclogic evidence of a causal association; or strong human evidence of
cancer or its key precursors, extensive animal evidence, identification of mode-of-action and its key
precursars in animals, and strong evidence that they are anticipated in humans.

Likely to be corcinogenic to humans: evidence that demonstrates s potential hazard to humans. Examples
include a plauzible assodation im humans with supporting experimental evidence, multiple positive results in
animzls, a rare animal response, or 2 positive study strengthened by other lines of evidence.

Suggestive ewidence of corcinogenic potentiol: evidence that raises 3 concern for humans. Examples include a
positive result im the only study, or a single positive result in an extensive database.

Inodeguate informotion to assess carcinogenic potential: no other descriptors apply. Bamples include little or no
pertinent information, confiicting ewvidence, or negative results not sufficiently robust for not likely.

Nat likely to be carcinogenic ta humans: convincing and extensive evidence to conclude that there is no basis for
concern. Examplas include no effects in well-conducted and well-designed studies in both sexes of multiple
znimal species (without dzta in animals or humans to sugzest a potentizl for carcinogenicity), extensive
evidence showing that carcinogenic effects only observed in animals arise through modes-of-action that do
not operate in humans, or convincing evidence that effects are not likely by 3 particular exposure route or
below = defined dose (in the latter situstions, multiple descriptors might be applied for 2 single agent).

animal health effect evidence
Consideration Description
Consistency Repeated findings across different studies or experiments increase the evidence strength. When
inconsistencies exist, the evalur* = ———--=— = mmmSrmmmmm i s e e
“conflicting™ or "differing” LS. Table 10. Framework for classification of strength of evidence from studies in humans
Stronger human evidence: evid|
Stronger animal evidence: evid: Within-stream
Extent of strength of
Biological Increzses in risk, or in the frequ support for evidence
gradient concentration; duration) increg hazard conclusion Description
(dose- nonlinear] relztionships. A lack A set of high or medium ronfidence independent studi=s reporting 2n associstion between
rﬁpnngeh' strength, but this may be appro the exposure and the health outcome, with reasonable confidence that alternative
explanations, indluding chance, bias, and confounding, are ruled cut across studies. The set
Strength Given what is known about the of studies is primarily consistent, and there are reasonable explanations when results differ;
[effect particularhy for rare or severe g an exposure-response gradient is demeonstrated; and the set of studies includes varied
magnitudel grounds to dismiss an associati Robust populations. Additional supporting evidence, such as aszociations with biclogically-related
and precision | historical data, or bias to sssess — human ndpaints in human studias {=msmsmrmmlnsinems e mems n bl i s
. but are not required. Selec
Biological Supparting mechanistic eviden: evidence of an | o planation for results. Int
plausibility effects; changes in establizhed effect considered to be robust, ew
evidence strength. While a lach finding of angiosarcoma, af
strength, this can occur if findin S:::.:s i“:ﬁ::::‘;::;:::j:;::
Human evidence: studies in exp thus raising the levl of cer
Animol evidence: studies in &xp described as moderate.
Coherance* Findings across the database th A smaller number of studies
similarity in results for related evidence), or with some hel
dose-dependent progression of Moderate nequired.fnr .r!?.\busr. _Therzi
... human explanations, including char
Conversely, an abserved lzck of evidence of an | with related endpeints incly
subsequently] with the effect g effect cells, if available, may add =
informed by the known biglogic temporality, coherence, ang
toxicokinetic/dynamic understz studies that otherwiss woul
Natural Human evidence only: Reductio One or mare studies repal
experiments | Although rare, this can provide WhE.re altgmam’e. explanch
availzble, or considerable by
Temporality | Humaon evidence only: The expe Shight understond. Strong biolagi
evaluation of exposure measun . human human cells may alzo be ing
- - - - evidence of an | confidence study that is the
“These ideas build upon the discussion for asz855 | Could support generating vs. hypothesis-¢
although thers are some differences in the use hazard or no serves primarily to encoura
& \While humans zre “exposed” and not “dosed”, hazard some support for an assodiz
used for convention, although it is acknowdedge confidence required for ma
contexts. " Indeterminate | Mo studies available in hum
= There is a clear overlap in the use of mechanizti «. human not informative to the hazal
or comparability of potentially coherent health evidence of an
information is synthesized separstely and consil effect
Section 10). Saveral figh confTaence STl oo e e e o s sy e e
4 Althaugh it is not separately listed, Hill's consid) Compelling of 1.0} ruling out alternative e'xplanallon.s including chance, bias, an:! confounding with
association that supparts caus.aticln] is indiractly evidence of na rezsonable confidence. Each of the studies should ha}ce used an t.thlmaI outcome and
Supports no exposure assessment and adequate sample size [specifically for higher exposure groups and
of environmental health studies; however, this | hazard #ﬂ for sensitive populations). The set 25 a whele should include the full range of levels of
- !’?umon exposures that human beings are known to encounter, an evaluation of an exposure-
studies response gradient, and at-risk populations and lifestages, and should be mutually consistent
in mot showing any indication of effect at any level of exposure.
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) Systematic Review Advances
wEPA Y

Systematic Literature Study Data Evidence Derive Toxicity
Scoping Review Protocol Inventory Evaluation Extraction Integration Values

1 ) ) ) ] 1 )
gl I I I X X XX X XX X X IS e
el A A A AL LL LN AN
Initial P'roblem Literr!lture Prelin:inary Orge'mize Evidence A'nalysis and Select ar!d Model
Formulation Search Analysis Plan Hazard Review Synthesis Studies

® 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

Systematic Literature Study Data Evidence Derive Toxicity
Scoping Review Protocol Inventory Evaluation Extractlon Integratlon Values
! ! ! ! !

were . @ [@ @ © O[O ® QI#H#Q <

Initiated

I I I I
Initial Problem Literature Preliminar Organize vidence Analy and Select and Model
Formulation Search Analysis P Hazard Review Synthesis Studies

1) Michele Taylor and Kris Thayer:
® Tools for Problem Formulation and Efficient Literature Screening

® Tools for Data Content Management

2) Beth Radke and Xabier Arzuaga:

® Evaluation of Individual Epidemiology and Animal Toxicology
Studies

3) Barbara Glenn and Andrew Kraft:

® Synthesis and Integration of the Available Evidence

Assessment
Developed
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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 1020 include/10-20 exclude “seeds”

Identifies data rich/data poor topics within the literature corpus

Priority ranks documents for manual screening
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A DI P ) ~AARCCHC CACT\V/IA C ey AT |f-\
ABOUT BLOG CAREERS SOFTWARE CONTAC (O

fCiOm?

SWIFT-Review

GET SWIFT

S W ‘ ‘ ‘ ‘ 2 ‘ v ‘ e W SWIFT-Review is a desktop application

that runs on both Windows and Mac. To

obtain your free license for SWIFT
. " . ) » ) . R Review, simply browse to the Sciome
SWIFT-Review (SWIFT is an acronym for “Sciome \Workbench for Interactive computer-Facilitated Text-mining’) is a freely P
b = J

Software web page to login and/or
available interactive workbench which provides numerous tools to assist with problem formulation and literature prioritization Pag - '

e . ' . . R . create your SWIFT-Review account.
SWIFT-Review puts the systematic review expert in the driver's seat by providing several features that can be used to search, !

) o ) : ) : ) . ) - Once you have logged in. you will find
categorize, and prioritize large (or small) bodies of literature in an interactive manner. SWIFT-Review utilizes newly developed ’ - !

- - . ' , oy , links to download the Windows and
statistical text mining and machine learning methods that allow users to uncover over-represented topics within the literature

) Mac installation software which you can
corpus and to rank order documents for manual screening.

use to set up SWIFT-Review on your

e o

https://www.sciome.com/swift-review/
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. ABOUT BLOG CAREERS SOFTWARE CONTACT Q
f cigme
TOPIC MODELING
SEARCH REFINEMENT : | NEWS

SWIFT-Review is now available and can

A ’ 2 be licensed free of charge. See below
y > ‘ for installation instructions.
‘ ) Read our latest journal article
in Systematic Reviews:
PROBLEM : 4 SWIFT-Review a text-mining
FORMULATION - LITERATURE workbench for systematic review.

PRIORITIZATION

Sciome is pleased to participate in the

4th International Symposium on
Systematic Review and Meta-Analysis
of Laboratory Animal Studies on
August 24-25, 2017 in RTP, NC, Our
team's work to create new tools and
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Level 1-Title & ... Generate Report
User's Average Screening Time for Level 1 - Title & Abstract
15
M Included
12.5 Excluded
M Conflicted
L 10
=
8
&
T
E 75
=12}
=
c
[0}
[+
G 5
(751
2.5
0
Taylor, Michele
Users
User's Total Screening Time for Level 1 - Title & Abstract
3.5
3 I Included
Excluded

M Conflicted




SWIFT Active Screener: Export Reports

Food Acceptahility @ 2@ & brian.howard

Review Summary

O Add New Review

User's Screening Status for Level 1 - Title & References: 1570
Abstract — 1089 Py Sores 471

LUser's Screening Progress for
Level 1 - Tithe & Abstract

Estimated recall so far
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SWIFT Active: Data Integration

® 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

I Current Users I

NIHY

NIEHS

TEDX ebtc

he Endocrine
Disruption
Exchange

Johns Hopkins Evidence-Based

National Institute of

United States Environmental The Endocrine Disruption Toxicology Collaboration

Protection Agency (EPA) Exchange (TEDX) (EBTC)

Environmental Health Sciences
(NIEHS)

USDA
o) a)

United States Department of
Agriculture (USDA)
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HAWC: Study Evaluation, Extraction,
Visualization and Data Sharing

HEALTH ASSESSMENT
WORKSPACE COLLABORATIVE

https://hawcproject.org/
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HAWC Capabilities

® Free and open source
® Developed at UNC by Andy Shapiro* with lvan 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
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hawér

Contact About Public Assessments Your HAWC ~

Home / Uranium UHA (2017) / Dublineau | et al. 2014 / Create experiment

SELECTED ASSESSMENT X

Uranium UHA (201

AVAILABLE MODULES
Literature review
Management dashboard
Study list

Risk of bias

Endpoint list
Visualizations

Executive summary

DOWNLOADS

Download datasets

Create new experiment

Create a new experiment. Each experiment is a associated with a study, and may have one or more collections of animals. For example, one
experiment may be a 2-year cancer bioassay, while another multi-generational study. It is possible to create multiple separate experiments within
a single study, with different study-designs, durations, or test-species.

Name= Type*

Short-text used to describe the experiment (i.e. 2-year cancer Type of study being performed; be as specific as-possible
bicassay, 28-gay inhalation, etc.).

Chemical name Chemical identifier (CAS) Source of chemical

CAS number for chemical-tested, if available.

@ Chemical purity Purity qualifier Chemical purity (%) ~ Chemical vehicle
available? N v
Percentage (ex: If a vehicle was used, vehicle common-name
95%)
Diet Guideline compliance

Description of any compliance methods used (i.e. use of EPA OECD,
NTP, or other guidelines; conducted under GLP guideline conditions.
Description of animal-feed, if relevant non-GLP but consistent with guideline study, etc.)

Description and animal husbandry

\ HAWC: Data Extraction Animal Bioassay

Contact About Public Assessments Your HAWC ~

Bprague—Dawley male rats / Create endpoint

sure-of-effect which was measured in the study. It may or may not contain

In-time, if multiple endpoints have the same observation time.

Effect Effect subtype

Effect, using common-vocabulary ~ Effect subtype, using common-
vocabulary

Diagnostic
Diagnostic or method used to measure endpeint (if relevant)

B units™ Observation time text

Text for reported observation time (ex: "60-90

PND")
Nomal *# B I U & x, x* A @& Q== T
1 [ Values estimated
@ata for endpoint are Response values were estimated using a
Tond daccrintinn of tha cxnadmonial -ﬁmn' uead Mo aloo includa infocmatinn cuch anapisiobiushacdiadlsiadint docina ronimainfasmatingme2rature into HAWC digital ruler or other methods
Dataset type” Variance type™
Continuous v sD v
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Epidemiology: Click to See More Display

Draft: Eczema, Prospective Studies

Study

Bekkers, 2012

Dunstan, 2012

Dunstan, 2012

Dunstan, 2012

Magdelijns, 2011

Magdelijns, 2011

Magdelijns, 2011

Population Name Assessed Qutcome

Name

PIAMA, birth cohort, Eczema
1996-1997

Pregnant women in Eczema
‘Western Australia

Pregnant women in Eczema
Western Australia

Pregnant women in Eczema

Western Australia

KOALA Birth Cohort Study Eczema until -7 yr

KOALA Birth Cohort Study Eczema until 6-7 yr

KOALA Birth Cohort Study Eczema until 6-7 yr

Exposure Measure

Folic acid containing
supplements during
pregnancy

Cord blood folate

Maternal folic acid intake
from supplements in
pregnancy

Cord blood folate

Intracellular folic acid (ICF)
levels during pregnancy

Falic acid from supplements
in pregnancy

Intracellular folic acid (ICF)
levels during pregnancy

Exposure Comparison Statistical

Metric
Abbreviation

Multivitamin or vitamin B adPR
complex supplements
No folic acid use adiPR
Folic acid-only supplements adjPR
Pre-natal vitamin adiPR
supplements
Tertile 2 (50.3-75.1 nmol/l)  adjOR
Tertile 3 (500+ pgfday) adjOR
Tertile 2 (200-499 ug/iday) adiOR
Tertile 1 (<200 ugiday) adjoR
Tertile 1 (<50.3 nmolf) adjOR
Tertile 3 (=75.1 nmolf) adjOR
1st Quintile (<480 nmolf) adioR
Any folic acid use adjOR
2nd Quintile (481-643 adjoR
nmol)
3rd Quintile (644-862 adioR
nmol/l)
4th Quintile (863-1139 adjoR
nmol/l}
5th Quintile (z1140 nmoll)  adjOR

Eczema

N

@ Folic Acid Intake
@ Blood Folate Measure

0.1

Estimate

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
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Epidemiology: Click to See

More Display

Draft: Eczema, Prospective Studies

Study Population Name Assessed Outcome Exposure Measure Exposure Comparison Statistical
Name
Bekkers, 2012 / PIAMA birth cohort, 1996-1997 / Folic acid containing supplements during pregnancy / Eczema
Bekkers, 2012 PIAMA birth cohort, Eczema | e
1996-1997 Eczema |
Population description PIAMA birth cohort, 1996-1997 |leasure
Diagnostic self-reported
Diagnostic description an itchy rash that came and went on typical eczema sites (the folds of the elbows or behind the knees, around ears or eyes
or in front of the ankles)
Main finding supported? inconclusive
Prevalence Incidence 0.180 - 0.142, reported by age (Table 2)
- Statistical metric presented adjusted prevalence ratio
Dunstan, 2012 Pregnant woemen in Eczema = Sl
Western Australia Statistical metric description Longitudinally, generalised estimating equations (GEES) with a log link function were used to obtain prevalence ratios (PRs).
GEEs take into account the correlation between repeated measurements in the same individual. An m-dependent correlation
Dunstan, 2012 Pregnant women in Eczema structure was used: m=7 for the other outcome measures. An interaction term with age was included in the GEE model to
Western Australia allow the association between maternal use of supplements and the outcomes to vary with age.
Statistical power sufficient? not reported or calculated
Dose response trend? not-applicable
Effect tags dermal, hypersensitivity, immunological
Adjustment factors - maternal allergy
Dunstan, 2012 Pregnant woemen in Eczema . ::t:::: :ﬁ‘ﬁ;‘mdm“ o
Western Australia 9 uring pregnancy
« number older siblings
Exposure-group N Adjusted prevalence ratio p-value
Magdelijns, 2011 KOALA Birth Cohort Study Eczema until -7 y1 No folic acid use 1302 1.0 ns.
Folic acid-only supplements® 1998 0.98 (0.87, 1.08) n.s.
Magdelijns, 2011 KOALA Birth Cohort Study Eczema until 6-7 y1 Pre-natal vitamin supplements 287 1.07 (0.89, 1.29) n.s.
Multivitamin or vitamin B complex supplements 199 1.04 (0.83, 1.3) n.s.
Magdelijns, 2011 KOALA Birth Cohort Study Eczema until 6-7 y1 4 Main finding as selected by HAWC assessment authors.
Eczema
No folic acid use -
Folic acid-only supplements -|
Pre-natal vitamin supplements |
Multivitamin or vitamin B complex supplements -
T T L e T T
01 1 1 |
adjusted prevalence ratio 1 []
Estimate

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
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n Animal Bioassay: Click to See More Displa
wEPA 4 Py

All behavior at less than 5 ppm ==

study animal descriptlon route freatmeant pericd andpoint unite dose [ppm) | MM percent contal respons:e

Lin et al. 2014 Mouse, BALBG (7, aral drinking  subchronic (2B days)  elevaled plus maze (dosed am entries) oount 0 @ aniety/matar
‘J- 1 2' wiaber |:| g D depresson motar

e @ learning and memoey
i malor'sensory

4.52

@ siatislically significant

®
Lin et &l 2014 Mouse, BALBC | aral dimking subchronic (28 days)  elevaled plus maze (open arm entries % a =
|
|
O
—a—
|
—8—

N=12) waber
0.9
226
4.52
Ly el al. 2014 Mouse, BALB: [T, aral dimking  subchronic {28 days)  elevalesd plus maze (Sme inopen ams) Y a
M=12) water
0.9
228
|
452 2 2
Ly el al. 2014 Mouse, BALBI: | aral dimking subchronic (2B days)  elevaled plus maze (fotal am enines) counl O

MN=12) aber

226

., T . |
H—{—
| e
&
|
I
I 1l 1l T T U Ll i L]
a a a 50 a &0 100 150 200

Percent respanss (%)

NTP (National Toxicology Program). 2016. Systematic Literature Review on the Animal data can be expressed as

Effects of Fluoride on Learning and Memory in Animal Studies. NTP Research Report

1. Research Triangle Park, NC: National Toxicology Program. effect Size, e.g., pe rcent control
https://ntp.niehs.nih.gov/ntp/results/pubs/rr/reports/01fluoride 508.pdf 73
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Liu et al. 2014 / 28-day drinking water / male BalB/C mice / elevated plus maze (time in open arms)

Data reported? \I
Data extracted? v Coming soon: Built-in graph digitizer
Values estimated? v (from graph to numbers)
Location in literature Figure 54
4 Expected response any change from reference/contrel group
adversity direction
NOEL 2.26 ppm
LOEL 4.52 ppm
U Monotonicity not-reporied
Statistical test description one-way ANOWVA followed by Bonferroni's post hoc test
Trend result not reported
Power notes appears appears underpowered (sample size is befween 50-100% required), requires approximately 18 animals to detecll
a 20% change from control
U Results notes percentage of time that the highest dose group spent in the open arms was significantly lower than that in the control
group
General notes/methodology The apparatus was composed of two 25 cm = 5 cm open arms and fwo 25 cm = 5 cm = 20 cm closed arms. Open and
closed arms were cross-shaped; the cross-cenfer was a 5 cm = 5 cm open plafform. The maze was 50 cm above the
ground. Before the test, the mice were placed in an open field for 5 min and then placed on the central plat-form facing
the open wall. The meniter above the maze was used fo re-cord the activity of the animals in the maze for 5 min. Test
L indicators included: (1) the number of closed arms entries, serving as a measure of motor function; (2) the number of
open arms enfries; (3) the residence time of each mouse in the open arms; and (4) the residence fime in the closed arms
VWhen all four paws of a mouse were in one arm, it was recorded as one enfry. We used the percenfage of open arm
enfries out of total arm entries and the percentage of ime spent in the open arms as measures of anxiety
Dose (ppm) ¥ Number of Animals Response (%) Standard Error elevated plus maze {time in open arms)
0 12 476 2.8
0.9 12 45 6 80 Dioses in Study
LOEL
2.26* 12 392 6.4 80+ NOEL
4.520¢ 12 28.4 36 £
£ 4
2 NOEL {Mo Observed Effect Level) g
& Significantly different from control {p < 0.05) E
© LOEL {Lowest Observed Effzct Levely 304
20
T T T T T
o 1 2 3 4
Dose {ppm)
| 01 ~ ® a & -

M percent contral response
@ anxiety/matar

O depressian motar

- l=arning and memory
) malarsensory

@ slatislically significant

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/O1fluoride 508.pdf
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0 HAWC: Dose-Response Displays
SEPA \ ponse Display

Nitrofen crossview

All Nitrofen endpoints
0%
g
0% B
:
20054 #
I
El
E
5
150% - =
B
B
E
100% :e:-.
=
50% 4
o /T/ a—— )
-50% Dozz (makg-cay)
- T T T T T LA AR T —T—TT T T — T T T T T T Tl
Studdy Experiment type Species S Effect tags
Ambrose ef al. 1571 Acute (<24 b} Flat Combined body weighi hernia reproductive
HCI 1979 Chronic (=90 days) Female cardiovasculas kidney Speen
OrHara el al. 1983 Davelopmental Male cinical sign/symptomn Feer festes
Otsby of al. 1385 Subchianic (30-90 days) developmental muscular'skeletal
heart organ weight

Results m mgfkg-day
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\e’ EPA \ . HAWC: Dose-Response Displays

N

Nitrofen crossview

300% 4

Z230%

200%

150%

100% 4

*h chan ge o m comird (cominuens), & ncidence idehoiomos)

-50% T T T

Otsby et al. 1985 / Developmental GDB-16 | Pups / No. litters with pups having diaphragmatic hemnias

Study Experiment Animal Group
Endpoint name

Effect

Observation time

Additional tags

Dits reported?

'j Data extracted?
Values estimated?
EMD
BMDL

"j Monotonicity

Trend result

Dose [mgikg-day) Numbser of Animals
o L]

045 8

139 n

aI7 10

125 7

| W 1Y

Study

Amiorose af al. 1571
HCI 1873

OrHara el al. 1883
Citsby e al. 1985

T LI I S i |

10

Experiment type Species
Acutbe (<24 hr) Rat
Chronic (=90 days)

Developmental

Subchnanic (30-90 days)

Sex
Combined
Female
Male

Effect tags
bady weight hernia
caidiovastulas Kidrey
cinical sign/symptomn Feer
developmental musculanskeledal
heart organ weight

reproductive

apleen
festes

Endpaint

No. litters with pups having diaphragmatic hemias

davelopmental abnormalibes

notlreporied
developmental
hermis
o
-
1.236 mg/kg-day
0617 mgkg-day
unclear
not reported
Incidence Percant Incidence
L} %
[} 0%
3 2%
2 0%
3 3%
& =

Results m mgfkg-day

No. litters with pups having diaphragmatic herni
o024

[LE

LEE

Hesponse (%)

oz4

Dose (mofkg-gay)
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Legend
m Mot applicatle
Critically deficient

HAWC: Risk of Bias

Reporting of information necessary for study evaluation

Allocation of animals to experimental groups? -

>N
T

=
i=l
(7))

Blinding of investigators, pariculady during outcome assessment o

Control for variables across experimental groups

Lack of selective data reporting and unaccounted for loss of animals

Charactenization of the exposure to the compound of interest

LHtility of the exposure design for the endpoint of interest

Sensitivity, specificity. and usakility/interpretation of the endpoint evaluations

Presentation of resulis

Caoncerns for internal validity and insensifivity/Observations

Owerall confidence domain (animal}

Study 4

Study 5

Study 6




HAWC: Risk of Bias

Reporting of information necessary for study evaluation -

& |po=tinm A smimaals dn i L]

Reporting Quality
Blindi ng ofin '-'E-E-ﬁgEl[EH"E, Reporting of information necessary for study evaluation

Adequate. Key information is reported, but some outcome-specific informafion is missing (e.g.

methods used to measure urinary, blood

-_— o
> >
T T
= =
3 )
(7] 0

Study 3
- Study 4
- Study 5
- Study 6

Study |

Controd| agequate

Selection or Performance

Allocation of animals to experimental groups?

Lack of selective data repdl Selection or Performance

Study |

Allocation of animals to experimen

HR

Characterization of | ;Z::F,(L: ot
Mot reported
LHtility of the ax)
Blinding of investigators, particulal StUdY 2
Sensitivity, specificity. and usakbilityf [ ::ﬁﬂ;w
LE'gEﬂd Mot reported blinding al:
Mot applicable

Prase Study 3
Critically deficient

Poor Caoncerns for internal validity fnd insensitiv ceod

|
: See responses for a cell, within a i confisence stud74
t study, or across domains

Good

Not reported. Study authors did not indicate whether animals were randomly allocated to treatment
groups (assumed animals were not randomly assigned).

Good: randomizafion of animals by weight is reported

Good. Authors stated that "rats were divided by strafified randomization info 8 body-weight-matched

groups, each comprising 50 rats”

Good. "Animals were randomized by weight into treatment groups.”
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\e’ EPA HAWC: Download Reports

Home / Folic Acid - Hypersensitivity-related Outcomes (2015) / Downloads

* Entire database for an
assessment can be downloaded —weener < Folic Acid - Hypersensitivity-related

Folic Acid -

Outcomes (2015) downloads

Multiple dataset exports are available, with more to be added soon.

in Microsoft Excel exports om0t

N 1. Animal bioassay data
Study List
Endpoint List Microsoft Excel spreadsheet
Endpoint Search 2. Epidemiology data
Visualizations
DOWNLOADS Microsoft Excel spreadsheset
Download datasets 3. Epidemiclogy meta-analysis data
Download
Microseft Excel spreadsheet
4. In-vitro data

Microsoft Excel spreadsheet

Additional downloads

In addition to the downloads presented above, the following additional items can be downloaded:

- individual study summaries for each study (in Microsoft Word),

a = individual endpoints ies (including BMD results) (in Microsoft Word),
[ downloadads [Compatibility Mode] - Microsoft Excel Elﬂ[g
File Home  Insert  Pagelayout  Formulas  Data Review v Developer  Addns
Em wmw] [ ceneral - I MiE 5 F] = LlE ® T EBEE(Z--Ie/hnE BE|EEE (B b
AW AY AZ BA BB BC BD BE BF BG BH Bl BJ BK BL BM BN BO BP BQ ER BS BT BU
p P p P P!
102 /epi/asses overweight systemic t medical pr information collected by trained staff membe activities/s activities/s not-suppor adjusted o 23 1.04 092 118 095 0 5 lag-transformed 0
102 /epi/asses overweight systemic t medical pr information collected by trained staff membe activities/s activities/s not-suppor adjusted o 24 1 0 6 Q1 (<1.5) 1 1
102 /epifasses overweight systemic t medical pr information collected by trained staff membe activities/s activities/s not-suppor adjusted o 25 1.26 0.96 1.64 0.95 0 7Qz2(1.527 2 2
102 /epifasses overweight systemic t medical prinformation collected by trained staff membe activities/s activities/s not-suppor adjusted o 26 1.28 0.98 1.66. 0.95 0 8 Q3 (2.8-5. 3 3
102 /epi/asses overweight systemic t medical prinformation collected by trained staff membe activities/s activities/s not-suppor adjusted o 27 1.26 086 182 095 0 9 Q4 (256) 4 4
102 /epi/asses overweight systemic t medical pr information collected by trained staff membe activities/s activities/s not-suppor adjusted o 28 61 1.92 079 4.66 095 0 10 50th-75th ( 50 5
102 /epi/asses overweight systemic t medical pr information collected by trained staff membe activities/s activities/s not-suppor adjusted o 29 3 2.04 077 541 0.95 0 11 75th-90th { 75 6
102 /epi/asses overweight systemic t medical pr information collected by trained staff membe activities/s activities/s not-suppor adjusted o 30 120 1 0 12 <50th (<0. 50 7
102 /epifasses overweight systemic t medical prinformation collected by trained staff membe activities/s activities/s not-suppor adjusted o ki 24 5.18 1.68 15.91 0.95 1 13 »90th (=1C 90 8
104 fepifasses hip circumy systemic t medical pr information collected by trained staff membe activities/s activities/s not-suppor adjusted o 34 97 288 112 745 095 0 14 high (22) 2 8
104 /epi/asses hip circum systemic t medical pr information collected by trained staff membe activities/s activities/s not-suppor adjusted o 35 145 1 1 15 low (<2) 2 9
110 /epi/asses body fat (% endocrine medical pr measured using “foot-to-foot™ bio-impedance child's fast child’s fast not-suppor adjusted b 54 104 1 0.95 0 16 lowest tert -1 0
110 /epi/asses body fat (% endocrine medical pr measured using “foot-to-foot™ bio-impedance child's fast child’s fast not-suppor adjusted b 55 102 -1.51 443 14 0.95 0 17 middle tert 1 1
110 /epifasses body fat (% endocrine medical pr measured using “foot-to-foot™ bio-impedance child's fast child’s fast not-suppor adjusted b 56 105 -2.35 -5.2 0.5 0.95 0 18 highest ter 17 2
110 /epifasses body fat (% endocrine medical pr measured using “foot-to-foot™ bio-impedance child's fast child’s fast not-suppor adjusted b 57 n -0.02 -1.09 1.04 0.95 1 19 Log2 BPA 2 3
111 /epi/asses body mast systemic t medical pr measured weight using digital scale, height child's fast child’s fast not-suppor adjusted b 58 104 1 095 0 16 lowest tert -1 0
111 /epi/asses body mass systemic t medical pr measured weight using digital scale, height child's fast child’s fast not-suppor adjusted b 59 102 -0.18 045 0.09 095 0 17 middle tert 1 1
111 /epi/asses body mass systemic t medical pr measured weight using digital scale, height child's fast child’s fast not-suppor adjusted b 60 105 -0.23 -0.5 0.04 0.95 0 18 highest ter 17 2
111 /epifasses body mass systemic t medical pr measured weight using digital scale, height child's fast child’s fast not-suppor adjusted b 61 N -0.02 -0.12 0.08 0.95 1 19 Log2 BPA 2 3 79
112 fepifasses overweight systemic t medical pr children who were 285th but <95th percentili child's fast child’s fast not-suppor adjusted b 62 104 1 0.95 0 16 lowest tert -1 0
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2.1, Human studies. ¥

2.2 Animal studies
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HAWC: Enhance Interoperability of
Data Platforms

Home

Advanced Search

Batch Search Lists Search AllDal | Q

Submit Comment Share = Copy = faw Aa Al s
Record Information
Chemical Properties Env. Fate/Transport Toxicity Values (Beta) ADME (Beta) Exposure Bioassays
Similar Molecules (Beta) Synonyms Literature External Links Comments

Exposure ...

Regulator...

Effect Level

Download as: TSV Excel

Grouping

Regulatory Toxicity Value

Study Exposurétudy

D * Priority Type SubtypeValue Units Type Route Duration Species Media Details Source

30... 4 RfD U 80.. mg... - oral =T - - RA. .. RAIS e
30... 4 RfD sh... 30.. mg... - oral sh.. - - RA. .. RAIS
w I T
Requlatory...
Effect Level
Effect Level
Grouping Study Exposurstudy

ID* Priority Type SubtypeValue Units Type Route Duration Species Media Details Source

27 ... i3 LEL de... 375 mg... de... oral da._.. rab - St To
27 6 NEL de. .. 1.00 mg... de . oral de . rab - St To
27... 3 LEL ma... 1.00 mg... de... oral de... rab... - St To...
27 ... i} NEL ma... 0.1 mg... de... oral da... rap... - St To...
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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 “repurposed’ for next
generation of journal submission practices
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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
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0 Evaluation of Individual Studies
vEPA

Systematic Literature Study Data Evidence Derive Toxicity
Scoplng Review Protocol Inventory Evaluat|on Extractlon Integratlon Val es

>69696q>d>969696

Select ar‘d Model

Initial Problem therature Prellmlnary Organlze Ewdence Analysis Studies

Formulation Search Analysis Plan Hazard Review and Synthesis

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

— Internal validity/bias

— Sensitivity

— Applicability; relevance to the question

— Reporting quality




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
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SEPA

Overview of Study Evaluation in IRIS

Individual Study (or
Analysis) Evaluation
Domains:

!

Domain Specific
Evaluation
Classifications

| -

Individual Study_<
Overall
Confidence

Good

Adequate

Poor

Not Reported
Critically Deficient

High

Medium

Low
Uninformative
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<EPA

Ratings for Individual Domains

IRIS How to interpret
Judgement

Good

Adequate

Poor

Critically
Deficient

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

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

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

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

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
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0 Evaluation of Animal Toxicolo
vEPA &Yy

Studies

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
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o EPA General Considerations to Evaluate
\ Y 4 Outcomes From Animal Toxicology Studies

Domain ____ Metric
Reporting Quality Reporting of information necessary for study evaluation

Selection or Performance Allocation of animals to experimental groups

Bias Blinding of investigators, particularly during outcome assessment
Confounding/Variable Control for variables across experimental groups

Control

QTS Lo T [ T- M TN T W - TETI Lack of selective data reporting and unaccounted for loss of animals

Exposure Methods Characterization of the exposure to the compound of interest
Sensitivity Utility of the exposure design for the endpoint of interest
Outcome Measures and Sensitivity and specificity of the endpoint evaluations

Results Display Usability and transparency of the presented data

Other Optional

Example |: Control for other threats to internal validity: animal
husbandry concerns, reports of pre-dosing toxicity or infection, etc.
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o EPA Overview of the Evaluation Process for
g Animal Toxicology Studies

Individual Study (or Domain Specific Individual Study
Analysis) Evaluation =2 Evaluation Overall
Domains: Classifications Confidence

Good
Adequate High
Medium
Poor
Low
Not Reported Uninformative
Critically
Deficient
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Epidemiology Study Evaluation

® Approach based on the Cochrane Risk of Bias in Nonrandomized
Studies of Interventions (ROBINS-I)!, 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.

ISterne, 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

Domain _[CoreQuestion

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

Outcome Does the outcome measure reliably distinguish the presence or
ascertainment absence (or degree of severity) of the outcome!

Population Is there evidence that selection into or out of the study (or
selection 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?
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o) Example of Considerations by Domains
vEPA P y

Domain | Core Question

Exposure Does the exposure measure reliably distinguish between levels
measurement 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:
® |s 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?
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< Study Evaluation: Final Review in HAWC

B ————— \
w Contact About Public Assessments Your HAWC

Home | Chloroform UHA (2017} /| Gold etal. {2010) / Gold et al. (2010} (Risk of bias

BELECTED AZ3E3EMENT ®
o Final Review edit
AWAIL LE MODULE B

Literaturs review Justification for risk of bias assessment of selected study. Each row contzins the sslected domain, a description of the question to be answered, and an area for the user to detail the bizs sslecton and notes for justificstion.

Management dashboard

Selection or Performance

Study list
Risk of biaz Participant selection
Endpoint list Is there evidence that sebection into or cut of the study (or analysis sample) was jointly related to exposure and to cutcome?
Wisualizations
Executive summary Elizabeth Radke Good. Case-control study. 181 cases (T1% rticipation), 523% participation in Amanda Persad Good-Fair. Cases from SEER. Inclusion criteria and participation rates included.
controls Controls selected either through random digit diafing or Medicare! Medicaid Semvice
DOWNLOAD B files. Eligibility criteria for cases and controls mentioned. Study design is nota
I:I Controls identified from previous study of NHL, general pop identified with RO:D |:| gty oo yossRnE et e
4 dstazen . cohort or nested case-control design.
Download datasets 2nd Madicare fles
Adequate = = = Adsguate
Case participation not assoc. with sit, age, or gender. Control participation Copy Notes
sssociated with age, not site or gender.
Copy Notes
quate v . - —
Adequat Nemal 2 B I U® E= L
Good-Fair. Case-control study. Cases from SEER. 181 cases | articipation), 52% participation in centrols. Inclusion criteria and participation rates included. Controls selected sither
through random digit dising or Medicare! Medicaid Service fies. Eligibiity criteria for cases and controls mentioned. Study design is not a cehort or nested case-contral design. Control
participation azsocisted with ags.

Exposure Methods Sensitivity

Exposure measures

Dioas the sxpozure messurs relisbly distinguizh between levels of 2xposure in 3 time window considerad most relevant for 3 caussl effzct with rezpect to the development of the cutcome?

Elizabeth Radke Limited-CD. Job exposure matrix. Amanda Persad Limited. In-person intervisw on ‘occupational histories, dates and frequencies of
." Participant ked to report inf ti bout job stant and end
Collected information on all jobs held for at least 1 year. Dates, title, duties. Job- elxpu»slu'el Eneipan sviae'e ke re ﬂ_. normation .DJ .JO .5 aranoeEn
. N . Ny . ; time, job title, and employers for every job since age 18. (high likelihoed of recall
|:I specific questionnaires developed by industrial hygienist had questions on wark l:l - e T -
. . . bias). JEM creatzd to determine probability of exposure. Actual exposure measures
environment, job-specific tasks, chemicals used. Job coded according to SOC o N
Poor 'oor were not used.
syztem.
Exposure metrics of prob . frequency, intensity, and confidence wers assigned Copy Notes
by modifying JEMs (unvalidated)
Potantizl for recall bias, with cases mare likely to be thorough. Depending on
reliabifity of JEMs for chloroform, could be critically deficient.
. . . d y Motes
Questlons, Instruction text, an
d d . . nal = B I US E= L
ro P O n ratl ng O Ptl O n S a re 2d. In-parson interview on ‘occupational histories, dates and frequencies of exposure.” Participants were asked to report information about job start and end time. job title, and employers
ey job since age 18. (high likelihcod of recall bias). JEM created to determine probability of exposure. Actual exposure measures were not used. Potential for recall bias, with cases 98
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e’EPA \ \ Study Evaluation: Final Review in HAWC

i T ——
? EllzabEth Radke Amanda Persad Pubdic: Assessments “Your HAWC
Home | Chlorofiorm Uk
Adequate Adequate
e wd notes for justification.
Jressmens=t - Good. Case-control study. 181 cases (71% Good-Fair. Cases from SEER. Inclusion criteria
Risk of bizs participation), 52% participation in controls and participation rates included. Controls
Endpaint list

Wisualizations
Executive summsary
DOWNLOAD B

Download datasets

selected either through random digit dialing or
Medicare/ Medicaid Service files. Eligibility
criteria for cases and controls mentioned. Study
design is not a cohort or nested case-control
Case participation not assoc. with site, age, or design.

gender. Control participation associated with
age, not site or gender.

Controls identified from previous study of NHL,
general pop identified with RDD and Medicare
files.

Copy Notes

Copy Notes

Adequate ' Normal : B I U ® iz
I

Good-Fair. Case-control study. Cases from SEER.
181 cases (71% participation), 52% participation
in controls. Inclusion criteria and participation rates
included. Controls selected either through random
digit dialing or Medicare/ Medicaid Service files.
Eligibility criteria for cases and controls mentioned.
Study design is not a cohort or nested case-control
design. Control participation associated with age.

ipation rates included.
wdicare! Medicaid Senvice
tudy design is nota

ntrods selected sither
design. Control

=5 and frequencias of
bout job start and end
igh likelihood of recall
ctual exposure measures

b title, and employers.
all bias. with cases
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SEPA

Individual Studies in HAWC

+ +
Overall Selection
+
Sensitivity Exposure
Selective Reporting Outcome
NIA

Analysis Confounding

N/A

NIA

Overall Selection
Sensitivity Exposure
Selective Reporting Outcome

Analysis Confounding

Medium confidence

Uninformative
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\e’EPA Individual Studies in HAWC

Overall Selection

Sensitivity Exposure

Selective Reporting

N/A Good
Analy

Very Good. AGD measurement at 1-2 days post birth, by study protocol. Averaged 3
measurements for each data point, inter- and intra-examiner variation analyzed.

Medium confidence 101



Population selection

Exposure measurement

Outcome ascertainment

Confounding

Analysis

Other Sensitivity Concerns

Overall study confidence

Study Evaluation Summary in HAWC

Legend
m Mot applicable

Foor
Mot reported
Adequate

2 ¥ Good

=8 Critically deficient
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Evidence Synthesis and Integration

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

- Office of Research and Development
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EPA Synthesis and Integration of Evidence Linking

>
7 Exposure and Health Effects: Purpose

Systematic Literature Study Data Evidence

Scoplng Review Protocol Inventory Evaluat|on Extracuon Integrat|on Derive Toxicity

VaI es

>6969696<p6<p6q6

Initial Problem therature Prellmlnary Organlze Ewdence Analysis Selec;tarld Model
Formulation Search Analysis Hazard and Synthesis udies
Plan Review

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

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
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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

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

Synthesis Narrative

® Medium confidence study of
neurological function

® Minimal summary low
confidence studies of symptom
prevalence

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 106



EPA Scientific Judgment in Analysis and
Synthesis of Evidence

Systematic Literature Study Data Evidence

Scoping Review Protocol Inventory Evaluation Extraction Integration Derive Toxicity

Valyes

000000000 000

Select afid Model
Studies

Initial Problem Literature Preliminary Organize Evidence Analysis
Formulation Search Analysis Hazard and Synthesis
Plan Review

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
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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



<EPA

Synthesis Examples: Epidemiology

Overall study utility ranking RR (95% CI)
TCE and High
E Zhao 2005 * 4.9 (1.2-20)
kl d n ey Charbotel 2006 - 3.3 (1.3-8.7)
ncer.: Moore 2010 - 2.4 (1.1-5.6)
Cca
stratification| Mmoderate
b . | . Hansen 2013 = 2.0 (0.8-5.2)
y Utl Ity Radican 2008 ' 1.2 (0.34.3)
Morgan 1998 - 1.9 (0.94.2)
Briining 2003 - 5.9 (1.5-24)
Low to Low/Moderate
(Overall bias likely towards null)
Raaschou-Neilsen 2003 — 1.9 (1.4-2.6)
Vliaanderen 2013 - 1.0 (1.0-1.1)
Lipworth 2011 ® 0.9 (0.3-2.2)
Bove 2014 - 1.5 (0.6-3.6)
Christensen 2013 ® 0.6 (0.1-2.8)
. Pesch 2000a ——— 1.4 (0.9-2.1)
Highest e
exposure level (Overall bias likely towards overestimate of RR)
graphed for each Henschler 1995 - 9.7 (3.1-23)
Vamvakas 1998 - > 11 (2.0-67)
study ; ; ,
0.1 1 10 100
RR (95% CI)
109
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<EPA

Synthesis Examples: Epidemiology

—

TCE and Kidney
Cancer:
stratification by
exposure level

Estimated exposure level groups RR (95% Cl)
High to very high
Charbotel 2006° ® 3.34 (1.27-8.74)
Briining 2003% I * { 5.91 (1.46-24)
Vamvakas 1998 ' - | 11.42 (1.96-67)
Henschler 19952 b * | 9.66 (3.14-22.55)
Moderate to high
Hansen 20132 H—— 2.04 (0.81-5.17)
Moore 20102 —e— 2.41 (1.05-5.56)
Radican 2008 . { 1.16 (0.31-4.32)
Zhao 2005/Boice 2006® I ® 4.9 (1.23-19.6)
Raaschou-Nielsen 2003® —e— 1.9 (1.4-2.6)
Morgan 19982 H—e— 1.89 (0.85-4.23)
Low
Bove 2014° * 1.52 (0.64-3.61)
Christensen 20139 b / 0.6 (0.1-2.8)
Vlaanderen 2013° M 1 (0.95-1.07)
Lipworth 2011° ° | 0.85 (0.33-2.19)
Pesch 20009 H—e—1 1.4 (0.9-2.1)
| | | | |
1 2 5 10 60
RR (95% CI)

EPA. 2011. Toxicological Review of Trichloroethylene
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Synthesis Examples: Animal Toxicology

Hormone Level

D Sprague Dawley Rats (2 Studies)

Pathology Incidence
: g & gRo-

All Rodents

m

Behavioral Function

£ F344 Rats (5 Studies)
O wistar Rats (4 Studies)
A Sprague Dawley Rats (3 Studies)

(]

All Rats

=75

759 Wistar Rats (8 Studies)
O Long Evans Rats (3 Studies)
50 E s 8
25 a o
o A A
0 Wy A 5
a b A
=25 A a
-50 a
All Rats
-75
A
50 .
.|| Gestational
&
0 A a b
A
-25 A A
=50

O Sprague Dawley Rats (2 Studies)
A\ Wistar Rats (5 Studies)

75

50

25

=25

-50

Juvenile/Adult

[m]m]

=

O Long-Evans Rats (3 Studies)
A Wistar Rats (3 Studies)

10 Rats (12 Studies)
10 Mice (3 Studies) o

By Species

O F344 Rats (2 Studies)
O wistar Rats (3 Studies)
A Sprague Dawley Rats (1 Study)

K1 3}

Medium/ High Confidence

| O Rats, Chronic (7 Studies)
¢ Rats, Subchronic (5 Studies)

Rats By
Duration

© F344 Rats (3 Studies)
O Wistar Rats (1 Study) Low

/s Sprague Dawley Rats (2 Studies) CO nfl d en C e




wEPA Moving from Synthesis to Integration

Systematic Literature Study Data Evidence

Scoplng Review Protocol Inventory Evaluatlon Extractlon Integratlon Derive Toxicity

Va es

>6969696969d>96

Select afld Model
Studies

Initial Problem therature Prellmlnary Organlze EV|dence Analysis
Formulation Search Analysis Hazard and Synthesis
Plan Review

Outputs of Evidence Synthesis

Results of Human Health Evidence Integration

Effect Study Synthesis
Transparent and Structured
Results of Animal Health | Processes for Drawing
Effect Study Synthesis Summary Conclusions
Across Lines of Evidence

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




wEPA

Evidence Integration Involves a
Sequential, Two-Step Process

Systematic
Review Protocol

Literature

Scoplng Inventory

Study
Evaluatlon

Evidence
Integratlon

Data

Extractlon Derive Toxicity

VaI es

>6969696969d>96

therature
Search

Initial Problem
Formulation

Prellmlnary
Analysis
Plan

Select afld Model

Organlze Studies

Hazard
Review

EV|dence Analysis
and Synthesis

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

Step |:“Within-Stream”’ Integration

Step 2:‘“‘Across-Stream”’ Integration

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

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

consideration are integrated in light of mechanistic
evidence in exposed humans or human cells (or other
human models)

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,

Characterize the Strength of the Evidence for an Effect in

Animals (Animal Evidence Stream Judgement)

susceptibility, and the coherence of the findings across
evidence streams.

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)

113



o EPA Wi ithin-Stream (Human; Animal Stream)
b Evidence Judgement Considerations

NAS (201 1):*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 | Human Health Effect | Animal Health Effect Mechanistic
Bradford-Hill) Study Synthesis Study Synthesis Evidence Synthesis

Consistency Tl 1!

T T
T
Tl

T

*During Study
Evaluation

Dose-response

Magnitude and

Precision

Natural experiments

T

Human or Animal

Coherence

In the Context of Study Evaluation

c
.0
b
=
o
>
Ll
>N
o
=]
=)
wn
Y—
(o)
)
X
()
s
c
(o)
O
()]
=
=}
=

Temporality

T

Biological Plausibility
Human or Animal
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<EPA

Wi ithin-Stream (Human; Animal Stream)
Evidence Judgement Considerations

Confidence

Consistency

Dose-
response

Magnitude
and Precision

Natural
experiments

Coherence

Temporality

Biological
Plausibility

Human Evidence Stream

Animal Evidence Stream

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

just statistical significance)

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

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

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

Rarely available, but can be persuasive N/A

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

N/A (considered in study evaluation)

N/A

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

Light blue rows highlight inferences for each line of evidence based on mechanistic evidence
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o Step |: Framework for Within-Stream
\’EPA Evidence Judgements

— ——

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

0 B gence 1o e d B d gies) or A d Pd B, d E A

Strongest Evidence Supporting an Effect
A

STRONGER EVIDENCE

Weakest Evidence Supporting an Effect

Convincing Evidence of No Effect




STRONGER CONCLUSION

EPA Step 2: Framework for Overall
Evidence Integration Conclusions

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

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

Conclusion of Confidence in the Evidence for No Human Health Effect
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Evidence Profile Tables: Complement Narrative
Summary of the Integration of All Evidence

<EPA

“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 ]

Studies and confidence | Factors thatincrease Factors that Summarv of findings Within stream evidence | Inference across evidence | Final evidence integration
(risk of bias, sensitivity) confidence decrease confidence y 8 strength judgements streams conclusion
[Health Effect or Outcome Grouping]

Evidence from Human Studies (rRoute) . )
e Human relevance of Describe conclusion(s) and
® References e Consistency e Unexplained e Results information (general endpoints |Describe confidence in findings in animals primary basis for the
. Study confidence and . Dose-response inconsistency affected/ uanfected) across studies evidencefrom human e Cross-stream coherence integration OfH[[ available
explanation gradient e Imprecision e Human evidence informing biological  |Studies, and primary basis: | ~ (i.e. for both health effect- |evidence (eg., across human,
e Study design description |e Coherence of . Indir.ectn.e.ss/ plausibility: discuss how mechanistic specific and mechanistic  (animal, and mechanistic):
observed effects applicability data influenced the within stream @D Strongest evidence| 9at) )
(apical studies) e Poor study quality/ judgement (e.g, evidence of precursors oa0 e Other /nfere:nces: @®®D Strongest Conclusion
o Effectsize high risk of bias . ’ O Information on e00
. . in exposed humans). 00 L
(magnitude, severity) | Other (e.g., . susceptibility
LI L . . OOO Weakest evidence - 1800
e Biological plausibility| ~ Single/Few Studies; . ©©0 Convin. no effect 0 MOA analysis inferences: OO0 Weakest Conclusion
e Lowrisk of bias/ high| small sample size) Could be multiple rows (e.g., : precursors, cross-species OOONo effect Conclusion
quality * Evidence grouped by study confidence inferences of
o Insensitivity of null/ demonstrating f i . toxicokinetics, or
negative studies implausibility or pop ula tlon] If thisi nf orms quantitative implications

0 Relevant information
from other sources (e.g.,

e Natural experiments
o Temporality

results heterogeneity

read across; other,

Evidence for an Effect in Animals (Route) potentially related

* References e Consistency and * Unexplained e Results information (general endpoints | Describe confidence in health hazards)
e Study confidence and Replication inconsistency affected/ unaffected) across studies evidence for an effect in
explanation e Dose-response e Imprecision e Evidence informing biological animals, and primary basis:
e Study design description gradient e Indirectness/ plausibility for effects in animals: discuss
* Coherence of applicability how mechanistic data influenced the ~|D@O@® Strongest evidence
ObS?WIed e/:/;?ds ¢ Z‘,"Z S,tL;(dy Zyahty/ within stream judgement (e.g., evidence o0
gaplca .stu fes) . Olfh r’? of bias of coherent molecular changes in ®&O0O
. ﬁ‘ects.lze ) ter(e.g., . animal studies) OO0 Weakest evidence
(magnitude, severity) | ~ Single/Few Studies; -
2 o ; ©®© Convin. no effect
e Biological plausibility]  small sample size)
* Low risk of bias/ high|s Evidence Could be multiple rows (e.g., by
quality demonstrating . .
e Insensitivity of null/ implausibility N tUdy conﬁdence, species, or

negative studies exposure duration) if this
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Evidence Integration Conclusions

Systematic Literature Study Data Evidence Derive Toxicity
Scoping Review Protocol Inventory Evaluation Extraction Integration
Valyes

REXXXXXXXXXXKX:

Select afld Model
Studies

Initial Problem Literature Preliminary Organize Evidence Analysis
Formulation Search Analysis Hazard and Synthesis
Plan Review

® 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




<EPA

U ted States
ironmental Protection
Age ncy

THANK YOU FOR YOUR ATTENTION

- Office of Research and Development
NCEA, IRIS



	IRIS Today – An Update on Progress 
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Systematic Review and Implementation within the IRIS Program
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	IRIS Assessment Plans and their Role within the IRIS Process
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Protocols
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Demonstrating Advances in Systematic Review
	Slide Number 34
	Slide Number 35
	Slide Number 36
	�Demonstration of Tools for Problem Formulation and Efficient Literature Screening
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Data Management
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Study Evaluation
	Slide Number 86
	Slide Number 87
	Slide Number 88
	Slide Number 89
	Slide Number 90
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Slide Number 94
	Slide Number 95
	Slide Number 96
	Slide Number 97
	Slide Number 98
	Slide Number 99
	Slide Number 100
	Slide Number 101
	Slide Number 102
	Slide Number 103
	Evidence Synthesis and Integration
	Slide Number 105
	Slide Number 106
	Slide Number 107
	Slide Number 108
	Slide Number 109
	Slide Number 110
	Slide Number 111
	Slide Number 112
	Slide Number 113
	Slide Number 114
	Slide Number 115
	Slide Number 116
	Slide Number 117
	Slide Number 118
	Slide Number 119
	Slide Number 120
	THANK YOU FOR YOUR ATTENTION

