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Introduction Evidence Synthesis Evidence Integration

Systemauc reviews conducted as part of deve|op|ng IRIS assessments (F|gure 1) consist of Summal‘lze the InfOI"matIOI‘I W|th|n eaCh I|ne Of EVIdence (human, DEVEIOP Summal"y lUdgmentS Of the EV|dence I"E|evant tO a
structured Processes for |dent|fy|ng the relevant evidence, evaluatlng Individual studies, anlmal mechanlstlc)’ and analyze and present StUdY results relevant human health effect W|th|n the eV|dence |nteg|"at|on narrative
summarizing the relevant evidence (i.e., evidence synthesis), and arriving at summary ¢ . health effect to facilitate int ¢ ‘ud ¢ * A two-step process (Figure 5) involving transparent and structured approaches for
conclusions regarding the overall body of evidence (i.e., evidence integration). These O a given hea €riect to faciitate integration judgments. - - i Ei - -

) 0 Y SA ) | Narratives, not study summaries, focused on analyses that directly inform Hill considerations drawing summary conclusions (examples in Figure 6) across all lines of evidence.

I i ithi i i ° IVes, uday Su IeS, u Yy | i | | | ) ] ) . o .
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
include quantitative toxicity values based on the evidence identified as most informative evidence Is synthesized to inform the human and animal evidence conclusions (not shown). Strength of the Evidence inference Across Lines of Evidence Evidence

] ] ] i ] ] . . PR . . . * Information on the human relevance Integration
during the systematic reviews. The standard operating procedures, including frameworks and *A primary goal of the evidence synthesis is to evaluate potential sources of heterogeneity across ‘;‘\j%%rg?gtfg: ;hneeﬁect - of the animal and mechanistic Conclusion
considerations for developing the different parts of the systematic reviews, are outlined in an the study results (Figure 4), which informs evaluations of each Hill criterion. human studies + Z"':ence R = | overall conclusion
] ] » Coherence across lines of evidence or :
Internal dOCU ment (IRIS Hand bOOk; Flgure 2)- (a) :;:rallsludyutilityranking RR (95% CI) (b) Estimated exposure level groups RR (95% CI) ¢ JUdgment Of the . Wlth related health eﬂ:ects’ Informatlon aCFOSS |IneS Of
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Scoping IRIS Systematic Reviews :c—_, o — s - ::"msv:'::f::::f T smpuam :
< ’:’“ °°°°°°°° i : E::::" 8 ::t::a:;t;mgh H—— 2.04 (0.81-5.17) CO ns | Ste n Cy Evidence
8 e an > e, —_— i esrass Consistent among studies with minimal bias Strongest evidence, little demonstrates
Develop Human Human Human Human > Gomniaran Bl & atoa) 8 Frinkez it coof — 1901426 Dose-response = BREe anElEes. enelionel SUppor M or some uncertainty
Literature - ) - g Tl — - Syn-thesize o) worth —_.— :$:::: o Morgan 19982 H—e—— 1.89 (0.85-4.23) - - Oderate
FoF::::II:tTon > Identification Animal é::;:rl‘z fAnimal Refined A Eval::ll::sost;: v . (focf,:f;?:siew % o I teosn |L< ;:\::2014" ) _ e 152 064361 MagnltUde & Precision
g m Vamvakas 1995 _ 1@os7) Pesch 2000° — e I — AL Less consistent or low confidence evidence, Inconsistent or little
Mechanistic = 01 . 10 100 M2 e 60 Mechanistic evidence on [RUSEllideEIRslelels: Indeterminate | confidence in evidence,
( ) s [F[8 .. ., biological plausibility greater uncertainty Evidence
= |12 |3 inadequate
4 2 —— 50 . i Incorporating weight from individual studies: Compelling -
Broad Literature Review Perform Dose. :%) (C) et i g = Gestational | Juvenile/Adult . Risk of bias, Degree of sensitivity, Sources of susceptibility evider;fce of Stronr?oe;/]:?eecr:ce of
Select Studies - % = a® a s 50 a t
Mechanistic M::::]izgs:n d e for Dose- « Ha!z_ard_ < Integrate 8 G a R ] a 0 . 4 L3 4 AA i : ” B m A no el
Derive Toxicity pesponse \dentification Evidence = B P S 2 a AN 0 o Figure 5. Evidence Integration Decision Process and Explanations
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Figure 1. Systematic reviews in the IRIS Program: Figure adapted from the 2014 National " (d) ; ° "y it et S _ any conflicting set of studies is weaker. Additional criteria must also be met:
Research Council review of the IRIS Program (adapted to show current workflows). Evidence 2 | All Rodents By Species : RoBust uman evidence Observed across populations, With clear dose response avidence .
] i ) ) ) 3 _ q nimal evidence: Observed across labs or species, with multiple lines of additional support (e.g., pronounced severity or
SyntheS|S and mtegratlon steps are hlgh“ghted- ‘% frequency; clear dose-response; coherence; a well-supported MOA).
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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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Figure 2. IRIS HandbOOK: SOPS on apprOaCheS and COﬂSIdel’athnS fOr applylng prlnC|p|eS Of _Studies ar!d Factors that increase Factors that decrease Summary of findings Within.stream evidence Inference across evidence Overall conclusion
systematic review to IRIS assessments, including general frameworks, and examples. Evidence Figure 4. Evaluating Study Heterogeneity During Evidence Synthesis: (a) RoC Monograph on Heath}:Etfftect or outco::n(git:ouping] e = —
synthesis and integration steps are highlighted. Trichloroethylene (2015); (b) EPA Toxicological Review of Trichloroethylene (2011); (c-e) “Edited” vidence from Human Studies foute) « Human relevance of _ [Describe conlusion(s) for the
data from examples in draft IRIS assessments on hormones (c), pathology (d), and behavior (e). oo [ Cortony T Uneglaned [t Resfssoosstudes | Pesre vt or e + Cross reom conerence [ondence,
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Summarize the models and range
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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
tu conll ence Replication . |ncon5|.st-enc . .nima. mec an.ist.i.c evidence informing eVI. ence for an.e ectin |
specific evaluations of individual studies, and discusses additional considerations across the consideration (Table 1) for the human and animal evidence relevant to a given health effect. desciption. |+ Coneronte of hoerved |1 Lowconfidence | P8P el endprmarybes
. . . . . . . effects studies DD D Robust
sets of pertinent studies to summarize the available evidence in a manner that informs an " cicence provdng | demonstrating OO
: : : : : : : : : : Human Evidence Stream Animal Evidence Stream plausibility implausibility OO0 Indeterminate
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

Evidence Synthesis

Study Evaluation Summary of results S:fharate_gl'“'d%m?"tzfr?":;:Le"f%th . nger:t'i'amfltﬂfzﬂsem:: f(i)"g the - « Simple or complex (nonlinear) relationships within or across studies provide stronger evidence
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- Robust : Precisi . S Il ch don’ i d id h id iabili hi ical d d bi -
Medium Confidence response, coherence...) 2oLk Evidence demonstrates recision mall changes dont necessarily reduce evidence strengt (CDHSI er variability, historical data, an IB.S) Strongest conclusion o Humans — no interspecies extrapolation uncertainties
. . . C iy ey . . (for can rg descriptor of Known) o  Animals that respond most like humans
L Cerielemes * 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 — Tvoical h _
L . . i . . . o ypical 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 Compelling evidence of no effect ) ) ) : S L . .
further consideration Y g dynamlc knowledge of the chemical or related chemicals f Weakest goncl:cxsnon ' If evidence mcludesfa\l\(/velll- o Duration - Chron.lc or sgbchronlc studies
(for cancer, a descriptor of Suggestive) Ec;n:;:]:czel?c:rtt;:z,i;;s p::?pli,i;:ay (exceptions exist)
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 e ° Expos;re Levelsl,; |
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 ‘ NO o Studies with design features that address sources of
U.S. Environmental Protection Agency . : . g : . . for no human health effect 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).

EPA's Human Health Risk Assessment (HHRA) National Research Program | Addressing Critical Challenges to Advance Risk Assessment BoSC Meeting 2019


mailto:kraft.andrew@epa.gov

	Slide Number 1



