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Abstract
Decision-makers and researchers frequently conduct literature-based assessments of the
potential for chemicals or other exposures to pose a threat to human health. Such
assessments typically consist of a critical review of a literature corpus to identify adverse
health effects, to extract data for exposure-response relationship modeling, and/or to
elucidate toxicity mechanisms. The systematic review methodology increases the
transparency and objectivity in an evaluation by using a pre-defined, multistep process to
identify, critically assess, and synthesize evidence. In addition to extraction of data,
systematic review may also include an assessment of potential bias in a body of literature.
A clear and detailed presentation of problem formulation, analysis and outputs, as well as
properly documented search strategies and intermediate decisions, are critical to ensure
transparency of the process.
We address these challenges by creating a modular, web-based content-management
system to synthesize multiple data sources into overall human health assessments of
chemicals. This free, open-source web-application, HAWC (Health Assessment
Workspace Collaborative, https://hawcproject.org/), integrates and documents the overall
workflow from literature search, literature screening, risk of bias assessment, data
extraction, dose-response analysis using EPA benchmark dose modeling software
(BMDS), and data synthesis by enabling creation of customizable visualizations of
evidence and risk of bias.
Each HAWC assessment can be composed of some of all of these steps, based on the
goals of the assessment, and at the discretion of assessment owners. User access is
assessment-specific; project-managers can create public or private assessments, and can
share with their team during development and ultimately release publicly as supplemental
information to final reports (e.g., the US National Toxicology Program (NTP) monograph
of immunotoxicity associated with PFOA/PFOS exposure, or the National Academy of
Science’s report on low-dose toxicity from endocrine active chemicals). All data and
figures are exportable in user-friendly formats. To date, nearly 500 assessments have been
created by users, and has been adopted for use by the NTP, the US EPA, TCEQ, and 34
assessments to date by the WHO IARC Monographs program.
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Application Modules

Technical implementation

LITERATURE REVIEW

Open source!
github.com/shapiromatron/hawc

Literature tags are fully
customizable for each
assessment; they are
also nested and counts
roll-up in visualizations
and other presentations.
Chappell et al., 2016

References can be searched in Pubmed, or imported using
IDs from PubMed, HERO, or an entire reference database
can be imported from Endnote or RefManager.
The example above shows a PubMed query from the IARC
Monographs. The query was executed four times, with the
final time finding five new references and removing one.

ENDPOINT EXTRACTION

One or more tags can be
manually applied to literature
identified from literature searches
and/or imports. Then, visualizations of the
total count with various tags can be created.
Details on references with each tag can also be
displayed. Smith et al., 2016.

Data in public-HAWC (12/07/2017):
• 882 registered users
• 488 assessments (13 public)
• 216,708 references
(52% have been tagged)
• 3,903 references with data extracted
(69% have risk-of-bias extracted)
• 14,316 animal bioassay endpoints
(93% include dose-response data)
• 5,918 epidemiological results
(100% include group-level
outcomes)
• 1,658 in vitro endpoints
(85% include group-level
outcomes)
• 1,002 custom visualizations
(16% of assessments have visualizations)

RISK OF BIAS
NTP Fluoride 2016

Risk of bias questions can be defined for each assessment and are
answered for each study. Multiple reviewers may be required for a
response with conflict resolution, or a single reviewer may be used for
each study. Heatmaps of responses or strengths/weaknesses across the
evidence can be created, to view areas of potential bias across a body of
literature.

Data model

Crucial benefits of such a system include improved integrity of the data and analysis
results, greater transparency, standardization and consistency in data collection and
presentation.

Assessment and permissions
Levels of access:
• Project managers:
change permissions
settings, including who
can edit assessment
content and which
modules are enabled
• Team members: add,
edit, and delete content
• Reviewers: view
assessment before
assessment is public
• Public: if an assessment
is made public, the
general-public can view
Other assessment features
• Project managers can control
which modules to enable/disable,
settings are project specific
• Team members can assign tasks
for risk of bias assessment or data
extraction tasks

Data extraction for animal bioassay. Endpoints, including
group-level summary data if available, are extracted for
different animal groups. An animal group is defined as group
of related animals for which dose-related response
differences are compared. NTP Fluoride 2016.

Data extraction for epidemiological output.
Outcomes, including group-level summary data if
available, are extracted for different groups (casecontrol or cohort). Adjustment factors can be
tracked across outcomes. NTP PFOS/PFOA 2016.

NAS 2017

PROJECT MANAGEMENT TOOLS

Example published projects which used HAWC
Tasks can be assigned to team-members and
completion of tasks can be tracked by the
team. Tasks can be sorted and filtered by
study type. Simple task-summary charts and
graphs can be presented for project tracking
and analytics for completion.

Publications citing HAWC include peer-reviewed publications, or final reports from organizations which
indicated use of HAWC during analysis or methods guidelines and may not be a complete list:
To standardize language across studies within an assessment, HAWC
provides tools to "cleanup" extracted terms be more consistent. No
formal ontology is used; this allows flexibility in the tool to use
assessment-specific vocabulary.

Similar to data cleanup, risk of bias responses can also be cleaned for
an assessment. Users have the option to filter responses by metric
and score; text can be applied to all responses for consistency across
an assessment.

DATA ANALYSIS AND PRESENTATION

HAWC is a web-based content management
system to create, store, share, and display
data and results in order to
conduct human health assessments

Time spent extracting data and risk of bias
A data pivot created to compare similar endpoints from multiple studies. Data
presented is customizable (using sort/filter rules), along with which columns
of text to present, and rules for how to apply styles to points can be set
manually or with conditional formatting. Here significant response are shown
in red. NAS 2017.

Analytics tracking the amount of time spent editing content in HAWC has been collected since June 21, 2017.
While the results are still early, over 8,700 items of content have been edited in HAWC to date. In the future,
these data may be informative in estimating the total time/cost of data extraction in systematic reviews, and may
help drive cost-benefit analyses for machine learning and semi-automated extraction methods.

Data pivot barchart with error-bars. Rows are grouped to compare results of
the same study. Colors are applied via conditional formatting to separate
sexes Finally, a range of interested as added to demonstrate to the user what
“normal range” might be for a particular endpoint (example).

Benchmark dose modeling using the EPA Benchmark Dose Modeling software. HAWC
allows users to customize which models to apply to their datasets; models are executed
and model outputs are stored. This example shows the selected model (Log-logistic) and a
different model (Weibull) demonstrating slightly different curve fits on a dichotomous
dataset in HAWC.

A third data pivot showing one row for each in vitro endpoint. Instead of presenting mean
response values, red triangles represent response significantly higher than control, and blue
triangles represented response significantly lower than control. Pelch et al. (2017).

Another visual in HAWC, presenting dose-response data from
numerous studies and numerous endpoints on the same plot. Data are
interpolated via spline interpolation; clicking a curve shows all data
associated with this curve. Pelch et al. (2017).

All data entered in HAWC is exportable in scientist-friendly
Microsoft Excel format. In addition, because the data are stored in a
relational database, numerous other formats are also available. This
includes a fully RESTful application programing interface (API),
used internally by the HAWC website. NTP PFOA/PFOS 2016.
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