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Abstract

assessments typically consist of a critical review

transparency and objectivity in an evaluation by

transparency of the process.

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
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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

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

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

evidence and risk of bias.

share with their team during development and ul

of Immunotoxicity associated with PFOA/PFOS

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

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

timately release publicly as supplemental

Information to final reports (e.g., the US National Toxicology Program (NTP) monograph

exposure, or the National Academy of

Science’s report on low-dose toxicity from endocrine active chemicals). All data and

presentation.

Assessment and permiss

Assessment objective

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

e Reviewers: view
assessment before
assessment is public

o Public: if an assessment
IS made public, the
general-public can view

Normal :

The overall objective of this evaluation is to unde

Describe the assessment objective(s), research

Project manager*

Rita Skeeter
Lucius Malfoy

Has complete assessment control, including
the ability to add team members, make public,
or delete an assessment. You can add multiple
project-managers.

AVAILABLE MODULES

Literature review
Study list

Risk of bias
Endpoint list
Visualizations

Executive summary

Other assessment features

* Project managers can control
which modules to enable/disable,
settings are project specific

e Team members can assign tasks
for risk of bias assessment or data
extraction tasks

DOWNLOADS

Download datasets

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 dat

animal_animalgroup —

animal_dosingregime —

animal_endpoint —

SELECTED ASSESSMENT X

Nitrofen (demo) (2012)

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.

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

IONS
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rtake a systematic review to develop NTP hazard identification conclusions on the association between

exposure to PFOA or PFOS (or their salts) and immunotoxicity based on integrating levels of evidence from human and non-human animal studies with
consideration of the degree of support from mechanistic data.

questions, or clarification on the purpose of the assessment.

Team members Reviewers

Ignotus Peverell
Hepzibah Smith
Molly Weasley

Amos Diggory
Penelope Clearwater
Phineas Nigellus Black
Fleur Delacour

Can view and edit assessment components, if
project is editable. You can add multiple team-
members

Can view the assessment even if the
assessment is not public, but cannot add or
change content. You can add multiple
reviewers.

Home / Nitrofen (demo) (2012) / Update enabled modules

Update enabled modules

HAWC is composed of multiple modules, each designed to capture data and decisions related to specific
components of a health assessment. This screen allows a project-manager to change which modules are
enabled for this assessment. Modules can be enabled or disabled at any time; content already entered into a
particular module will not be changed when enabling or disabling modules.

# Enable literature review

Search or import references from PubMed and other literature databases, define inclusion, exclusion, or
descriptive tags, and apply these tags to retrieved literature for your analysis.

# Enable data extraction

Extract animal bioassay, epidemiological, or in-vitro data from key references and create customizable,
dynamic visualizations or summary data and associated metadata for display.

Enable project management
Enable project management module for data extraction and risk of bias. If enabled, each study will have
multiple tasks which can be assigned and tracked for completion.

# Enable risk of bias

Define criteria for a systematic review of literature, and apply these criteria to references in your literature-
review. View details on findings and identify areas with a potential risk of bias.

# Enable BMD modeling

Conduct benchmark dose (BMD) modeling on animal bioassay data available in the HAWC database, using
the US EPA's Benchmark Dose Modeling Software (BMDS).

# Enable summary text

Create custom-text to describe methodology and results of the assessment; insert tables, figures, and
visualizations to using "smart-tags" which link to other data in HAWC.

a and risk of bias
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107 10°
Total time editing (min)

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.

Application Modules

LITERATURE REVIEW

3International Agency for Research on Cancer (IARC) Monographs Programme, World Health Organization, Lyon, France
4 Department of Veterinary Integrative Biosciences, Texas A&M University, College Station, TX, USA

Malathion, cancer in humans -

Inclusion

+ 1,3-butadiene

= Exclusion
= no epigenetics
y-H2AX
histone-carcinogen binding
not chemical of interest
cannot access full text
review or comment

- other

carcinogen binding to (existant) methylated cytosines

caricinogen binding and (existant) chromatin structure

Literature tags are fully
customizable for each
assessment; they are
also nested and counts

roll-up in visualizations

and other presentations.

Description Search for epidemiologic studies of cancer in humans exposed to malathion
Search type Search + 4-Aminobiphenyl
Search database PubMed + Aflatoxins
Search text ("malathion” [All Fields] OR malathion[Text Word] OR "Malathion" [Mesh]) AND —~ Benzene
(("Neoplasms"[Mesh] OR neoplasms OR cancer OR carcinogenic OR tumar)) AND
("Epidemiology"[Mesh] OR "Epidemiologic Studies"[Mesh] OR epidemiolog* OR - Human
case-referent OR "Occupational Exposure"[Mesh] OR workers OR cohort) - in vitro
Created Oct. 23, 2014, 10:01 a.m. DNA methviati
Last updated Oct. 23, 2014, 10:01 a.m. methylation
- in vivo
Results from queries DNA methylation
Date last executed Total references found References added References removed Histone modification
April 1, 2016, 7:14 a.m. 21 5 1 microRNA
March 2, 2015, 3:22 a.m. 17 0 0
Feb. 11, 2015, 3:37 a.m. 17 0 0 INCANA
Oct. 23, 2014, 10:01 a.m. 17 17 0 + Mouse
) ] ] + Rat
References can be searched in Pubmed, or imported using + Benzidine
IDs from PubMed, HERO, or an entire reference database + Benzo[alpyrene
can be imported from Endnote or RefManager. + Coke production
+ Formaldehyde
The example above shows a PubMed query from the IARC + MOCA
Monographs. The query was executed four times, with the + Occupational exposure as a painter
. . . . . . Sulfur Mustard
final time finding five new references and removing one. + e
+ Vinyl chloride

ENDPOINT EXTRACTION

novel object test (time exploring object 2, training phase)

Endpoint Details

Endpoint name
System

Effect
Diagnostic des:
Observation tim.
Additional tags

ta reported?

novel object test (time ex|

cription =~ NORfest
e 180 days

mmmmm

Data extracted?

alues estimated?

Location in literature Figure 2

NOEL

Monotonicity

Statistical test description

rend result

Power notes

Results notes

General notes/methodology

not-reported

ploring object 2, training phase)

one-way ANOVA followed by Bonferroni's post hoc test

appears underpowered (sample size s <50% required), requires approximately
213 animals to detect a 20% change from control

not significant

There were 15 ani
by digital video. The n
described below. First, the mice

imals assessed in each group, and all acti

ovel object recognition (NOR) test was conducted as

ions were recorded

in each group were allowed to freely explore

the open field apparatus (polyvinyl chioride plastic apparatus composed of four
40L=x40Wx=40H cm chambers, floor was divided into a 5x5 grid, and each

ion of the grid was equivalent to an 8x8 cm

Dataset

Dose (ppm) »
0
1

457

Number of Animals

L (Mo Observed Effect Level)

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.

section) for 5§ min.

Chappell et al., 2016

1841

Benzene (2014)

One or more tags can be
manually applied to literature

1841

Benzene (2014): Literature Tagtree

Exclusion

Data in public-HAWC (12/07/2017):

Mot chemical or metabolite

Mo toxicological info

Section 4

Taxicilyin cancer non-target issues

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)

(m)

Review

@
©

@ 1 Electrophilicity/metabalic activation ® 14,316 anlmal bioassay endeIntS
Foicity in cancer target issues 351 @ 930/ H I d d d
@ = el hed (93% include dose-response data)

Inclusion

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.

RISK OF BIAS

Toxicokingtics

Susceptibility (18)

Studies informing mbitiple chara lﬁris. HOET 121

Key characteristics of cn g

& .

3 Alvgrgd DMA repair or genomic instability

5,918 epidemiological results
(100% include group-level
outcomes)

1,658 in vitro endpoints
(85% include group-level

{ Epigenetic alterations

)

5 Oxidative stress

&)

6 Chronic inflammation

o L outcomes)
T./mmunosuppression Human . . .
@ « 1,002 custom visualizations

B Regaptor-mediated effects

1)

9 immaortalisation

(16% of assessments have visualizations)

306 121

10 Altered cell proliferation, death or nutrient supply Human

Technical Implementation

Client-side
(web-browser)

custom

code Open source!

github.com/shapiromatron/hawc

GitHub ?

redux

3 ¢
=, &

vy
UNDERSCORE.S

react " webpack

Server-side

]
—=

o

Additional packages: Caching:

* Django rest framewaork -« Numpy, Pandas, Jupyter &

+  Django treebeard +  Python docx/pptx : e red IS
* Django reversion * XlsxWriter

* Django selectable * Requests

- Django taggit * Fabric

PFOA (cumulative exposure; Retrospective 10 year-lag): relative risk

Plot a Results relative risk
ol oty ! - ) Comparison set PFOA (cumulative exposure; Retrospective 10 year-lag)
90 Data location Table 3
Metric Description Cox regression; p(trend) analyzed by log of cumulative continuous exposure
80
Adjustment factors s sex
« race/ethnicity
= Cil tte smoking
® cigare
« BMI
T & « alcohol drinking
2 (@]
g Dose response not reported
% 50
= Statistical power not reported or calculated
Wl ©
Results by group
30 . - .
es i Group Estimate 95% confidence intervals p-value
EL
on quartile 1 1
0 0 .
ose (o) quartile 2 1.71 0.89 - 3.27
olt|=|® a & quartile 3 2.05 1.07 - 3.91
quartile 4 3.05 1.56 - 5.96
Forest plot
OA | lative expos: 0| )

O

11 ©

10

relative risk

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

PROJECT MANAGEMENT TOOLS

NTP Fluoride 2016

Performance domain

B Were experimental conditions identical across
study groups?

The control were "undisturbed animals (no gavage at
all)" while the NaF-treatment was administered via
gavage during the preliminary part of the study.
However, authors compared the 2 control groups and
found " no statistical differences in all

tests." Subseguently, the authors stated " the treatment
schedule was set up without the control group which
was scheduled without any manipulation (gavage).”

Bera | et al. 2007 risk-of-bias summary

Attrition

Were outcome data incomplete due to attrition or exclusion from analysis?

Attrition rates are required to be similar and uniformly low across groups with respect to withdrawal or exclusion from analysis

Remus Lupin

Probably high risk of bias

The authors reported mortality numbers for all groups. All other results Methods state that the Treatment 1 sarin alone and PB and sarin groups had 10
wera presented for n=5; this represented all animals in some treatment
groups, but was missing results for up to half of the animals in

some other

Irma Pince

Probably low risk of bias

I
animals each. However, each result exhibit lists the n value as 5.

Copy Notes

treatment groups. The authors did not state whether a random sample of
animals from the larger groups were selected for the tests or whether all
animals were tested and the results were not presented for all.

Copy Notes

Definitely high risk of bias

M Normal

: BIUS%S E= L

There were two groups treated with 100 ugkg with a lotal of 15 animals.7 of the 15 animals from the two treatment
groups died. This leaves 8 for the two treatments, but the figures all state an n of 5 and the animals sacrificed at 3
hours and at 15 days are reported in the same figure.So for the 100 ug/kg the numbers don't add up and there is
large number of animals lost. For the treatment groups with only 10 animals per group, only a few animals died,
but results were only available for 5 animals per group without information provided on how the 5 animals were

selected or any mention in the methods that

tests were only conducted on 5 animals per group.

Task assignments

Effect data cleanup

Jiang S et al. 2014
Date created: 02/11/2015

Kamel et al. 2011
Date created: 05/16/2017

Krechniak et al. 2005
Date created: 05/17/2017

Status: ® Completed &

Status: @ Completed (&
Owner: Dudley Dursley

Status: ® Completed &

Owner: James Potter

Status: @ Completed &

Status: @ Completed (&

Owner: Astoria Greengrass

Status: @ Abandoned &

Status: @ Completed (&

Status: @ Completed (&

Owner: Angelina Johnson

Status: @ Abandoned &

Status: Started

Study type filter (optional): Sort studies by: Order studies by:
Animal bioassay = Short citation = Ascending
Epidemiology Created ) Descending
Epidemiology meta-analysis
In vitro
Filter & sort studies Reset
Study Data preparation Data extraction QA/QC Risk of bias completed

Status: ® Completed (&

4

Owner: Minerva McGonagall

Status: @ Abandoned &

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

not started — 126
stated— B
motete< -
abandoned -Q
I 1 1 1 I
0 20 40 60 a0 100 120
Task
extraction
not started — 26
started 5
mpleted
abandoned -Q
1 1 1 1 I
0 5 10 15 20 25
Task:

and analytics for completion.

Effect
B VA (20)
[B) 5-dehydroepiandrosterone (5-DHEA) (6)
Name System Organ Effect
DHEA endocrine N/A

system DHEA)
DHEA endocrine N/A

system DHEA)
DHEA endocrine N/A

system DHEA)
DHEA endocrine N/A

system DHEA)
DHEA endocrine N/A

system DHEA)
DHEA endocrine N/A

system DHEA)

B CNS: function - behavioral (2)

Effect edit

5-dehydroepiandrosterone (5-DHEA)

5-dehydroepiandrosterone (5-
5-dehydroepiandrosterone (5-
5-dehydroepiandrosterone (5-
5-dehydroepiandrosterone (5-
5-dehydroepiandrosterone (5-

5-dehydroepiandrosterone (5-

CNS: function - behavioral

Effect Observation time Data
subtype text location
N/A 21 days N/A

N/A 49 days N/A

N/A 49 days N/A

N/A 21 days N/A

N/A 56 days N/A

N/A 56 days N/A

Submit

Submit bulk edit

Submit selected items

Response Statistical Select all
units test

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

Submit bulk edit

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.

DATA ANALYSIS AND PRESENTATION

species

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Rat

Ral

Rat

Ral

Study dose

Furr et al. 2014 0
Furr et al. 2014 "
Furr et al. 2014 33
Furr et al. 2014 100
Furr et al. 2014 300
Furr et al. 2014 600
Furr et al. 2014 900
Howdeshell et al. 2008 0

Howdeshell et al. 2008 100

Howdeshell et al. 2008 300

Howdeshell et al. 2008 600

Howdeshell et al. 2008 800

Endpoint

Testosterone (Testes) GD 14 -18
production

Testosterone (Testes) GD 14 — 18
production

Testosterone (Testes) GD 14— 18
production

Testosterone (Testes) GD 14 - 18
production

Testosterone (Testes) GD 14 - 18
production

Testosterone (Testes) GD 14 - 18
production

Testosterone (Testes) GD 14 - 18
production

Testosterone (Testes) GD 8- 18
production

Testosterone (Testes) GD 8- 18
production
Testosterone (Testes) GD 8- 18
production

Testoslerone (Testes) GD 8- 18
production

Testosterone (Testes) GD8-18
production

lifestage exposed Observation time

I@ Control @ % control mean =] 95% Cl @ Sig,l
1

GD 18 3 hr incubation

I
GD 18 3 hr incubation @
T
GD 18 3 hr incubation b ® :
: . I
GD 18 3 hr incubation L
I { ] 1
|_._.| |
GD 18 3 hr incubation @ :
5 2 I
GD 18 3 hr incubation i . i
I
GD 18 3 hr incubation I
® |
GD 18 2 hr incubation } ¢ i
GD 18 2 hr incubation b _L._‘
|
GD 18 2 hr incubation ; . I
I
GD 18 2 hr incubation i O " |
1
GD 18 2 hr incubation - |
I Ll T T i T T
-100 -80 -60 -40 -20 0 20 40 60

Percent change relative to control

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.

Ambrose et al. 1971 Chronic experiment Male Wistar Rat

Ambrose et al. 1971 Chronic experiment Female Wistar Rat

Ambrose et al. 1971 Subchronic rats

Ambrose et al. 1971 Subchronic rats

Study

Experiment

Animal group

Liver weight

Liver weight

Male rats Liver weight

Female rats Liver weight

Endpoint name Dose (mg/kg/d)

Absolute liver organ weights

0

male

1.09 female

=1 95% CI

1.5
116
0
1.17

12.2

+= green rectangle label

230

1,152

10

51
256

1,282

I I T T 1 I I T
0 20 40 60 80 100 120 140 160

Data pivot barchart with error-bars. Rows are grouped to comE)are 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).

Uterine Weight After 3 Day Exposure in Weanling Rats
350%
BMDsetup Results  Model recommendation and selection Study Effect Effect subtype
Stroheker et al. 2003 absolute weight ~dry weight
3009 ] Yamasaki etal. 2002 relative weight ~ wet weight
Yamasaki et al. 2003b
BMDS output summary Yamasaki et al. 2004
Global BMD BMDL Residual of No. litters with pups having diaphragmatic hern 250% 4 Chemical
Model -value AIC 10% 10% interest Output
P (10%) (10%) P 10 2,2-Bisphenol F
Logisti 0.1974 42,2346 4.60161 2.81096 0.222 : D in St 4,4'-Bisphenol F
gistic View Obposes ns udy _ 200%- Bisphenol AF
08 |® Loglogistic E Bisphenol B
LogLogistic 0.4283 37.9348 1.23831 0.617243 1.709 View ® Weibul 5 Bisphenol S
€ o6 E
; e 2 150%
Probit 0.1974 421248 426256 262289 0.185 View 3 £ 160%
2 o S
N 2 04+ =
LogProbit 0.1432 42,643 41219 1.71245 0.103 View p: 5
@) = 100% 4
Multistage 0.1648 40.7611 1.70173 0.930926 2.039 View 0.2
Gamma 0.1648 40.7611 1.70173 0.930926 2.039 View 00+—@ , : s0%
5 10
Weibull 0.1647 40.7611 1.70175 0.930926 2.04 View Dose (mg/kg-day)
i o ‘ © 1 ~ aQ & = | 0%
Selected model (if any) highlighted in yellow
Benchmark dose modeling using the EPA Benchmark Dose Modeling software. HAWC SRR — T
. 10 100 1,000
Dose (mgfkg-day)

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.

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.

ROB Heatmap of Studies of DEHP and AGD in Rodents )
o »
o o o T2 5 o >
et -3 o o n o> o o
a&ge\:: \ab-_;?;;\s%‘_‘d\,afﬁ“ o 1‘:?:10‘1&\3\ 7'::9 &L T ? 3,,10“?@,10‘% o N{eéa\-: B Ve ad 7
pe8T ot ol o N T g0 T gl Tyt 400 et W et 400 ot Jo &t e
1 1 1 1 L L 1 1 . L
‘Was administered dose or exposure level adequately randomized? 4 NR * +* + NR 3 - £ NR . NR | NR NR * + NR

Was allocation [o study groups adequately concealed? NR | NR | NR | NR | NR | NR ﬂ NR | NR | NR | NR | NR | NR | NR | NR | NR | NR | NR | NR
Were experil © i ical across study groups? 4 % + + + * + *

Were the research p and human subj blinded to the study group during the study? 4+ NR + + NR | NR - NR | NR | NR | NR | NR | NR NR | NR + NR | NR

‘Were oulcome data incomplete due to atirition or exclusion from analysis? 4 NR * * NR * NR | NR | NR +
Can we be confi in the exposure charar * =
Can we be confident in the oulcome assessment? -+ - + + NR
Legend
m Mot applicable Were all measured outcomas reported? - d * ++
B Definitely high risk of bias
‘ Probably high risk of bias Were there any other potential threats to internal validity? -SEEE3 + +
Not reported
Probably low risk of bias Control for litter effects -SEES ++ ++

£ Definitely low risk of bias

NAS 2017

Clean PFOA/PFOS Exposure and Immunotoxicity (2015) metrics

Clean and standardize the risk of bias metric reviews across studies assessment-wide. Both score and text are editable.

Select the metric to edit:

Can we be confident in the exposure characterization?

Hide currently shown responses

Rating filter (optional): Study Type filter (optional):

Not reported In vitro
Definitely high risk of bias Bioassay
Probably high risk of bias Epi meta

Probably low risk of bias Epi
Definitely low risk of bias
Not applicable

To de-select a filter, click on the filter while holding & on Mac or
Control on Windows

Can we be confident in

the exposure characterization?

Confidence requires valid, reliable, and sensitive methods to measure exposure applied consistently across groups.

Probably low risk of bias

Normal B I U®» == Kk

PFOA was the ammonium salt and was stated to be >=98% pure, but was not independently confirmed. Water

consumption per cage (6 mice per cage) was measured daily when water was changed.

O

Update 3 responses Cancel

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.

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

Dose Specific Effects Relative to Control

associated with this curve. Pelch et al. (2017).

«- =
Citation Chemical Cell Type O?r?;:?ﬂ;‘" Receptor Type  Endpoint Description I Doses Tested A\ Increase @ No Change W Decrease ’ EC50 () Cytotoxicity Observed | ° PFON P Fos EXpO sure and I m munOtOX|C|ty (201 5)

Gilbert et al. 1984 4 4-Bisphenol F MCF-T 192 Endogenous cellular DMNA [ ] d OW n I Oad S

Hashimoto and Nakamura 2000 4,4-Bisphenol F - MCF-7 144 Endogenous  neutral red absorbance Al —— b —— Multiple dataset exports are available, with more to be added soon.

Hashimoto et al. 2001 4,4-Bisphenol F MCF-T 144 Endogenous  SRB absorbance ® A A A A A 1. Literature-review

Kanai et al. 2001 4,4-Bisphenol F MCF-T 144 Endogenous  SRB absorbance +ICl ® O A A A

Kanai et al. 2001 4,4-Bisphenol F MCF-T 144 Endogenous  SRB absorbance ® Microsoft Excel spreadsheet

Maolina-Maolina et al. 2013 4 4-Bisphenol F MCF-7 144 Endogenous SRB absorbance .-.—.-.—‘ﬂ 2. Risk of bias report

Murai 2003 4.4-Bisphenol F MCF-T 144 Endogenous cellular DNA .—.—.—.—.—H oo

Perez et al. 1998 4,4-Bisphenol F MCF-7 144 Endogenous SR absorbance  V— w— v— (noindividual reviews)

Pisapia etal. 2012 4,4-Bisphenol F MCF-T 96 Endogenous  cell number A Download complete

Stroheker et al. 2004 4 4-Bisphenol F MCF-T Endogenous  DABA flucrimetric assay ’ (includes individual reviews - team-members and higher only)

Stroheker et al. 2004 4 4-Bisphenol F MCF-T Endogenous DABA fluorimetric assay *E2 A Microsoft Excel spreadsheet

Stroheker et al. 2004 4,4-Bisphenol F MCF-T Endogenous DABA fluorimetric assay +TAM A 3. Animal bioassay data

Delfosse et al. 2012 Bisphenol AP Hela 240 Alpha  WT  MTT Assay OV VVVVYVY Microsoft Excel spreadsheet

Delfosse et al. 2012 Bisphenol AF  Hela 240 Apha DB T Assay 00 0-0-0-0-0-V 4 okdemlology dete

Delfosse et al, 2012 Bisphenol AP Hela 240 Beta VT  MTT Assay o8V VIV VVV

Delfosse et al. 2012 Bisphenol AF  Hela 240 Beta 2B MTT Assay -0 0-0-0-0-0-7V Microsoft Excel spreadsheet

Delfosse et al. 2012 Bisphenol AF  MCF-7 Apha T MTT Assay 0 —O-AAAANAA 5. Epidemiology meta-analysis data

Lietal. 2013a Bisphenol A MCF-T 168 Alpha WST-1 dye A A A

Hashimote et al. 2001 Bisphenol AP MCF-T 144 Endogenous  SRB absorbance A A A A A VvV Microsoft Excel spreadsheet

Kanai et al. 2001 Bisphenol AF MCF-T 144 Endogenous  SRB absorbance +ICl —lh——li———— 6. In-vitro data

Kanai et al. 2001 Bisphenol AF MCF-T 144 Endogenous SRB absorbance [ ]

Murai 2003 Bisphenol AF  MCF-7 144 Endogenous  cellular DNA o @ O A A A A Microsoft Excel spreadsheet

Perez et al. 1998 Bisphenol AF MCF-T 144 Endogenous  SRB absorbance A . . . . . .

osteroaT WD e M weTrae o—a—a All data entered in HAWC is exportable in scientist-friendly

Rotroff et al. 2013 Bisphenol AF T47D 80 Endogenous cell growth kinetics F *

Microsoft Excel format. In addition, because the data are stored in a

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).

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.

Data model

98 tables
12 modules
Modules can be enabled/disabled for each assessment

Example published projects which used HAWC

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:

» Boyles AL, Blain RB, Rochester JR, Avanasi R, Goldhaber SB, McComb S, Holmgren SD, Masten SA, Thayer KA.
Systematic review of community health impacts of mountaintop removal mining. Environ Int. 2017;107:163-172.
10.1016/j.envint.2017.07.002

» Chappell G, Pogribny IP, Guyton KZ, Rusyn I. Epigenetic alterations induced by genotoxic occupational and environmental
human chemical carcinogens: A systematic literature review. Mutat Res Rev Mutat Res. 2016;768:27-45.
10.1016/j.mrrev.2016.03.004.

» Guha N, Guyton KZ, Loomis D, Barupal DK. Prioritizing Chemicals for Risk Assessment Using Chemoinformatics:
Examples from the IARC Monographs on Pesticides. Environ Health Perspect. 2016; 124(12):1823-1829. 10.1289/EHP186.

* |ARC Monographs. 2017. Instructions to Authors for the Preparation of Drafts for IARC Monographs.
http://monographs.iarc.fr/ENG/Preamble/previous/Instructions_to_Authors.pdf

« Molander L, Hanberg A, Rudén C, Agerstrand M, Beronius A. Combining web-based tools for transparent evaluation of data
for risk assessment: developmental effects of bisphenol A on the mammary gland as a case study. J Appl Toxicol. 2017;
37(3):319-330. 10.1002/jat.3363.

» National Academies of Sciences, Engineering, and Medicine. 2017. Application of Systematic Review Methods in an
Overall Strategy for Evaluating Low-Dose Toxicity from Endocrine Active Chemicals. Washington, DC: The National
Academies Press. 10.17226/24758.

» National Toxicology Program. 2015. Handbook for Conducting a Literature-Based Health Assessment Using OHAT
Approach for Systematic Review and Evidence Integration.
https://ntp.niehs.nih.gov/ntp/ohat/pubs/handbookjan2015 508.pdf

 National Toxicology Program. 2015. Monograph on Identifying Research Needs for Assessing Safe Use of High Intakes of
Folic Acid. 2015. Research Triangle Park, NC: National Toxicology Program.
https://ntp.niehs.nih.gov/ntp/ohat/folicacid/final_monograph_508.pdf

» National Toxicology Program. 2016. NTP Research Report on Systematic Literature Review on the Effects of Fluoride on
Learning and Memory in Animal Studies. Research Triangle Park, NC: National Toxicology Program.
https://ntp.niehs.nih.gov/ntp/results/pubs/rr/reports/01fluoride 508.pdf

 National Toxicology Program. 2016. Monograph on Immunotoxicity Associated with Exposure to Perfluorooctanoic acid
(PFOA) and perfluorooctane sulfonate (PFOS). Research Triangle Park, NC: National Toxicology Program.
http://ntp.niehs.nih.gov/ntp/ohat/pfoa_pfos/pfoa_pfosmonograph 508.pdf

» Pelch, KE, Wignall, JA, Goldstone, AE, Ross, PK, Blain, RB, Shapiro, AJ, Holmgren, SD, Hsieh, J-H, Svoboda, D,
Auerbach, SS, Parham, FM, Masten, SA, Thayer, KA. 2017. NTP Research Report on Biological Activity of Bisphenol A
(BPA) Structural Analogues and Functional Alternatives. NTP RR 4. Research Triangle Park, NC: National Toxicology
Program. (4): 1-78. https://ntp.niehs.nih.gov/ntp/results/pubs/rr/reports/rr04_508.pdf

« Smith MT, Guyton KZ, Gibbons CF, Fritz JM, Portier CJ, Rusyn I, DeMarini DM, Caldwell JC, Kavlock RJ, Lambert PF,
Hecht SS, Bucher JR, Stewart BW, Baan RA, Cogliano VJ, Straif K. Key Characteristics of Carcinogens as a Basis for
Organizing Data on Mechanisms of Carcinogenesis. Environ Health Perspect. 2016; 124(6):713-21. 10.1289/ehp.1509912.

» Texas Commission on Environmental Quality. 2016. Ethylene Glycol Development support document.
https://www.tceq.texas.gov/assets/public/implementation/tox/dsd/final/feb16/EG.pdf

» Texas Commission on Environmental Quality. 2017. White Paper: TCEQ Guidelines for Systematic Review and Evidence
Integration.
https://www.tceq.texas.gov/assets/public/implementation/tox/dsd/whitepaper/Proposed%20_Systematic_Review.pdf
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lvan Rusyn (irusyn@tamu.edu)
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