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« Multiple drivers shape type of
assessment

— Reqgulatory scope
— Economic considerations
— Multiple applications
- Chemical assessments are “fit-for-
purpose”
— Prioritization (e.g., EDSP, PMN, SNUR)

— Screening-level assessments (e.g., CCL,
GreenChem)

— Provisional assessments (e.g., PPRTVS)
— Toxicity assessments (e.g., IRIS)

— Risk assessments (e.g., MCLSs,
pesticides)

Regulatory Agencies Need to Make A
Range of Decisions on Chemicals...

EPA Workflow Throughput Data
OPPT Mew chemicals: Premanufacture ~1000fy T i (I
MNotice (PMN) Existing chemicals: (90d/chem)
Significant New Use Rule (SNUR) ~54,000 total
Current Chemical Risk Assessments ~10 total |
DFE !/ Green Chemistry ~2500 L, m
OPP Pesticide registration (PR) ~10 newlyr ~50 1
ald/yr
Pesticide re-registration ~1000fT I
24,576 total
ow Chemical Contaminant List Byr [ ~6,000 total LILII
RegDet on CCL Every 6yr / 90 1
total
Unregulated Contaminant Monitonng 30/5yr 1
Drinking Water Health Advisories i, m
OLEM Spills
Brownfields
Super Fund

Guideline animal testing data

Il Some in vitro bioactivity
1l Chemical structure data
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Current System to Evaluate Chemicals
Antiquated and Inefficient

Acute toxicity studies Continuous
(LI;SO)d(-jeV;Ispe: to f Genotoxicity ?reedlng;tuf}es
standardize ajcc eso assays developed or reproductive
pharmaceuticals toxicity

Current testing paradigm does not incorporate advances in

technology and does not provide mechanistic data
J 1 J1

Draize test Rodent cancer
introduced for eye bioassay
irritants introduced
10000 70

a - k)
o 1000 - S
= L2 50
(8] .. . .
5 ... and cannot efficiently assess safety of all the existing
S chemicals or keep pace with those being developed
q) —
£ 10 8 20
)
z “ 10
1 0
DIRIS_ _ ORI OAcute OCancer
@ Pesticides @linerts B Gentox BDev Tox
OCCL1&2 OHPV
ORepro Tox

BMPV Judson, et al EHP (2010)
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Multidisciplinary Solution
Chemical — Uses — Exposure —> ADME — Inéirsneal H“éﬂlaerfgierw” ' Eﬂ te '<—>-
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* National Center for Computational Toxicology established in 2005
e Currently staffed by ~¥60 employees

e Exists within the EPA’s Office of Research and Development

e Home of the ToxCast and ExpoCast research efforts

* Key partner in U.S. Tox21 federal consortium




SEPA Need to Start with a High Quality
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Chemistry Dashboard
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https://comptox.epa.gov

= DSSTox_High

= DSSTox_Low
Public_High
Public_Medium

® Public_Low

® Public_Untrusted

e Developing a centralized resource for

curated chemical structure, identifier,
and physical chemical properties of
>700K unique substances with data
quality flags

Expand and curate training sets for
QSAR models for phys-chem,
environmental fate, and toxicological
properties

Use the centralized chemical resource as
the foundation for an integrated hazard,
bioactivity, pharmacokinetics, and
exposure information
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EPAACTOR Yo, "ot 7, 2o, 2, 2,

EPA DSSTox T o S B %,
G, e o m % o
EPA Program Offices O “, "f‘q% s, qam ’E'-q;fb%'b ""’6-/,}.‘%’?%@, A
External Nominations g g, oy oy g iy Sy ey e
EPA’s Tox21/MoxCast Phase | Chemical Mominations (=100 lists)
( q
Candidates for Complex mixtures, polymers
: cost prohibitive Too s ool
: : Inorganics, rodioactive, etc.
L DMSO insoluble ' :
G

S|

Donated chemicals (incl. 135 failed drugs)
phi_v2, elk reference chemicals

Richard et al., Chem Res Toxicol, 2016

1860 3726! \~4400 |~7000

S C —

~19000
NUMBER OF CHEMICALS

Need to Start with a High Quality Chemistry

Analytical QC of Chemical Library

39%

4

6%

3%

m Pass = Fail = Degrade = ND

Pass = C (75%) or greater
Fail =D, F, Ac, Bc, Cc
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~30 Cell &
biochemical
assays

High-Throughput Bioactivity Screening

~8,000
Chemicals

-600 CeI‘I & ~1.000

biochemical Chemicals
assays

Set Chemicals | Assays | Completion
ToxCast Phase | 293 ~600 2011
ToxCast Phase I 767 ~600 2013
ToxCast Phase Il 1001 ~100 Ongoing

E1K (endocrine) 880 ~50 2013

Response

Concentration

2\
2 2
|

s \

@ S o
I\mc TOQ - *—Eéiﬂzmhwy
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ToxCast Incorporates a Diverse Array of

High-Throughput In Vitro Assays

/ Assay Provider\

ACEA
Apredica
Attagene

BioReliance
BioSeek
CeeTox
CellzDirect
Tox21/NCATS
NHEERL MESC
NHEERL Zebrafish
NovaScreen (Perkin Elmer)

k Odyssey Thera /

Vala Sciences

Readout Type

KBioIogicaI Responsh

cell proliferation and death
cell differentiation
Enzymatic activity
mitochondrial depolarization
protein stabilization
oxidative phosphorylation
reporter gene activation
gene expression (QNPA)

steroidogenesis

receptor binding

ﬁarget Familﬁ

response Element
transporter
cytokines
kinases
nuclear receptor
CYP450 / ADME
cholinesterase
phosphatases
proteases
XME metabolism
GPCRs

\ ion channels J

receptor activity
/" Species

f Tissue Source\

single
multiplexed
multiparametric

Cell Format
cell free
cell lines
primary cells
complex cultures
free embryos

human Lung Breast
rat Liver Vascular
mouse Skin Kidney
zebrafish Cervix Testis
sheep Uterus Brain
boar Intestinal Spleen
rabbit Bladder Ovary
cattle Pancreas Prostate
guinea pig Inflammatory Bory

K Assay Design \

viability reporter
morphology reporter
conformation reporter
enzyme reporter
membrane potential reporter
binding reporter
inducible reporter

gNPA and ELISA
Fluorescence & Luminescence
Alamar Blue Reduction
Arrayscan / Microscopy
Reporter gene activation
Spectrophotometry
Radioactivity
HPLC and HPEC
TR-FRET
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Log2 (Fold Induction)

Efforts to Ensure HTS Data Quality
and Increase Transparency

0.1 0.2 1 3 10 30 100

Concentration (uM)

ASSAY: AEID117 (ATG_ERa_TRANS)

NAME: Thioglycolic acid
CHID: 26141 CASEN: 68-11-1
8PIDI(8): TX007664

L4ID: 420385

HILL MODEL (in red):

tp ga aw
val: 3.le-11 -2.15 0.416
sd: NaN HaN NaN

CGAIN-LOSS MODEL (in blue):

tp ga aw la 1w
val: 2.93 -0.184 8 0.173 18
sd:  3.56 0.334 9.48 5.82 814

CNST HILL GNLS
ATIC: 20.14 26.14 17.79
PROI 0.23 '] o

B : -2 .01 .76
RMSE: 0.52 0.92 0.32
MAX MEAN: 2.45 MAX MED: 2.45 BMAD: 0.233

COFP: 1.17 HIT-CALL: 1 FITC: 50 ACTP: 0.77

FLAGS:
Only one conc above baseline,
Borderline active

active

Public release of Tox21 and ToxCast data on
PubChem and EPA web site (raw and processed
data)

Transparent ToxCast data analysis pipeline

» Data quality flags to indicate concerns with chemical
purity and identity, noisy data, and systematic assay
errors

» Publicly available as an R package

Tox21 and ToxCast chemical libraries have undergone
analytical QC and results publicly available

Public posting of ToxCast procedures
e Chemical Procurement and QC
» Data Analysis
» Assay Characteristics and Performance

External audit on ToxCast data and data analysis
pipeline
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for Biological Targets

1.0

o
[oe]
1

~600 Cell &
biochemical
assays

~1,000
Chemicals

o
(o))
1

o
~
1

Nonselective

Selective
\

o
[N}

Cumulative Fraction of Chemicals

0.0 v — .
0.01 0.1 1 10

Concentration to Activate First Assay

Concentration to Activate 10% of Assays

Response

Concentration
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ToxRefDB: Digitizing Legacy in vivo

Toxicology Data

Studies

ToxRefDB holds in vivo endpoint data from animal toxicology

studies (DERs, NTP, open literature, pharma)

Currently at 5567 studies on 1049 unique chemicals

700

600

500

400

300

200

10

o

0

1ed YHD

asnow YHI

Sop YHD

el gns

M not in toxcast
melk

phase2
W phasel

asnow gns

gop~gans

el JVS

18l YO

181 A3d

Hqgel A3Q

jeJ INQ

43H10 I

Data Source Study Count

EPA OPP DER 3279

Open Literature 731

National Toxicol Program 666
Sanofi_Pharma 222
Unpublished Submissions 50
GSK Pharma 38

Health Canada PMRA DER 23
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Learning

TowCast Aszays __ e R—

O T

i
=

In vitro fHT$f

QSAR

W Assap-Chemical HE

b Rl b m
Efet & Sndponis.
- LYl o

Liu et al., CRT 2015

Structure

Hyp [ chm N, <624

HTS

Hyp / bio N, ~624

Combined

Hyp / be N, =624

Predicting Target Organ Toxicities by Machine

0.80| Q.80 0 80|
Q.75 - 0.5 0.75|
w 0.70] w 0.70 w 0.70]
H troohv: § ¢
Ypertropnysz,,, — e
0.60| 060 0.60|
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) ENSMA|
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T oo
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Ny N, N,
Inj { chm ~,, =564 Inj ! bio v, =564 Inj/bc N, =564
0.80) .80 .80
.75 0.8 — 0.75
u 0.70 a.70 0.70
jury : zé ;
Injury 3z, . = E
—_—
0.60| 0.60 0.60|
0.55 0.55 0.55
0. . 0.5
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0.80|
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o a 0

20 0 40 50 60 70
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: Performance for In Vitro Reference Performance for In Vivo
Y secptor i Chemicals Uterotrophic Studies

Moecuarneracton)
- O

28 28

12 # True Neg 12

0 # False Pos 1

4 # False Neg 1

O Intermediate Process

ER Receptor {:} Assay

Binding
(Agonist) . Noise Process

i 10 PPV 057
075 [ 052
M 0.94 035

0.88 S 0.97
Specificity 1.0 Specificity 0.92

Protein
Production

ER-induced N6 w
Proliferation @

ER Pathway Model Integrating 18 In Vitro Assays

ER Active Hit Rate

f . — 1431 EDSP chemicals run in vitro
27 — — 71 (5%) have a significant ER score

Inactive  Very Weak Weak Moderate Strong
Activity Class

Judson et al., ToxSci (in press)
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AOP: Embryonic Vascular Disruption

Systems Biology Models To Scale Targets to
Pathways and Networks — Virtual Tissues

[T

i,

Kleinstreuer et al., PLoS Comput Biol 9(4):e1002996, 2013

pvDCs ug;p?;glﬁ Angioblasts Placenta Newborn B Population
Altered physiology Functional deficit consequences
‘ Impaired blood flow Malformation 9
Angiogenic Lethality
switch
¥ Y
# VEGF, FGF "
Endothelial cells Embryo-Fetus
¥ | eytoskeletal cycle
Notch-Dll4 |angiogenic sprs;uls Altered hemodynamics
signals Impaired growth
1 Dysmorphogenesis
= Altered differentiation
_ Chemokine
pathway
CCL2, TNFa Macrophage cells
CXCL10, 111
| cell motility HE A e
_ ECM | growth factor release I e A g
int ti ] :JN{E, Typoe Assay
interactions : _i.su 4 e Avsay
UPAR, PAI, ST Aty
MMPs, Intg ¥ bl Pl
{ e
- Twpe: Assay
o VZSEI_I Mural cells = \fg‘?‘%i?; gi;
remodeling s R
|cell recruitment Ocky: gahls: (151 ) EFH{A‘%%‘E@?E‘;@V
TGF-beta, |vessel stabilization ,gf?w’?:é;j’;
TIE2, PDGFB - Tied: Type: Assay
- TGFb; Tvpe: Assay

Cell ABM of Octyl Gallate (NCCT: G Nagaraj)

NRU ABS ,,

Human Tubulogenesis Assay

0.6

©
~

©
N

0.0

(FICAM: T Heinonin)

Octyl gallate

-—- NRU
—— Tubule expl

-8 Tubule exp2

0.01 1
MM

0.0001

100

9109S a|nqnL
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Providing Context by Incorporating
Toxicokinetics and Exposure

309 EPA ToxCast Phase |
Chemicals

o W 7 P ~700 In Vitro ToxCast
w o @{ & Assays
(@) b
= N
Human Liver Human Plasma Least Sensitive
Metabolism Protein Binding Assay

ToxCast ACg, Value

Population-Based
IVIVE Model

Oral pse Requiredto
Ac e Steady State
Plas Conﬁﬁgsftrations

- Plasma . Oral . Equi %S%EQJ'A%’:“O
Concentration Exposure ioactivity
Upper 95t Percentile Css
Among 100 Healthy
Individuals of Both Sexes from
20 to 50 Yrs Old Reverse Dosimetry

Rotroff et al., Tox Sci., 2010
Wetmore et al., Tox Sci., 2012



SEPA  Comparing Bioactivity with Exposure
T Predictions for Risk Context

2 1[]5"!

2 1044

Chemicals
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Delivering Data to Stakeholders and
Scientific Community

E) CompTos Dashiboard | B % Yl

Bisphenol A

BO0E-T | DTXSINTIR0ES o

SEPA iCSS ToxCast Dashboard =l Ea

0 Tkt AR nd b Pl | phut B RAga4As

s winla a:

Start Tutorial - Bicactivity Tab

L 3

Save Chart | | Preview Chart

Actives -MCOnly o All Tested

Chemical Name
Assay Component Endpoint Name

2,2,8,8-Tatrachorobisphenal & +

3,3.5.5 Tetrabromobisphendl £ ATG_VORE_CIS_wp

%V [ TesCant Summary plots - Representative samples only
o B ¥ L .
C 8 nupsy/actorepagov/edsp2l/ _
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EDSP21 Dashboard I
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- 8oL
2m2ea Bawtwrw &/ Eptirsiie man @
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ALY Bagrena & dgycoy ener (-] .00 oo o1 1 10 100
Concentration (uM)
e Sarwoi i @
o Boagrenc AF [} 4 13
O R S ————— S
.
(https://comptox.epa.gov/d |== ZZiTET

ashboard)

Aunay Erapoira 1 | A8

¥ ATOARTRA. e ® ACEAMDE. 0 F ATOTHALY. e
¢ wspmsan wem Ao L CE.  Lmm MEIRATRE
¥ OWINLMA  TENM 5 ATOERATR.  QmM P TmIUTRAMG.  etive
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* OTamaRgL p— & MesEER o

ACHR Vaues, - ER

Avuey Endipases 1| A2 Anay Fnctpaion 1 | ACS2

EDSP21 Dashboard
(https://actor.epa.gov/edspl)

ToxCast Dashboard

(https://actor.epa.gov/
dashboard)
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Developing a Broad Hazard

Platform

Screening

-

High-Throughput ‘ Tier O

‘ Transcriptomic Assay

|

Non-Selective Interacting
Chemicals

}

Selective Interacting
Chemicals

~

1 | Tier 1

Select In Vitro Confirmation
HTS Assays Screen

Y

l __ Tier 2
Organotypic Assays
and Virtual Tissue
Modeling

Discriminate Perturbation
from Adversity and Estimate
Inter-Individual Variability

A\

v

Estimate Point-of-Departure
Based on Biological Activity

|

Estimate Point-of-
Departure Based on AOP
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be Deployed:

?

How Would a HT Transcriptomic Platform

-

~

High-Throughput Tier 0
Transcriptomic
Assay
e ldentify predominant mechanisms as a function of concentration
e Group chemicals by similar mechanism/bioactivity
\ * Identify a concentration that results in no transcriptional effects /
BIOLOGICAL STATE REFERENCE DATABASE CONNECTIONS (] 1 B
OF INTEREST (PROFILES) 2 g &/
(SIGNATURE) i _ e g Cell Type #1
’_ _ __ __ Concentration
output
: : . ‘ ] '
= : i g g i
= o = v o S = =/ Cell Type #2
strong weak null strong 8 s
positive positive negative 4 2
Lamb et al. Science (2006) Broad CMAPdb: 7,000 profiles; 1,309 compounds

NIH LINCs CMAPdb: 9,000 shRNAs, 3,000 over
expression ORFs, and 4,000 compounds in 20 cell
types/lines (cell lines and primary cells)

Concentration

Cell Type #3
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Using HT Transcriptomics to Identify Mode-of-

Action

Total Target Cell
Target Family Profiles Genes Chemicals Lines
Cytokine receptors 3 1 1 3
Enzymes 336 40 112 5
Exosome 14 1 4 4
fesggtiir:{o“p'ed 585 16 192 4
lon channels 194 8 65 3
Nuclear receptors 227 10 71 5
Protein kinases 19 8 6 4
Transporters 102 2 35 3

Developed local database of Broad’s CMAP data (~3,000 profiles)
Annotated targets using KEGG (1,571 profiles)

Significant genes identified using a z-score cutoff of 2

Incorporated “JG” scoring method (Jiang and Gentleman 2007)
Determine significance using a permuted rank approach across target
family

Martin and Karmaus, Unpublished

10uM_6hr_CMAP

: : 100uM_6hr_CMAP
Valproic Acid =l
“ #] a ) ¥
= 2
g, @ 4 & *
1 4 o) T, 4 3
oy .| e A
Ty 3 ) Xy 3 ¢
e, &, (
iy Yo
‘\J'\"J:. Y a] \,-,_d 48]
) WAL N5 LA
453 PDE HS3 PDE
o [ v R
e o Op
e B
W e
{ iy P
& “%
d
Target Family
Enzymes
Exosome
G Protein—coupled receptors
L . lon channels
Retinoic Acid Nuclear receptors
% =2 5 250 o e :} 5
Ao S & A
- 4 R 4
N ‘YI‘Y" 3 UA"«" 3
=/ by Hhe ey o
Y9y e bt Lt
49 -3
ys3 L yeg E

3]

ToR
g,

M
)

e

HepaRG MCF7
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s DiStinguishing Adaptation from Adversity

L Tipping Point: Threshold between
adaptation and adversity

o ! Normal™
BlOlOglC ]:p—p—b—b—b——h—b—b—b—bm::}(/ T

Inputs | Dlologic )
//I\- \ 100 !

(Early Celldar - ="
Adaptive Stress / \
Responses \ )

Morbidity and
Mortality

d Can we use Tipping Point to define a point
of departure (PoD) for risk assessment ?

O Use ToxCast High Content Imaging (HCI) data
to identify Tipping Points

DMS0 141000.000000 uM 24h Hoechst33342

967 chemicals (ToxCast)
HepG2 cells culture

10 concentrations

3 Time points

10 HCI Assays

400 plates

100,000 wells
2,400,000 images
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2 s 3
Q E E at g
ul et uh { [+1] [ . - -
HEEEEEE%'“‘%% Tipping Point
£ u = 2 E = v g T E .
m 8 5 E o938 =32 Increasing Dose
a 3 6 £ =35 9 2 ¢ 039 078 156 313V 625 1250 2500 50.00 100.00 200u
/_14.. L ] D....' - T- :"-.-
9@ o0 o9
2@ @ ® o0 000
114 o0 00
0@ > o o090
@@ e 0 0 0@
8
— 7

e

——
T8
. ,

G System States

Trajectory

\ J Jime A J "
| Y Y ~

HCI Endpoints °Recovery Adaptation Toxicity

Shah et al EHP 2016
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* Tens of thousands of environmental chemicals have very limited exposure/biological data
- Need more effective tools to describe chemical properties, effects and linkages
- Need predictive models to fill data gaps

: Internal Molecular Cellular Organ - Population
Chemical — Uses — Exposure—> ADME —» Dose Changes b Pattiays " Crects T Toxicity — Blitcones
L 4 :
PhysProp oral ¢ _ o ER 4 ¢ Hazard.4. ¢ Acute Fish
Bioavailability h
AR ¢ Cancer Daphn.
Bioaccumulation GPCR ¢ Repro Algae.

Biodegradation

€ developed internally: Read-across/GenRA, Machine Learning: classification and regression
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Structured Relational Database

S c r u b C h e m 693 M Bioactivities, 9K Targets, 2.3M Chemicals

Assay, Target, Value

: Descriptions
=2 Target
\—/( System
PubChem™. Technology Dataset
5 | atasets
Bioassay IS Time
+ 231 M Outcom eaning & Annotating Action Mode querying |1 1]
* 1.2 M Assays . j a_r_’g._ing&Language Processing) Justification > D D
* 2.3 M Structures | - >
= Dose Response
* 10 K Targets ; « Concentrations :
* 76 Sources N Bioactivity Value Modeling
GenBank Controls Results &
Semi-structured Repository K (Target Info) AU rges Field Analysis
; EoE Replicates
ChEMBL - ToxCast - Tox21 Primary Citations i
BindingDB - MLSP- etc. DlSCOVer

Jason Harris
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metmeee, Generalised Read-across (GenRA)

Chemicals are clustered on the
basis of chemical descriptors to
identify local neighbourhoods

The Read-across toxicity prediction is a
similarity-weighted activity of nearest
neighbours based on chemistry and
bioactivity descriptors

Uncertainties can be evaluated
across the local neighbourhoods

CL-HO chm chr Brain
-..-..- Chem/Bio
Similarity
JZZSTeﬁhV
drophthalim de
llllllll Octyl decyl
"j hthalat
L \

S pl?t‘:;gle \ 1.00¢ 140

rf::? 1.00 \

R — =

Fthes “‘u.n. Number of Analogs
Benoxacar -

........ P . CL-80 chrm mgr body_weight
A
e
Tooxylc ocH, |
zt o
@ Chem/Bio
& o
Butyl benzyl Slmllal'lty
thalats
s A E— o
uaT.'.‘Zﬁa?;‘m s Mo nobutyl
.\' phtalk

Dimethyl
adipate

\_/ NumberOfAnalogS

Shah, et al. RTP 2016
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Machine Learning to Predict
Chemical Effects
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Chemical — Uses — Exposure—> ADME

Molecular
Changes

Cellular Organ
Pathways Effects

<+— Toxicity —

Use Semantic Tools to Link Disparate Data

Population
Outcomes

Can we use semantic tools (OWL/RDF, existing ontologies to meaningfully integrated disparate resources ?

chemicals s ugs/farmul stians,

Disease, genetic markers, treatments
Termindlagies & publicabons

BI0=2RDF

At the heart of Linked Data for the Life Sciences

g CSV

Recowe RIS

~ | BwzROF o o LY P
| wiewapp ey Fesersion

Matrics
Tiplestore . [ snoL encae
~. {irtuosa) P —
Search
Cogeen ol Facered Bwser
Prevenance !

Downloads | . .
S | mawbinedra
Vit tames |

+ Free and open source
* Uses Semantic Web standards
= Release 2 (Jan 2013): 1B+ interlinked

statements from 19 conventional and high
value datasets

« Provenance, statistics
= Partnerships with EBI, NCBI, DBCLS, NCBO,
OpenPHACTS, and commercial tool providers

BioPAX

rAKT1 is a ProteinRefarence
has standard-name “AKT1"
has name “FKB™

has xref Uniprot-P21740

P@308 is a ModificationFeature |

has featurel ocation AKT1-308
has modificationType
phosphorylation

AKT1.1 s = Protein
has protsi TAKT1
has notFeaturs pG308
has notFesturs p@ 4T3
_ teactiont s a BiochemicalAeaction
T has left AKT1.2
has right AKT1.1
s left-to-right.
"7 catalysis1 is a Catalysis
has controllsr PP2A1
has controlled reaction]
hae direction irr-left-to-right
AKT1.2 s = Protsin

T tsinAsfarance
 has pro rAKT1

" has feature p@308
has notFeature p@473

(80 o=tz [uniprot 3 || DRUGBANK

Open Data Drug & Drug Targst Database

3 3 WIKIPATHWAYS
l)uti' ¥ Pathways for the People

& ConceptWiki |[esaleii =]

L 2V

neXtprote

ChemSpider

Search and share chemistry

U O V)

A\.Open PHACTS

Physicochemicaldata Identifiers

Molecularweight & formula

H-Bond acceptors / donors

Polar surface area, AlogP

Synonyms

SMILES

[InChl / InChikey
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meiaen Data Challenges

* Transparently sharing complex data streams— adequately capturing chemical
(treatment dose and time), biological (experimental modal, assay, etc.) context
to ease re-use

e Systematically integrating disparate data streams— representing linkages
across molecular, cellular, tissue, organs. This is vital for relating early
molecular changes to adverse (e.g. histopathological) outcomes

e Effectively extracting evidence from unstructured textual data— the literature
is one of the largest resource for information about apical outcomes

e Using linked data to better discriminate between adaptation vs adversity—
predicting which molecular markers lead to apical outcomes

e Quantifying and incorporating uncertainty and variability in predictions

e Legal defensibility of new methods and assessment products
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