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Outline

• What is a systematic review?

– Core elements in context of IRIS assessments

– Cross-walking terminology for study quality and weight of evidence 
assessment

• Potential areas of overlapping interest with CompTox community

– Use of structured frameworks for expressing confidence in conclusions

– Ensuring transparency during rapid response

– Use of specialized SR software applications/automation for efficiency and 
data sharing
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Systematic Review
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A structured and documented process 
for transparent literature review1,2

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

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

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

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


Systematic Review Methods in IRIS 
Assessments
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NAS (2017): Reflections and Lessons 
Learned from the Systematic Review

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

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

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

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

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

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

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

• Multiple assessment products (“modularity”)

• Targeted focus, especially for evidence-rich topics

– Make better use of existing assessments as starting point

• Use of specialized SR software applications/automation for efficiency
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Handbook: Approaches and considerations for applying principles of systematic 
review to IRIS assessments, including general frameworks for evaluation and examples 

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

Assessment 
Plans: 
What the 
assessment 
will cover



Study Quality Evaluation
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Individual Study Evaluation

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

– Internal validity/bias
– Sensitivity
– Applicability (relevance to the question)
– Reporting quality
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Overview of Study Evaluation in IRIS
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Individual study level domains Animal Epidemiological

Reporting Quality Exposure measurement

Selection or Performance Bias Outcome ascertainment

Confounding/Variable Control Population Selection

Reporting or Attrition Bias Confounding

Exposure Methods Sensitivity Analysis

Outcome Measures and Results Display Sensitivity

Other

Domain judgements
• Good
• Adequate
• Poor
• Critically Deficient

Judgement Interpretation

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

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

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

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

Rating Interpretation

High No notable deficiencies or concerns identified; potential for bias unlikely or minimal and 
sensitive methodology.

Medium Possible deficiencies or concerns noted, but resulting bias or lack of sensitivity would be 
unlikely to be of a substantive degree.

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

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

Overall study rating
• High
• Medium
• Low
• Uninformative



Individual Epidemiological Study 
Examples

10Medium confidence Uninformative



Across Study Evaluations
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Weight of Evidence
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Evidence Synthesis and Integration
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• Synthesis of evidence is more than counting the number of “positive” 
and “negative” studies

• Consider the influence of bias and sensitivity when describing study 
results and synthesizing evidence
– Synthesis should primarily be based on studies of medium and high 

confidence (when available)
• Use structured framework to aid in transparency
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Moving from Synthesis to Integration
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Results of Human Health 
Effect Study Synthesis
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Within Evidence Stream Conclusions 
Prior to Across
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EFSA 2017 WoE

IARC

NTP-OHAT

mechanistic information used to 
increase/decrease integrated conclusions 
from human and nonhuman animal 
evidence

EPA-IRIS

*EFSA 2017 WoE Guidance https://www.efsa.europa.eu/en/efsajournal/pub/4971

https://www.efsa.europa.eu/en/efsajournal/pub/4971


EFSA Key Considerations for Weighing 
Evidence*

• Reliability is the extent to which the information comprising a piece or line 
of evidence is correct, i.e. how closely it represents the quantity, characteristic 
or event that it refers to. This includes both accuracy (degree of systematic 
error or bias) and precision (degree of random error). 

• Relevance is the contribution a piece or line of evidence would make to 
answer a specified question, if the information comprising the evidence was 
fully reliable. In other words, how close is the quantity, characteristic or event 
that the evidence represents to the quantity, characteristic or event that is 
required in the assessment. This includes biological relevance (EFSA,2017) as 
well as relevance based on other considerations, e.g. temporal, spatial, 
chemical, etc.

• Consistency is the extent to which the contributions of different pieces or 
lines of evidence to answering the specified question are compatible

16*Section 2.5, EFSA 2017 WoE Guidance https://www.efsa.europa.eu/en/efsajournal/pub/4971

http://onlinelibrary.wiley.com/doi/10.2903/j.efsa.2017.4971/full#efs24971-bib-0031
https://www.efsa.europa.eu/en/efsajournal/pub/4971


Examples of WoE Criteria and 
Guidance*

17
*Section 2.5, Table B.3* EFSA 2017 WoE Guidance https://www.efsa.europa.eu/en/efsajournal/pub/4971

https://www.efsa.europa.eu/en/efsajournal/pub/4971


Observations on the WoE Examples 
from Table B.3 

• Many - probably most - are a list of considerations (e.g., Bradford Hill) rather 
than structured frameworks that provide guidance for how to apply the 
considerations

• Same essential content, but variation in terminology

– e.g., relevance ≈ directness ≈ applicability

– e.g., reliability ≈ study quality ≈ risk of bias

• Use of structured frameworks for WoE becoming more common in chemical 
assessments for evidence synthesis/integration 

– GRADE is common starting point (Morgan et al. 2016) in Table B.3

– NTP OHAT (Rooney et al. 2014 in Table B.3), UCSF Navigation Guide, 
EPA IRIS are derived from GRADE

• Ongoing collaborations with GRADE Working Group to develop 
GRADE guidance to avoid derivatives

18



Use of Structured Frameworks to 
Increase Transparency of WoE 

Judgements

Office of Research and Development
NCEA, IRIS 



GRADE Structured Framework

• Widely used (100+ organizations)

• Includes consideration of WoE factors (as characterized in Table B.3)

– Reliability (risk of bias, imprecision, publication bias)

– Relevance (directness, confounding, study design)

– Combination reliability/relevance (effect size, dose-response)

– Consistency (unexplained inconsistency)

• Compared to other approaches in EFSA WoE Table B.3, GRADE conducts research 
and develops guidance to operationalize consideration of WoE factors

– Publications, handbook, software application (GRADEpro/GDT), bi-annual 
meetings, use of case examples to address methodological challenges

– GRADE Working Group has open and free membership 
www.gradeworkingroup.org

• GRADE is dedicated to method development and adaptable, e.g., has GRADE 
frameworks for interventions, prognostic factors, values and preferences, etc. 20

http://www.gradeworkingroup.org/


Certainty in the Evidence: How 
Confident in the Research
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• Are the research studies well done? Risk of bias

• Are the results consistent across studies ? Inconsistency 

• How directly do the results relate to the question? Indirectness

• Is the association precise - due to random error? Imprecision

• Are these all of the studies that have been conducted? Pub. Bias  

• Is there anything else that makes us particularly certain? Large 
associations, worst case scenario predictors still allows strong 
conclusions, exposure-effect relation 



Interpreting the 
certainty in the evidence

Certainty 
rating 

Definitions 

 
High  

The panel is very confident that the true association lies close to 
that of the estimate of the association 

 
Moderate  

The panel is moderately confident in the association: The true 
association is likely to be close to the estimate of the association, 
but there is a possibility that it is substantially different  

 
Low 

The panel’s confidence in the association is limited: The true 
association may be substantially different from the estimate of the 
association 

 
Very low  

The panel has very little confidence in the association: The true 
association is likely to be substantially different from the estimate 
of association 

 



NAS (2017) Low Dose Toxicity From 
Endocrine Active Chemicals
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Mechanistic evidence: “The 
mechanistic data developed in vitro 
and in animal models provide 
evidence that the  DEHP effects on 
AGD in humans identified by the 
committee’s systematic review are 
biologically plausible….but were not 
sufficient to result in an upgrade in 
the committee’s final hazard 
identification.”

Final Hazard Conclusion on 
AGD

On the basis of the committee’s 
evidence integration of the animal 
and the human evidence on DEHP 
and effects on AGD and 
consideration of relevant mechanistic 
data, the committee concluded that 
DEHP is presumed to be a 
reproductive hazard to humans.



Experience in Applying GRADE to 
Chemical Assessments
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• Initial reactions range from “great, we can work with this” to “too simplistic, 
based on human randomized clinical trials and won’t work for environmental 
health evidence, devalues epidemiological research, inflexible/algorithmic”

• GRADE Environmental Health Project Group established 2015 to address 
methodological issues (Morgan et al., Environ Int. 2016 Jul-Aug;92-93:611-6)

• Priority areas:

– Evaluation of observational studies of environmental and occupational 
exposure

– Application of GRADE to animal, mechanistic, and modelled evidence

– How integrate across evidence streams?

– How assess biological plausibility?

– How assess coherence and consistency (GRADE downgrades for unexplained 
inconsistency, but does not “upgrade” for coherence/consistency)

– Applying GRADE to non-systematic reviews and under rapid timeframes



GRADE Environmental Health Project 
Group Activities
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Issue Activity Impact/Status

Epidemiological 
Evidence

ROBINS-E RoB tool (uses concept of 
comparison to ideal target experiment)
Workshop: “Developing ROBINS-I*
for studies of exposures (ROBINS-E). 
January 30-31, 2017”

Remove study design from initial CiE (all 
studies start at high), remove double 
downgrading concerns

Animal Evidence Numerous groups have applied 
GRADE to animal evidence (pre-
clinical and toxicological)

GRADE factors apply; additional examples 
and discussion needed to develop guidance

Mechanistic 
Evidence

---- ----

Modelled 
Evidence

Workshop: “GRADE for modelled 
evidence. May 15-16, 2017. McMaster 
University. Hamilton”

GRADE factors apply; additional examples 
and discussion needed to develop guidance

Evidence 
Integration

Numerous groups are using GRADE-
derived approaches for within 
evidence stream input (parallel 
consideration approach)

additional examples needed to develop 
guidance

Rapid Response Applying GRADE to non-systematic 
reviews under urgent timelines

GRADE factors apply; additional examples 
needed to develop guidance

* Stern et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of interventions. BMJ. 2016 Oct 12;355:i4919. doi: 10.1136/bmj.i4919.

method development activities of potential interest to CompTox community

https://www.ncbi.nlm.nih.gov/pubmed/27733354


IRIS Structured Framework 
(Evidence Profile Table)
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Studies Factors that increase 
confidence

Factors that decrease 
confidence Summary of findings

Within stream 
confidence 
judgement

Inferences across streams Hazard assessment 
conclusion

Chemical X (Health Outcome Y)

Human (oral) Findings in animals 
presumed relevant to 
humans (no evidence to the 
contrary); coherent evidence 
from mechanistic studies 
mammalian and non-
mammalian models.

.

⨁⨁◯

Case Series
Study 1

Cross-sectional
Study 2

Risk of bias and sensitivity

Few studies

Low number of exposed 
cases (insensitivity)

Lack of dose-response

High risk of bias

Studies found no significant correlations 
with chemical X exposure and health 
outcome y

◯◯◯

INDETERMINATE

Animal (oral)
Short-term
Study 1 (rat)
Study 2 (rat)

Subchronic
Study 3 (rat)
Study 4 (mouse)

Developmental/Reproductive
Study 5 (rat)
Study 6 (rat)
Study 7 (rat)

Study 8 (mouse)

Risk of bias and sensitivity

Coherence among 
related endpoints

Low risk of bias

Dose-response gradient 

Biological plausibility

Small sample sizes in some 
studies

Some unexplained 
inconsistency

Similar pattern of changes in hormone A 
and hormone B were observed in study 1 
and study 2. Effects on serum hormone 
levels are supported by histopathological 
changes in tissue A  (study 1, study 3, 
study 4, study 5, study 6) and increased 
tissue A weight (study 1, study, 5, study 
6, study 8). Evidence of dose-response 
gradient in most studies reporting 
effects.

Biological plausibility of the observed 
effects is supported by mechanistic 
studies in mammalian and non-
mammalian models (see Section 1.2.1 
Mechanistic Evidence).

⨁⨁◯

MODERATE

IRIS Structured Framework 
(Evidence Profile Table)



Systematic Review and Rapid 
Response
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Approaches for Rapid Response
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• Increase staff to conduct a full systematic review

– Probably not viable for emergency or urgent response (i.e., less than a month)

– Not viable when resources are constrained

• Methodology should still be described when a systematic review is not practical

– e.g., use of expert opinion can be considered a method

• Use a structure framework to describe confidence in conclusions - can be done 
even when analysis is NOT based on a systematic review



Use of Structured Frameworks for 
Rapid Response
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Specialized Software Applications
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Systematic Review Tools
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HERO
Literature searching, storage and 
documentation (tagging)

SWIFT Review
Problem formulation

SWIFT Review
DoCTOR 
Machine learning for 
screening prioritization

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

HAWC
DRAGON
Modules to track 
multiple 
reviewer study 
evaluations

Extracted data 
storage

HAWC
Interactive 
graphical 
display, 
evidence 
profile tables

GRADEPro
Evidence 
profile table, 
evidence to 
decision 
making 

METAXL, 
Metafor
Evaluation of 
heterogeneity 
or combined 
study results 
analysis

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

http://systematicreviewtools.com/


Opportunities for Engagement

• Training on approaches and software tools (either web-based or hands on)

• Engagement with chemical assessment teams

• Additional discussion/case studies to illustrate tenants of transparency applied to 
non-SR assessments and rapid response

• Academic MOUs to help train next generation

33



Parting Thoughts

• Systematic review offers a structured methodology to synthesize and integrate 
evidence

– Used to characterize what is known and help identify key knowledge gaps

– Similar conceptual methodological challenges for animal bioassay and 
mechanistic evidence, e.g., characterizing relevance to humans, 
coherence/consistency in findings = MAJOR opportunity to shape how 
systematic review is applied beyond human evidence.

• Commitment to methodological transparency is critical to ensure credibility and 
acceptance of “fit for purpose” assessment approach (e.g., rapid response, 
alternative methods)

34



Questions/Comments?
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