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SyRF: Systematic Review Facility

app.syrf.org.uk SYSTEMATIC

Review Facility

Jing Liao, Christopher Sena, Zsanett Bahor, Alexandra Bannach-Brown, Gillian Currie, Ezgi Tanriver Ayder, Qianying Wang, Emily Sena, Malcolm Macleod
CAMARADES, Clinical Center of Brain Science, University of Edinburgh

Systematic Review Completed in One Platform Systematic Review Powered by Text-Mining and Machine Learning
SyRF web application (app.syrf.org.uk) facilities systematic review from search stage . References Classifiers built for your project
to meta analysis and graphing: V D) M %‘ »  APIs built by NaCTeM and EPPI center are connected to SyRF

»  Sensitivity: 95%, specificity: 85%
»  Active learning with performance assessment in development
Automation of citation screening in pre-clinical systematic reviews, J. Liao, S. Ananiadou, L. G. Currie, B. E. Howard, A. Rice, S. E. Sena, J. Thomas, A.Varghese, M.R. Macleod

Syste m at|c Rev| ew Cu stom | Zed fo r YO ur P roj ect bioRxiv 280131; doi: https://doi.org/10.1101/280131
SyRF provides high flexibility and high elasticity in project design: *  Risk of bias assessment for pre-clinical study
e e »  Blinding: accuracy 91% ~ 94%

— — »  Randomization: accuracy 67% ~ 86%
»  Sample Size Calculation: accuracy 96%~100%
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N == e Bahor Z, Liao J, Macleod MR, et al. Risk of bias reporting in the recent animal focal cerebral ischaemia literature. Clin Sci (Lond). 2017;131(20):2525-2532. Published 2017 Oct 13.
doi:10.1042/CS20160722
Free to use web application Create your project Multiple users work on the same * Drug and disease model extraction

i i roject at the same time .
private or public proj 1 > Disease Model

»  Drug/Intervention extraction

Automatically calculate _— . m

agreement ratio : no need to
reconcile separately

Systematic Review Powered by Crowd Sourcing

SyRF also has a suite enabling crowd sourcing systematic review:

Directly retrieve data with search
string or upload your own search

Group annotation information " . oo Education website I Training web application System review web application
togeth f i it
doeg;gnes:u‘;r €asy. experimen — syrf.org.uk learn.syrf.org.uk app.syrf.org.uk
Tree Structure of annotation question design provides the maximum Systematic Review W|th Expe rt Assista nce Avai|ab|e
Design your annotation question freedom and minimize the time answering unnecessary questions.
with different types of answers SyRF is more than just an web application. SyRF is created by experts of systematic review and meta analysis CAMARADES in

University of Edinburgh. Help is available through the format of web form, email, slack, weekly skype meeting, privately skype
meeting by appointment.
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Background and Methods

Background/Aim

The analysis of study results across a set of studies Is a powerful tool that can help with
decisions about whether a potential bias is an important concern for an individual study, and to
Illuminate a pattern within apparently inconsistent effect estimates. The heterogeneity may
stem from differing study designs examining varying outcome and exposure definitions and be
Influenced to varying degrees by sources of bias and other factors that affect the magnitude,
direction, and precision of effect estimates. Influential aspects include potential bias (e.g.,
selection, information, confounding) and other quality aspects (e.g., sensitivity, precision).
This type of analysis also can include factors, such as exposure levels, that are important for
the Interpretation of results. Studies of the association between indoor formaldehyde exposure
and current asthma and pulmonary function were used as a case study to illustrate the impact
of bias and other study attributes on the analysis of consistency across studies.

Methods:

Analyses of current asthma and pulmonary function endpoints were performed as
part of a systematic evaluation of the literature database on studies examining the
potential for respiratory and immune-mediated conditions in relation to
formaldehyde exposure that was conducted through October 2016.

Evaluating the consistency of heterogeneous results:

Important determinants of inconsistency

pulmonary function endpoints.

Current Asthma in Children and Adults

Criteria to evaluate risk of bias and sensitivity for the selected endpoints were
developed using expert consultation or methodological reviews by professional
organizations. The IRIS study evaluation tool included domains for participant
selection, exposure, outcome, confounding, analysis, and sensitivity.

The consistency of results for current asthma was examined via forest plots
presenting effect estimates (e.g., risk ratios, odds ratios) stratified by exposure
levels (low vs high) and overall study confidence, and an analysis of potential
confounding looking across study results was conducted for current asthma and

Current asthma is defined as a report of asthma symptoms during the last 12 months. Studies limited to “ever had asthma” were not included because the formaldehyde measures available did not
reflect cumulative exposures that could be related to cumulative risk. The population relevant to the PECO for this analysis included children and adults in 22 studies of residential or school exposures
and 5 occupational studies involving manufacture of pressed wood products, chemical production and embalming. These studies analyzed the variation in risk of prevalence of current asthma,
incidence of asthma or asthma control or severity in relation to variation in formaldehyde at exposures above 0.010 mg/m3 across a range spanning at least 0.01 mg/ms3. Of the 22 studies of residential
or school settings, 4 were considered “not informative” for current asthma because the target population was under 5 years of age, an age range when asthma diagnoses are not specific. Three studies

reported comparisons of mean formaldehyde concentrations in cases and controls and could not be included in the forest plots.

Sorting by Exposure Setting, Level, and Confidence for Studies of Current Asthma

Studies ordered alphabetically Studies ordered by exposure setting, level, and confidence

Adults Adults
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2 0.9 B |
Annesi Maesano et al 2012 1 1.1 n
Garrett et al 1999 NS : 0.9 B
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Kim et al 2011 1.04 per 0.01 mg/cu m | Palczynski et al 1999 0.99
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Odds Ratio, 95% ClI
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Limitations of Low Confidence Studies

Adults

Norback et al,
1995

Yeatts et al,
2012

Zhai et al, 2013

Neghab et al,
2011

Holness et al,
1989

Information bias: Most values < LOQ for formaldehyde
Confounding: Unable to distinguish RR for VOCs with
formaldehyde

Information bias: Analyses combined children and adults;
mothers responded for children

Confounding: Unable to distinguish RR for SO, with
formaldehyde

Selection bias: Participation rates not reported, but
selection criteria were reported

Information bias: Sampling period and protocol details not
reported

Confounding: Univariate, but magnitude of OR not likely
explained by confounding

Analysis: Small number of cases for analysis

Selection bias: Lead time bias, Left truncation
Information bias: Short formaldehyde sampling period,;
Asthma definition imprecise

Confounding: Possible residual confounding for smoking

Selection bias: Lead time bias, Left truncation
Information bias: Asthma definition imprecise
Confounding: Univariate analysis

Children

Conclusion

When studies are ordered alphabetically, results appear heterogenous, but when exposure levels and study
confidence are considered, a pattern of increasing risk with increasing exposure levels is apparent among the high
and medium confidence studies. No single domain limitation was a primary reason for the low confidence
determinations, but collectively results of these studies are more variable.

Smedje and
Norback, 2001

Garrett et al,
1999

Hulin et al,
2010

Tavernier et al,
2006

Yeatts et al,
2012

Hsu et al, 2012

Hwang et al,
2011

Information bias: Exposure, uncertain concentration
distribution, high proportion < LOD

Confounding: No adjustment for coexposures, but results
varied among exposures

Selection bias: Potential household correlation of cases and
controls

Information bias: Asthma definition imprecise

Analysis: Adjusted results reported as not signif

Analysis: Small sample size; uncertain interpretation of
urban/ rural stratified analyses

Selection bias: Missing data for 50% cases; not reported for
controls

Exposure: Distribution not reported

Information bias: Asthma definition included questions not
specific to asthma

Analysis: Exposure levels by tertile not reported

Information bias: Analyses combined children and adults
Confounding: Unable to distinguish RR for SO, with
formaldehyde

Not plotted.

Selection bias: Low, differential participation rate
Information bias: Short formaldehyde sampling period and
protocol not reported

Confounding: Univariate analysis

Analysis: Limited

Not plotted. Selection bias: High prevalence family history
asthma in both groups

Information bias: Asthma definition imprecise

Analysis: Questions about analysis and distribution
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Reference
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Children

Residential, = 0.05 mg/cu m
Adequate
Matsunaga et al 2003

Billionnet et al 2001

Deficient:Univariate analysis
Palczynski et al 1999

Deficient: Potentially inflated OR
Morback et al 1995

Yeatts et al 2012

Residential, = 0.05 mg/cu m
Adequate

Matsunaga et al 2003
Krzyzanowski et al 1990

Deficient: Univariate analysis
Palczynski et al 1999
Zhai et al 2013

(Occupational exposure
Adequate

Herbert et al 1994

Fransman et al 2003 (All)
Fransman et al 2003 (High)
Duration = 6.5 yr

Malaka & Kodama 1990
MNeghab et al 2011

Deficient: Univariate analysis
Holness et al 1989

0.8
0.72
1.43

0.71

125
1.43

265
NS

3.6

548
1.5
4.3
3.1

2.84

10.4

20

0.50

Adequate, = 0.05 mg/cum
Palczynski et al 1999
Venn et al 2003

Annesi Maesano et al 2012

Mi et al 2006

kKim et al 2011
Garrett et al 1999
Hulin et al 2010
Tavernier et al 2006

0.99
1.14
1.08
1.04
1.1
0.9

1.3 per 0.01 mgfcu m
1.04 per 0.01 mgfcum

NS

Adequate, = 0.05 mg/cu m
Krzyzanowski et al 1990

DCeficient
= 0.05 mg/cum
Univariate

Smedje and Morback 2001 1.2 per 0.01 mg/cum

Away from null
Yeatts et al 2012
=0.05 mg/cum
Univariate

Zhai et al 2013

1.0

2.0

I I I
8.0 16.0 32.0

Cdds Ratio, 95% CI

1.43

12.4

0.50

1.0 2.0 4.0 8.0 16.0
Odds Ratio, 95% CI

Conclusion

For studies in residential or school settings with lower exposure levels, a deficient rating for confounding with a predicted direction

away from the null provides a potential explanation for some of the heterogeneity in odds ratios.

Occupational Studies of Pulmonary Function: Confounding

Forced expiratory volume in 1 second (FEV,) and forced vital capacity (FVC)
were the most common measures analyzed by the studies of formaldehyde
exposure. The population relevant to the PECO for this analysis included
workers with occupational exposure to formaldehyde in studies where
exposure was confirmed by air measurements, or involved professional
categories of embalmers and anatomists/pathologists. A total of 21 studies
Involving manufacture of wood products, chemical production, embalming or
offices in mobile trailers were identified, which analyzed variation in
pulmonary function values in relation to variation in formaldehyde at
exposures above 0.010 mg/m? across a range spanning at least 0.01 mg/m3. Of
the 21 studies, 5 were determined “not informative” because of one or more
critical deficiencies; one reported additional analyses in the same cohort, and
three presented longitudinal analyses or cross-shift changes, which are not

shown in this example.

The occupational studies were limited by low sensitivity due to healthy
worker survivor bias resulting from the cross-sectional analyses and loss of
sensitive individuals before the studies began. Different analytic approaches
were used making it challenging to examine results across studies in a graph
using a single metric. However, most of the studies provided a mean value for
exposed and referent groups as a percent of predicted adjusting for age, sex
and height, and some expression of error. For these studies, forest plots were
constructed using the mean difference of percent of predicted FEV, or FVC
and confidence intervals. The mean difference is adjusted for smoking in
these graphs only for three of the studies (Malaka et al., 1999; Holmstrom et
al., 1988; Levine et al., 1984). However, most of the studies addressed
smoking either in their designs or analyses, and the plotted results are in the
same direction as the reported study results.

Cross-sectional analyses of pulmonary function endpoints in relation to occupational exposure

FEV, FVC

Author, Year HCHO Ref Conf Mean Difference [95% CI]

Author, Year HCHO Ref Conf Mean Difference [95% CI] Wood Products
Wood Products Malaka (high), 1990 56 93 M —a— 03[-36, 3.0]
Malaka (high), 1990 56 03 M = | 36[-89 1.7] Malaka (low), 1990 37 93 M - -49[-82, -16]
Malaka (low), 1990 37 93 M . | T0[122 18] Holmstrom, 19882 98 36 M R 81125 -3.7]
Alexandersson, 1982 47 20 M | -95[-169,-2.1] Alexandersson, 1982 47 20 M ' - I -56[-11.7, 0.5]
Horvath, 1988 109 254 H - 20[-49 09] Horvath, 1988 109 254 H —— 20[-48, 0.8]

Chemical Manufacture Chemical Manufacture
Schoenberg, 1975 15 15 ’ 17128, 9.4] Holmstrom, 1968.1 70 36 M — -66[-113,-19]
Embalming Schoenberg, 1975 15 15 M : 7T9[-15 17.3]

Holness, 1989 84 38 L 15[-64, 34] Embalming
| Holness, 1989 84 38 L . 04[-49, 41]

Levine, 1984 12 12 M 4.7[-586,15.0]
Levine, 1984 ' -16[-106, 7.4
Mobile Office ’ 212 106, 7.4]

_ Mobile Office
Main, 1983 14 17 L 40[-75, 55]
| | | Wain, 1983 14 17 L -3.0[-12.8, 6.8]
-10.0 10.0 20.0 | | | ' '
Mean Difference, FEV 1 (%) 200 -10.0 0.0 100 200
Mean Difference, FVC (%)
Notes on forest plots

« Difference in means of spirometry measurements taken before shift comparing exposed to unexposed. Means adjusted for age, height and sex.
« Study regression analyses also adjusted for smoking, and coefficients were in the same direction as those in forest plot.

« Two studies were not plotted because the studies reported only means of the unadjusted absolute values. Herbert et al. (1984) found a
statistically significant decrease in FEV,/FVVC in analyses adjusted for age, height, sex and smoking, and Khamgaonkar et al. (1991) found a
statistically significant decrease in FEV, and FVVC in analyses adjusted for age, height, weight and sex.

Conclusion

Overall, mean values of pulmonary function among exposed workers were lower than those of unexposed comparison groups. The
difference Is not large, but is consistently observed in most of the studies, which were limited by a healthy worker survival bias, which
may have attenuated the size of the observed difference. Concern for residual confounding iIs lessened because findings were consistent
between the wood products and chemical manufacturing industries, which involve different coexposures.




#4 - Semi-Automated Data Extraction Workbench for Environmental Health
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Systematic review, already a cornerstone of evidence-based medicine, has recently gained significant popularity in several
other disciplines including environmental health and evidence-based toxicology. One critical and time-consuming process
that must occur during systematic review is the extraction of relevant qualitative and quantitative raw data from the free
text of scientific documents. The specific data types extracted differ among disciplines, but within a given scientific
domain, certain data points are extracted repeatedly for each review that is conducted. To that end, Sciome has begun
research and development of a semi-automated data extraction workbench for use in this context. We are focusing our
research on three specific goals. First, we are using deep learning to build novel data extraction models to extract data
elements of interest to those conducting systematic reviews in the domain of environmental health. Second, we are
building a web-based data extraction software platform specifically designed for usage in the domain of systematic review.
And finally, we plan to introduce new protocols to standardize the inputs and outputs for data extraction software
components. Here we report our results so far, including the performance of more than 20 novel data extraction
components of relevance to environmental toxicology, created and tested on an annotated dataset from NTP.
Performance varied widely among data types with some tasks inherently more difficult than others. For certain simple
data types, like sex of the experimental animal, we achieved F-scores in excess of 95%; for more difficult entities, we were
still often able to achieve an F-score of 65% or more, given sufficient training data. Because accurate data extraction can
be a challenging problem, and given that current methods rarely achieve 100% accuracy, we are integrating our methods
into a “human-in-the-loop” system that combines machine and human intelligence in a manner that is superior to using
either in isolation. The system will: highlight extracted terms in a pdf; automatically populate extraction forms with
extracted data; allow humans to intervene and correct the results; and learn from the corrections to continually update
the model. The resulting system will make systematic reviews both more efficient to produce and less expensive to
maintain, greatly accelerating the process by which scientific consensus is obtained in a variety of health-related disciplines
having great public significance.
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approaches were developed through discussions within EPA, and were informed by multiple . . . . L * Evidence profile tables (Figure 7) document the primary decisions and rationales.
reviews by the National Research Council (2011; 2014; 2018). In addition, IRIS assessments *Human and animal health effect evidence is analyzed and synthesized separately. Mechanistic
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5" Overall Evidence Integration
Systematic Literature Study Data Evidence Derive Toxicity 5 A very high level of.certain.ty that exposure causes the health effect in humans:
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The results of the analyses conducted during evidence synthesis inform an evaluation of each Hill

For eaCh pOtentlaI human health hazard, the eVIdence SyntheSIS bUIIdS from the OUtcome' d . T bl 1 f h h d ] | d I ] h I h _ﬁ; ;{efz;ence:d oCogiistgncyand/or opnexp!ainedy o'F:‘esultslacro;sstudiesc| f Dgzcribes]ctrengthfffthe conclusions were primarily reliant
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evaluation of the body of evidence during evidence integration. Evidence integration is a two- + Medumar i - -~ Compling e

* High or medium confidence studies provide stronger evidence within evaluations of each Hill consideration

* Interpreting results considers biological as well as statistical significance, and findings across studies Figure 7. Evidence Profile Table (Template): Documents the story of the evidence and supporting
rationale for evidence integration decisions (note: may be subdivided, e.g., by study design)

step process based on structured, example-based frameworks for applying an adapted set of
considerations described by Sir Bradford Hill (1965), first to each line of evidence, and then
across all evidence. The general process is outlined in Figure 3.

Different studies or populations increase strength | ¢ Different studies, species, or labs increase strength

SCUENELGA « Analyze across study confidence, sensitivity, exposure levels/duration, lifestage, species or other factors

* Unexplained inconsistency decreases evidence strength Tra ns iti on i n g from I nteg rati on to Dose'Res pO nse

Evidence Integration
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J of the evidence for a health effec ose- : : : : : : . C :
across sets of health from human and animal studies cause the health effect in humans * Dose-dependence that is expected, but missing, can weaken evidence (after considering the findings in the Evidence integration directly informs study selection and toxicity value derivation (Figure 8).
Evaluations of relevant effect studies in (based on study confidence, Hill (based on human and animal evidence response f oth bl di d biolosical und di ] ]
studies by outcome humans and animals consideration conclusions, and judgments, and mechanistic inference context of other available studies and biological understanding) . ] ] o Attributes of Studies that Support
(informs Hill consider- biological plausibility) (e.g., on human relevance, coherence) Evidence Integration Provide Quantitative Toxicity Value Derivation

ations on consistency, MEEOIICCAN * Large or severe effects can increase strength; further consider imprecise findings (e.g., across studies)

Conclusion toxicity value? - Test species

effect magnitude, dose- . . , . . . T . . . e
Medium Confidence response. coherence. ) Robust T e Precision * Small changes don’t necessarily reduce evidence strength (consider variability, historical data, and bias) Stronzest conclusion o Humans — no interspecies extrapolation uncertainties
. . . C iy ey . . (for can rg descriptor of Known) o  Animals that respond most like humans
Lar CorielEmes * Biologically related findings within an organ system, within or across studies, or across populations (e.g., or cancer, a descriptor ot Know
Evaluation and . . S . . YES
, : sex) increases evidence strength (considering the temporal- and dose-dependence of the relationshi
Uninformative \ interpretation of Evidence suggests ) &t ( § P P P) Moderately. strong Human relevance of StUdy
mechanistic evidence @i el * An observed lack of expected changes (e.g., based on biological linkage) reduces evidence strength conclusion exposures
\ Indeterminate . (for cancer, a descriptor of Likely) Route — Tvor _
L. i X A X i X o — Typical human environmental exposure routes
Excluded f * Informed by mechanistic evidence on the biological development of the health effect or toxicokinetic/ MAYBE (e.g., oral, inhalation)
xcluded from ' - i . o
further consideration Compelling evidence of no effect Strong evidence of no effect dynamic knowledge of the chemical or related chemicals Weakest conclusion If evidence includes a well- o Duration - Chronic or subchronic studies
(for cancer, a descriptor of Suggestive) conducted study, a risk value may (exceptions exist)
. . T : : . . be useful for decisi .
Figure 3. Outline of IRIS Evidence Synthesis and Integration. Human and animal evidence syntheses build METSENIEWTN * Mechanistic evidence in humans or animals of precursors or biomarkers of health effects, or of changes in 1] o EXPOS;VE Levelf;; |
o ) ] i ] ) ) ) ] ' ) ) ) . . ) . ear typical human environmental exposures
from individual study evaluations and directly inform evidence integration across all lines of evidence. Evidence on established biological pathways or a theoretical mode-of-action, can strengthen evidence E . ':'_0--- _— +  Abroad range and multiple levels, for better
. . L. X X X X X . . xcept a bounding estimate from t lati t
=1l * Lack of mechanistic understanding does not weaken evidence outright, but it can if well-conducted Inadequate information > | astudy without positive results SXTapOIATIon sippoT
; . ; . . can be derived when useful for
Disclaimer: The views expressed are those of the authors and do not represent the views or policies of the U.S. EPA. Plausibility experiments exist and demonstrate that effects are unlikely decision purposes. Susceptibility
s o Studies that characterize the most susceptible groups
: : Table 1. Factors that increase or decrease the strength of the human and animal evidence for a health trong support ‘ o Studies with design features that address sources of
U.S. Environmental Protection Agency . : . g : . . for no human health effect NO potential critical confounding for the human health effect
Off R h and D | t effect. Expert judgments are organized using adapted Hill considerations (not shown are temporality- addressed
ICe Of Research and Levelopmen during epidemiology study evaluation, and natural experiments- very rare that is important to highlight). Figure 8. Considerations for Dose-Response: Note: study confidence informs study selection (not shown).
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#6 - Research Update: Using SWIFT-Active Screener to Reduce the Expense of Evidence Based Toxicology

B. Howard, A. Tandon, J. Phillips, A. Maharana, and Ruchir Shah
Sciome LLC

Systematic review is a formal process used widely in evidence-based toxicology and environmental health research to
identify, assess, and integrate the primary scientific literature with the goal of answering a specific, targeted question in
pursuit of the current scientific consensus. We recently received Phase | SBIR funding to conduct research and
development to enhance our web-based, collaborative systematic review software application, SWIFT-Active Screener.
By employing a machine learning methodology called “Active Learning”, and through a novel statistical method that can
accurately estimate the percentage of relevant studies screened, Active Screener can significantly reduce the overall
screening burden compared to traditional approaches. We first investigated several improvements to our statistical
algorithms used for article prioritization and recall estimation (Aim 1 — Improved Statistical Models). The resulting
refinements further improve the performance of our algorithms and address critical technical issues that previously
limited the applicability of our methods. Secondly, we explored ways in which our models and methods can be improved
to handle the scenario in which an existing systematic review is updated with new data several years after its initial
publication (Aim 2 — New Methods for Systematic Review Updates). Finally, in order to ensure that our software is capable
of supporting the full demand from our many users, we have reengineered the system to support hundreds to thousands
of simultaneous screeners (Aim 3 - Software Engineering for Scalability, Usability). During this research, our methods and
software have been rigorously tested on 26 different systematic review datasets, demonstrating robust performance of
Active Screener’s prioritization and recall estimation methods in a variety of real-world scenarios. For reviews with 5,000
or more documents, we report an average reduction in screening burden of 61% (to obtain 95% recall). Active Screener
has been used successfully to reduce the effort required to screen articles for systematic reviews conducted at a variety
of organizations, including NIEHS, EPA, USDA, TEDX, and EBTC. These early adopters have provided us with an abundance
of useful data and user feedback, and we have identified several areas where we can continue to improve our methods
and software. Several new features have been planned for the software, and it will be developed, improved and
maintained for the foreseeable future.
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Role of Semantics, Ontologies, and Adverse Outcome Pathways as a Point of Integration in Chemical Assessments

Abstract

The quality and utility of literature based chemical assessments has been improved by leveraging
the power of systematic review (SR) and systematic mapping (SM, also referred to as evidence
mapping) approaches to aggregating and evaluating evidence of health risks posed by exposure
to environmental chemicals. Taking maximal advantage of SRs and SMs is currently impeded by
linguistic inconsistencies resulting from different communities using different vocabularies to
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Approach: Evidence Mapping and literature-based information integration into an Adverse Outcome Pathway
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Systematic Review (SR, Figure 1 ») is a formal
method used in literature based assessments meant
to Insure rigor and transparency. {

Evidence Inventory

Formulation, Iterate | f.S(cjealrlch y
Scoping & Planning Aim to find all potentially

\ Y

Annotate evidence inventory with ontologies amenable to AOP framework

Problem }m L Broad Literature }

Systematic Mapping (SM, also referred to as
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of a chemical assessment to summarize the
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Semantics is the study of linguistics, their meaning, relationship, and structure.

Ontologies are “A kind of controlled vocabulary of well-defined terms with specified

relationships between those terms, capable of interpretation by both humans and computers”
(whetzel et. Al, 2011).
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Adverse Outcome Pathways (AOPs, Figure 2 below) are meant to describe how perturbation
of a biological system leads to a particular adverse health outcome using components called
molecular initiating events (MIEs, green bar below), Key Events (KEs, yellow and orange bars
below), Key Event Relationships (KERs, arrows below), and Adverse Outcomes (AOs, red bar
below) that are supported by scientific information.
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Categorized by the IARC 10 Key Characteristics of Carcinogens =

'Gradient, Cambridge, MA; “Gradient, Seattle, WA

OBJECTIVE Table 2 Quality Criteria for In Vitro Studies Figure 1 Incorporation of the IARC10 Key Characteristics of Carcinogens Framework into Evaluations
of In Vivo and In Vitro Mechanistic Evidence in Systematic Reviews of Potential Carcinogens

Build off of the International Agency for Research on Cancer (IARC) 10 Key Characteristics of Carcinogens Framework to strengthen the evaluation of mechanistic (ategory ‘ Criteria for Higher Quality
evidence in assessments of potential carcinogens. Study Objectives Objectives/hypotheses are clearly described The 10 Key Characteristics (KC) of Carcinogens Framework can be used to organize mechanistic
Negative Controls Unexposed/vehicle control group was included evidence. Once mechanistic evidence is categorized, the quality of mechanistic studies, biological
Positive Controls Positive control group was included or justification is provided if a positive control was not required significance of study results, pathway from upstream key events to tumor development (such as
B AC KG Ro U N D Dszlsjg); Study Size At least 2 exposed groups included to allow for the evaluation of dose-response relationships through development of an adverse outcome pathway and evaluation of MoA), and human relevance
Number of Replicates Number of replicates reported; at least triplicate measurements utilized to address variability of the me.Ch.an'St'C evidence should be evaluated. The C.OrTS'StenCy across studies within eaCh.ke.y
® |ARC recently developed a framework for identifying and organizing mechanistic data around 10 key characteristics of carcinogens: Study Guidelines Protocol followed OECD or similar study quidelines characteristic and the coherence across the key characteristics should also be assessed. Mechanistic
N . . L . CLP Conditions Compliant with GLP quidelines evidence must be integrated with other realms of evidence (human, cancer bioassay), with evidence
1. Electrophilic or metabolically activated 6. Induces chronic inflammation — = . - from high-quality studies weighted more than evidence from low-quality studies.
. . Test System Characteristics | Test system characteristics (e.g., source, type, properties, number of cells) are reported and similar across study groups
2. Genotoxic 7. Immunosuppressive Test Model — : : — - — : :
Cultivation and Maintenance | Media characteristics and conditions of cultivation and maintenance are reported and consistent across study groups
3. Alters DNA repair or genomic stability 8. Modulates receptor-mediated effects Test Substance Substance Description Test substance is clearly described (e.g., identity, source, purity, stability, storage, vehicle) Gather EVidence
4. Induces epigenetic alterations 9. Causes immortalization : Exposure Administration Route of administration is described and consistent across study groups
xposure
5. Induces oxidative stress 10. Alters cell proliferation, death, or nutrient supply g Exposure Monitoring Exposure concentration was well characterized and monitored throughout exposure period +

Blinding Outcome assessors were blinded to the exposure status of each group

® This framework is useful for initial categorization of mechanistic evidence, but lacks certain aspects necessary for evaluating and integrating mechanistic Outcome was consistently assessed across study groups using well-established, sensitive methods: direct measurements of outcome o validated

Organization

evidence for human carcinogen hazard classifications. Measurement Methods | 1 e t measurements KC1 KC2 KC3 KC4 KC5 KC6 KC7 KC8 KC9 KC10
: : .. : e : : : : Assays are specified with enough detail to enable reproducibility of results
® The framework fails to provide explicit guidance for its implementation, describe how study quality and the human relevance of evidence should be evaluated Outcome Assay Reproducibility . ! ; P — : PR P !
and considered, indicate how the biological significance of mechanistic endpoints should be considered, address how mechanistic evidence should be integrated .eporte. uantitative meas ”ref OTTeproAud '.'ty . —
with other realms of evidence, and consider that some of the key characteristics of carcinogens are shared by non-carcinogenic substances. Time Points Time points of outcome evaluations were consistent with study objectives

Results reported for all time points

Assess Study Quality

v

Assess Biological Significance
Assess Adverse Outcome Pathway/Mode of Action
Assess Human Relevance

Confounding and Variable Control | Identified and accounted for confounding factors and factors unrelated to exposure that may affect outcome

M E T H o D s I R E s U LT S | Employed appropriate statistical approaches
Statistica

Analysis Statistical Methods Test assumptions were satisfied (e.g., data distribution requirement, sparse data)

® Reviewed best practices for evaluating study quality and for evidence integration. {7 it i el s L R Gl

® Surveyed over 50 weight-of-evidence frameworks, including several with guidance for evaluating study quality (e.g., the National Toxicology Program Office of Table 3 Criteria for Evaluating the Human Relevance? and Biological Significance of Mechanistic Studies
Health Assessment and Translation [NTP OHAT], Animal Research: Reporting of In Vivo Experiments [ARRIVE], United States Environmental Protection Agency

[US EPA] Toxic Substances Control Act [TSCA], and Organisation for Economic Co-operation and Development [OECD] frameworks). Criteria Considerations

Postulated MoA: List sequence of events on the path to cancer

Evaluation of
Key Characteristic

® Developed study quality criteria for in vivo and in vitro mechanistic studies (Tables 1 and 2, respectively).

Key Events: List measurable events critical to cancer induction
® Proposed criteria to determine the human relevance of mechanistic studies, based on the World Health Organization (WHO) International Programme on Dose-Response: Correlate the dose dependency of increases in a key event to increases in the severity of other key events and ultimate tumor incidence +
Chemical Safety (IPCS) cancer mode-of-action (MoA)/human relevance framework, and the biological significance of mechanistic results (Table 3). Temporality: Evaluate whether key events are apparent before tumor appearance and are temporally consistent with each other . o
® Proposed a conceptual framework for evaluating and integrating mechanistic evidence in systematic reviews of potential carcinogens (Figure 1). Is the weight of evidence sufficient to establish f:rf;?\t,\l,]ﬁec:: E'eSt:\','ecrﬂ §'l‘,f'offei‘.‘frﬂta’v‘hﬁfﬁﬁﬁskteheerfeﬁ,iitj,?;"fgrﬂiﬁﬁfvf,?}; g’}f&fﬁ{igﬁﬁ“cﬂ'ﬁ Wehetherthere s feduction ofsubsequent events o Assess Con5|stency Within an.d .
an MoA in animals? / ' / : P Coherence Across Key Characteristics

Biological Plausibility and Coherence: Consider whether MoA is consistent with what is known about carcinogenesis in general and for the substance specifically

Table 1 Quality Criteria for In Vivo Studies

Possible Alternative MoAs: Consider other plausible MoAs

Category Criteria for Higher Quality Uncertainties, Inconsistencies, and Data Gaps: Identify biological and database uncertainties and whether identified inconsistencies and data gaps
L L . are crucial as support for the MoA
Study Objectives Objectives/hypotheses are clearly described
Negative Controls Unexposed/vehicle control group was included Conclusion About the MoA: Indicate level of confidence in the postulated MoA KC1 KC2 KC3 KC4 KC5
Positive Controls Positive control group was included or justification provided if a positive control was not required g?(?lng(?gnm:hnergrs\ilsagﬁuor:c(}er\lren,gn(;g\lbgt:gﬂ:ggsg ly| Evaluate plausibility that key events in the animal MoA operate in humans
Study Des Randomization Randomized assignment of animals to exposure and control groups differences in key events between exp’erimental Lo e e pnentOres SN R ING
udy Design : :
VD Study Size At least 2 exposed groups included to allow for the evaluation of dose-response relationships animals and humans? Assess factors that can modulate key events between species
Size of Treatment Groups At least 5 animals of one sex per study group per time point or power calculation reported to justify a smaller sample size S(?Il:gg(?gnm:hnerglaes\i?gfgaﬁzmﬁ aln\’i‘i?/é\ gieffm)cggbly Evaluate differences in nature and time course of chemical uptake, distribution, metabolism, and excretion
Study Guidelines Protocol followed OECD or similar study quidelines in either kinetic or dynamic factors between Consider the consequences of interaction of chemical with cells, tissues, and organs KC6 KC7 KCS8 KC9 KC10
GLP Conditions Compliant with GLP quidelines experimental animals and humans? Assess the magnitude of exposure differences for observation of key events and tumors (-
Animal Characteristics Characteristics (e.g., source, species, strain, age, stage, sex, weight, acclimation period) are reported and similar across study groups Whatis the biologicalsignificance o specific Assess predictive ability for cancer risk .2
Animal Hushandry Animal husbandry (e.g., breeding program, food and water, light and dark cycle, cleaning cycle, environmental conditions) details are reported and consistent across study groups endpoints or assays? Consider the reversibility/reparability of effects "6
Test Model Housing Conditions Housing conditions (e.g., caging, bedding, number of animals per cage, environmental enrichment) are reported and consistent across study groups Evaluate the magnitude of effect above natural variation and homeostasis S
Attrition All animals are accounted for and any exclusion of animals was adequately addressed and reasons documented &',’ I nteg rate Wlth Ot h er Rea I ms
Monitoring and Handling Differences in monitoring or handling of animals were minimized across study groups Notes: (a) Adapted from the WHO IPCS cancer MoA/human relevance framework (Boobis et al., 2006). e
Test Substance Substance Description Test substance is clearly described (e.g., identity, source, purity, stability, storage, vehicle) E Less Weig ht
: Exposure Route Exposure route is clearly described and administration was consistent across study groups
xposure
g Exposure Monitoring Exposure concentration was well characterized and monitored throughout the exposure period CO N C L U S I O N S Greater Weig ht
Blinding Outcome assessors were blinded to the exposure status of each group ° o _ _ . .
Measurement Methods Outcome was consistently assessed across study groups using well-established, sensitive methods: direct measurements of outcome or validated indirect measurements The 10 .Key Cha raCt.e r_IS tICS. of Carcinogens Framework does not currently provide guidance for a standardized approach to Mechanistic
e . - evaluating mechanistic evidence.
o Assays are specified with enough detail to enable reproducibility of results
Assay Reproducibility — —
Outcome Reported quantitative measures of reproducibility ® Consideration of study quality and relevance, and the biological significance of mechanistic evidence, in a systematic manner . .
QA/QC Implemented and reported appropriate QA/QC protocols for the collection, handling, and storage of biological specimens (if applicable) is critical for a robust assessment of a potential carcinogen. Less We'th Less We'th
. . Time points of outcome evaluations were consistent with study objectives H
Time Points Results reported forall time points ® Mechanistic.evidgnce must be evaluated concurrently with other realms of evidence to allow for scientifically defensible cancer Greater Weight Greater Weight
Confounding and Variable Control | Identified and accounted for confounding factors and factors unrelated to exposure that may affect outcome hazard classifications. H C Bi
Employed appropriate statistical approaches for study objectives uman ancer bloassay
Statistical Analysis Statistical Methods Test assumptions were satisfied (e.g., data distribution requirement, sparse data)
Corrected for multiple comparisons (if applicable) AC K N OW L E D G M E N T S . . . . .
e Low-quality Evidence = High-quality Evidence

The work presented in this poster was completed with financial support provided to Gradient by the American Chemistry Council (ACQC).

GLP = Good Laboratory Practice; OECD = Organisation for Economic Co-operation and Development; QA/QC = Quality Assurance/Quality Control.
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Aspects of Causality’

Sample Causality Text: Short-term Exposure to PM, .

Background:

and Cardiovascular Effects?

The National Center for Environmental Assessment (NCEA) develops Integrated Science Aspect Description

A large body of recent evidence confirms and extends the evidence from the previous ISA
indicating that there 1s a “causal relationship” between short term PM, . exposure and
cardiovascular effects. In the current review, evidence supporting the causality determination
includes generally positive associations reported from epidemiologic studies of hospital
admissions and emergency department (ED) visits for cardiovascular related effects, and in
particular, for ischemic heart disease and heart failure. Results from these observational
studies are 1n agreement with experimental evidence from controlled human exposure and
animal toxicological studies of endothelial dysfunction, as well as with endpoints indicating
impaired cardiac function, increased risk of arrhythmia, changes in heart rate variability
An inference of causality is strengthened by results from experimental studies or other (I_ V)9 increases in blOOd pressure (BP)a and increases in indicators Of systemic
f;g;‘;ifﬂ"g;ﬁfﬂﬁ'gﬁtglﬂE%Eﬂ'[':‘{; gﬁgﬂimﬁfgﬂgi F;fgfﬂg‘éﬂmﬁg“;gﬁg‘n :’%ﬂ inflammation, oxidative stress, and coagulation. Results from observational panel studies,
s an important source of support for causality. though not entirely consistent, also provide some evidence of increased risk of arrhythmia,
decreases 1n HRYV, increases in BP, and changes 1n cardiac electrophysiology. Thus, the
combination of evidence from experimental and epidemiologic panel studies provides
coherence and biological plausibility for the results from observational epidemiologic studies.
Finally, epidemiologic studies of cardiovascular-related mortality provide additional evidence
and contributes to the continuum of effects from biomarkers of inflammation and coagulation,
subclinical endpoints (HRV, BP, endothelial dysfunction), ED visits and hospital admissions
for outcomes such as 1schemic heart disease (IHD) and congestive heart failure (CHF), and
eventually death. The current body of evidence also reduces uncertainties from the previous
review related to the potential for copollutant confounding and biological plausibility for
cardiovascular effects following short term PM, . exposure.

Assessments (ISAs) as a key part of the Clean Air Act mandated reviews of the National

Consistency An inference of causality is strengthened when a pattern of elevated risks is observed
across several independent studies. The reproducibility of findings constitutes one of the
strongest arguments for causality. Statistical significance 1s not the sole critenon by which
the presence or absence of an effect is determined. If there are discordant results among
investigations, possible reasons such as differences in exposure, confounding factors, and

the power of the study are considered.

Ambient Air Quality Standards (NAAQS), which are set for six criteria pollutants: particulate
matter (PM), ozone, oxides of nitrogen, sulfur oxides, lead, and carbon monoxide. EPA
establishes primary NAAQS to protect public health, including sensitive lifestages or
populations, such as children or people with pre-existing disease. Secondary standards are
established to protect against adverse ecological and other welfare effects. The ISAs 1dentify,
evaluate, integrate, and synthesize the comprehensive body of scientific evidence. This
generally includes hundreds to thousands of studies spanning epidemiology, controlled human

Coherence An inference of causality from one line of evidence (e.q., epidemiologic, controlled human
exposure, animal, or ecological studies) may be strengthened by other lines of evidence
that support a cause-and-effect interpretation of the association. There may be coherence
In demonstrating effects from evidence across varous fields and/or across multiple study
designs or related health endpoints within one scientific line of evidence. For example,
evidence on welfare effects may be drawn from a variety of experimental approaches
(e.qg., greenhouse, laboratory, and field) and subdisciplines of ecology (e.q., community

ecology, biogeochemistry, and paleontological/histoncal reconstructions).

exposure, animal toxicology, dosimetry, exposure science, atmospheric science, welfare effects,
and ecology. NCEA employs a weight of evidence framework 1n developing ISAs, integrating
findings from the various lines of evidence and drawing conclusions on causality. More
specifically, ISAs use a five-level hierarchical causal framework, incorporating aspects of the
Hill criteria to assess causality (e.g., consistency, coherence, biological plausibility, temporality,
etc.) and classify whether evidence 1s sufficient to conclude a “causal relationship”, “likely to be
a causal relationship”, “suggestive of, but not sufficient to infer, a causal relationship”,
“inadequate to infer a causal relationship”, or “not likely to be a causal relationship.” Each level
of the hierarchy represents the extent to which we can rule out chance, confounding or other
biases. In ISAs, these causality determinations are presented both in a narrative form and 1n
summary tables delineating the rationales and key evidence supporting the conclusion, reflecting
the application of the framework and characterization of the evidence. In this case poster, an
example from the draft PM ISA 1s presented, demonstrating the evaluation and integration of
multiple lines of evidence underlying the conclusion that there 1s a “causal relationship” between

short-term PM, ; exposure and cardiovascular effects.

Biological plausibility

Biological gradient
(eXposure-response
relationship)

A well-charactenzed exposure-response relationship (e.g.. increasing effects associated
with greater exposure) strongly suggests cause and effect, especially when such
relationships are also observed for duration of exposure (e.9., increasing effects observed
following longer exposure times).

Strength of the
observed association

The finding of large, precise risks increases confidence that the association is not likely
due to chance, bias, or other factors. However, it is noted that a small magnitude in an
effect estimate may or may not represent a substantial effect in a population.

Experimental evidence Strong evidence for causality can be provided through “natural experiments™ when a
change in exposure is found to result in a change in occurrence or frequency of health or
welfare effects.

Temporality of the
observed association

Evidence of a temporal sequence between the introduction of an agent and appearance of
the effect constitutes another argument in favor of causality.

Specificity of the
observed association

Evidence linking a specific outcome to an exposure can provide a strong argument for
causation. However, it must be recognized that rarely, if ever, does exposure to a pollutant
invariably predict the occurrence of an outcome, and that a given outcome may have
multiple causes.

Sample Causality Table: Short-term Exposure to PM,

Structure activity relationships and information on the agent’s structural analogs can
provide insight into whether an association is causal. Similarly, information on mode of
action for a chemical, as one of many structural analogs, can inform decisions regarding
likely causality.

ISA Development 1 Analogy and Cardiovascular Effects?

Rationale for Causal Determination Key Evidence

Literature Search and

Study Selection
(See Figure IlI)

J

Evaluation of Individual Study Quality
After study selection, the quality of individual studies 1s evaluated by U.S. EPA or outside experts in the fields of
atmospheric science, exposure assessment, dosimetry, animal toxicology, controlled human exposure,

epidemiology, biogeochemistry, terrestnal and aquatic ecology, and other welfare effects, considering the design,
methods, conduct, and documentation of each study. Strengns and imitations of individual studies that may affect

the interpretation of the study are considered.

Consistentepidemiologic evidence from Increases in ED visits and hospital admissions for IHD and CHF in
multiple, high qualitystudies atrelevant  multicity studies conductedinthe U.S., Canada, Europe,and Asia
PM.s concentrations

ISAs Causality Framework

Increases in cardiovascular mortalityin multicity studies conducted in the
U.S., Canada, Europe, and Asia.

Consistentevidence from controlled
human exposure studies atrelevant
PM> 5 concentrations

Consistentchanges in measures of endothelial dysfunction

Generally consistentevidence for small increases in measures ofblood
pressure following CAPs exposure

WEIGHT OF EVIDENCE FOR CAUSAL DETERMINATION
Ecological and Other Welfare Effects

Health Effects Additional evidence of conduction abnormalities, heartrate variability,

impaired heartfunction, systemicinflammation/oxidative stress

Evidence is sufficient to conclude that there is a causal Evidence is sufficient to conclude that there is a causal
relationship with relevant pollutant exposures (e.g., doses relationship with relevant pollutant exposures. That is, the

or exposures generally within one to two orders of pollutant has been shown to result in effects in studies in which
‘ magnitude of recent concentrations). That is, the pollutant chance, confounding, and other biases could be ruled out with

Causal relationship

Consistentevidence from animal Consistentchanges in indicators of endothelial dysfunction.

toxicological studies atrelevant PMzs
concentrations

Additional evidence of changes inimpaired heartfunction, conduction
abnormalities/arrhythmia, heartrate variability, blood pressure, systemic

inflammation/oxidative stress

which chance, confounding, and other biases could be or small- to medium-scale field studies) provide the strongest
ruled out with reasonable confidence. For example: evidence for causality, but the scope of inference may be limited.

Develop Initial Sections
Review and summarize conclusions from
previous assessments and new study results
and findings by discipline and categngf of
outcomel/eftect (e.g., toxicological studies of lung
function or biogeochemical studies of forests)

Peer Input Consultation
Review of initial draft materials by scientists
from both outside and within the US. EPA In

public meeting or public teleconference.

has been shown to result in health effects in studies in reasonable confidence. Controlled exposure studies (laboratory

4

Evaluation, Synthesis, and Integration of Evidence
Integrate evidence from scientific disciplines. Evaluate evidence for related %mu of endpoints or outcomes to
draw conclusions for S?eclﬁc health or welfare effect categones, integrating health or welfare effects evidence with

information on mode of action and exposure assessment.

1

Development of Scientific Conclusions and Causal Determinations
Characterize weight of evidence and develop judgments regarding causality for health or welfare effect categones.
Develop conclusions regarding concentration- or dose-response relationships, potentially at-nisk populations,
Iifestages, or ecosystems.

1

l Clean Air Scientific Advisory Committee

Independent review of draft documents for
scientific quality and sound implementation of
causal framework during public meetings.

Draft Integrated Science Assessment
Evaluation and integration of newly published studies

Public Comments
Comments on draft ISA solicited by the U.S. EPA

1 s 4

Final Integrated Science Assessment

- U.S. Environmental Protection Agency
Office of Research and Development

(1) controlled human exposure studies that demonstrate
consistent effects, or (2) observational studies that cannot
be explained by plausible alternatives or that are
supported by other lines of evidence (e.g., animal studies
or mode of action information). Generally, the
determination is based on multiple high-quality studies
conducted by multiple research groups.

Generally, the determination is based on multiple studies
conducted by multiple research groups, and evidence that is
considered sufficient to infer a causal relationship is usually
obtained from the joint consideration of many lines of evidence
that reinforce each other.

Epidemiologic evidence from copollutant The magnitude of PM.s associations remain positive, butin some cases
models provides some supportforan are reduced with larger confidence intervals in copollutantmodels with
independentPM.s association gaseous pollutants. Further supportfrom copollutantanalyses indicating

positive associations for cardiovascular mortality. Recentstudies that
examined potential copollutant confounding are limited to studies

Likely to be a causal
relationship

Evidence is sufficient to conclude that a causal
relationship is likely to exist with relevant pollutant
exposures. That is, the pollutant has been shown to result
in health effects in studies where results are not explained
by chance, confounding, and other biases, but
uncertainties remain in the evidence overall. For example:
(1) observational studies show an association, but
copollutant exposures are difficult to address and/or other
lines of evidence (controlled human exposure, animal, or
mode of action information) are limited or inconsistent, or
(2) animal toxicological evidence from multiple studies
from different laboratories demonstrate effects, but limited
or no human data are available. Generally, the
determination is based on multiple high-quality studies.

conducted in Europe and Asia.

When reported, correlations with gaseous copollutants were primarilyin
the low to moderate range (r< 0.7).

Evidence is sufficient to conclude that there is a likely causal
association with relevant pollutant exposures. That is, an
association has been observed between the pollutant and the
outcome in studies in which chance, confounding, and other
biases are minimized but uncertainties remain. For example, field
studies show a relationship, but suspected interacting factors
cannot be controlled, and other lines of evidence are limited or
inconsistent. Generally, the determination is based on multiple
studies by multiple research groups.

Consistentpositive epidemiologic Positive associations consistentlyobserved across studies thatused
evidence for associations between PM>s ground-based (i.e., monitors), model (e.g., CMAQ, dispersion models)
exposure and CVD ED visits and hospital and remote sensing (e.g.,AOD measurements from satellites) methods,
admissions across exposure including hybrid methods thatcombine two or more of these methods.
measurementmetrics

Epidemiologic evidence supports a
log-linear, no-threshold

Suggestive of, but not
sufficient to infer, a causal
relationship

Evidence is suggestive of a causal relationship with
relevant pollutant exposures but is limited, and chance,
confounding, and other biases cannot be ruled out. For

example: (1) when the body of evidence is relatively small,

at least one high-quality epidemiologic study shows an
association with a given health outcome and/or at least
one high-quality toxicological study shows effects relevant
to humans in animal species, or (2) when the body of
evidence is relatively large, evidence from studies of
varying quality is generally supportive but not entirely
consistent, and there may be coherence across lines of
evidence (e.g., animal studies or mode of action
information) to support the determination.

concentration-response (C-R)

Evidence is suggestive of a causal relationship with relevant relationship

pollutant exposures, but chance, confounding, and other biases
cannot be ruled out. For example, at least one high-quality study
shows an effect, but the results of other studies are inconsistent.

Generally consistentevidence for Strong evidence for coherence of effects across scientificdisciplines and

biological plausibilityof cardiovascular biological plausibilityfor a range of cardiovascular effects inresponse to
effects short-term PM2s exposure. Includes evidence forreduced myocardial

blood flow, altered vascularreactivity, and ST segmentdepression.

Uncertainty regarding geographic
heterogeneityin PM.5 associations

Multicity U.S. studies demonstrate city-to-city and regional heterogeneity
in PM2s-CVD ED visit and hospital admission associations. Evidence
supports thata combination offactors including composition and
exposure factors may contribute to the observed heterogeneity.

Inadequate to infer a
causal relationship

Evidence is inadequate to determine that a causal
relationship exists with relevant pollutant exposures. The
available studies are of insufficient quantity, quality,
consistency, or statistical power to permit a conclusion
regarding the presence or absence of an effect.

Evidence is inadequate to determine that a causal relationship
exists with relevant pollutant exposures. The available studies are
of insufficient quality, consistency, or statistical power to permit a
conclusion regarding the presence or absence of an effect.

* CMAQ= Community Multiscale Air Quality Modeling System; AOD= Aerosol Optical Depth;
CAPs = Concentrated Ambient Particles

Not likely to be a causal
relationship

Evidence indicates there is no causal relationship with
relevant pollutant exposures. Several adequate studies,
covering the full range of levels of exposure that human
beings are known to encounter and considering at-risk
populations and lifestages, are mutually consistent in not
showing an effect at any level of exposure.

References:

Evidence indicates there is no causal relationship with relevant
pollutant exposures. Several adequate studies examining
relationships with relevant exposures are consistent in failing to

show an effect at any level of exposure. 1. Preamble to the ISA: https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=310244
2. ISA for PM (External Review Draft): http://cfint.rtpnc.epa.gov/ncea/prod/recordisplay.cfm?deid=341593
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		Rationale for Causal Determination

		Key Evidence



		Consistent epidemiologic evidence from multiple, high quality studies at relevant PM2.5 concentrations

		Increases in ED visits and hospital admissions for IHD and CHF in multicity studies conducted in the U.S., Canada, Europe, and Asia

Increases in cardiovascular mortality in multicity studies conducted in the U.S., Canada, Europe, and Asia.



		Consistent evidence from controlled human exposure studies at relevant PM2.5 concentrations

		Consistent changes in measures of endothelial dysfunction

Generally consistent evidence for small increases in measures of blood pressure following CAPs exposure

Additional evidence of conduction abnormalities, heart rate variability, impaired heart function, systemic inflammation/oxidative stress



		Consistent evidence from animal toxicological studies at relevant PM2.5 concentrations

		Consistent changes in indicators of  endothelial dysfunction.



Additional evidence of changes in impaired heart function, conduction abnormalities/arrhythmia, heart rate variability, blood pressure, systemic inflammation/oxidative stress



		Epidemiologic evidence from copollutant models provides some support for an independent PM2.5 association

		The magnitude of PM2.5 associations remain positive, but in some cases are reduced with larger confidence intervals in copollutant models with gaseous pollutants. Further support from copollutant analyses indicating positive associations for cardiovascular mortality. Recent studies that examined potential copollutant confounding are limited to studies conducted in Europe and Asia.

When reported, correlations with gaseous copollutants were primarily in the low to moderate range (r < 0.7).



		Consistent positive epidemiologic evidence for associations between PM2.5 exposure and CVD ED visits and hospital admissions across exposure measurement metrics

		Positive associations consistently observed across studies that used ground‑based (i.e., monitors), model (e.g., CMAQ, dispersion models) and remote sensing (e.g., AOD measurements from satellites) methods, including hybrid methods that combine two or more of these methods.



		Epidemiologic evidence supports a log‑linear, no‑threshold concentration‑response (C‑R) relationship

		 



		Generally consistent evidence for biological plausibility of cardiovascular effects

		Strong evidence for coherence of effects across scientific disciplines and biological plausibility for a range of cardiovascular effects in response to short‑term PM2.5 exposure. Includes evidence for reduced myocardial blood flow, altered vascular reactivity, and ST segment depression.



		Uncertainty regarding geographic heterogeneity in PM2.5 associations

		Multicity U.S. studies demonstrate city‑to‑city and regional heterogeneity in PM2.5‑CVD ED visit and hospital admission associations. Evidence supports that a combination of factors including composition and exposure factors may contribute to the observed heterogeneity.
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OBJECTIVE

Provide recommendations for systematically evaluating and integrating evidence on cancer in National Ambient Air Quality
Standards (NAAQS) reviews.

BACKGROUND

® The Clean Air Act mandates that the United States Environmental Protection Agency (US EPA) set primary and secondary NAAQS for
six criteria air pollutants (i.e., particulate matter [PM], ground-level ozone, nitrogen dioxide, sulfur dioxide, carbon monoxide, and lead).

® Every 5 years, US EPA is required to review the available science and data to determine whether it should maintain or revise the NAAQS
for each of these pollutants.

® As part of this process, US EPA generates Integrated Science Assessments (ISAs), in which causal relationships between criteria pollutants
and health effects are assessed using a framework specifically developed for NAAQS reviews.

® The NAAQS causal framework includes a list of quality aspects for evaluating individual studies of health effects.

® However, it is not a complete list, there are no quality criteria for in vitro studies, there are no criteria for evaluating study relevance,
and the quality evaluation does not inform evidence integration.

Table 1 Quality Criteria for Epidemiology Studies of Air Pollutants and Health Effects

Category ‘ Criteria for Higher Quality
Study Objectives Objectives/hypotheses are clearly described
Study Design Panel, case-crossover, cohort, or nested case-control study
S:% >;] Study Location Multiple cities
Sample Size Power calculation is presented to indicate sufficient sample size?
Study Duration Conducted over multiple years
Participant Characteristics Characteristics (e.g., age, race, sex, eligibility criteria) are reported
Inclusion/Exclusion Criteria | Clearly reported and consistent with study objectives
Study - o Representative of the target population
Population ectultment/Participation High participation rate, not dependent on exposure or outcome
Underlying Health Conditions | Ascertained by independent clinical assessment or self-report of physician's diagnosis
Follow-up Minimal or non-differential loss to follow-up
Pollutant Pollutant Description Clearly described (e.g., size of PM fraction)
Pollutant Source Source-related indicators were evaluated
Utilized and compared with more than one exposure assessment method
Measurement Methods
Used well-established, sensitive methods: direct measurements of exposure or indirect measurements that have been validated
Exposure Window Assessed relevant exposure windows; multiple exposure windows were investigated if the relevant exposure windows were unknown
Sufficiently captured the spatial variability of the exposure
Anggﬁﬁ,t Spatial Variability Exposure was estimated from the closest central site monitor (limit of distance dependent on pollutant) or from averaging concentrations from multiple monitors,
when only using monitoring data
Exposure was estimated from modeling data with sufficient spatial resolution
Temporal Variability Used time-varying or multiple lags of exposure estimates
Temporality Exposure occurred BEFORE the outcome
Blinding Assessors of outcome were blinded to exposure levels
Used well-established, sensitive methods: direct measurements of outcome or indirect measurements that have been validated
Measurement Methods Clinical measurements: administered or overseen by medical professionals
Bioassay measurements: provided sufficient details to allow for reducing the assay and quantitative measures of reproducibility
A?slétscs?nmeent QA/QC Implemented and reported appropriate QA/QC protocols for the collection, handling, and storage of biological specimens, if applicable
Ascertainment Relied on medical records and insurance claims with ICD codes, cancer registries, or self-reports of physician's diagnoses in validated questionnaires
Adjustment of Acute Effects | Adjusted for short-term exposure if the health effects of long-term exposure were assessed by acute events
S Time points of outcome evaluation are consistent with study objectives
Reported effect estimates for all a priori lag times in studies of short-term exposure
dentified and adjusted for potential confounders and primary covariates (e.g., temporal trends, meteorology, socioeconomic status, age, race, sex, medication use,
Confounders smoking status, and other chemical exposures)
Confounding Used valid and reliable measurements of these factors
Copollutant (two-pollutant) modeling was conducted
Copollutant _ . .
Correlations were observed between the pollutant of interest and copollutants were considered
Descriptive Statistics Summary statistics for the study population presented
Univariate Analyses Univariate analyses with pollutant of interest, covariates, and copollutants were conducted and results are presented
Statistical Employed appropriate statistical models for multivariate analyses
Analysis Multivariate Analyses Model assumptions were tested and satisfied
Multiple-comparison-corrected, if applicable
Sensitivity Analyses Sensitivity analyses were conducted and results were stable

Notes: ICD = International Classification of Diseases; QA/QC = Quality Assurance/Quality Control. Bolded text indicates criteria that are not from the NAAQS framework. (a) The PM ISA
indicates that studies with large sample sizes are more reliable, but does not specify what is considered a large sample size.

METHODS/RESULTS

® Reviewed best practices for evaluating study quality and for evidence integration.

® Surveyed over 50 weight-of-evidence frameworks, including several that provided guidance for evaluating study quality (e.g., the
National Toxicology Program Office of Health Assessment and Translation [NTP OHAT], Strengthening the Reporting of Observational
Studies in Epidemiology [STROBE], Organisation for Economic Co-operation and Development [OECD] frameworks).

® Modified the NAAQS framework for evaluating the health effects of air pollutants using these best practices.

® Developed general quality criteria for epidemiology studies (Table 1) and demonstrated how to adapt these to address a specific
topic, using a case study of PM exposure and lung cancer (Table 2). Also, developed general quality criteria for experimental studies
(i.e., controlled human exposure and animal toxicology studies) and in vitro studies (available upon request).

® Proposed criteria to determine the human relevance of mechanistic studies, based on the World Health Organization (WHO)
International Programme on Chemical Safety (IPCS) human relevance framework (available upon request).

® Proposed a conceptual framework for evidence integration:

® Bodies of evidence are organized by an outcome and receive an initial confidence rating based on study design (Table 3). Each body
of evidence is evaluated for additional domains that increase or decrease confidence (Figure 1). Causal conclusions are based on
the levels of confidence in human, animal, and mechanistic data (Table 4).

Table 2 Quality Criteria for Epidemiology Studies of PM and Lung Cancer

Category Criteria for Higher Quality
Study Objectives Objectives/hypotheses are clearly described
Study Design Cohort or nested case-control study
gzg% Study Location Multiple cities
Sample Size Power calculation is presented to indicate sufficient sample size?
Study Duration Sufficient follow-up time (at least 10-20 years)
Participant Characteristics Characteristics (e.g., age, race, sex, eligibility criteria) are reported
Inclusion/Exclusion Criteria | Clearly reported and consistent with study objectives
poghl;gt);on Rectuitment/Particination i(iepresen’fa.tive.of the target population
gh participation rate, not dependent on exposure or outcome
Underlying Health Conditions | Ascertained by independent clinical assessment or self-report of physician's diagnosis
Follow-up Minimal or non-differential loss to follow-up
—— Fraction Size Clearly described (e.g., size of PM fraction)
Particulate Source Source-related indicators were evaluated
Utilized and compared more than one measurement method
Measurement Methods
Indirect measurements of exposure (e.g., modeling) are validated
Exposure Window Latency of lung cancer (i.e., at least 10-20 years prior to diagnosis) is accounted for
AE;(ES(;?;]JL% " Spatial Variabilty PM, s — (ommunit.y—level rdeeIed cc?ncentrations, measuremer.lts from m.ultiple central s.ite monitors”
PM,,5 or UFP — Finer spatial resolution for modeled concentrations or validated central site measurements
Temporal Variability Used time-varying exposure estimates
Temporality Exposure occurred BEFORE the outcome
Blinding Assessors of outcome were blinded to exposure levels
Outcome Ascertainment Relied on medical records and insurance claims with ICD codes, cancer registries, or self-reports of physician's diagnoses in validated questionnaires
Assessment Incidence Cancer incidence was assessed
(linical Information Clinical information on lung cancer (e.g., histological type, stage) was collected
Smoking Multiple metrics for smoking behaviors and history were adjusted for (e.g., intensity, duration, years since quitting)
. Exposure to secondhand smoking was adjusted for
Confounding Other Covariates Key potential confounders were adjusted for (e.g., age, socioeconomic status, race, family history, occupational exposures)
Copollutant Correlations were observed between the pollutant of interest and copollutants were considered
Descriptive Statistics Summar_y statistics for the study population (e.g:, number of participants, age, race, socioeconomic status, smoking, number of lung cancer cases,
person-time) are presented by exposure categories
Univariate Analyses Univariate analyses with PM, covariates, and copollutants were conducted and results are presented
S’Lt\?]t;?;'sclgl Employed appropriate statistical models (e.g., logistical regression, Cox proportional hazard)
Multivariate Analyses Model assumptions were tested and satisfied
Multiple-comparison-corrected, if applicable
Sensitivity Analyses Sensitivity analyses were conducted and results were stable

Notes: PM. .= Particulate Matter with a Diameter Less than or Equal to 10/2.5 um; UFP = Ultrafine Particles. Bolded text indicates criteria that are not from the NAAQS framework.
(a) The PM ISA indicates that studies with large sample sizes are more reliable, but does not specify what is considered a large sample size. (b) The PM ISA indicates that measurements from a

single central site monitor are sufficient to capture the spatial variability of within-community PM, _ concentrations.
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CONCLUSIONS

Evaluating the quality of individual studies is an integral part of assessing causal relationships between air pollutants and
health effects, including cancer. The relevance of mechanistic evidence to humans must be determined. The results of
the quality evaluation must inform evidence integration.

Table 3 Initial Confidence Rating for Study Designs

Study Design Controlled Exposure EXP‘:;:;CEOI;:LM B Individual Outcome Data | Comparison Group Used | Initial Confidence Rating

Human Controlled Exposure Likely Likely Likely Likely High
Experimental Animal Likely Likely Likely Likely High

Cohort Unlikely May or May Not Likely Likely Low to Moderate

Case-control Unlikely May or May Not Likely Likely Low to Moderate
Cross-sectional Unlikely Unlikely Likely Likely Low

Ecologic Unlikely May or May Not Unlikely Likely Very Low to Low

Case Series/Report Unlikely May or May Not Likely Unlikely Very Low to Low

Figure 1 Confidence Assessment in Each Body of Evidence

All Studies with the Same Design with High/Moderate Initial Confidence Rating

]
Are There High Quality Studies?

I Final Confidence Rating

Y ’
i No Inadequate

Among High Quality Studies, Assess: _> Final Confidence Rating

Risk of Bias, Consistency, Directness, For an Effect High Moderate
Precision, Publication Bias, Magnitude,
Dose-response, Confounding

9jenbapeu

For no Effect High Moderate

Consider Confidence Ratings Across Multiple Study Designs

v

Confidence Conclusion for a Body of Evidence Based on the Group of Studies
with the Highest Confidence Rating

Table 4 Causal Classification

Causal Conclusion for An Effect

Human Animal
Evid Evid  gd Strong Mechanistic Data Strong Mechanistic Data
VIAENCE VIGEREE No/Inadequate Mechanistic Data Supgorting An Effect Sup|g)orting No Effect
= High
i% High Moderate Causal Suggestive
% Inadequate
N
Y High
S
2 Moderate Moderate Suggestive
= Inadequate
@ . . Inadequate
= High Suggestive
E Inadequate Moderate Inadequate Suggestive
S
Inadequate Inadequate
e High .
& . Unlikely Causal _
= High Moderate Unlikely Causal
,Z: Inadequate Unlikely Causal Inadequate
N
Y High Unlikely Causal
{ =
= Moderate Moderate Inadequate
= Inadequate
= Inadequate
% High Unlikely Causal
E Inadequate Moderate Inadequate
S Inadequate
Inadequate

Note: This does not address discordant human and animal evidence. If this occurs, further evaluation will be needed to assess causation.
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Introduction

Quantitative Case Study

* The source to outcome case study demonstrates how a workflow for using a mechanistic

M i l d M O d erat e Hig scaffold can facilitate evidence integration. (Fig. 7)

* Evidence integration in current IRIS assessments considers the contributions of human health, Exposure Estimation
animal, and mechanistic data streams according to PECO criteria in a hierarchical and parallel

approach. (Fig. 1)
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Application of the EFSA/ECHA Endocrine Disruption Guidance as a Framework for
Evidence Integration in a Weight-of-Evidence (WoE) Analysis for Oxybenzone (BP-3)

Susan Borghoff, Seneca Fitch, Janice Britt, Kara Franke, Daniele Wikoff

Methods Results

* A systematic review is in the process of being implemented E— - - Evidence ldentification and Extraction Appraisal, Synthesis, and Integration: Lines of Evidence Analysis for Estrogen Pathway

according to that described in the protocol, “A Hypothesis- _ -
A Hypothesis-Driven Weight-of-Evidence

Driven Weight-of-Evidence Analysis to Evaluate Potential ARAlSIE TS B e Patential Endonrine , , e , : T
ACtivity of Oxybenzone Following Exposdre * More than 60 studies/sources were identified in the peer review literature and authoritative

Endocrine Activity of Oxybenzone Following Exposure frorm LN Filters i HGmans databases (Figure 2). Level 1 Data: Table 1.
from UV Filters in Humans.” Available: https://zenodo.org/ e | . , . . . L : _ . , , , , . , Summary findings and critical appraisal summary
record/2636528%# XOWM9OENKHRTY ° Included epidemiological, experimental animal, and in vitro studies. * The majority of epidemiological studies report a lack of activity or adversity, as for key domains by endpoint in epidemiological

. . . . . Adoamnei et al. 2018 cs T : + : i T FsH Wolf et al. 2008 i ©  gestational age
. o i > i i i indicated by a lack of change in direction of the outcomes reported across the i int directi Adcamneietal. 2018 C T = : : e e encomeross
« PECO (Population, Exposure, Comparator, Outcome) Each study contained 1to >20 relevant endpoints (relating to assays), often spanning : Yy g P studies. Endpoint direction baged on author report. ~ Mwmesaze o R : _ N NS I T RN
| across at least 2 pathways. evidence base (Table 1). Study types: CT = controlled trial, C = cohort, CS = Adoommeietal. 208 CS e e : . : 0 e suee Polacketal, 201 0 e Ueinebds
° Primary question: Does oxybenzone have endocrine s NP : : : cross-sectional, CC = case-control, NCC = nested e T — . i | T I [ e {0 I T
Systematic Revievw Protocol: 1 1 H (o) ’ ’ ° ” ge of menarche
disrupting properties in humans under the conditions of use i e it e ) Infqrmatlon was extracted by endpom.t and t?y EATS. pathway per.the Qu'dance a”‘?' A Iac.k (?f sl I G bllel b change§ was consistently reported i Ul case control. Key risk of risk of bias domains S E - R | | — ottt 20 —
: assigned a study level (1-5), representing an increasing order of biological complexity used studies; no other hormone changes were consistently reported across studies h in the table: “--/red shading” = definitel c L I : : e i I e secondarysexnto
as a UV fllter? . . shown In the table: rea shading efinite Y Janjua et al. 2004 cT . - B 0 Testosterone Buck Louis etal., 2014 i & Fecundity OR
. . . . to evaluate strength of evidence for ED. (though separate studies reported changes in some of the hormones measured). high risk of bias, “/pink shading” = probably high o : . 0 - e D o o
> Sub-questions, consistent with ECHA/EFSA (2018) guidance: . . . . . . . risk of bias. “+/light green shading” = probably low  msime : — 1 ———— T
D b dulate est g thvroid teroid < path . * Data was extracted for >200 endpoints across pathways; the majority of the evidence A lack of changes was consistently reported across apical outcomes; for those St ,“++/g g e gd f_ID.t e yle y : | + _ _ _ N [ I e smmommin
—_ ¢ . . . . . o H H H FIS O IaS, reen S a IN = e NI e OW rIS Buckley et al., 2016 C 5 Il o BMI in child exposed in utero Adoamnei et al. 2018 I o Total sperm count
oes oxybenzone modulate estrogen, androgen, thyroid, or steroidogenesis pathways base consisted of level 2 (e.g., receptor binding and transactivation assays) through outcomes with reported changes, none were repeated in multiple studies. i o O AgT ol Ove?all e baséd - TS S —==_— Tl o | e M EE [
— M A 1 H 1 1 .« o . . . . . . . . . . . . . . * Ferguson et al., 2018 C _—_ Il o Femur length Buck Louis et al., 2015 I o Sperm volume
Are any observed EATS modalities associated with adverse effect(s) (i.e., are reproductive, level 4 assays (e.g., repeated dose toxicity studies and non-guideline reproductive and o Formal critical appraisal of epidemiological studies demonstrated high risk of bias key domains; Tier | being most reliable based on Fergusonetal, 2018 C L - . - I e Bithweightatdelveny Buck Louis tal, 2015 I e spemconcentaton
H 1 1 H . . oy e . . . . . . . ? Messerlian et al., 2018 © _— + I T Birth weight Buck Louis et al., 2015 I © Total sperm count
developmental, or carcinogenic effects a consequence of an endocrine mode of action)? developmental studies with focus on critical windows of exposure). in key domains—primarily exposure and confounding—across most of the evidence validity and Tier Il the least. e an | & — 1 . T B T I I R —
* A comprehensive literature search was conducted to identify relevant literature based on o For the estrogen pathway, data included: base, resulting in Tier lll categorizations for most of the epidemiological evidence IZ:jZIZlﬁ’ifili : ==_= —— 23233?222:?2312 ' e
inclusion/exclusion criteria described in the protocol. Multiple databases were utilized, including 3 . , , , , base (Table 1). ¢ BT 000 e bodyleng e spemcomatnsiabily
. Level 1: QSAR anaIyS|S, epldemIO|OgIC8| data Wolff et al. 2008 c E -+« i ©  birthweight at birth Chen etal., 2013b I &  Semenvolume
PubMed, Embase, NTP CEBs, CompTox Dashboard; database-specific syntax was developed for * Weak activity predicted in QSAR ER model (weak as described by model output) Mttetl 2008 : L I R [T Chenetat. 207% i N T

—Level 2: Grouped ToxCast/Tox21 (26 ER assays, 1 aromatase assay, 10 steroidogenesis
assay), ER competitive binding (2 assays), ER agonist transactivation (2 assays), ER

agonist cell proliferation (1 assay), ER antagonist transactivation (1 assay); in total, 7 LoE

preV|.OUS|y defined by the U.S. EPA (.JUdSC?n et al, 2016). The reSU|t5. of an assay a!’e erly evaluated from 43 assays reported in 5 studies/sources Level 2 and 3 Data (Table 2) Level 4 and 5 Data Table 3. Assembly and integration of LoE for estrogen adversity. LoE based on EFSA/ECHA guidance.
considered to be active when the hit call is 1 and when the Z-score is > 3, which signifies that Some LoE contain multiple studies/assays represented by a single role; for brevity, multiple studies/

assay activity was well below the cytotoxic concentration range. ~Level 3: 1 LoE evaluated from 5 uterotrophic assays reported in 4 studies/sources « Several in vitro studies from the peer-reviewed literature did not account » For estrogen, all data were Level 4 and contained endpoints ° Ovarian weight—Changes in ovarian weights are not consistent, assays are combined when the findings were all similar (no effect). For each LoE, the effect dose
—Level 4: for cytotoxicity and thus were not carried forward to the integration. Formal that were both EATS mediated (Table 3) as well as sensitive to not attributed to chemical treatment (e.g. low dose only), and (lowest observed effect level) or no effect level (italics) is provided. Lok with insufficient data are not

= 20 LoE evaluated for EATS-mediated parameters from 122 measurements from 19 critical appraisal of study validity beyond the cytotoxicity criteria is under way: EATS. are associated with high dose (e.g., 50000 ppm in diet). No L

each as warranted.

o ToxCast/Tox21 (v3) data were downloaded and activity determined based on criteria

° Only completed datasets (defined as having a peer-review publication, authoritative report, or
public presentation in a scientific forum) were included for this analysis.

. . . . . . . . . . . Corresponding effect On Ova rian histopathOIOgy across StUdy types. Epididymis NTP, 1992(¢) Rat (M) 13 weeks; Diet 3125, 6250, 12500, 25000,50000ppm 50000 ppm No effectat 25000 ppm and lower; decrease in absolute weight reported at high dose only (50000 ppr) Majorityof assays show lackof efect; ffects
. o o o o o [ J (] weight NTP, 1992(f) Mouse (M) 13 weeks; Diet 3125, 6250, 12500, 25000, 50000 ppm 50000 ppm No effect limited }:p‘nCPns'Sn‘s'ggélﬂz\?;:ftcwhzi;es
» Title and abstract screening, as well as full text screening, were conducted in DistillerSR. different studies reported in 6 sources No aCtIV.Ity in HTS SRl BT I.ER binding, agonl.st, and anta.lgonlst O EATS mediated (Table 3) o Prostate weiaht—No effect followina dermal exposure T o m— o s 35 i o e EET )
- Extraction was conducted by endpoint and EATS pathway » 18 LoE evaluated for sensitive to EATS parameters from 47 measurements from 17 along with lack of activity to inhibit aromatase or disrupt steroidogenesis. o Multiple studies/assays consistent demonstrated a lack orei g rudl e hg ol P E h q e M M SR S S —————— s T
Termnlat Heveloned © of the ECHA/EFSA auic ] ece draft different studies reported in 4 sources « In vitro studies from NTP and studies in the literature reported that BP-3 of effect on: epididymis histopathology, sperm motility, ctary eXp.OSLlll’edS . ytredpors change o dc?W|ngh 'gh COSE e e =
° lemplates were aeveloped as part o e uidance, nowever, ese dra . . . . . o . . . . . X I N . I'r Nndain N N NP, 195200 Mouse () 2weeks Derml 0vs8mg figh dose 8mg Noabrorma fincing
P . P P 9 . , ~Level 5: No qualifying studies does not compete with estradiol for binding to ER, ER agonist activity is testis histopathology, uterus histopathology, prostate exposure (,S gle dose study). No correspo g change e s e o s o
tem plates were refined and/or new tem plates developed to include hlgh-th roughput (HTS) : negative to weak. and ER antagonism is inactive when accounting for histo,oatho/ogy mammary gland histopatho/ogy and thnyfd prostate hlstopathology aCross study types. A EUl e e O TR T
data such as ToxCast/Tox21 as well as epidemioloaical studies .. ’ : ’ " : Nl : : : : E oo I 7 N T - T R
/ P d cytotoxicity. histopathology. Assay conditions involved dietary exposures ° Seminal vesicles weight—No effect following dermal S = e - v— oo i et -
o i i - i i i i i i ' e e T TR e O R e R T o
E§Ch gssay/endpomt was assigned a study level (1 5),. representing an increasing order of Figure 2. Flow diagram for implementation of search through integration. * No activity was observed in uterotrophic assays to assess estrogen agonist up to 50000 ppm for 13 weeks in rats and mice. e?<posure. Dietary expgsure study reported change folloyvmg LB — - T 6 R— s T
biological complexity used to evaluate strength of evidence for ED (OECD 150 GD) or antagonist activity when administered either orally or SC to rats or mice ° Epididymis weight—Several studies reported lack of effect; high dose expostire (single dose stiidy). No corresponding e = — —— SRR
—Level 1: Existing data, new non-test information, e.g., PC properties, read across, QSAR An i : : .. : : : . ’ change in seminal vesicles histopathology across study types. RO MeselFgnolon | oo 0ROk S ookt - et
' ) » €9, ) ) ) n increase in the wet uterus weight at a dose level above the limit dose studies reporting effects were inconsistent between / e L e X A e
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o : : : Table 2. Assembly and integration of LoE for estrogen activity. JRUElyy @qpestine, Ne) Getls rellionilina) @Ermel 2ol dis: i - itui - -+ -
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« Individual assavs were criticallv appraised and/or are in the brocess of being aporaised for £ S 105 references R (SRE ) S s studies; single study reporting change in sperm ce of live fetuses or live births, number of implantations and — e —— N R
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H H H M H withiexposure. wheniconsidering cytotoxicity. ight  Nakamuraetal,2015(c)  Rat(F; P1generation) 6D6 - 6D20; Oral 1000, 3000, 10000, 25000,50000ppm 50000 ppm No effect Inconsistent findings; changes in uterus
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an d Oth ar p erson al care prO d LUCtS SciRAP. For the purposes of this assessment, reliability of in vitro was based on the inclusion : : e I R e N effect on testis histopathology across study types. via gavage), no dose response. o
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p p p ) ) y from OECD Guideline 150. This involved using an adverse outcome pathway approach using the b, Integrated Activity Conclusion: ER agonist assays were mostly inactive. : SE e e B e S
review within a structured assessment framework accordi ng to structured placement of studies by level as described by EFSA/ECFA (Figure 1). SOME EEBEYS Incensisialy speiioel vicelk sieuviiy, =X B s v ) . = L i
NP : : : : inactive. All endpoints in uterotrophic assays were negative/inactive up to
o . . . . . . . o Endpoints (individual assays) were structured in the AOP based on line of evidence (LoE) (i.e., e , ' , : O _ : : : iyl o 11— s —
SpeC|f|C g U |de| INes er |dent|fy| ng Note nt|a| endOCﬂ ne d ISTuUl pto s multiple endpoints/assays may relate to a single LoE, such as receptor binding). Note only the the limit dose of 1000 mg/kg-d in the diet, which confirms a lack of activity Adversity: In rodent model§ expose.d to oxyl?enzone levels |n.the d.|et < 10,000 ppm, there were no consistent adverse commges Womca oo s e
, ’ across the estrogen pathway. effects across study types in endpoints mediated through a disruption in the estrogen pathway. D AmEbGa M dGwesemin s
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NR—not reported. *Estrous stages as % of cycle (i.e., diestrus, proestrus, estrus, and metestrus) were also reported but no statistical analysis was performed.)

across the estrogen, androgen, thyroid, and steroidogenesis | | o |
 Following completion of LoE for all modalities, a final WoE assessment will be conducted by
(EATS) pathways haS NOt been CO ’]ducted, integrating the LoEs for each pathway with considerations for assay level, reliability, consistency,

magnitude, dose-response, and dose relevance to determine the plausibility of an endocrine

Activity Activity/Adversity

Integrated
LoE

« ECHA/EFSA (2018) “Guidance for the identification of endocrine mode of action (MoA) Overall LoE Conclusion for Estrogen:

Lack of activity in uterotrophic assay demonstrates that weak agonist activity observed in vitro does not occur in vivo; this is supported by inactivity across most in vitro assays and epidemiological data. In rodent models exposed to oxybenzone levels in the diet < “10,000 ppm, there were no consistent adverse effects
disru ptors iNn the context of Reg ulations (E U) No 528/2012 and across study types in endpoints mediated through a disruption in the estrogen pathway. Based on experimental evidence evaluated herein, with context provided from epidemiological studies, oxybenzone would not be considered an ED as it relates to the estrogen pathway at current exposure levels as a UV filter.

(EC) N O 11 07/2009” p rOV|d es an eV|d ence —tO—d eC|S|O N fra mewo rk Figure 3. Example of extraction template recommended by EFSA/ECHA (figure adapted from ECHA/EFSA

2018).

Figure 1. General organizational approach for integrating evidence in an adverse outcome by level of assay in lines

for determining if a substance is considered to have endocrine of evidence analyses (adapted from EFSA/ECHA 2018). . |
disruptor (ED) properties. The approach involves integration = Conclusions Oxybenzone
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° ° X Invivo st Invivo listi EATS i EATS. i “ Z}’SA% : Q;ERA% Stensiliv?u;,{ybén,\r-:-c; S.ensitiv?k;,',b;lAr.:_oé General adversity [Not in list] [Notin list] Methodolo . . . [ . . . . . . the teChnICaI Support Of Grace
endocrine pathways relative to adverse effects. : : B - - ey e iy e B e S i gy | | | - | 2 Althc?ugh it .does no’.c include any I._evel 5 assays; €., updated guideline 2-generation DART or the EOGRD assay, there are a number of validated, guideline-based Chappell for her assistance with
: : F FrEere=scr - » Use of the ECHA/EFSA guidance in WoE analyses, along with templates modified to incorporate HTS and studies available to inform these lines of evidence and conduct an analyses. the HTS data and Mina Suh for
Lines of evidence for adversity and/or endocrine activity N il el S ] o e S el o el e ' ' ' i i7ati i i : : g . : : : : : : - . ' ' '
it : e : Sensitve to bt not EATe S N O e O B A = epldgmlologlcal Qe.ata, allow for systematlc and transparent organization and integration of heterogenous » Confidence in guideline type studies is typically greater than other evidence from the peer-reviewed literature in which aspects of study validity (e.g., in vitro assays her fs’is'slta?ce i"c\j"”r'me’itraict'?g atnd
i ! i I - = [ data in characterizing ED potential. which did not nt for cytotoxicity, epidemiological studies in which there is a high risk of bias for exposure and confounding domains) limit the reliabilit APRIAEl T EPIEETIDIOgIEaT Feta:
mechanistic I mechanistic I diagnostic of EATS mediated % c Ol account for Cytotoxicity, eplaemiological Studies chthere IS a nign risk of bias Tor eéXposure and confou g aomains € reliability.
N e i e W R el i ilizati . idi . L : : : N L " Thi k is funded by Joh &
| | =2  Utilization of an AOP-approach allows for some aspects of construct and external validity to be o The majority of guideline studies are based on dietary exposures to very high doses of BP-3 (e.g., 50000 ppm or ~18,500 mg/kg-day in mice), thus limiting the Pt g:?;);nce
o o : : "TTEFFEIT [T == pramns operationalized during evidence integration. generalizability (i.e., external validity) in much of the evidence base. Additional work is ongoing to characterize the construct and dose relevance of these assays orovided by the IOM (2011), the
Objectlves | | o e e e — —— ° For BP-3, no AO was identified (associated with the estrogen LoE); thus the AOP approach allowed for relative to dermal exposure to BP-3 in humans. sponsors were given the opportunity
I | e s .. . : : . : : . . . o ) o ) , . i to review and provide input on
\ | e N o olfgEilzaiton of evidence in a manner that provided important context for interpretation of in vitro assays in -« Collectively, the receptor binding assays for BP-3 suggest weak - if any - activity as a ER agonist or AR antagonist; though a lack of activity was observed in the protocol and subsequently the
Imblement svstematic review methodolo to evaluate if | | B ] il S particular. Uterotrophic and Hershberger assays, strengthening the findings that BP-3 does not exhibit estrogen agonist and androgen antagonist activity in vivo. Across the synthesis and integration of material
p y gy : : S -+ O it O O O O - I— e Evaluation of ED properties cannot be characterized alone by single in vitro assays, but instead requires evidence base, changes in apical outcomes associated with estrogen agonism and androgen antagonism were limited to high dose exposure and were not consistently prese“tedfi””this poster with t:‘]e
. . . . . e B S T e : . TR . : : . ~ . . : purpose of allowing input on the
2 e < -
Oxybenzgne has endOC” ne d ISru pt| ng prO pe rt|es 1N h umans | . | N e e O eva?luatlon by LoE across. e.ndocrlne pathways to evalgate |nd|V|dgaI hypotheses. Each LoE itself is based on reflectele across study types. Taken tog.ether,. evidence support that qhetary exposure to <™0,000 ppm BP-3 are not associated with adverse effects on the reproductive clarity of reporting.
Early : Intermediate : Late b S e fam S— weight of evidence, providing transparency in evaluating the totality of data. system in rats. And subsequently, BP-3 is unlikely to have ED properties related to estrogen and androgen pathways at current exposure levels as a UV filter.
it I events events events | el | e . . L . . . , .. : " : L L ; .
U nder the COnd Itions Of US€E as a UV fl Ite I . . S el e N o N L i i o  The templates from EFSA/ECHA are useful, though refinements are needed to provide sufficient information ° These interim findings will be expanded to include other EATS modalities, as well as include formal critical appraisal of in vivo and in vitro data, and inclusion of

Description of IDs Pick lists Interpretation information note Data Data summary +

KE: key event; MIE: molecular initiating event. SR e (e.g., dose, assay conditions, etc.) to appraise studies and provide sufficient information to integrate findings. evidence via an updated literature search as part of completing the systematic review. References available upon request




Using In vitro ToxCast Assays to Evaluate Mechanistic Plausibility and Build Confidence in the Selection of Analogues for
Quantitative Read-Across: A Case Study on p,p’-Dichlorodiphenyldichloroethane
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Overview

Bioactivity Similarity Comparisons Evaluating Mechanistic Plausibility for Liver and Reproductive Toxicity

» Deriving human health reference values for environmental chemicals has traditionally relied on

tOX|C|ty data from humans and/or experimental animals p,p"DDD and Ana|09ueS EXhibit Similarities in Ce"-SpeCifiC ReSponseS and Target Gel‘le

Pathways in In Vitro ToxCast Assays Conducted in Human Liver Cells

p,p’-DDD and Analogues Exhibit Similar Upregulation of Steroid/Xenobiotic-sensing

Nuclear Receptors in In Vitro ToxCast Assays Conducted in Hepatoma HepG2 Cells
* In the absence of in vivo toxicity data, new approach methodologies such as read-across can be

used to fill data gaps for a target chemical using known information from a source analogue X Z : L
gap g g g , | ppoDD o , | pp-DDT .Mn.,chonlﬁa. p— Figure 2. Bioactivity data for p,p’-DDD and A , \ ODE
| | | o | . R . o Celllarstress/ ytotoricty Analogues in ToxCast Assays Conducted in ' p.p-DDD Prp=DOT i Methoxychlor .
* Aread-across approach illustrated below (Figure 1) was applied to assist in screening-level ; ; . & | eceicyae | Human Hepatoma HepG2 Cells and Primary g
assessment of noncancer oral toxicity for the target, p,p’-DDD, a data-poor chemical known to occur £ . ° i "l Human Hepatocytes. Scatterplots show AC50 and - P&
at contaminated sites in the U.S. 3, el i, e o | onuctear receptons scaled activity values for p,p-DDD, p,p-DDT, p,p*- w HNFAA
", I . \ o | o Metmbolim enymes DDE and methoxychlor from in vitro assays visualized o NURRL
: ...".s z - ','{ according to the type of biological response or o PPAR
Fiaure 1: R -acr ADDr h . : P 0 0 biological t_arget. AC_SO_ values refgr to the W RAR
gure ead-across pproac Analogues We_re_'de_n_t'f'e_d and 01 ) T 1000 g ) ol 1000 concentration that elicits half maximal response and —Jis
_ evaluated for Slm”&_‘”tles in 0 3 Prm—— the scaled activity refers to the response value = UoR
Target Chemical structure and physicochemical > | P ° divided by the activity cutoff. Metabolism enzyme-
i Is there a known major properties, toxicokinetics, and ) 8 related assays were conducted in human primary B. o
Proceed with risk assessment using YES Are there appropriate in vivo data NO :Z:;gco?:g?for the tOXiCOdynamiCS (tOX|C|ty and in Z 6 Zs ° hepatocytes and all other in vitro assays were .p’p:'DDD
chemical-specific data “—| in humans or animals? | ultimate toxicity? . . .. . g . ° ® o 85 ® measured in HepG2 cells. Assays for which .p'p._DDT
vitro bioactivity) with respect to S ¢ *® 3 . N . ER " p,p"-DDE
T YES | , 3 ¢ 3 . chemicals were inactive are not displayed. Data were PXR Methoxychlor
l NO the target chemical : e . .- - sourced from the EPA's CompTox Chemicals 2
2 ] 2 . A
Search for chemicals based on primary similarity contexts : 1) Structure, 2) . ¢ : ¢ “’ . o © (] o &g Dashboard (https.//Comptox.epa.qov/dash board) 3 VDR
Toxicokinetics , 3) Toxicodynamics *The primary focus of this . . (US EPA, 20173) E: RXR —
. . . 0.1 1 10 100 1000 0.1 1 10 100 1000 FXR -
! investigation was to evaluate ACS0 () Sl N FE n
Select analogues with existent health reference values the |ntegrat|on Of meChan|St|C | RAR —_—
i evidence from in vitro hlgh- (Lizarraga et al., 2019, Regul Toxicol Pharmacol 103:301-313) l— I
Collect relevant information (structure, physicochemical properties, ADME, thrOU h ut Screenin HTS =y = - . . H . =g = " 100 o . o R o o o o
toxicity and MOA) on the target and analogues and evaluate for consistency and g p g ( ) p,p"DDD and Analogues EXhlblt Slml|al' EStrOgenIC and AntI-AndrogenIC ACthltleS INn In Vlth ijah“s’v “aj@“f”? G@e,"“”p *“5%”“5’9 @ 609595"’ %b}ah"‘s’? agah"""’p wﬂ\‘nf‘\s'p
coherence (e.g. target organ, endpoint, metabolism pathway), identifying data assays from ToxcaSt 19 Support . . = = K6~ h‘e"e W P»‘c’j pﬁ"’? K> pl‘c"“* 5165““ K-
gaps and areas of uncertainty, of the similarity justification for ToxCast Assays and Model Predictions for the ER and AR Across Multiple Tissues and Cell
! the selection of analogues for lines

Figure 3. ToxCast Assays Evaluating Regulation of Nuclear Receptor Activity for p,p’-DDD and Analogues in Human
Hepatoma HepG2 Cells. Panel A shows radar plots for p,p’-DDD, p,p’-DDT, p,p-DDE and methoxychlor, summarizing active
calls from nuclear receptor assays conducted in HepG2 cells and mapped to specific target genes. The shaded area of the

pie slice represents the number of active assays as a proportion of total assays. The width of the slice refers to the proportion

Select suitable analogues based on: 1) similar biological response, endpoint, toxic
effect or MOA; 2) metabolites, precursors or similar metabolism pathway; 4) TEF
or RPF approach in the context of a chemical category or mixture

l

guantitative read-across

Table 2. ToxCast Bioactivity Summary and Model Prediction Scores (AUC values) for ER and AR activities?

: ,p’-DDD ,p’-DDT ,p’-DDE Methoxychlor ithi i : ' i '
Select source analogue and adopt POD for *Adapted from: Wang et al., 2012, Regul Toxicol Pharmacol _ PP p:P p.p y of assays within a given target gene. Bar graphs compare ACSO values (conceptrat!on at half maX|ma.I.response) for active
ccreenino.level sssessment of tarset chemical 63:10-19 ER assays assays (panel B). The scale for the AC50 values is shown in reverse order to visualize the most sensitive nuclear receptor
£ : ' Active/Total Assays (%) 7118 (39) 11118 (61) 8/18 (44) 14118 (78) activities (the higher bar indicates a lower AC50 value). Data were sourced from the EPA's CompTox Chemicals Dashboard
(1]

(hitps://comptox.epa.gov/dashboard) (U.S. EPA, 2017a).

Abbreviations: AR, androgen receptor [m=]; CAR, constitutive androgen receptor [m]; ER, estrogen receptor [m]; ERR,
estrogen-related receptor [m ]; FXR, farnesoid X receptor [m]; GR, glucocorticoid receptor [=]; HNF4A, hepatocyte nuclear
factors 4 alpha [m]; LXR, liver X receptor [=]; NURR1, nuclear receptor related-1 protein [=]; PPAR, peroxisome proliferator-

ACS50 values (uM) Range = 14.0 - 32.4 Range = 3.3 - 59.8 Range = 3.5 -46.2 Range =0.9-44.2

Structural and Toxicity Similarity Comparisons

Median = 18.7 Median = 6.1 Median = 16.5 Median = 4.6
: — activated receptor [m]; PXR, pregnane X receptor [m ]; RAR, retinoid acid receptor [=]; ROR, RAR-related orphan receptor
Agonist activity 0.0715 (0.0342-0.0738) 0.190 (0.181-0.231) 0.0679 (0.0614-0.0963) 0.254 (0.247-0.260) [m=]: RXR, retinoid X receptor [« : TR, thyroid hormone receptor [m]; VDR, vitamin D receptor [==].
AUC value (95% CI)°
] ] u ’ = = =
Identification of Structural Analogues of PP -DDD ARSI . ! e (Lizarraga et al., 2019, Regul Toxicol Pharmacol 103:301-313)
AUC value (95% CI)
Table 1. Structural Analogues of p,p’-DDD AR assays
Target Chemical Analogues? Active/Total Assays (%) 4/11 (36) 311 (27) 4/11 (36) 311 (27)

p,p'-Dichlorodiphenyl

p,p'-Dichlorodiphenyl

p,p'-Dichlorodiphenyl

p,p’-Dimethoxydiphenyl

ChemlDplus
similarity score (%)
DSSTox similarity
score (%)

Evidence Integration

dichloroethane trichloroethane dichloroethylene trichloroethane AC50 values (uM) Range = 31.0-62.8 Range =17.8-72.0 Range =7.0 - 58.7 Range = 29.3-40.8
(p,p’-DDD) (p,p’-DDT) (p,p’-DDE) (Methoxychlor)
79-54-8 50-29-3 72_55-9 79435 Median = 44.8 Median =47.0 Median = 29.6 Median = 34.2
Agonist activity 0 0 0 0 Table 3. Using Evidence Integration to Identify Suitable Source Analogues for Read-across

Cl Cl
cl II II Cl

cl
[
-:|—tcu
H,C O O CHy
., o

aAnalogues represent a set of structurally similar chemicals identified using two publicly available similarity databases (ChemIDplus and DSSTOX)
prefiltered on the basis of availability of health reference values for non-cancer oral toxicity from regulatory agencies, including ATSDR (2002a, b)
and U.S. EPA (2017 b, c).

Putative Toxicity Targets for p,p’-DDD and Analogues Include the Liver and
Reproductive System in Animals

-O-p,p'-DDD-NOAEL

10000

-@-p,p'-DDD-LOAEL

TFp,p'-DDT-NOAEL

= p,p'-DDT-LOAEL

+p,p'-DDE-NOAEL

—-p,p'-DDE-LOAEL

<-Methoxychlor-NOAEL

-6-Methoxychlor-LOAEL

Figure 1. Comparison of Health
Effects and Associated Effect Levels
for Non-Cancer Oral Toxicity. Range of
effect levels (no-observed-adverse-
effect levels [NOAEL] and lowest-
observed-adverse-effect levels
[LOAEL]) for noncancer endpoints for
the target and analogues from
repeated-dose animal toxicity studies

AUC value (95% CI)

Antagonist activity
AUC value (95% CI)

aData were sourced from Judson et al. (2015) and Kleinstreuer et al. (2016). ® 95% Cl for the ER activity model were sourced from a subsequent
publication to the Judson et al., (2015) study (Watt and Judson, 2018).

0.0973 (0.0649-0.124) 0.0642 (0.0318-0.108) 0.251 (0.234-0.291) 0.0429 (0.0364-0.0465)

Abbreviations: AUC = area under the curve score ranging from 0—-1. An AUC value of 0 indicates that the chemical is inactive; Cl = confidence
interval.

(Lizarraga et al., 2019, Regul Toxicol Pharmacol 103:301-313)

Summary and Conclusion

« The current read-across approach relies on the evaluation and integration of evidence across three
primary similarity contexts (structure, toxicokinetics and toxicodynamics) for the selection of a

suitable source analogue for screening-level quantitative assessment of the target, p,p’-DDD (Table
3)

* Analysis of ToxCast assays reveal similarities between p,p’-DDD and analogues in in vitro
responses related to mitochondrial damage, celluar stress/cytotoxicity and the upregulation of
specific steroid/xenobiotic-sensing nuclear receptors (Figures 2 and 3) that are relevant to their
mechanism of hepatotoxicity

« ToxCast assays and model predictions suggest that p,p’-DDD and analogues may act as ER

Similarity Context

Structure and
physicochemical
properties

Toxicokinetics

Toxicodynamics

Summary of Findings

p,p-DDD and identified analogues (p,p-DDT and p,p*- .
DDE and methoxychlor) demonstrate similarities in basic
structural features (chlorinated diphenylalkane structure)

p,p-DDT and p,p’-DDE also share key functional groups
(p,p-chlorine substituents) and physicochemical
properties important for bioavailability (lipophilicity and
low BCF values) with p,p’-DDD

p,p-DDT is a metabolic precursor of p,p-DDD and both
chemicals show similarities in toxicokinetics (Absorption,
Distribution and Metabolism [ADME]) in humans and
experimental animal models (preferential partitioning into
fat, similar metabolism and excretion pathways and
prolonged elimination rates)

Other analogues demonstrate differences in ADME in
comparison to the target. p,p-DDE is less metabolically
active; methoxychlor is metabolized differently and
appears to be less bioaccumulative

Consistency and coherence across health effects in
experimental animals for non-cancer oral toxicity among
the analogues point to putative toxicity targets for p,p*

Evidence Integration Conclusions

p,p-DDT is selected as a suitable
source analogue for the assessment
of non-cancer oral toxicity of p,p’-
DDD based largely on toxicokinetic
similarities, with supportive
information from in vivo toxicity
testing, structural similarity
evaluations and in vitro bioactivity
from HTS assays

1000 <>’
-
100 8 O.

=
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via oral administration reported by

.. POD for p,p’-DDE

DDD (primarily liver and reproductive toxicity)

" subchronic and chronic |

. oobmdon : ATSDR (2002a, b) and U.S. EPA (2017 agonists and AR antagonists (Table 2), coinciding with the estrogenic and anti-androgenic
| e s ] — b, c). Circles note points-of-departure reproductive effects observed in vivo . Similarities in in vitro bioactivity profiles from ToxCast
0.1  PODfor pp-DDT chronic L e (PODs) used in the derivation of oral assays between the target and analogues with respect to
Choas 2 sasdonericions e e reference doses (RfDs) and minimal » Coherence across in vivo toxicity and in vitro bioactivity similarity comparisons help reduce cell-specific responses and target gene pathways provide
oor R ['AS'ES';‘F'{GEO((';/;ZL;? Lo_g_tgf,zelggif'cals uncertainties associated with toxicity data gaps for the target mechanistic plausibility for the liver and reproductive
of & @boé & & %ob,\«‘ &S & ’ D ’ effects associated with this group of chemicals

1999, 2017a).

« These findings demonstrate the utility of integrating evidence from HTS data platforms to support
mechanistic conclusions and increase confidence in the application of read-across in quantitative

risk assessment Printed on 100% recycled/recyclable paper
with a minimum 50% post-consumer

fiber using vegetable-based ink.
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Targeted Mechanistic Evidence Synthesis to Inform Evidence Integration
Decisions on the Potential Human Carcinogenicity of Naphthalene Exposure
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ScIRAP Study Evaluation Results

Background

Naphthalene has been demonstrated to cause respiratory tumors in rats and mice, but the few available

. . . . . . . A. In vivo studies Dosing and
epidemiologic studies are inadequate to evaluate the potential for naphthalene to cause cancer in humans. In Test administration of
lieu of human studies. mechanistic information may be used to inform the potential Carcinogenicity of Test compound Dosing and administration Data collection and Funding] compound | Animal model and the test Data collection and Animal
: _ and controls Animal model and housing conditions of the test compound analysis and COljand controls | housing conditions compound analysis Substance| model Endpoint

naphthalene for human health risk assessment. Carratt 2017

. . . . . Pakenham 2002 I R | B N e
Multiple modes of action (MOAs) for naphthalene-induced carcinogenesis have been proposed based on Li 2011 . I | B
animal and in vitro studies, including genotoxicity, cytotoxicity, and sustained regenerative cell proliferation. ‘F’,‘l’g‘;fgjr”f;gazzooz I I L Bl . ey 1+ R L
While these proposed MOAs may differ in specific key events, the formation of toxic naphthalene metabolites . ' , . ' T ' )
and the biological relevance of these toxic metabolites to humans has emerged as a key component in Reporting quality Methodological quality Relevance

answering the question of applicability of carcinogenic risk to humans. There is a great deal of similarity

between the rodent and human naphthalene metabolic pathways; however, the activity of the enzymes B. In vitro studies Administration
: : : : : Test compound and Administration of test Data collection and Funding | Test compound and Test of the test Data collection and
involved Iin naphthalene metabolism and therefore the number of metabolites and stereoisomers of the controls Test System compound Analvsis and CO| controls svetem | compound “nalvsis Substance

produced metabolites may differ between rodents to humans. E-i:ezr(i)%gssham 1996
|

Here, concurrent with a broad systematic review of health effects related to naphthalene exposure, animal and (F:'grvrv:trtséglegry 1996
In vitro studies of the available mechanistic evidence was analyzed to (1) integrate the available evidence In Abiko 2015 —

_ : .. : - B ti 1989 --
Vitro m_odels on thg formatlo_n_ _and toxicity of each of the key_ toxic metabolites of n_aphthalene_ and (2) Lilrllogg(;z'
determine the biological plausibility that each of these key metabolites could be generated in human tissue and Saeed 2007
Increase human oncogenic risk. ' , b , — ' —

Reporting quality Methodological quality Relevance

Figure 2. Representative study evaluation results. Representative studies examining three key naphthalene metabolites of interest (see Figure 1) were evaluated using SciRAP tool (n=5 in vivo studies, n=8
Meth OdS In vitro studies). For reporting and methodological quality criteria, green = fulfilled, yellow = partially fulfilled, red = not fulfilled, gray = not determined, and white = not applicable. For relevance categories, green
(D) indicates that the study design was directly relevant to human health, and yellow indicates that the study design was indirectly relevant to human health.

Literature Search and Tagging: Mechanistic studies were identified by tagging studies during screening of the

broad literature search focused on the potential human health impacts associated with napthalene exposure. Evidence Synth es|s

Study evaluation: Studies tagged as mechanistic were evaluated using the SciRAP web tool
(www.scirap.org) for either in vivo or in vitro study evaluation for factors rated to reporting quality,

*Identification number in EPA’'s Health & Environmental Research Online (HERO) database

: _ _ _ _ _ _ _ References [HERO ID*] Factors that increase strength Factors that decrease strength Summary of evidence . : : )
methodological quality, and relevance. SCIRAP was selected for this evaluation because it has both in vivo and In vivo - No serious reporting or methodological quality |+ Indirectness in some studies (studies in « CYP450 activity varies across species and determines The available eyldence showed that 1S,2R
IN Vitro study evaluation tools available. » Plopper, 1992 [1469611] limitations isolated rodent primary hepatocytes; severity of cytotoxicity produced by 1,2-naphthalene naphthalene oxide (the prevalent naphthalene
. Waidyanatha, 2002 [1469054] . Metabolite fgrmation anq cytotoxicity observed route of in vivo exposure i.p. [Plopper, oxide [Buonarati, 15.989;. Plopper, 1992] | metabolite In humans) IS a highly reactive
Evidence synthesis: For the SpECiﬁC question of metabolic relevance, we used the metabolic pathway for . I_.|, 2011 [1005231] m_models with greatgr dlrec_tness (nonhuman 1992] | | | . 1,2-naphtha|ene. oxide is produced as two |somer§: metabolite that is more toxic and metabolized
y : In vitro primates and humanized mice) [Buckpitt, 1992; |« Inconsistency (potential lack of metabolite 1S,2R- (predominant human form) and 1R,2S. Animal :
napt_hale_n_e (deve_loped from rodent models) as a scaffol_d and then evaluated studies that ad_dresse_d the . Buonarati, 1989 [94674] Li, 2011] formation and cytotoxicity in vitro) [Lanza, studies suggest the 1S,2R isomer’s cytotoxicity is > the |~ MOre slowly than thellR,_ZS enantiomer more
applicability of this metabolic pathway to humans, focusing on three key napthalene metabolites (Figure 1): o «  Buckpitt, 1992 [067441] 1999; Wilson, 1995] 1R, 2S isomer [Buckpitt, 1992]. Conversely, in vitro commonly observed in mice, which may allow it
1S,2R-naphthalene oxide, 1,2-naphthoquinone, and 1,4-naphthoquinone. Studies that had deficiencies in S * Lanza, 1999 [1489430] assays in lymphoblastoid cells showed that napthalene | - mgre time to produce cytotoxicity.
f iticallv i tant studv detail .. : tal detall luded < * Wilson, 1995 oxide was not genotoxic in a sister chromatid
reporing critically important study adetails (e.g., MISSING experimental exposure detal S) were exciuaed. :__%é exchange (SCE) assay [Wi|30n., 1995]. N 18’2R_naphtha|ene oXxide can be metabolized to
. i z S * Human CYP2AL3 and 2F1, which catalyze the 1,2-naphthogquinone or 1,4-naphthoquinone
The evidence ” e formation of 1,2-naphthalene oxide, were . . . .
reagardina the %) demonstrated to bioactivate naphthalene and induce (Flgure 1)’ which have been shown to elicit
9 _ 9 . - toxicity in humanized transgenic mice [Li 2011] at cytotoxicity. These quinone metabolites can
formation, toxicity, and y’ ! occupationally relevant exposure levels. Conversely, bind to proteins and have been demonstrated in
human relevance Of \\\‘\(:) I 1,2-Dihydroxy-1,4-epoxy-1,2,3 4-tetrahydronaphthalene microsomal assays found that recombinant human : . . .
these three key P450 . S Epoxide Hydrolase OH CYP2F1 had <0.1% the rats of metabolism observed SI'[.U and QCFOSS SPECIES (mCI_Udmg non-human
hthal O‘ = O‘ with the mouse orthologue [Lanza, 1999]. primate tissue) to form protein adducts. In
naphinaiene addition, these quinones may also undergo
mEtabO“teS WaS Naphthalene 1S, 2R-Naphthalene Oxide 1,2-Dihydroxy-1,2-dihydroxynaphthalene . dd . d d I ” I
: : . . * No serious reporting or methodological quality |+ Indirectness in in vitro studies that * 1,2-naphthoquinone produces cytotoxicity and protein adauction an Isrupt normal cellular
Integrated in a tabular Ditydrodiol In vivo . L
T oehydmgenaki OH 0 . Waidvanatha. 2002 [1469054] limitations observed effects (direct incubation with Increased formation of reactive oxygen species function by blndlng to CYP450 enzymes and to
format descrlblng the OH = /\‘ & % . Carraﬁt 2017,[345264' « Multiple positive mutagenicity assays including DNA and/or in vitro studies; mutagenicity [Carratt, 2017; Kitteringham, 1996]. proteins involved in cell signaling and
formation and toxicit OH £ . ’ ' salmonella and SCE assays [Flowers-Geary, assays were all tested in conditions that « 1,2-naphthoquinone forms adducts with proteins and .
y SR = In vitro transduction
of each metabolite . v\/ g mo 2015 [4331236 1996]. did not have an exogenous metabolic DNA adducts that are linked to mutagenicity, '
_ ’ ; _ = ’ :  Cytotoxicity observed [Carrat, 2017, system) [Wilson, 1996; Saeed, 2007] chromosome aberrations, tumor promotion, and cancer 1t
f t th t 1,2-Dihydroxynaphthalene 1,2-Naphthoguinone L e Carratt, 2017 [345264 ¢ The 6|6Ctr0phI|IC nature Of 1 2' and 1 4'
acClors that Increase =3 . Flower’s-Gear 1996 f1012266] Kitterhangham 1996;] « Mutagenesis assay information all came [Abiko, 2015, Waidyanatha, 2002; Saeed, 2007; , ’ !
strength of evidence, 2-Naphthol 1-Naphthal 2 R oo {,996 Sy from a single source [Flowers-Geary Flowers-Geary, 1996]. napthoqumone_ cause thgs_e metabolites to
and factors that lmso i . Saeed, 2007 [517040] 1996] e In add|t|on,.1,4-Naph.thoqum.one_ produ_ced a dose undergo 1,4-Michael addition and covalently
decrease strength of 0 + Wilson, 1996 [081049] dependent increase in SCE in vitro [Wilson, 1996] bind to DNA, forming depurinating N3Ade and
evidence (Table 1). In vivo - No serious reporting or methodological quality |+ Indirectness in some studies that « 1,4-naphthoquinone leads to protein and DNA adduct N7Gua adducts as well as stable adducts.
O‘ % « Waidyanatha, 2002 [1469054] limitations observed effects (direct incubation with formation that are linked to chromosome aberrations, Therefore, it iIs bio|ogica||y p|au5ib|e for the
= In vitro « Directness in the study by DeStephano-Shields, DNA in vitro; proteomics study; route of tumor promotion, and cancer [Abiko 2015; Lin 2005, - - ) _
= « Abiko, 2015 [4331236] 2010 adducts formed in non-human primates exposure in vivo) [Lin, 2005; Lin, 2006]. Lin 2006, Waidyanatha, 2002] reactive na_phthalene metabollies ;I_,Z and 1.4
e hth f d d stabl
” E * Lin, 2005 [148718] after in situ exposure  In addition, 1,4-Naphthoquinone produced a dose naphthoquinone to form depurinating ana stable
1A Na e GInGIS = « Lin, 2006 [1468615] dependent increase in SCE in vitro [Wilson, 1996] DNA adducts.
: : < « Destephano-Shields, 2010
Figure 1. Naphthalene Metabolic Pathway i [1467694]
U.S. Environmental Protection A « Wilson, 1996 [081049] Disclaimer: The_ views _e>_<pressed are those of th_e authors and do not necessar_ily
. gency represent the views/policies of the US EPA. Mention of trade names or commercial

products does not constitute endorsement or recommendation for use.

Office of Research and Development Table 1 Evidence profile table describing a summary of the toxicological evidence for each of the known naphthalene metabolites
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Tiered approach to integrating evidence streams assessing in utero trichloroethylene
exposure and development of congenital heart defects (TCE-CHD)

Urban J'; Wikoff, D% Haws, L

'ToxStrategies, Austin, TX 78759. 2 ToxStrategies, Asheville, NC 28804.

Methods Results

 Development of TCE-CHD Evidence Base (Literature Search):  TCE-CHD Mechanistic Evidence Base (Table 2) e Mechanistic Evidence |ntegrati0n; e Mechanistic Body of Evidence Assessment (OHAT Framework):
o Using handsearching and reference chasing, mechanistic studies were o Consists of 22 studies reporting on 71 relevant experiments. Table 2. TCE-CHD Mechanistic Evidence Base 1. Alimited number of TCE-CHD mechanistic datasets (mostly in ovo, ex ovo) suggest CHDs as a o Heterogeneity of mechanistic studies and results nullified rating factors used to consider
Hazard identified from recent.comprehensive reviey\{s conducted systematically o Majority of the experiments were comprised of traditional cell or tissue potential hazard for consideration increased evidence base confidence: effects were of variable magnitudes when reported; dose-
Experimental S;c:d: C:u;hty/ Data ;:'herCtenzatloT- (Makr;]s et al,, 20:6, Wlk(;ﬁ ett ?jl., 29182[.hAdd|tlonaI Pul:;Medtand Embaiz - culture models (27 assays, mostly originating from rat and mouse tissues, — Most of these mechanistic datasets (2/3rds) were of unreliable study quality, but even response relationships were either not observed, or inconsistent in nature; effects inconsistent
Animal itg Els I° " &8 Integration = Bi slses.smlen ’ SEArLnes Were aiso con. Hete gsmg .e samg sifarc sy; ax was conducte with some human) and in ovo models (22 assays). The remaining models accounting for these to address hazard (i.e., complete evidence base) studies reported between models).
SR PI;Z:?in(I:ity to cap:u;ecge[[e\lgantg)s(’;uglgfgpubhshed since Wikoff et al. (2018). Searches were included in vivo (8 assays from rat and mouse), ex ovo & ex vivo (4 whole Wirbisky et al. (2016) 6 (zebrafish) Yes (6 of 6) 1009% conflicting data and/or mechanistic data that did not indicate a direct adverse effect in the o Validity (largely unreliable study quality) and indirectness (effects reported in models of little
exected ICtober 54, ' embryo assays each for chicken and rat), and recombinant zebrafish (6 Drake et al. (2006a) 4 (in ovo) Yes (4 of 4) 100% model (e.g., gene expression, protein expression/interactions). relevance for human risk assessment) reduced overall confidence in the TCE-CHD mechanistic
° Mechanls’gc ftiﬁ'eﬁ_;\'gf ia;egonzﬁ[d fasl?fj on the a.ssa?/ type(s) tcc)I it assays) experiments. Drake et al. (2006b) 4 (in ovo) Yes (4 of 4) 100% — None of the three in vivo (mouse, rat) mechanistic studies reported adverse effects related body of evidence.
aC(iIOmIIWtWO ate the study quality tool: in vivo (@nimals exposed), in vitro o The endpoints were fairly heterogeneous as well (presented by biological Jiang et al. (2016) 4 (in vitro — human) Yes (4 of 4 — to CHD at GD10 in fetuses/dams (i.e., early heart tube defects; secondary effects potentially o Qverall, OHAT framework indicates a low confidence level in the TCE-CHD mechanistic body of
(cell culture, in ovo, ex ovo, ex vivo). organization): Saillont e 3( ) E— 009 related to CHDs such as altered development, reduced viability, reduced litter sizes) exposed evidence.
o e . . , o aillenfait et al. ex vivo — rat es(30 % : e
Critical Appraisal Tool — Cell biomolecular effects (models representing all species in TCE- i 006 , s ot 005 to TCE via drinking water. * Integration into larger TCE-CHD Body of Evidence (Figure 6): Considered together, the available
o TSCA Study Quality Evaluation: Primary tool applied to TCE-CHD assays. CHD database): About 2 of all assays (35/71) examined effects on gene 'shima et al. (2006) (exovo) es (2 0f2) ’ — Chicken embryo only in vitro animal model where TCE-CHD observed; appears to be human, animal, and mechanistic study data support a lack of association between in utero TCE
Mechanistic datasets were scored based on two study categories (in vivo expression, epigenetics, protein expression/interaction/activity. Caldwell et al. (2010) 3 (in vivo - mouse) Yes (1 of 3) 33% uniquely sensitive to CHDs exposure and CHDs.
Intrcd u ction and in ‘t/'lmt) Wltht;’ pecn;]lc e\f[a.luatlon an 51(:0?29 I’:et!‘IC.:S (n=2ﬁ 83%25’ ity — Cell physiology effects (human, bovine, rat, chicken cells only): A small Boyer et al. (2000) 4 (in vitro) No 0% — Observations potentially relevant to CHD hazard were primarily observed in chick embryos o Human studies =® Low confidence in evidence stream associating in utero TCE exposure with
;eipec.lVedyz; Wi 'e?]f[: dme fic scorle IOT O Cc:I er;a, ov.era][. St Kq'LIJatI 3t’ 'Z fraction of all assays (6/71) examined physiological effects at the cellular Bross et al. (1983) 2 (in ovo) No 0% (in ovo, ex ovo), with less direct, but still suggestive evidence also reported in a single human increased risk of CHDs (Wikoff et al., 2018).
etermined by weighted scoring calculations and categorizations. A pilot study level (morpholoav. function. oroliferation). . : | . | . . | o
* Mechanistic data can be useful for interpreting findings in human and animal studies, helping elucidate of 4 studies identified five key metrics applied for screening purposes (Table 1). (morp 24 o P ) | Caldwell et al. (2008) 2 (in vitro - rat) No 0% ESCs and a single zebrafish embryo study (Table 3). ° Animal studies =% High confidence in evidence stream for TCE-CHD null hypothesis, i.e., no
biological pathways that may help determine biological plausibility of an adverse effect and potentially + Studv Quality Assessment Procedure ~ Tissue level effects (chicken only): A small fraction Of all assays (8/71) Collier et al. (2003) 2 (in vivo - rat) - - 2. None of the mechanistic experiments would be suitable as candidate studies for quantitative association of gestational TCE exposure and increased CHD risk (Wikoff et al., 2018). Only study to
inform human relevance. Compared to epidemiology and animal toxicology evidence, however, the y y examined the morphology/cell makeup at the heart tissue level. Elovaara et al. (1979) 2 0w " i risk assessment. show dose response effect was determined to be unreliable (Dawson/Johnson study).
. . . . . e . : - ' : : , , ) v . in ovi b
challenge of objectively evaluating study quality and applicability is considerably more complex for > Quality assessments were conducted by two PhD scientists with experience - Organ effects (rat, chicken, zebrafish): Several assays (11/71) examined . - o — The 7 mechanistic studies with datasets that met all study quality metrics included one o Mechanistic studies =% Low confidence in evidence stream: inconsistency and relevance
mechanistic datasets due to the considerably more heterogeneous and often non-standard, alternative reviewing mechanistic (GC, JU) studies. In cases of conflict, a third scientist effects on the heart. Harris et al. (2018) tin V{ir.o i hl;man) No 0% human model (embryonic stem cells), two rat models (in vivo, ex vivo), three chicken models of outcomes and non-mammalian models are difficult to interpret given the lack of effect in
. - . n ovo ’ ’ ’
experlmental approaches. (DW) \fva.s consulted to fa.CIIItate A COnsenSUS. solution. - Organism effects (rat’ mouse, chicken, Zebrafish): Several assays (1']/71) 1(ex ovo) (In oVvo, €X OVO), and a recombinant zebrafish model. experimental animal models (mammalian).
+ Efforts are underway to develop a systematic approach for the evaluation and integration of * Mechanistic Data Integration and Body of Evidence Assessment examined effects on the survival/viability of the developing fetus, embryo Loeber et al. (1988) 5 v No 0% - None of the molecular (i.e., gene expression changes) or cellular responses reported among
mechanistic data with human observational and animal experimental study data to facilitate use in the 1. Datasets were evaluated using a tiered approach (Figure 1). or larva. Mak tal. (2010) 3 (i ovo) N 0 the reliable studies have not been phenotypically anchored to a CHD-relevant adverse
. . . . . . dKwana et al. In ovo 0 ()
risk issezs/ment F:CIr.oc.ess, particularly in cases where the human and animal literature may be limited, — Hazard: Adverse endpoints related to heart development reported among * Critical Appraisal of Mechanistic Datasets (note critical appraisal of studies aloanaletal 2o13) ) " 0o events. Figure 6. TCE-CHD Evidence Stream Summaries and Integrated Conclusion
weak, and/or conflicting. the various mechanistic models would provide initial support for TCE as a from other evidence streams [i.e., human and in vivo animal] previously ' — . ’ — Given the lack of CHD response consistently observed in mammalian models, it would not
* The body of evidence relevant to the TCE-CHD hypothesis — i.e., in utero exposures to potential CHD hazard. Studies meeting all TSCA quality standards provide conducted by Wikoff et al., 2018): Ou et al. (2003) 4 (in vitro — bovine) No 0% be reasonable to extrapolate the quantitative dose-response CHD data reported in chicken
trichloroethylene (T.CE) |ncrea§e risk O.f congenital heart defect§ ((.:HDS) — prgsents a re.Ievant | stron.ger support thgn those determingd to be unreliable due to poor quglity. o Quality rankings based on the TSCA tool varied by study model (Figure 3). Palbykin et al. (2011) 3 (in vivo - rat) No 0% models as they involved exposure routes (e.g., yolk injections) that are not relevant as
dataset for developing a data integration approach for mechanistic data. In this case, prior systematic Studies that contradict adverse endpoint datasets weaken hazard potential. A < that v differentiated studs e o] included 4 (in vitro — rat) candidate studies in developing toxicity values.
: : : - : - : : o . . . . . o Aspects that commonly differentiated studies within the tool include , )
evaluation demonstrated that the epidemiological and animal evidence is not suitable for development — Quantitative Risk: Only studies that meet all TSCA quality metrics quality for reporting on the preparation and storage of the test substance (Metric 8) Rufer et al. (2010) 3 (in ovo) No 0% 3. Overall, TCE-CHD mechanistic database only provided limited support for the putative CHD-
of noncancer toxicity values based on CHDs as a result of a variety of shortcomings and limitations in . on El | . on il , porting Prep g ) . | . o . " . : . Low to very low Very high level of Low confidence in the Available
. . : L . : consideration. Elements relevant to dose-response consideration included: some element of data analysis (Metrics 22 and/or 23), and reporting on Selmin et al. (2005) 1 (ex vivo — rat) No 0% AOP proposed by Makris et al. (2016), which is contradicted by “high confidence” mammalian ; . . o .
the underlying evidence base (Wikoff et al., 2018). However, mechanistic studies were not assessed in it effoct d t if endooint could be phenotvoicall hored = . & ) 4 (in vitro — rat) . . . (inadequate) confidence supporting body of evidence to evidence
this bri - - NPT - - : T effect was adverse or not, It endpoint coulid be phenotypically anchore cytotoxicity (Metric 24, only relevant to cell culture experiments) (Figure 4). evidence (Wikoff et al., 2018) (Figure 5) confidence to lack of association characterize CHD or support a lack
prior systematic evaluation due to limitations in the available tools for doing such at the time. to CHD - K link h defects?): : o : - -
O (e.g., IS gene(s) under Study nown to be linked to heart de ects.), . . . Selmin et al. (2008) 2 (in vitro — mouse) No 0% - N fthe TCE-CHD hanistic dat ts identified | lar initiati t (MIE determine the between TCE exposure mechanistic events of association
: : : o Study quality categorizations were overall similar for the subset of one orthe mechanistic datasets identified a molecular initiating event (MIE), a £ | and inhalati Al ted .
if model is amenable to extrapolating dose-effect level to human maternal , 4 using SGRAP and ToxRTool (d ] Selmin et al. (2014) 1 (ex ovo) - - necessary element for AOP validation SRR eI, ©f (oral and inhalation) potentially associate SIHEET
exposure levels (i.e., are PBPK models available for non-mammalian models?). experiments assessed using SCi and ToxRTool (data previously . T - o> | : the direction and CHD with CHD gestational TCE
AOP: The putative adverse outcome pathway (AOP) for CHDs posited reported). — The in vivo mammalian TCE-CHD database do not support any of the key events (KEs) or of, an eftect S » o Ce:g‘?sur:e and
- . utativ \ u way I . . o Total (22 References) 71 ASSavs 7 References 34% - : Ingle Inconsistency omplex interpretation IN humans
e o . 0 y ! adverse outcome (AO) critical to the putative AOP. . o e .
ObjeCtlve by Makris et al. (2016) (Figure 2) was used to structure the AOP-based je;/en tStl:S'ets ofthlzelgir?%%rfo:sdmode:{[ destlgndre%orteihmﬁcr;?nlstlfz o 24 assays (AO) P | etﬁplfln?d Iby . f_gl(\j/_en Inccvlntslstl?ecxtf r:n
assessment (despite lack of adverse outcomes observed in experimental da asels that me ea (T ZIU 3}/)qua Ity standards, wi Ighly variable — The key event (KE) and adverse outcome (AQO) data relevant to the putative CHD-AOP are ren;irtizgﬁﬁfta?igns 'S"lrelgglnssraenad'\lgreni;gonesf
: : : : g : - - ose responses reported (Table 3). i i : : : : -
To identify, appraise, and integrate the mechanistic evidence stream to assess animal studies). P P imited to non-mammalian models (chickens, zebrafish) which are of questionable relevance in relevance of non-
_ , - for assessing development of cardiac malformations in humans. mammalian study models
the larger TCE-CHD database. 2. The confidence-rating factors for mechanistic datasets proposed by OHAT , . , : : combined with limitations
(2015) were also adopted to assess the body of evidence — The qugllty of much of the TCE mechan.lstlc database illustrates a largely unreliable evidence Sty uality
Figure 3. Figure 4. stream in the context of human health risk assessment.
TCE-CHD Mechanistic Studies by Model Type* and Study Quality Category. The most common mechanistic assay deficiencies.
Figure 1. Three-tiered integration approach for mechanistic evidence base 35 35 ! . : - :
g J PP E 30 - I High Quality B Medium Quality Low Quality B Unreliable! :8 30 - B invitro in vivo i Flgure 5. Putative CHD-AOP vs. TCE-CHD Mechanistic Evidence
Table 1. Study Quality Evaluation for In vitro Experiments—Key Metrics for TCE-CHD Database 5 E |
g 25 - g 25 - : Cell Response: Cell Response: .
w w I Biomolecular/ Functional/ Tissue Organ Organism Population C I
Hazard. Do the mechanistic experimental data "2 20~ "2 207 : MEI Genomic Physiological Response Response’ Response' Response’ onc USIons
suggest CHDs are a potential hazard associated GE’ 15 - g 15 - i
8 Preparation and Did the study characterize preparation of the test substance and storage conditions? il (e atEielik]l Rl R O S g .. g .. ! e Consideration of the type of outcome assessed (e.g., gene expression, in
Storage Of TeSt Were the frequency Of preparatlon and/or Storage COI’]dI’[IOI‘lS approprlate to the test SUbStance |.|>j |_|>j : Human Snsufficient evidence: In vitro Snsufficient evidence: In vitro §Insgfficienteyidencg:9epi OVO development)’ the Stu dy mOdel (e.g., ChiCken eggs, rat WhOIe CUItu re
Substance stability and solubility (if applicable)? 6 57 6 5 | EreRanal ekl e e — gty ) )
Evaluating Mechanistic = o = 0. ! oo moaflectsongenes [ of ordaciie”ffectsinsce embryos, zebrafish larvae, human embryonic stem cells), as well as the
1" Exposure Duration Was the exposure duratlon (e?.g., minutes, hours, days) reported and appropriate for this study type Experlm.entf:ll Df’:lta for Quantitative Resk. Do the mechanistic studies In vivo In vitro In vitro In Vitro In vitro Zebrafish EZE SQE?Q?Q; EDXE;EZT pr:rugrt:irp Agslgsc;?::m Ar?aa;;ags Cyt(cli/'lcgﬁ)city Regg:'?ing i mttﬂs w— w————— w————— p|au sibility of ﬁnding s in a biological construct (e.g., adverse outcome
and/or OUtcome(S) Of Interest: Integratlon N RlSk include suitable candidate studies for quantitative (Ce” Culture) (In OVO) (eX OVO) (eX ViVO) (M8) (M1) (M15) Methodology (M22; M23)* (M25) I Mouse Vg/c;nst{j:;c:;););i\s?:t:?i.elgrt C?—lo[;]strrii)lgtrct)er;ﬁt:lgtf?i/'ev.oNo rgg:;;zdIscltjc;;iyvilv;:ezn;ehsg og e . . o
i : : Assessment SYStematiC risk assessment? *The TSCA in vit tud lit trics were used to evaluate experiments designed around cell culture (“in vitro”), chicken e “in e gﬁl?w:\lﬂcl;ﬂzztzlgvgozfrf:;ﬁ s oretendimaston s oretendimaston pathway type Of ConStrUCt) We re Crltlcal to Integratlng the eVIdence The
16 Outcome Did the outcome assessment methodology address or report the intended OUtcome(s) of interest? Revi ovo’i whole”;r:t:royz gu%ucrlgjclhxilcn;een”fesx ovo” and rodent “ex vivo”p) and zebrafishgmodels * Did not meet(all qualit;,metrics 99 * Data Analysis is covered in TSCA Metric 22 for in vitro study quality metrics and TSCA Metric 23 for in vivo study quality metrics. : pathways f h o d h f ff : t |t | t d : th :
Assessment Was the outcome assessment methodology (including endpoints and timing of assessment) sensitive eview | | | — U E— ew mechanistic studies that were ot sufficient quality were limitead in their
Methodology for the outcome(s) of interest (e.g., measured endpoints that are able to detect a true effect)? Rat d'ttdyf;?tt;?:hgg th”it?’tfﬁjgh.tN) tcddt(ftly?dhg”N) applicability due to heterogeneous models of questionable relevance to
22 Data Analysis Were statistical methods, calculations methods, and/or data manipulation clearly described and Adverse Outcome Pathway. Does the body of A human physiology and exposure timing/ d osing.
approprlate fOF dataset(S)? eVidence Su ppor‘t the putative CH D'AOP and therefore . . on % $Contradictory Evidence: No SContradictory Evidence: No o o o o
steleefieal plasisliy o TOE CHD myssiesir Table 3. Summary of TCE-CHD assays that met study quality metrics Rabbit G i st » Regardless of the integration approach, the same result is achieved for
24 Cytotoxicity Were cytotoxicity endpoints defined, if necessitated by study type, and were methods for measuring sy fnhaiton sy fnhaiton ) o . : :
cytotoxicity described and commonly used for assessments? the TCE-CHD mec?hgnlstlc databa;e. the available evidence c.Ioes not
Caldwell et al. (2010) invivo  Mouse — Fetuses (GD10) Drinking water: 0, 10ppb TCE from GD1- 1 - Microarray gene expression LOEL: 10ppb TCE. Altered gene expression in GD10 fetal hearts; no genes Bovine e o atorsdroton | e o reccad Support the association between in utero TCE exposure and increased
from dams 10. directly relevant to CHD. e risk of CHDs. Mechanistic data would have been more informative had
Drake et al. (2006a) inovo  Chicken - fertilized egg 4x yolk injections (via shell hole) at HH 4 - Cell apoptosis and proliferation in OFT & NOAEL: 0.4ppb TCE; LOAEL (p<0.05): 8ppb TCE increased cell more relevant experiments (e.g., human cell types, physiologically relevant
stages 3+, 6, 13 and 17: “cumulative” AV cushions (HH18), embryo survival (HH18 &  proliferation. No effects on apoptosis, embryo survival or heart function. Chicken i el I omatubo il | % SCeitell TRE | S ISRIECRERenol | Siageenesitercean = d h rvnical o f : ca tili |
Figure 2. “Putative AOP” Posited for Valvulo-Septal Cardiac Defects doses of 0, 0.4, 4, 8, 40, or 400 ppb TCE.  HH24) and heart function (HH18, HH21, HH23) S I SO | oses, phenotypical anchoring of gene expression data) been utilized. In
Drake et al. (2006b) inovo  Chicken - fertilized egg 4x yolk injections (via shell hole) at HH 4 - Cell apoptosis and proliferation in OFT & NOAEL: 0.4ppb TCE; LOAEL (p<0.05): 8ppb TCE increased cell the Iarger pICtU re, hOW@VGI’, the weak epldemlOIOgy database and lack of
. _ . _ stages 13, 15, 17, & 20 : “cumulative” AV cushions (HH24), embryo survival (HH24 &  proliferation, decreased embryo survival and reduced heart blood flow. Zebrafish ‘Contradictory Eidence: - CHD evidence in mammalian studies indicate that even a more comp ete
Chamical Molecular Cell Response: Cell Response: Tissue Organ Organism Population doses of 0, 0.4, 8, or 400 ppb TCE. HH30) and heart function (HH24) concentrations tested o . . o
Initiator(s) Initiating Event* Biomolecular/Genomic Functional/Physiological Response Response Response Response mechanistic TCE-CHD pICtU re would be insufficient to elevate CHDs to an
Jiang et al. (2016) invitro  Human - H9 human Cultured in medium containing 0, 100, 4 - Cytostructure, % beating cells, beat rates,  NOAEL: 100ppb TCE; LOAEL (p<0.05): 1000ppb TCE increased cell area, . £ . .
embryonic stem cells 1000, or 10,000ppb TCE for 21 days. PCR gene expression (related to cardiocellular reduced % beating cells and beat rate; altered gene expression endpomt of relevance in TCE risk assessment.
N 1./2. Alterations in development) . . .
? endocardial cushion e The use of multiple tools and approaches for evaluating the quality of
® 1. Excessive cells undergo 1. Hypercellularity formation and Mishima et al. (2006) exovo  Chicken - Whole embryo Cultured in medium containing 0, 10,000, 2 — Cell population in AV cushion, embryo NOAEL: 10,000ppb TCE; LOAEL (p<0.05): 80,000 ppb TCE cell population . . . .. .
. . epithelial-mesenchymal (thickening) of development Reduced culture (HH14) 80,000 ppb TCE at HH14 viability (HH17) reduction in AV canal cushion. Embryo survival not affected. study data and multlple approaches for Integrating mechanistic data into
TCE and/or 1. Disruption of transition (EMT) endocardial cushion resulting in valvulo- educe Increased CHD All assays met all study quality metrics the | bod f evid : fid - : ti -
metabolites > ? Ephrin-A1 (ligand) embryo/fetus t Saillenfait et al. (1995) exvivo  Rat - Whole embryo Cultured in medium containing 0, 2,500, 3 — Cardioteratogenicity, embryo growth, NOAEL (p>0.05): 2,500 uM TCE; LOAEL (p<0.05): 5,000 uM TCE reduction : . *For human, mouse, rat, and rabbit species, higher-level KE/AO € larger Dody Of evidence, can Increase contiaence in systematic review
O OR OR septal defects. survival rates s . . : : Most assays met all study quality metrics . . ] . o ) ) ) i i ) i
(TCA, DCA) OR urviv culture (GD10) 5,000, 10,000, 15,000 or 30,000 pM TCE  embryo viability in embryo growth, increase in # of malformations. No heart defects : : response information based on QHAT,ROﬁB e"a'ug“on of epidemiology flndlngs and prowde an understandlng of the practlcal appllcatlon of
2. Disruption of EohA3 2. Reduced mesenchymal 2. Hypoplasia of AND for 46 hrs. reported; survival LOAEL: 30,000 pM based on lack of heart beat. Half of the assays met all study quality metrics and mammatian foxicology studies (Wikoff et k. 2018 1abl "
. Disruption ot Ep cell migration endocardial cushion . . . . *No mechanistic? data on rabbit modgls in the literature; organ response avalla e g roqQcnes.
/ (receptor) function 172. In}ﬁ?":i::ard'ac Wirbisky et al. (2016) zebrafish  Zebrafish (recombinant) - Cultured in medium containing 0, 10, 100 6 - Larvae survival, vasculature, heart LOAEL (p<0.05): 10ppb TCE for all endpoints except survival (NOAEL: Tony GRS et &) Sl qullty merlcs doaljaA ;r_%rgéézalt?:ﬁfe\e/te:pgw&rgfl toxicology study, evaluated using PP
Tg(fli1.EGFP)y1 embryos, or 500ppb TCE until 72 or 96 hpf. actin, heart mitochondria, microarray gene 500ppb TCE). Expression altered for 70 genes, but none directly . _ ’ ' . o
. . . . SEvidence that did not support elements of putative AOP (insufficient,
(1-5 hpf) expression, PCR gene expression associated with CHD. contradictory) presented in black cells.

*Makris et al. (2016) note there is no MEI in this AOP, and speculate on what the subsequent KE might be, suggesting that the ephrin-EPH system could “be of high relevance”. There are no TCE/TCE metabolite data that indicate a potential MEI or subsequent KE for this theoretical pathway.
References Available upon request.
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Abstract Results
An important public health function within the Army is balancing the critical mission of national Figure 1. Overview of the process for deriving an occupational exposure level for TCE, including Figure 2. Flow chart of literature identified and Table 1. Examples of incorporation of mechanistic evidence into the toxicological
defense with the risks associated with exposure to various substances by Soldiers, workers, and their integration of toxic endpoints across multiple study designs. included in the toxicity assessment, based on a assessment.
families. Developing toxicity-based benchmarks for risk assessment requires the integration of Develop problem formulation (PECO) criteria ~ D systematic literature search and other targeted Effect In Vivo Observation Mechanistic Insight Implication
evidence from human, laboratory animal, and mechanistic studies, each with varying study designs : : : B-lyase-dependent metabolism of DCVC is an important mediator of | o
h ” d . d ’ d | d f ’ b d H ’ h d | f Are sufficient inhalation SearCheS' StUdles pUbIIShed prlor to 2010 were kidney toxicity; and B-lyase is localized exclusively to the proximal tubular Thdesel.sgﬁme;/sex-stpemf;:] otllffer?ncets may
that are collected independently and often by disparate means. Here, we use the development of an — — :I|> FA obtained from expert reviews. Mechanistic data SV At R G i o ;nogr;isceesti;grtvoaxé injug?jii:;;are
. . . t syst ti ' ' : . : : . . : L o - : : . . -
occupational exposure level (OEL) for trichloroethylene as an example of a process for assessing the e eriterins Occupational/Epi s available to derive 2 HEC? * . . . idney toxicity is more | Specfic activty of f-lyase in humans s comparable to that of mice, Wheh\ o ieje, and it suggests that rats may be more
. . . o . . . . . y human health c = was |nc|uded IN ta rgeted sea rches that |nformed | - pommonly r_epor_ted (1) |are both onlly.ab.outllo/o.of the activity observed in rat kidney. Ad(:!ltlonfally, sensitive than humans. Saturation of oxidative
We|ght Of ev|dence Of various t0X|C|ty end p0|nt5. F0||OW|ng CO”ECUO” Of releva nt Stuches Vvia a information 9 9 yes Oherence and |a Sblt Kidney Toxicity |in rats than in mice B-lyase activity is higher in male rats compared to female rats or in mice metabolism in the Iiver.has been observed at
.. . . . C no C USIDIIITV. and (2) in males than |of either sex. Glutathione conjugation is a relatively minor metabolic ) . L
systematic literature search, we developed a quantitative process for evaluating the controlled Sz, P y P pathway in the kidney, and thus the onset of kidney damage is likelyto | /9N doses inrats but not in mice or humans,
. I d . h d I h f ff I d . d . k f S E Develop POD and calculate Tatell TOE suches e Studi SiEFE: mrtee only occur when the oxidative cytochrome P450-mediated pathway il fqrther suggests tha.t rats are partlc.ularly
animal data with respect to study quality, strength of effects, relevance, data consistency, and risk o 228 HEC i AP ol e oial TCE studies denii ucs publshec pro o eyl fecisGIame Bty Zusceptlble to nephrotoxioity and only at high
bias. Studies were then graphically compared within each non-cancer health effect domain — : Mechanistic =R o each endpoint observed at high doses in rats but not in mice or humans. 0ses.
logical kid i . logical d . d d | | blish . f Assess & Evaluate information toxicology 2980 T T—— Studies that do not include _ __ _
(neuro ogical, Kianey, liver, Immunological, reproductive, an evelopmenta ) to establish points o information c - c e I B ¢ car humans or experimental Mice have a faster rate of oxidative TCE metabolism than rats, and rats
: "(u_, 2 E __ Calculate HEC - animals: 688 also experience a dose-dependent saturation of oxidative TCE
departure (PODs) for each class of health effects based on data that is robust and relevant. An $ %3 Va POPK model using orl Liver toxicity is more | metabolism that was not observed in mice. Thus, at elevated exposures.
i i i icti F o - t h endpoint Filtered: 433 (285 human; Irrelevant to in vivo commonly reported (1) |[mice generate significantly higher levels of oxidative TCE metabolites than|Humans are likely to show decreased
Itera.tlve Process was th.en used t(? |.n.corporate human health data and meChamStIF dat.a that E "é S bl 148 animal) mammalian toxicity: 335 Liver Toxicity |in mice thaninrats  |rats. Even among different mouse strains, significant variability in the rate [susceptibility to liver toxicity compared to either
considered mode of action, pIau5|b|I|ty, and human relevance of these PODs. PhySIO|Oglca”y-baSEd Controlled in vivo £ 5 T and (2) in males than |of oxidative TCE metabolism has been observed, suggesting that only mice or rats.
. . . . . . : o © . . : stodies that used a nom YO females. specific strains of mice will display elevated susceptibility to liver toxicity.
pharmacokinetic (PBPK) modeling was then used to estimate human equivalent concentrations studies g 2 Cormoborate inalation andor ora and TOXNET: 3 acitional (3. || full toxt for refovance: 98 (55 | aciogent v roste of The metabolism of TCE is estimated to be approximately 20 times slower
. . . . a HEC assessing wit mec anistic human; 0 animal) human; 43 animal) exposure were considered only in humans than in rats and 60 times slower in humans compared to mice.
(HECs), and uncertainty factors were employed using a Bayesian approach to establish an OEL for 2 and human occupational data as supporting information.
: : : : Am individuals with to high trati f TCE,
each health effect domain. Potential cancer risks were also evaluated and this dose-response was Total studis identied: 101 Studies identified by previous expert e s o Vrﬂutjggss‘;fveoogia;g:;ﬁ;gg;ﬂ”rz sorte P
t. t d t . . k I I f th f . t th OEL (58 human; 43 animal) reviews and targeted searches tumor suppressor gene Von Hippel-Lindau (VHL), a key event for
estimated at various risk levels for the purpose of comparison to the non-cancer : Apply WOE criteria— generate SR tumor _ _  akey even S —
- initiation/progression of renal cell carcinoma. Suggestive evidence for : .
study score for each endpoint; kidney cancer may include both non-threshold

\ ) apply Bayesian UFs Cited in current review: >400 mutagenicity is based on multiple occupational and in vivo animal studies;
although in vitro studies have shown that the mutagenic effects of TCE
may be mediated by its metabolites. The overall body of evidence for

and threshold key events. Due to the uncertain
mode of action for TCE-induced kidney cancer,

Introduction

*Use .UEIQEP.ﬂ. 2011 as a fou ndatior\. Cond.uct systematic review beginning with 2010. Utilize oth.er refere.nces prior to 2010 if appropriate. The dose-response mutagenicity is weak, and consensus for the mutagenicity of TCE in a non-threshold linear regression response
- - . : Sufficiency dete.rm{ned by conflde.-nce in the database for each endpoint and dose-response information. Choose lowest OEL protective of other endpoints§ Updated toxicity summary: >500 references Kidney Cancer |curve of kidney cancer |mammalian cells has: not been established. A was used. A non-thresholq dose-response is
American National Standards Institute Ensure cancer risk is lower than 1:100. ) : generally more conservative than a threshold
e TCE is a volatile industrial and commercial solvent o neieer ctiology of Ky cancer s meciated by secondary metaboltes of e |09SE-TeSPONSE, which i true n this intance
etiology of kidney cancer is mediated by secondary metabolites of the ’ .
. Cl CI GSH conjugation pathway that are not generated at lower exposure levels. as weII._ Hoyvevgr, Vi ITECEFS (e
that has been used WIdE|y throughOUt the \ Athreshold response is also supported by studies in rodents, which have uncertainty in this approach and acknowledge
C — C only shown kidney tumors after exposure to relatively high levels of TCE, the_possmlllty_that il ETReEE e @Er
Department Of Defense (DOD); for example; asS d / \ where it has also been noted that any incidence of kidney tumors is likely SIS S S
i Domain Description Points 1 i i i 10000 to be preceded by severe and chronic kidney injury that is likely to exhibit a
met.al degreaser or cleaner for the maintenance of  ~| H oy Gty (@0 pons] Figure 3. Overview Qf quantitative — threshold response.
engl nes a nd WEad pon SYStemS. Purity gﬁﬁgﬁﬁ:nc?nqﬁﬂﬁ?iigg,ﬂﬁsgﬁpse 's due to compound of interest 10 assessment tOOI deSIgnEd to ng LOAEL Increased lung tumors |The ability of the human lung to metabolize TCE is approximately 600-fold |Species-specific differences in metabolism of
. . . _ _ y p .y _ ' _ eva I uate COntrOI Ied an | mal StUd ieS 80 have been observed in |less than that in the mouse. Expression of CYP2EL is markedly lower in  |TCE in lung epithelial cells suggest that mice
e Workers Mmay be eXpOsed to TCE via either direct Dose Confirmation, Stability, ~ Assesses verification of dosing accuracy and homogeneity and 10 = 47 Lung Cancer |ChTONiC inhalation rat lungs than in mouse lungs, and it is expressed only marginally in may be uniquely sensitive to this effect due to
. L and Homogeneity potential for issues of chemical instability. oh a 100 p0| nt scale Qua litative g 1000 85 2 d studies of mice, but  |human lungs. Comparisons of species-specific metabolism of CYP2E1 |elevated generation of the TCE metabolite
contact duri ng WO rk tasks or via indirect exposure - . . . | s 80. 51. 51 65. are not generally and GST include lower level, or potentially no activity, in human lung chloral in mouse lung epithelium. Thus, lung
est Methodology Assesses study design and risk of bias. 20 . o 52 dinh d to rodent : t rel tto h
due to va por intrusion. The prima ry route of Strength of Results (25 points) annotations and sub-scores E ‘ oporec hwmans,  [compared © Tocer® abbtiabohbinliabs
¢ w
L. . I = 84 Peroxisome proliferator-activated receptor alpha (PPARa) is a key Mice show substantially higher responsiveness
exposure for workers is inhalation. Dose Response Aosesses coheronce of reaponsc actoss doses Dosoresporse 15 JARHIMECHIICIITOSIAETEAISO 2. 8 @ | edato of TOE-ndsoed er ity due 115 effects on celar |t peroxisome praifersors than pmates, and
p p y design (i.e., . . . . = ® Evidence for liver
tested) and robustness of the data. ConSIde red N We|ght ()f eV|dence = cancer is proliferation and a_poptosis_ after a<_:tiva_tior_1 by TCA. T_he mode pf action of thu_s th_e human relevance of this mod_e of _
e Thousands of in vi vo, In vitro, and epldem|0|0glca| studies demonstrate WldeSpread effects Statistical Significance Statistical confidence in outcome based on either p-value for 10 S weak/inconclusive in |1 oA as arodent liver carcinogen is principally as a liver peroxisome sz el 2 IS SeBlio Ele
alternative h : : e assessment. = . proliferator in specific strains of mice. Peroxisome proliferation is not activity in the liver of chloral hydrate in male
ypothesis or sample size for null effects. Statistical 5 @ Liver Cancer |humans but has been | duced in h hepat fer treat t with TCA. and mi B6C3FL mi bined with | tes of
due to TCE exposure. confidence incorporates magnitude/precision of response and £ reported in chronic LG/ LA VUL ERRIBEMIES Il LRIl b v and mice Lo MICE combin€d with lower rates o
sample size. = 10 @ inhalation and oral expressing human PPARa show diminished hepatotoxicity after exposure |oxidation and higher rates of conjugation in
. . T . . f : : to other peroxisome proliferators. There is significant lack of concordance [humans compared with mice indicate that the
° Exposure Standards endorsed by various governmental regUIatory agenCIES Span d 2501000' L Relevance/Applicability to Hypothesis (25 pom?s) Figure 4. Top Panel- Points of 8 studies of male mice. in the human and rodent hepatocytes to PPARs, with humans being much|mode of action for mice is not relevant to
fold range- Do Crasctrzatn | Asesces evrce o sposus e sooon e sod 10 | : o
. Biological Significance Assesses importance of health outcome and directness of measured 15 depa rture (Y-aXIS) d nd tOtaI SCOre ‘%
. . . biological endpoint to predict the health outcome. : : : : T 1
- inside/adjacent to circle) for all 2
OSHA Permissible Exposure Limit: 100 ppm e 63( . /I J sl t')f' N
imit: i int wi i ithi Critical endpoints, stratirie . . .
NIOSH Recommended Exposure Limit: 25 ppm Coherence ﬁ]seszfusc?; consistency of key endpoint with other endpoints within 5 N Pt t ’ B0t Y ® Table 2. Points of departure, human eCIUIValent concentrations and
I . - . R . ed errect category. bottom .
ACGIH Threshold Limit Value: 10 ppm | Reproducbilty Assesses consitency of ndpoint vith dentical o compimentary 5 50Ty 01 ~ - i | - - occupational exposure levels for each health effect category.
EPA Regional Screening Level- Composite Worker Air (non-cancer: ' Panel- Summary of total scores. euro  Kidney — Lver Immune  Repro  Develop
0.0016 ppm; 1x10° cancer risk: 0.0006 ppm)
EPA Reference Concentration: 0.0004 ppm Neurological 18 18 3.8 20 Wakefulness
: : : : Figure 5. Comparison of all experimental studies included in POD assessment. All exposure concentrations tested in each study (adjusted to 40 h/wk) are i i i
 EPA has occasionally directed evacuation of DoD workplaces based on environmental & _ P perim . _ P _ . Y (ad| , /wk) Kidney R 16 86 Kidney weight
standards, leading to confusion among commanders. A single occupational exposure level plotted, including those concentrations determined to be the NOAEL (green circles), LOAEL (red circles), and BMDL (if determined- blue lines). Black dots Liver 160 180 6.9 27 Liver weight
(OEL) is needed that applies to all workers, including those impacted by vapor intrusion. |nd|catg other treatment expo.sures. Aljnotatlons.vx.nthln the graph include the critical feffect and overall st.udy appllcablll.ty scqre. Boldegl stuo.lles were | mmunological " = - T Plaque forming assay
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strength of results, and consistency of controlled laboratory studies (Figure 3). Repeat-dose inhalation o .

In vivo, in vitro, and epidemiological studies were integrated and used to
non-cancer studies were evaluated using this tool, with greatest emphasis placed on

support derivation of an occupational exposure limit.

inhalation studies. Oral studies were evaluated only if the inhalation database for each ~ 5 g I3 5  Dose-response data were strongest for in vivo controlled laboratory studies,
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A Fit-for-Purpose Framework for Use of Systematic Methods in Risk Assessment
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Methods Results

Figure 3. Proposed framework for the use of evidence-based methods in support of risk assessment.
* Confirmed the need for a specific framework (Figure 1)  The overall intent of the framework is to use multiple evidence-based

: : : S methodologies to facilitate the risk assessment process. This is accomplished via :
o Surveyed available guidance for systematic review; focus 109 f . P . . P . Problem Formulation G G Exposure considered
of available frameworks is on hazard identification. three main components (problem formulation, systematic mapping, and systematic

Available/draft qui I , , review(s)), thus allowing for an adaptive risk assessment process. Figure 2. q e PR |
o ale/draft guidance related to systematic review anc o Problem formulation, a well-established component in the practice of evidence- | Conducted either on specific Conducted by outcome/endpoint |
risk assessment do not fully address elements beyond 10M, . _ P | P | outcomes or across outcomes | | e traction |
hazard identification (e.g., candidate study selection based methods, is the step which defines the question(s) to be evaluated, the | | | |
quantitative uncertainty, relevance to humans). rationale for the question(s), as well as the basis for how the assessment(s) will : Systematic Map - _: — e _: Critical Anoraical — Intermal Validit G :
Conf 4 th f . ded to be “fit for risk be conducted. This allows for both the utility and feasibility to be considered in | | | PP Y |
> Loniirme t” at a framework was needed to be it for ris determining specific objectives related to risk assessment. | | | " : . |
assessment | | | | | | | Protocol | = _I - Protocol Critical Appraisal — Construct Validity G | — — — — —— —— ) |
o Systematic map(s) involve a broad characterization of a topic, allowing for well- | I I |
informed scoping and prioritization of outcomes (and endpoints) to be considered : Evidence Identification : o Evidence Identification Critical Appraisal — External Validity G U — :
Figure 1. Representation of risk assessment for systematic review. This allows for all data to be considered systematically, | | : v |
components addressed by the proposed approach. and allows for a transparent method to identify the subset of the data (likely : _ : o Individual Study Assessment Hazard (Qualitative or Quantitative) :
specific outcomes or endpoints) to be carried forward to systematic review in | | : |
Candidate datasets support of developing toxicity values. : _ : | Body of Evidence Assessment Synthesis MoA :

|dentification of and toxicity values? . . . . . . . I |

. | |
rozsdiey endpoins orm mathermaicl o Systtematlc: rgwew(s) involve .a .rlgorous assessment of a narrow toplc,.lncludlng | Reporting B I R T Reporting . Risk (Quantitative) :
Hazard Dose Z‘“pmjﬁ ‘:s' critical appraisal of study validity and structured methods for developing | | I Integration G -—> |
ID Response ncertainty? . ) .. . . .

m i conclusions. This allows for transparency in identification and selection of o e | : i |
Proposed Approach candidate studies with consideration for study quality and relevance, utilization | L GHLA LI t———————— :
U of quantitative methods which rely on a body of evidence (vs. a candidate : : | _! |
Risk S study approach; evaluation of MoA), and directly provides data for quantitative | Uncertainty === |
ST , Characterization P . | |
oneenes” Robust evaluation uncertainty assessment. | |
Uncertainty? by receptor? L e e e e e e e o o e e e e e e e e o o o o o o o o o o . o o — o — — — — — — —— — — — — — — — — — — — — — — o

IntrOdUCtiOn Figure 2. Overall structure is designed to complement the standard conduct of

. .. L * In the manuscript (currently under development) each element, or box on
developing toxicity values in risk assessment.

the figure, is accompanied by a series of steps to complete the element. In Figure 5. Example of framework implementation. Pending the scope

* Systematic review is being adopted globally in the fields of toxicology, characterized in Problem Formulation, multiple systematic maps and/

epidemiology, and risk assessment. * Considered a diverse array of Agent 1. Problem Formulation such, steps unique to making the systematic method “fit for purpose” to risk or multinle svstematic reviews mav be conducted
ith h I assessment are differentiated. pie Sy y '
, , resources, with heavy reliance ¥ 4
° BeSt praCtlceS are Stl” Under deveIOpment; processes and tOOlS on the evo|ving andscape lE‘:c"el':'tS/ Standard conduct of developing toxicity values in risk assessment E h el t I | d f h I | d h I t Probl
: : .. : , vailable S .  Each element involves evidence from human, animal, and mechanistic roblem :
established for evidence-based medicine (EBM) need to be refined and practical experience: . E;‘uidLr'i'le W e ORl©s - e 2. Systematic Map(s) t " e dentifiat  intoaretion of each is ¢ ent Formulation Systematic Map(s) selected
. : NS s> [ st sy P [ " o, e 1 i O I HTS izt | streams, though the identification and integration of each is dependent on endpolints
and/or new processes and tools are needed for the practice of R il N e e A W }Pu [Db} el s ke Jh T J P overatscoois e ——
eVidence_based tOXiCO|Ogy (E BT) © Events and Initiatives I _ : - B assessment Ob‘ eCtlveS. (eiisélig'?e:fn\?negv:‘,tit-) Outcome = -m EEEEE | Endpoint: uterine tumors = : MMME :
* - Cancer ——Nir== ap identifies ' —— : —
o . ] (e.g.’ EBTC/EFSA CO”OqL”um’ Endpoints Outcome Outcome Outcome Outcome Outcome Outcome ' o Unlque tO thlS framework |S the Con5|derat|0n Of expgsure |n each maln Ou:sg;zg:rnszlllect | sé:fesniplglnéfgw _ . ' — MM”E
e Practitioners recognize particular challenges related to: . . OO OICIOREOCIOBEOI0 o . , . outcomes B R el — e [
| o | o | NAS meetings, journal standards) : @ [® 0 2. Systematic Review(s component, providing important context to facilitate risk-based decisions  ————

o I : > o . o °A— it i © oxicity values
—Ieterogepoqs datase’Fs mﬂudmg in v1vc? (multiple species, including o Available Guidance for both risk - . - Conidoe Sues conge s @) Horor Natéfivcvfivﬁ'iiitéosrs'é’;fnfiﬁ'f'c (Figure 3; Figure 4). = == bas:i;n:x%n;faﬁc
1umanS), In VltrO, and In SI/ICO StUdy d@Slg nS. assessment (USEPA EFSA ‘ 1 o o l@ @Animal plurpose; efmphasis on oo = irl\]/lsiliﬁlgii:?lia . evidence

o . . . . o ) ? ? :----O-”;'ﬂ‘ia-”-ﬁe-s-o--- chanistic utilization of quantitative 4 outcomes esults Quanititative

o |dentification, evaluation, and integration of mechanistic data which WHO/IPCS, NAS) and systematic ¥ —— ) veer oeinogs Aich icoraie @ £ a E derati ated to th £ avid hased il £ ncertaimy based

. . oq ® ’ TOXiCity on- ance'r' reshoic- ar.1c.er— ase Ody Or evigence {vs. rellance I r ® X r n | r | n r Vl n - utcome = e ap identifies outcome on underlyin
are not direct measures of an outcome or population (but are critical review (e.g., NTP-OHAT, Proposed Framework Values S o (oo on a single candidate stuy) gtuhe EXPOSU et C(])c > ke AHONSTE ?[ T:. © § HSE Otet enee alse f el Touty || | = o Eofshen;t(wedrelam onatc”
. . . m In r rl m n ) I r m n r X m e to others (and not asses'smento
to the practice of chemical health risk assessment). Navigation Guide, EFSA, Shods 1N SUPPOTL OTTISK d55€35 ,e g.u < .e. ONsStrates examp es. © elevantto exposure evidence
L . . . L USEPA IRIS and TSCA) how exposure aspects can be considered in guiding problem formulation, o= — —_

° Application of systematic review to risk assessment, which involves | | o | developing conclusions in systematic mapping, and refining appraisal vodopmera [ == =5 (S = —— —

more than assessing a “yes/no” question regarding hazard. o Practical Experience (e.g., protocols, publications,  The framework involves stepwise application of each of the three main tools and techniaues to best inform risk-based conclusions R | B o IR AN oo ierea hyroi
] . . ° systematic review . = Mlg
o The need to evaluate very broad evidence bases that include public comments) componehts. E.a.ch c?ompquent conqsts O.f multlp!e element§ (€.9., protocol, Endpoint: reduced birh weight
multiple outcomes assessed via diverse endpoints across . Considered common challenges in practice to determine evidence identification, critical appraisal, integration, etc.). Figure 3. Problem Formulation Systematic Map(s) | Systematic Review(s) |
. . . o o . . . . o Confirm the need for assessment; Confirm the relevance/rank the importance of Informs appraisal and decision criteria
study designs (which also relates to challenges in specifically desired aspects of the framework o Mapping can be carried out on specific outcomes or across outcomes, whereas guide what is assessed outcomes selected (provides rationale for _
characterizing a whole assessment a priori) systematic reviews are conducted on an individual outcome(s) or endpoint(s) (and S| e | - Whtaspectsare important o consider ac
. o ReﬂeCt Stepwise and adaptive nature Of COndUCting . |s there exposure? | . B | | | partofcr|t|calapp.ra|sal (|nternalvaI|.d|ty).?
] ] . . thus multlple SyStemat|C reviews may be COndUCted) . Receptors/routes/levels of interest or » Is there toxicity at relevant exposure levels + What aspects are important to consider in
o Time and financial resources needed to develop knowledge and risk assessment - relevance? pasedonMOEMOSiE etetiing model and stucy elvencs .
. . . . . . . . .  Are certain endapoints or greater interes external vall |y?
tools, as well as to conduct the review. o Some elements did not require significant modification from existing based on receptorfroLtes? Conclusions

o Accommodate existing risk assessment methodologies
and concepts (e.g, MoA, WoE, BMD, etc.)

o Appraise all aspects of study validity (not just internal

methodologies where as others were refined (or added) to fit the needs of

, , , , o o The proposed framework allows for an assessment to be adaptive
chemical health risk assessment (relative to that established for clinical medicine):

to the needs of a risk assessor while still adhering to the principles

Objective validity) for studies critical to decision-making — Critical appraisal of individggl studies inc?ludes con§iqer§tion.of.internal, Example of evidence-based methodology. The framework also allows for

| | external, and construct validity (vs. only internal validity in existing EBM). integration of mechanistic data based on established risk assessment
To address recognized challenges, we propose a framework for ° Betther use of al .avtculable c;l]ata (e.g., extrfapolatloln ~ Body of evidence evaluation assessment provides a structured approach for e In practice, applic.ation of this framework is likely to involve an in-depth approaches and provides a practical approach for expediting evidence
using evidence-based methods to facilitate the risk assessment methods, quantitative methods, uncertainty analyses) hazard and mode of action (MoA) in quantitatively characterizing risk via dose- pro.blen.w formulation phase followed by the con.duct of a series of maps and integration in context of developing toxicity values.
process in a “fit for purpose” manner to determine hazard, o Readily facilitate expert judgement using a priori, response, utilizing elements of the systematic mapping and review to facilitate review in order to accommodate the needs of risk assessment (Figure 5).
develop toxicity values, and characterize uncertainty. structured methods development of the toxicity value, as well as quantitatively characterizing o By using the step-wise approach, many different “exit points” are Acknowledgements and Disclosures
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Hazard Identification 1

Acrylamide not shown %0 cause cancer m humans (Marsh et
al, 2007; Swaen et al., 2007; Mucci & Adami, 2005).

Six long-term experiments in rats show tumors (Johnson et al.,
1986; Friedman et al ,1995; and NTP. 2012). All experiments
used the same strain of rats.

Twao long term studies also available in mice (NTP. 2012).
Four long term studses are also available in mice and rats for

glycidamide, a known metabolite of acrylamide in vivo.
£ TeRA

Mode of Action 1

[+ Acrylamede is genotoxi bunuh«ﬂyn-mpnx Acrylamide
s vth stress, the latter of

which can bead to mutations and other genotaxicity.
icity and icity from exposure are

not dose respense cancordant---oaly seen at doses higher than

those that caused tumors (Figure 1),

Moreover, i vive matatians do not occur in the rat mammary

gland or testes (Table | and Figure 2 of Mei et al., 2010).

Accondingly, it ﬂmlyhlh:mmnnicdmmlely:mnd

by cither i ity. However,

mutagenicity might be m,unmng at low dases and might be

responsible for some of the low dose tumars (Figure 2).

£ TeRA

Figure 2. m.mmmwwwmw
1abeling & seversl measures of in vivo genotaxicity
{Doursan et al.. 2008, Figure 5).

Dose Response Assessment 1

* EPA(2005) decoupling” data when several modes
ﬁmm_ o enpont o

hreshob, imess e of acthon may be axuring

ey o et | ey, st

= & groweh stmubston. thresbold. poolinear mode of action likely
mates in excess of | mpkg-dy

EPA (2005) suggests that sebection of a point of departure be

close 1o the lower range of data of interest. S\nce controls had

dose, .nmmmsu-mﬂk. ' extra risk is:

— -douible the backgrous ate of the pocial det

-1 !of.thuhmh-dumum:nﬂ-\\

Thaus, a 2% BMR is comfortably within the interpolation range

allrwing for 3 stable cstimate for the pointof departise.

£ TERA

Figure 3a. Multistage model fited 1o pooied-all thyroid tumor
dala, showing ittle changs in slope between the low and high
dose regions (Dourson et al., 2008, Figure 6a).

Abstract
Acrylamide is commaaly found in various foods.
Cancer studies in rats repoet increases in many types of

tumars. We find that thyroid tumars are most sensitive
because they are repeatable. relevant and potent.

Both & growth-stimulation occur; ici
detrmines low-dasc; growth stimulation at higher doses.
We “decouple™ these MOAs and determine that the probit
model best reflects the underlying “decoupled” biology.

We identify a cancer slape factor of 0.030 (mgks-day) ! for
dase, and a RD of 0.05 to 0.02 mg/kg-day for high dose.

T TERA

Hazard Identification 2

“Risk anabysis shall be based on the most sensitive study deemed to be
of sufficent quality” (California, 2011)

Repestable. Amm;hmmwnmwun
of the same or other

Relevant. A sensitive study shows effects in ane species that are

expected to be found in humans.

Potent. A sensitive study shaws effects that ocour ot the lowest

dose or concentration.

= only
{See Appendix to this presentation|

Mode of Action 2

* The welght of sclemife vidence supporis groweh smuletion o2
comtributing 1o thyroad tese:

- Khem ctal

..u.y..‘ e ——— .mm..naqu-ai-:«vg,.

tyidons my-mu Sor T, 14 & 2% duys. mnwn‘ s
iy o
rewsits veppest that i DINA Labeling was gromth ssermlunn.

Figure 3. Low dose in vivo genotoxiity may lead to
low-dose tumors

round
H

A [

iicunty dntexd 1 ols s 28 duys of xpesae 7 st &

- M ad (|'ﬂ|.mnlm.4.-d n..,\.,l.\. e beety m-k and el

meme)uluAumnhmm‘m

£ TeRA

Fraction Above Backg

o e
£

— s &) L

C. T - —
Acrylamide Dase (ma/kg-cay)

Dose Response Assessment 2

Using EPA (2005) guidelines, we compared different mathematical
models to fit these "decoupled” data.
= Munstape model @ not fin * docoupled” data as well (Figure 3ol
= Welball model it these “decoupled” doa well with fived power of 2. bt EPA
software did not allow o positive valie for ool doses with power unfised.
cortrols armmals Sad u poniive done (Twandlle 4 ., 2004)
~ Prokit model Gt these “docouple” data well showing 8 lisce sespurse for
s s the ko dose arge and 3 curvilinesr wpuand trend S tusars from
ruwth stirmukaticn i the high dine rasge (Tabic 4, Faguse 3
= When o done “decopled” s oly wers comidred  wesghoed s
e of B probit modd uf
Scoerat & poistof deparie fo the Yo dose exrapoltion (Table 3 P 3

£ TERA

Figure 3b. Probit model fitted 10 pooled-ail tyroid tumor data,
‘showing dering slopes between the low and high dose regions
(Doursan et al., 2008, Figure 65).

Background

* Previous assessments were found to be genenally conservative,
“screening level” assessments.
* We undertook a more comprehensive nsk assessment that
benefited from the following:
~ e schemce om acrylamide” s oy and s mede of acsor: and
- idchanes foe the cvalsstios of cancer risk developod by e US,
Emveoamental Prosestion Agency (EPA, 2005)
Key determinants for evaluating tumor respoase
- comsisterrty tumoes that <an b stastcally comined among
stidics using EPA rescarch and guidcines
= proveble relevance v lum\ﬁ_(mml_ﬂnhlm when
litthe i« hauwn sk relevance i assancd).

T TERA

Hazard Identification 3

* Thyroid tamors in rats exposed to acrylamide were repeatable and
statistically significant in all six experiments (Table 1).

Although, scientists have not sdentified any chemical that has
caused thyroid tumors i humans and the rat thyroid is different
from the human thyroid, we conclude that these rat thyroid tumors
could not be discounted. Therefore, they are considered as relevant
10 humans.

The type of thyroid tumars formed in rats is gencrally recognized
s resulting from growth stimulation and or mutation. and these
maxdes of action also operate in humans.

£ TerA

Mode of Action 3

+ Tumors evoked by acrylamide expasure were gencrally
bensgn. occurred late in life. and were more often
in hormanally-active organs, in all six rat experiments

Such tumos appearance is more consistent with manners of
tumor formation that are not from direct mutation. These
cbservations also mean # is unlikely that direct mutatsons are
causmng all of the tumors in these experiments.

Thas, both a mutagenic and non-mutagenic manners of umor
formation are likely to contribuse 1o thyrosd tumors (Table 2).

£ TeRA

p
CTERA

Mission is to suppoet the protection of public health by:
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Table 1. Thyroid tumors in Johnson et al. (1986), Friedman
el al. (1995), & NTP (2012) drinking water studies.
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Table 2. Key events, related evidence and plausibility of
tumaor mades of action.
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Dose Response Assessment 3

+ The probit model Benchmark dose (BMD) of 2% extra risk is 0.81
my/kg-day, associated with a slope of 0.025 (mgkg-dayy'.
[+ Slape value adjusted by 1.2 for known kinetic rat and human
differences. ot firther adjusted for dynamic variability because:
= Willissrse |1 995) stutes that thyvoad temers in humars & il foem in the
presence of musagens. lfTSM stimubated grow is prevemed.
P Taowr of 1 for .
nde of actiom, snbee i
= Amsiysis of published stulics e & sl Busme
factors show that the most Mely valoe for an overall ook is roughly | Sold.
~ Goodman and Wikson (1991 consder the best estimate of fhe imerspecies
factur 10 be bog ncrmally distributed arcursd 3 value of |
- The adjusted slope factor is 0.030 (mg/kg-day) .

Figure 3c. Weighted Iinear regression on low-dose, pooked data
Wil 95% confidence curves for the model. Data jttered to show
all 14 data peints (Dourson et al, 2008, Figure 6c, amended).
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Table 4. Probit model estimates of slope factors (SF) for rat
thyroid tumor data. BMDIL vakues in mgg-day. SF values n
(mg/kg-day) ' (Dourson et al., 2008, Table 6).
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Table 5. Comparison of 2% BMD and BMDL from various
models for acrylamice induced thyroid tumors.
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Evidence Integration Using AOP Networks: Assessing Human Health Risks
Associated With Hydrogen Sulfide Exposure

Hydrogen sulfide is a naturally occurring constituent in crude oil and a byproduct of

certain refinery processing steps.

In acute, high exposure conditions, a series of hallmark biological effects are known to

occur, starting with olfactory paralysis and progressing to failure of the respiratory drive,

coma, and death.

Deriving a safe dose to protect against low-level, long-term exposure to hydrogen

sulfide is subject to uncertainty surrounding the relevance of the critical effect in animals

(olfactory nasal lesions) and its protection of the early hallmark effect in humans

(olfactory paralysis), given the significant physiological differences in breathing between

rodents and humans.

* The current study integrates the animal and human data via an Adverse Outcome
Pathway (AOP) network, developed from 32 studies and comprised of 5 AOPs sharing 2
molecular initiating events (MIEs) and 7 potential outcomes.

Methods

Biological effects induced by hydrogen sulfide were identified by a review of the primary
literature cited in 4 regulatory and/or advisory agency reviews on hydrogen sulfide were
used (1-4).

1. Effects were categorized initially by level of biological organization.

2. Effects were than organized into linear pathways leading to the hallmark effects defined
in the reviews as relevant for regulatory risk assessment, consistent with the AOP
Developer’s Handbook (5).

3. Each AOP was assessed according to its biological plausibility and empirical evidence.

When the supporting evidence for a key event in relation to the entire AOP was weak based
on the hydrogen sulfide data alone, supplemental information for the key event was
identified using the peer-reviewed literature and the AOP-Wiki.

The AOPs were further assessed for temporal, dose-response, and incidence concordance
data shown here are focused on AOP1 due to its strong supporting evidence and effects at
the lowest doses (6).
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Figure 1: AOP network describing the mechanisms leading to five hallmark pathological
effects of H2S exposure. Abbreviations: impair., impairment; pulmon., pulmonary; elect.
mech. dissoc., electromechanical dissociation; dec. act. respir. neurons, decreased
activation of respiratory neurons; CNS depress., central nervous system depression.

Katy O. Goyak?, R. Jeffrey Lewis'

1ExxonMobil Biomedical Sciences Inc., Annandale, NJ

Objectives
»  Integrate mechanistic evidence from multiple data streams to identify an appropriate point of departure for derivation of occupational exposure limits that is relevant to humans and protective

of the early hallmark effects known to occur under acute conditions.

M Hannan 1989

M Higuchi and Fukamachi 1977
Knanet al 1990
Knanetal 1091

£ M Khanetal 1998

M Kohnoet a1 1991

M Kombian et al 1988

I Kosmiceret el 1967
L 211987

Lopezetal 19880
M Lund and Wieland 1966

Figure 2: Empirical evidence showing lowest effect level per reference for all key events in the
AOP network. Primary references are cited in references 1-4 or are listed separately as
references (7-9).
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Figure 4: Dose-response and temporal concordance analysis of AOP1a (cytochrome oxidase
inhibition leading to rhinitis). +: 0-33% inhibition or severity; ++: 34-66% inhibition or severity;
+++: 67-100% inhibition or severity; *observed and reported qualitatively, green box: no adverse
effect level in animal studies commonly used as point of departure in regulatory assessments (1,
3,4).
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Figure 3: Comparative AOP assessment. Lowest effect levels are reported (if known) for key
events or adverse outcomes. Dotted lines: weak or moderate biological plausibility; solid lines:
strong biological plausibility; yellow outline: identified as AOP leading to the critical effect
(defined by low dose and strong biological plausibility; highlighted in green).

CONCLUSIONS

» A comparative dose assessment of subchronic animal data identified AOP1a (nasal lesions at
30 ppm) a critical pathway with strong biological plausibility and experimental evidence, with
effects at the lowest dose relative to other outcomes (neurological effects, >125 ppm;
pulmonary edema, >80 ppm; cardiovascular related mortality, >500 ppm; mortality via central
nervous system depression, >500 ppm).

» Strong dose-temporal concordance occurs among the 4 proposed key events: cytochrome
oxidase inhibition (>10 ppm), neuronal cell loss (>30 ppm), olfactory nasal lesions (defined as
both neuronal cell loss and basal cell hyperplasia; >30 ppm), and rhinitis (80 ppm).

» We conclude that AOP1a leads to the critical effect in animals (olfactory nasal lesions) and likely
manifests as olfactory paralysis in humans (AOP1b), suggesting that this point of departure is
relevant for humans and protective against low-dose effects.
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(TP Complex Evidence Integration Using Evidence-Based Tables: A Case-Study Using the NTP Cancer
S R Hazard Assessment of Night Shift Work and Light at Night Related to Circadian Disruption

Suril Mehta', Pamela Schwingl?, Gloria Jahnke!, Stanley Atwood?, Sanford Garner?, Ruth Lunn'
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Background

il

Table 3: Integrate evidence across evidence streams

Evaluate by evidence stream

" Cancer hazard evaluations can be complex, requiring an " We evaluated evidence from animal, human, and Exposure Endpoint Evidence stream or Confidence in the evidence Draft conclusions
accounting for a breadth of data, assessing multiple mechanistic studies for multiple exposure-intermediate- approach
itinle data st ( : | h g = Due to th lexity of th : icit th shift cancer = 21 studies of independent (frequent and long-term night shift work, Persistent night shift work that causes
Across rr.‘u. IPI€ a a streams (1.€., animal, himadn, an ue .O € compiexity © € c.arcmogenlu y pathway, populations especially among women who began night shift  circadian disruption
mechanistic studies). multiple data types had to be integrated prior to work = Pooled analysis of 5 case- work at a younger age) is associated with an Strong evidence of carcinogenicity of
" Evidence-based figures and tables can be used to visually consideration of toxicology and epidemiology data. control studies increased risk of breast cancer. persistent night shift work from studies in
- - Experimental animal studies = Some evidence that simulated shift work or humans.
collate and compare relevant evidence across studies to : : :
P . Example: Human epidemiology studies of NSW and breast cancer = Simulated shift work and chronic jet lag decreased mammary-gland tumor
reach hazard conclusions. eferonce tverworked | Duration | Freauency, cumulative [ oo T jet lag in susceptible latency or increased mammary-gland tumor Strong toxicological and mechanistic data
" NTP’s draft cancer hazard assessments of both night shift T R Ry S RTIS duration transgenic mice multiplicity. providing evidence that circadian
work (NSW) and Iight at night (LAN) high ight the use of egriyn ot o 2007 IS Mechanistic and " [ndirect evidence that melatonin suppression disruption plays a role in the cancer pathway
id . d tabl d fi to hel h 1 Grundy etol. 2013 __ biomonitoring data contributes to breast cancer development in in humans.
eV'_ ence- as.e aDIES and Tigures .O €Ip reach an overa Hansen & Stevens 2012 "= Melatonin suppression night shift workers.
weight-of-evidence hazard conclusion. e Circadian disruption = Strong but indirect evidence that circadian Risk patterns in human cancer studies —
= As a case study, we use NSW and breast cancer incidence e S i M T Biological effects disruption contributes to breast cancer younger age, hormone-receptor positive —
: : : : Knutsson et al. 2013 iated with cancer development. supported by mechanistic data and biology of
for this method of evidence integration. Fritschi et al. 2013, 2017 associate
5 A — = QOther effects: sleep " Night shift work is associated with effects that breast cancer development.
esch et al. , Rabstein et al.
Someoevidence for a positive association - lower utility studies deprivatiOn and Vitamin D are ConSiStent Wlth Several Of the key
e A TIT deficiency characteristics of carcinogens and also consistent Exposure to LAN may contribute to cancer
Q"y‘r']':s’“e;“(’j,’_?gg';rav‘s etal. 2016 with effects mediated by melatonin and altered risk, but data are inadequate to evaluate a
" (" % Hansen 2001 | k_ i ' i ff b d i 12t
Sta IS Framewor e oTS Blue: clock-gene expression. Epigenetic effects may be direct association.
No evidence of a positive association $os?tiveli" d key ed rly Step respOnSible for altered gene
Li et al. 2015 an: nui;
Visttisen et al. 2017 Purpta: exprESSion .
B oo ot o 5008 = = Role of vitamin D and sleep in night shift work is
Environmental L unclear.
disruntors: Circadian c
N;r\;‘; (IT:N disruption ancer
Assessing strengths, weaknesses and Visualize findings using conclusions from evidence-based tables
Evidence Exposure (E) vs. Evs. Cor Intermediate  Outcome COandence Serles Of eVIdence_based tables _ _ o
”Population” Comparison (C) |ntermediate Outcome ] ] . Exposure C.Ircadl-an Key CharaCterIStICS BreaSt Cancer
Outcome Table 1: Detailed analysis of data for specific Disruption of Carcinogens —
Human NSW vs. DSW CD . genetic models
Animals Simulated NSW vs. SL CD EV|dence St ream
Human NSW vs. DSW KC - ‘ St ths & Simulated SW of CJL Altered | e wa =g Tumor suppressors, DNA repair,
Animal imul NSW vs. SL K €eo rengins . clock gene metabolism, cell cycle,
nimats simulated NSWvs. 5 c Exposure Outcome P . S & . Assessment expression cell proliferation a};)optosis
Human CD Cancer*® StUdIES Limitations : ’ \\ n S —
l . . . . —~—— - | J
ﬁn'ma:s/ CD/ms Tk Cancer Night shift Breast 13 human Detailed Consistency A } breast cancer
nimals melatonin allmarks : A
. work cancer case-control  exposure of evidence | mammary gland [ EETEE
In vitro clock gene of cancer . tumor latency TS
Humans NSW vs. DSW Cancer studies assessment
Animals Simulated NSWvs. SL Cancer Night shift Breast 9 cohort Left truncation, Supporting |
*Includes breast, prostate, colorectal, female hormonal, and lung cancers. work cancer studies survivor bias evidence |DNA repair/tdamage SN\
TOxidative stress*®
_ _ . . , , , , TInflammation or altered immune*
Note: Circadian disruption can be considered an intermediate in the Night shift CD: Human cross- Large number of Consistency J
pathway and is evaluated as an exposure and an outcome. sk Melatonin sectional raliee e Epigenetic chan%fs /
TEstrogen levels ) ¢ | tumor growth 1 cancer risk

o Epidemiology studies / I I
Abbreviations for poster of night shift work In vivo and in vitro studies: Animal studies | Humans-
CD = circadian disruption, DSW = day shift work, KC = key characteristics of Table 2: Mechanistic-related data syelzgziign ___ Inhibition of oncostatic pathways t Melatonin | Low nocturnal
carcinogens, LAN = light at night; MOA= mode of action; NSW = night shift PP Anti-oxidant, anti-estrogenic, » 2 | melatonin
work, PECO = population, exposure, comparison/comparator, outcome; SL = Out- Confidence of | . 2zt:ﬁqrztlgztr:tt;zeériggl?éfmmatory, & | levels

standard lighting conditions. MoA Evidence stream h " Assessment * = Biological effect was measured in animal cancer study.
come the evidence ** = Biological effects were measured in animal cancer study of LAN.

Melatonin Cancer ®= NSW: Melatonin = Strong Strong
NTP Draft MOnO ra h suppression human evidence: LAN evidence: .
g p epidemiology & NSW are melatonin is COnCI usions
" To access NTP’s Draft Monograph on Night Shift Work and studies associated involved in . . . .
Light at Night, please visit: N vt b @ carcinogenicity * Evidence-based tables and graphics provide transparency and a systematic structure for

Experimental altered Indirect NSW: reaching cancer hazard conclusions.

https://ntp.niehs.nih.gov/pubhealth/roc/listings/shiftwork studies in melatonin direct LAN " Tables provide information regarding the approaches used to evaluate the relationship,
humans and " >trong strengths and limitations of the studies, an assessment of confidence in the evidence,
animals ev'dencei' and integration of the evidence.

= Melatonin: melatonin { . G tiole disciplines imvolved with thi I at » aced

Mechanistic and  tumor growth iven mu tIP e disciplines involved with t .|s complex evaluation, our evidence-base
cancer studies and is tables and figures allowed for a collaborative approach to collate, compare and

oncostatic triangulate across evidence streams and the causal pathway.

" Evidence integration also facilitated the contextualization of the hazard exposure.

* Streamline examples: See monograph for complete entries.



A NTP

= National Toxicology Program

U.S. Department of Health and Human Services

Goal

Apply an approach that uses ten key
characteristics of carcinogens (KCs) to
evaluate mechanistic information of
substances’ carcinogenicity to identify
human cancer hazard

Background

Evaluating a substance’s broad and
voluminous possible carcinogenic
mechanism is challenging. To search
mechanistic information unbiasedly
(without perceived emphasis), we had
developed search strings?! for

l\

= Web of
Sciences

Clarivate
Analytics

e : ®
| o = | | e el
| 4 L - -
|

on 10 key characteristics of
carcinogens (KCs)?

The ability of a substance to

KC1 act as an electrophile either directly or
after metabolic activation

KC2  be genotoxic

KC3  alter DNA repair or cause genomic
instability

(C4  induce epigenetic alterations

(C5 induce oxidative stress

(C6 induce chronic inflammation

(C7 beimmunosuppressive

(C8 modulate receptor-mediated effects

(C9  cause immortalization

(C10 alter cell proliferation, cell death, or

nutrient supply

Systematic review is an approach that
aims to answer a specific question
while minimizing bias. Advantages of
systematic review (vs. descriptive
literature review):

e useful for handling inconsistent
results

e use a pre-determined protocol
(e.g., search terms, inclusion and
exclusion criteria)

e consistent evaluation of study
quality (e.g., risk of bias, study
utility)

e more comprehensive

e more transparent

Sb,0, as a case study in NTP Report on
Carcinogens (RoC)

NTP Report on Carcinogens (RoC)? is mandated by Congress to
identify cancer hazards for people living in the US
Overall evaluation is based on human cancer studies, animal
cancer studies, and mechanistic and other relevant information

Listing

Listing criteria

Known to be

Sufficient evidence of cancer in humans

human (including mechanistic information in humans)
carcinogen

Reasonably Limited evidence of cancer in humans, OR
anticipated  Sybstance belong to a class whose member is
to be human |isted in RoC, OR

carcinogen

Convincing mechanistic information the
substance would likely cause cancer in humans

* RoC is used by the public and various agencies for decision

making

Antimony trioxide is used in making flame retardants, polyethylene
terephthalate (PET) plastics, specialty glass, and paints

Sb  Sb 2

IS L

Occupational exposure is the
main source of exposure

e Other forms of Sb at high temperature could turn into Sb NOR

* People can be exposed to Sb,0, from breathing contammated air

(e.g., house dust from wear and tear of
flame-retardant treated textiles, traffic pollution)

*Leve

*Leve

of evidence of cancer in humans is inadequate

of evidence of cancer in experimental animal is suffICIent

Mice had increased incidences of

Benign

Alveolar/bronchiolar adenoma (F)?
Malignant Alveolar/bronchiolar carcinoma (M & F)?2
Combined Alveolar/bronchiolar adenoma or carcinoma (F) 2

Lung tumors Skin tumors

Benign Fibrous histiocytoma (M) 2

Combined

Fibrous histiocytoma or
fibrosarcoma (M) 2

Lymphoma
Malignant Lymphoma (F)?2

Rats had increased incidences of

Benign
Combined

Lung tumors

Alveolar/bronchiolar adenoma (M* & F)?2

Adrenal gland

tumors

Alveolar/bronchiolar adenoma or carcinoma (M*)2 | | Benign  Pheochromocytoma (M & F)?

Benign
Malignant
Malignant

Bronchiolar/alveolar adenoma (F) P Combined Pheochromocytoma (F)?

Squamous-cell carcinoma (F) ®
Scirrhous carcinoma (F)®

Malignant

Scirrhous carcinoma (F)°¢

*M: carcinogenicity in male rats based on

multiple factors

AaNTP 2017 TR-590 P Groth et al. 1986 cWatt 1983 “Newton et al. 1994 Rat study reported no increase in tumors

Mechanistic information evaluation method

(1) Search and screen literature

Number of references
providing primary
information in each KC

&
S
4
c)(;
281
—p
365 503
. 259
Scopus s

e Number of references in each
KC is influenced by research
history and interest, and is not

necessarily proportional to a KC7, 10
KC’s contribution of i

carcinogenicity

(2) Study evaluation

For genotoxicity studies, as an

example, we considered

e Substance: identity, purity,
solubility, etc.

e Study design and report: model
system (e.g., humans, animals,
in vivo, in vitro, biochemical, in
silico), exposure route,
directness (of measurement to
interested events), sensitivity
(e.g., detection method, group
size), etc.

e Study utility to inform
carcinogenicity

(3) Synthesis of mechanistic information by KCs
All relevant data, including literature, Tox21, and omic data, are considered.

Results

KC1 Sb,O0, interacts with

e Peptides (e.g., GSH)

e Proteins/ enzymes (including zinc
finger)

Sb'"is highly reactive to sulfhydryl
groups (thiols), especially vicinal
thiol groups

KC5 Sb,0; J, antioxidants (e.g., GSH)

 Sb" compounds directly inhibit
redox enzymes

Compounds containing Sb""

-———\
N

Glutathione Glutathione
Mitochondrial S-transferase reductase
membrane 1

potential
GSH—_|

\ / RP1 efflux
O

pump

Sb""(GSH),

Compounds containing Sb"' leads to
Compounds containing Sb"' inhibits
Possible contribution to

KC8 Antimony(lll) potassium tartrate
prevents decrease in epidermal
growth factor receptor (EGFR) 2
prevent cell differentiation = could
preserve proliferation potential

KC3 Sb,Cl; interferes with nucleotide
excision repair

i

KCZ Sb,0; is genotoxic

In vitro In vivo
Any DNA damage (prokaryotes) + +
Any DNA damage (eukaryotes) + +
Chromosomal aberrations + -3
Micronucleus induction +b +
Sister chromatid exchange + No data
Any mutation (prokaryotes) - No data

*

Any mutation (eukaryotes) - _

+ positive - negative

2 Negative in rats; uncertain in mice due to severe
study limitations.

b Correction from public comment version monograph

* mutations seen in Sb,0;-induced lung tumors

Mechanistic evidence integration case study: using ten key characteristics of carcinogens
and a systematic review approach for antimony trioxide (Sb,0,) cancer hazard identification

Amy Wang?, Joanne Trgovcich?, Kristine L. Witt!, Andrew Ewens3, Jessica Geter?, Sanford Garner3, Gloria Jahnke?, Stephanie L. Smith-Roe?!, Ruth Lunnt
INTP, National Institute of Environmental Health Sciences (NIEHS), 2 ICF, 3 ILS, # Formerly ILS

Summary

KC10

KC10

Direct evidence from Sb,0,

Direct evidence from inorganic compounds containing Sb'"

KC1

KC2

X

KC4

No direct evidence suggesting a major role of Sb'",O, carcinogenicity

e Based on sufficient animal evidence and supporting
mechanistic information NTP recommends Sb,0,
be listed as reasonably anticipated to be a human

carcinogen #

e KCs provides an unbiased approach for searching

possible mechanisms

Next steps

Develop a more structured framework for
mechanistic information evaluation. It may include
 guiding questions for study quality evaluation
e guidelines for mechanistic evidence synthesis
e descriptors and criteria to determine level of

evidence for mechanistic information

References
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Using study evaluation to inform evidence integration: Application in a
systematic review of hexavalent chromium male reproductive outcomes

Erin E. Yostl, Xabier Arzuaga?, Alan Sasso?, Catherine Gibbons?

1. US Environmental Protection Agency, National Center for Environmental Assessment, Research Triangle Park, NC
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2. US Environmental Protection Agency, National Center for Environmental Assessment, Washington, DC
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Results
Bac kg roun d Table 1. Study evaluation results. These results represent the composite ratings for male reproductive outcomes within each

Summary of effects in high vs. low confidence studies

Figure 3. Incidence of outcomes indicative

.. . . . . . evaluation domain; there were some instances where outcomes within the same study were rated differently due to outcome- = High confidence;
Study evaluation is used in systematic reviews to identify the strengths and . ’. . . . . . _ s ' ' '
y . y . . fy J specific concerns, in which case an average rating (representative of most outcomes) is shown here. In addition to the 15 studies showed effect of male r_e:)roductlve effe_cts ACTOS3 high and
weaknesses of the evidence base in a consistent and transparent manner. o . . ; . . . . _ | | low confidence Cr(VI) animal studies. One
. . . . . . . shown in this table, 8 studies were considered uninformative due to serious flaws in the study design (e.g., use of wild-caught High confidence; no . .
These evaluations can be used to inform evidence integration by identifying . . . . . effect high confidence study observed decreased
. . - animals) or reporting (e.g., data could not be interpreted) and were excluded from consideration. . . . . .
factors that may affect the reliability and interpretability of the results. Here, we — T S Low confidence: testis weight, but otherwise high confidence
. . . . . . . . t t t t ! . . .
describe how this principle was applied in a systematic review of the male ererence Y e - o showed effect studies found no evidence of male reproductive
. . —_ c — —“— . .
reproductive effects of hexavalent chromium [Cr(VI)]. = - O > 2 S o IS > = S o Low confidence; no effects. Comparative, male reproductive effects
- c © o (o — © = (@] o O . .
E o = = o N D 2 - o = effect
Species/ Exposure life stage and  Route of > c R c S 20 S 5 O %.g’ = ?E% 5 % S @ was frequently observed in low confidence
Meth O d S Strain duration exposure = g S 2 E E = E_Ig S % © § 2 = S 8 % 0 % % studies.
) 0T = > c © Q= T = > ege- 9= O
o = m c Q5 X c O = 3> L ©
. . . . . — O © =
Literature search and screening: This evaluation of male reproductive ¥ > © 5 K n ! !
effects was conducted as part of a systematic review of the health effects of NTP 1997  Mouse (BALBC)  Reproductive Assessment G In tegration of evidence
: : £ : : by Continuous Breeding _ _ _ _ _ .. _ _
Cr(Vl) exposure. Studies were identified by searching three online databases Adult males and females. It was concluded that animal toxicology studies along with supportive data from mechanistic studies provide
(PubMed, Web of Science, Toxline) tthUQh May 2018. T|tle/ab_stract screening NTP 19968 ';:'Otusse (BALEO) i,d&ltor 9lweesz | ot slight evidence that Cr(VI) is a male reproductive toxicant. The rationale for this conclusion is documented in
- a rague- males and remailes; i . . . .
followed by full-text screening was used to identify animal studies meeting the NTP 10960 ot (OPrag - Diet an evidence profile table (Table 2). Relatively severe male reproductive effects were observed across
following PECO (Population, E C tors, Out iteria: cauey) 5.0, 09 weeks - - - tin o e
oliowing (Population, Exposure, Comparators, Qutcomes) criteria: Rat (F344/N), Adult males and females: 3 multiple low confidence studies and are supposed by mechanistic evidence. However, similar effects were
« P: Nonhuman mammalian animals (whole organism) of any life stage NTP 2007 '\B"XLLJ;‘/%C(?;%F&’G) months Drinking water not observed in high confidence studies, and concerns were raised about the potential impact of bias on the
« E:Anv exposure to Cr(VN bv oral or inhalation routes Elbetieha et — Adult males and females: __ Interpretation of the results in low confidence studies. Fertility (ability to produce offspring) was not affected
— y P y | Mouse (Swiss) K " Drinking water : di b his did ff I lusi : d in fertil f |
. : : al. 1997 12 weeks IN any stuaies put this did not afrect overall conclusions, since rodents can remain tertile arter large
C: Concurrent vehicle control or untreated control group Bataineh et Rat (Sprague- _ — D NR Y . J
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Ingested dose of Cr(VI) could not be calculated based on the reported information.



#23 - Systematized Review Approaches in the Assessment of Tobacco Toxicants: Acrolein as a Case Study
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Research questions in tobacco science, such as understanding the biological effects of smoke toxicants like acrolein,
benefit from rapid, transparent, and reproducible methods of evidence synthesis and integration. A systematized review
for acrolein toxicity, conducted in approximately seven months, analyzed, synthesized, and integrated scientific evidence
using a more-rapid approach over a traditional systematic review, while still addressing a specific research question. The
key question of interest was whether acrolein is a major driver of tobacco smoke-related toxicity, especially that
associated with noncancer respiratory disease resulting from exposure to cigarette smoke. A search strategy using publicly
available databases was executed initially, employing pre-specified selection criteria to extract data from reviews and
regulatory documents, from which a preliminary mode of action was built. Data from primary research articles were then
evaluated to better inform the assessment of acrolein toxicity relevant to toxic endpoints, dose-response relationships,
mechanisms or modes of action, with information from different streams of evidence integrated to support the role of
acrolein in tobacco smoke-related respiratory diseases. Key cellular processes in the proposed MOA for acrolein toxicity,
inflammation and necrosis, were presented as narrative summaries, with accompanying graphical and tabular
representation. This serves as an example of how scientific evidence can be evaluated, integrated, and presented in a
timely yet reproducible and rigorous, stepwise manner.

This information is not a formal dissemination of information by FDA and does not represent agency position or policy.



Accelerating Chemical Assessments:
A Case Study in Automatic Evidence Extraction from Text
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The manual processes used to extract mechanistic Explicit claims (Blake, 2010) were identified from abstracts (n=3078) collected in

evidence from studies is one of the most time a previous study (Korhonen et all 2012). Prior mode of action annotations were Refuting evidence Negated supporting evidence
consuming steps when conducting a chemical used to identify keywords using Shannon’s measure of entropy and expert review. CaN inhibitor cyclosporine A (CsA) s slheamims me ireeterfrslsteg
assessment. Our goal is to automate evidence The number of supporting claims, where the MOA has increased (e.g. improve, reduced cell growth in these cell lines. increases in cellular proliferation.
extraction in order to reduce the time to conduct a extend), where there was some effect but the claim is neutral (e.g. change,

review and/or increase the scope of a review. effect), and where the MOA has decreased (e.g. reduce, inhibited) are reported.

Cell Proliferation Neutral evidence

_ _ Binary mixtures of the compounds
Supporting Neutral Refuting produced effects on cell proliferation
and on each of the responsive protein
Abstracts from Medline were pre-processed to identify sections and sentences. Explicit claims involve an agent, the nature of the change and Neg Neg Neg ions that were fully consistent with
A dependency parse was generated (Manning, 2014) for each sentence in order an object (Blake, 2010). Explicit claims that include a keyword 3 168 5 53 5 1 concentration additivity.
to attend to elliptical coordinated compound noun phrases using the method associated with cell proliferation and cell death were identified
described in (Blake and Rindflesch, 2017). automatically. Claims were characterized as supporting if they '

increased the MOA, neutral if no directionality was provided and

refuting if they decreased the MOA. Negation was detected. Of the 327 cell proliferation claims, 99 (30.3%) directly contradicted the premise that cell

proliferation increased because the evidence was either negated or reported a decrease.
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MPT causes hoth necrotic and apoptotic cell death In cultured hepatncﬁes
cnme S

Figure 1 — Partial dependency parse for the sentence from PMID 12700412 “Onset of the mitochondrial
permeability transition (MPT) causes both necrotic and apoptotic cell death in cultured hepatocytes.”. The Figure 2 — Explicit claim with MOA from “DEN + WY increased both cell proliferation and
coordinated noun phrases would be resolved to produce “apoptotic cell death” and “necrotic cell death” apoptosis in both the wild-type and p50 +/- mice; DEN treatment alone has no effect..”

Just over half (168, 51.4%) of the evidence supports
the premise that cell proliferation actually increased.

Supporting evidence
Negated refuting evidence Activation of protein kinase G
Application of PCB 52 in calcium-free medium reduced Is sufficient to induce
the calcium accumulation, but did not reduce cell death. apoptosis and inhibit cell
migration in colon cancer cells.

Abstracts were collected from an earlier study

| . : : Negated neutral evid
(Korhonen et al 2012) that characterized Input Supporting, neutral or refuting evidence The HDAG mhibitorinduced Cell Death
evidence and modes of action for 7 chemicals: B | apoptosis appears to be p53

4-aminobiphenyl, asbestos, ethylene oxide, . . . independent, because no change - :
formaldehyde, genistein, methylene chloride, Pre- Explicit Explicit Claims in apoptotic cell death was Supporting Neutral Refuting
pyridine. This pilot study considers two of the processing Claims with Keyword observed in H1299 cells that Neg Neg Neg

expressed exogenous wild-type

p&d3 (H1299 cells express no 5 416 8 74 3 153
endogenous pb3 protein). ' '

Of the 659 cell death claims, 158 (24.0%) directly contradicted the premise that cell death
had increased because the evidence was either negated or reported a decrease in cell death.

non-genotoxic modes of action reported - cell
proliferation and cell death.

Mode of action AbStra CtS
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ldentify Mode of Action Keywords

About two-thirds (416, 63.1%) of the evidence
supports the premise that cell death increased.
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Conclusions and Future Work

Shannon entropy was used with the initial set of abstracts (e.g. cell

proliferation versus not cell proliferation) to establish keywords for each H(X) = —ip{mz-}lugp{:re}-
mode of action, which were then reviewed by an expert. Noun phrases i1

that include a keyword were identified in all abstracts from the collection.

—= Inflammation
» Other DNA —=  GAP junction
madifications

Results show that simply reporting a mode of action should not be interpreted as evidence
that the MOA has increased. Explicit claims from the Claim Framework provide the
granularity necessary to differentiate between supporting, neutral, and refuting claims for a
given MOA. Further work is required to differentiate between claims made as background
knowledge and the results from current experiments.

X ILLINOIS

—-  ARR activation

TNF alpha
— pathway
activation

Figure 3 — The Modes of Action established in Korhonen et al
(2012). Modes explored in this pilot study are shown in red.
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Evidence Integration New Tools, continued New Tools, continued
At the EPA's National Center for Environmental Assessment (NCEA), we work Evidence Profile Table, pictured Evidence Inventory
closely with programs throughout the EPA to integrate web-based and desktop The Evidence Inventory tool, hosted within HERO, facilitates data extraction and
computer tools into the assessment process, facilitating evidence integration for oo | portrayal by providing researchers a template to collect and categorize data from the
sclence assessment products. By Incorporating in-house and third-party tools, sudgement | relevant literature and then create summary tables of the extracted information. The
both open source and commercial, activities such as the Integrated Risk cummary | Confidence summary tables are then ready for export into assessment documents, allowing
Information System (IRIS) and the Integrated Science Assessments (ISA) seek to Factors | Factors | qfringings | Judgement Across- readers to review the evidence behind the chemical risk assessment.
use the best tools for the job, while remaining flexible enough to improve the i R o SU::ary e I R
evidence integration process. Outcome | Studies | Confidence | Confidence | outcome | ofFindings | Streams | Judgement oot or
e animal il Biocssey) I e | 990 e o iy <o it o | o || e
Current Tools LS| | Telvsion | Theistctor D00 | QOO | R e i et 3roa0ts oot poacrs ot SRR . .. v v0 i aswiboeidebem i, 905
i | | cealorer: 0 0 CEEEE R 5
2019) explanation explanation 123456 Thacker, 5; 1012016 Chemical pollutants and theilYes Yes High Quality |ED Visit - AsEx Time-series All ages 611,970 USS.
» Health and Environmental Research Online (HERO): Literature search, testoutcome | OVerOUE | wonsistency | shigh sk ofBias | (D) @D e srocts s . . e m—reTET s
categorization, acquisition, archiving. Interoperable with HAWC, Distiller, and gk, || GRERE ) mobut | e oo e e et
SWIFT B s ZEoTUEEEENERT o s
+ Health Assessment Workplace Collaborative (HAWC): Study evaluation, iy Shoc R s s e AT 2
data extraction, visualization. Interoperable with HERO, BMDS, and Distiller. Simmary. s ot son2os  som e oot oGt UL e s T i e us
+ Benchmark Dose Software (BMDS): Dose-response modelling. Iteroperable TR e TR e
with HAWC. Evidence |\/|app| ng 153459 Jonee, et 2014 Tranaherman infecnceson o/ (AR . ... v P Y
» Evidence Partners DistillerSR: Literature screening, data extraction. Integrated with the Health and Environmental Research Online (HERO) database,
Interoperable with HERO and HAWC. the Evidence Mapping tool allows researchers to create heat maps to visualize and  Producing a chemical risk assessment document requires extracting and
» Sciome SWIFT-Review and SWIFT-Active Screener: Literature screening, overlay characteristics (e.g., discipline, exposure, concentration, etc.) of the reformatting the data in cited studies into tables
prioritization, categorization. Interoperable with HERO and HAWC. reviewed literature, making it easy to visualize the available evidence. * Previously, this was largely a manual task without required standardization
 This new tool uses spreadsheets formatted for different disciplines to help
New Tools HERO tags used for Evidence Map standardize data extraction
Example Evidence Ma . Once_the data 1s extracted, the_ spreadsheets are transformed into sets of tables
Evidence Profile Table e i useful in the document production process
Part of HAWC, the Evidence Profile Table offers a summary explanation of A Y i ! El Fut D | i
evidence integration in a chemical risk assessment. This view creates greater cirope 48 ‘“ uture beveiopmen
transparency about the body of evidence by illuminating the rationale behind the T S
assessment findings. g 3_:‘;;’: e T B B * Store data in HERO for repeated use in assessments
- Adaptation of GRADEPro Evidence Profiles § Eh lg fg 1._5 il % 31 3 % ; % N * Develop search and reporting capabilities for extracted data
+ Create multiple rows to cover multiple evidence streams N I  —— f— — — - “L““ « Through text and concept mining tools, automate the first pass at categorization
» Select studies and endpoints added to HAWC 5 gi:ﬁ;m, 14§ __Jj 31§ Bf E E E lz 52 BE M and tagging
e Streams break down into scenarios * Visualize the results of automated categorization in Evidence Maps
» Endpoints are rated within scenarios v * Create tighter integration between HERO and HAWC
» Confidence judgements build from individual to across-stream * Create, improve, and utilize web service APIs for HERO and HAWC to ease
» Findings summaries add to confidence judgments Integration with third-party software
ccenario outome " Profile Streams — » In HERO, scientists use tags to categorize literature for possible use in chemical » Allow web-based data entry for Evidence Inventory
B e Stream #1 risk assessment projects * Integrate Tableau visualization software with HAWC, Distiller, and Evidence
[ : ﬁ e x « Using the tool, scientists create crosstabs between sets of tags that code literature Inventory tools
e sommary e Fndines oo oummary et Fndines by characteristics * Integrate Evidence Prime's Pupil automated data extraction software with Distiller,
» The results are color-coded, creating heat maps for easy visualization of the HAWC, and Evidence Inventory tools
Intersection totals * Investigate possible standards for extracted data formats to ease data migrations
4 * The result 1s a map showing the amount of possible evidence between * Investigate and implement tools for automated table and graph data extraction
Sdies (organized by effect tag) v — characteristics, such as location and exposure * Work on ontologies for data extraction to make the data more easily searchable
| * Researchers can layer the characteristics into sets and subsets, adding visual * Employ agile development processes to test and incorporate new and useful tools
e organization into the assessment process
Factors That Decrease Confidence In The Selscted Stucies  ([0EEN = ] Mame . e Interoperable with Distiller
I+ T x
- U.S. Environmental Protection Agency Disclaimer: The views expressed in this poster are those of the authors and do not necessarily represent the views or policies of the U.S. Environmental Protection Agency.
Office of Research and Development Any mention of trade names, products, or services does not imply an endorsement by the U.S. Government or the U.S. Environmental Protection Agency (EPA). The EPA
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