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Moving Towards Infegrating New Approach Methodologies
(NAMs) for Chemicals Management in Canada

« Transition 1o NAM as a complete replacement over animals will be a challenging
and a slow process

— The better starting point may be to ask:

» What are the near-term opportunities for deploying currently available NAM with respect to
prioritization and risk assessment activitiese

» How can NAM help to focus the burden of assessing chemicals in Canada

« Finding a starting point -> In Canada, the focus of early development and
application of NAM has surrounded program opportunities where:

— NAM is a step above the status quo

— where the development of fit-for-purpose NAM-based approaches help to make
better informed decisions in the absence of other fraditional forms of toxicity test data

» Addressing data poor substances
» Adding mechanistic or mode of action information to better inform risk management
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Overarching Workflow for Data Collection, Processing
and Interpretation

LHAWPY

Health Canada Automated Workflow for Prioritization

Data gap Evidence Hazard &

Chemlc§l data ﬁlling & evaluation & exposure-based AUtom.ated
collection & raiciive ST SR L Chemical
storage p prioritization Prioritization

modelling scoring scoring

e Automates ¢ |dentifies data e Reconciles e Applies consistent

1 ! 1

! ! ]

' ] ]
collection of . gaps : differences . scoring criteria to
millions of . e Implements novel |, observed across ,  rank substances
domestic & : consensus : data types .  based on exposure
international : modelling : ' &hazard indicators
records ; approaches , ' o Generates reports

e Applies structure-
based automated
read-across



Modular Design, Flexible and can be Modified as
Science and Information Sources Evolve ZIHAWPTr

Health Canada Automated Workflow for Prioritization

Hazard Specific (Predictive)

Chemical List Substance
Input Identity

Canadian Get SMILES and
Inventories Generate Structures

Carcinogenici
Screen

Carcinogenicity Data
Collection and Analysis

Mutagenicity Developmental Reproductive Repeat Dose EDC Screen
Screen Screen Screen Toxicity Scree

Genotoxicity Data Developmental Data Reproductive Data Repeated Dose Data ER Data Collection AR Data Collection
Collection and Analysis Collection and Analysis Collection and Analysis Collection and Analysis and Analysis and Analysis

o

N Hazard Scoring
Open for Innovation and Reporting

KNIME aroxCast iptom s s

ToxCast Data Processing
and Calculation of AED

« Collect and interpre

« Workflow combines various biological levels into a decision framework
» |ATA structured nodes across toxicity endpoints

=0
« Use best available data and processes to improve efficiency and reproducibility zow %’;
-5 Deliver transparent and evidence-based decisions through integrated knowledge (lb,aog‘d,\«\o



ToxCast
Bioactivity

ToxCast Data processig HealtH CANADA
SCIAD PRESENTS
COMPARATIVE ANALYSIS

« Applied workflow to 40+ chemicals previously
assessed on the Chemicals Management Plan

«  ToxCast data -> PODgjgqctivity

« Compared PODyg,qctivity fO traditional PODs used in
the Screening Assessment Report (SAR)

* BERs derived: PODgjoqcfivity COMpared to Canadian
exposure values from:
« biomonitoring data
« environmental media
« consumer products
« BERs were evaluated to assess the utility of

bioactivity data in prioritizing chemicals for risk
assessment

BER Approach
~1,400 ToxCast Endpoints
(in vitro studies)

Traditional Risk Assessment

Repeat Dose, Developmental, and
Reproductive Studies

I+l

Science
Approach
Document
March 2021

Extract NO(A)ELs and LO(A)ELs from
Animal Studies Assessed by Health Canada
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Extract AC,, values from

ToxCast Endpoints

Carry Forward 5"
Percentile AC,,
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Science
Approach

Document
March 2021

Canadian Exposure Levels

«  NAM-derived AED lower than PODy,ygitional fOr 38
out of 41 chemicals assessed previously

« All non-genotoxic compounds assessed as
toxic to human health (red arrows) had a BER <

100

« Al non-genotoxic compounds assessed as
ecotoxic (blue arrows) had a BER 100 -1000

« One toxic chemical (Quinoline; purple star),
assessed as potentially genotoxic, was
identified as low priority using this approach

— Only 5 ToxCast assays measure DNA

damage or stalled replication and these
have low sensitivity

« Approach for genotoxicity that builds on these
experiences is needed
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Bioactivity Exposure Ratio (BER) Based on

Quinoline H

0,p'-DDD A

p-Cresol 4

Furfural 4
1,3-Dichloro-2-propanol 4
Allyl chloride 4

1,3-Diphenylguanidine -

o—-Cresol H

Diisodecyl hexanedioate
#Ammonium perfluorooctanoate o
1,2,4,5-Tetrachlorobenzene

‘ Potassium perfluorooctanesulfonate o
MN,N-Dimethylacetamide 1

Gentian Violet H

Perfluorooctanesulfonic acid -
Tris({1,3—dichloro-2-propyl) phosphate
Epichlorohydrin 4

Diisononyl phthalate -

Tricresyl phosphate
1.2,3-Trichlorobenzene

Bisphenol A -
Octamethyltrisiloxane -
Methyleugenol -

2-Ethylhexanoic acid

Resorcinol

2-Anisidine
N-Vinyl-2—pyrrolidone -
Benzophenone -

# Bis(2—ethylhexyl)hexanedioate 1
10-Undecenoic acid

Tributyl phosphate 1

Biphenyl

Triclosan 4

2-Butanone oxime -
Tris(2-chloroisopropyl)phosphate
Naphthalene

Butylated hydroxyanisole H
Dimethyl phthalate

1,4-Dioxane

Salicylic acid 4

Source: Health Canada Bioactivity Exposure Ratio Science Approach Document
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https://www.canada.ca/content/dam/eccc/documents/pdf/pded/bioactivity-exposure-ratio/Science-approach-document-bioactivity-exposure-ratio.pdf

ToxCast Data Processing and Calculation of AED (POD_NAM)_v2

Extract In Vitro Bioactivity

Add Assay ToxCast Assay Flag and Cytotoxicity alculate 5th Percentile  ca|culate Css
Get ToxCast Data Descriptions Hit Percent Filtering Filtering om AC50 distribution with httk Calculate POD_NAM

e S = a8

UpdCﬂ'ed! 3 options

|
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Can we improve our AED estimates for these

data?
* In vitro disposition models




In Vitro Mass Balance Modelling (IV-MBM) Adjusts for In Viiro
Toxicokinetics and In Vitro/In Vivo Bioavailability

When doing HTTK-IVIVE
we typically assume that
the in vitro BMC is
equivalent to:

— the freely dissolved
concenftration

— the concentration in
serum/blood that exerts
a foxic effect

IV-MBM modelling uses
assay & chemical specific
information to adjust the
NAM BMC (nominal in
vitfro POD) to reflect these
assumptions
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000000000000
‘9000000000000
000000000000
. 000000000000

NAM BMC (uM) =
Nominal in vitro POD

1. Assumed equal

2. Adjusted IV-MBM

In vitro
POD (uM) \«

In vitro toxicokinetics ' In vitro/in vivo
bioavailability

calculates the
freely dissolved
concentration

e corrects
differences b/w
exposure medium
and serum
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Case Study Part 1

Screen

Carcinogenicity Da
Collection and Analy 3

Mutagenicity
Screen

Genotoxicity Data
Collection and Analysis

31 compounds with:

in vivo genetic
toxicity PODs

NAM genetic

toxicity data

Genetic toxicity NAMs

EXPLORING IN VITRO GENOTOXICITY DATA TO ESTIMATE

POINTS OF DEPARTURE

Develop parallel approach that addresses gaps
identified in the BER SciAD (2021)
Evaluate impact of Httk refinements

Response

Experimental Data Moadel Interpolation
A Mean response _/ Best fitting curve

, ,
| ncertaintyin mean | |-~ Plausible dose-response descriptions
— Confidence interval determination

Benchmark
Concentration
Modeling

Dose

in vitro to in vivo
Extrapolation (IVIVE)
using hitk in R

Pearce et al. 2017. J Stat Softw

Health ~ Santé
I*I Cgﬁgda Caagtaeda

@ APCRA

ACCELERATING THE PACE OF
¢ (4 CHEMICAL RISK ASSESSMENT

g

HESI Genetic Toxicology
Technical Committee

Human

Administered
Equivalent Dose
(AED; mg/kg

bw/day)

Beal et al] (2023). Quantitative in vitro to in vivo Extrapolation (IVIVE) of Genotoxicity Data Provides Protective Estimates of in vivo Dose. Environmental and Molecular Mutagenesis
DOI: 10.1002/em.22521.



https://doi.org/10.1002/em.22521

20/31 Chemicals have Median AEDs Lower than Animal-Based PODs

Median NAM-AEDs and in vivo PODs

Chlorambucil L] °
N-Hydroxy-4-acetylaminobiphenyl L ]
PhIP.HCI ° ]
Camptothecin |® e
Paclitaxel L L
Colchicine | @ °
Emodin ° L
3-Nitrobenzanthrone ] L
Etoposide L .
2-Acetylaminofluorene ° ]
3-Aminobenzanthrone o L
Griseofulvin ] e
4-Nitroquinoline 1-oxide L L
7,12-Dimethylbenz[alanthracene L
5-Fluorouracil ° L]
Mitomycin C L] °
1,8-Dinitropyrene e o
Hydroquinone (I
Benzo[a]pyrene L]
Aflatoxin B1 L4
Methyl methanesulfonate d
Resorcinol s}
Ethyl methanesulfonate oo
Eugenol L
Dimethylnitrosamine e
Cyclophosphamide L
Glycidamide e
Acrylamide L
Vinblastine L °
1,2-Dibromo-3-chloropropane . L
N-Ethyl-N-nitrosourea L4 L4
32701 23
log1o mg/kg bw/day

e NAM

e iN Vivo

Compound

11

Across the 31 chemicals, 198 NAM-AEDs derived
from in vitro genotoxicity data were compared 1o
321 PODs from in vivo genotoxicity data

The NAM-derived AEDs were typically protective
of human health

e j.e., lower than animal-based PODs

in vivo <in vitro in vivo > in vitro
BRI

0+ . : : : : : |
4 3 > 1 0 1 2 3 4 5
Lﬂ'gﬂa PDD.” VI L'Dg 10 AE’DHI wilrg

Beal et al. (2023). Quantitative in vitro to in vivo Extrapolation (IVIVE) of Genotoxicity Data Provides Protective Estimates of in vivo Dose. Environmental and Molecular Mutagenesis DOI: 10.1002/em.22521.
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HTTK IVIVE Approach for GTTC Case Study - Part 2

31 compounds

in vivo genetic
toxicity PODs

NAM genetic
toxicity data

12

MultiFlow

MultiFlow™ Method

ToxTracker

© e

Bscl2-GFP  Rtkn-GFP

MicroFlow

=============

Genetic toxicity NAMs

Response

Model Interpolation
_/ Best fitting curve

s : :

| neartainty in mesn | |- Plausible dose-response descriptions 1

! response — Confidence interval determination

BMR - defined response increase relative to
ive control: e.g. 15D or 10% greater than

Benchmark
Concentration
Modeling
(Nominal in vitro PoD)

Dose

4 )

Nominal
in vitro
POD

Adjusted in vitro
POD

In vitro mass
balance model (IV-
MBM) to account
forin vitro
disposition

Qrmi’roge et al. (QOQy

Human
Administered
Equivalent Dose
(AED; mg/kg
bw/day)

in vitro to in vivo
Extrapolation (IVIVE)
using hitk in R

Pearce et al. (2017)

o%



In vitro mass balance model (IV-MBM) scaling factor reduces in vitro BMC

In vitro mass balance
model (IV-MBM) to
adjust in vitro PODs

Nominal = unadjusted BMC

Scaling Factor (SF) to correct
in vitro bioavailability reduces
the in vitro BMC

Media-plasma bioavailability
differences increases the in
vitro POD (IVPOD)

(Bioovoilobili’ry in plasma can be
greatly reduced in comparison
with serum-free or low serum
exposure media conditions

L

\_

~
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Log,, Scaling Factors

-2.12
-1.78
-1.49
-1.01
-1.10
-1.13
-0.41
-0.19
-0.22
-1.51
-0.18
-0.20
-0.15
-0.25
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6.13

-0.57



Comparing Case Study Results:

Nominal & IV-MBM AEDs

* [V-MBM improved AED estimation when
applied to the ORD httk AEDs

« AEDs closer to in vivo PODs: 11
« AEDs same distance from in vivo PODs: 17
 AEDs farther from in vivo PODs: 2

* |V-MBM tends to have greater impact on
compounds with higher LogKsw

30 compounds with full data set

X0

I4AED 95" quantile AED 50™ quantile

Compound

7.12-Dimethylbenz[alanthracene -
Benzo[a]pyrene -
Chlorambucil
M-Hydroxy-4-acetylaminobiphenyl -
PhIP HCI {
3-Mitrobenzanthrone -
Camptothecin

Taxol 7

Colchicine

Emaodin A

Etoposide
3-Aminobenzanthrone A
4-Mitroguinoline 1-oxide
1.8-Dinitropyrene 1

Griseofulvin 1
2-Acetylaminofluorene
Mitomycin C 1

5-Fluorouracil

Hydroguinone 1

Aflatoxin B1 1

Methyl methanesulfonate
Ethyl methanesulfonate
Resorcinol A
Cyclophosphamide

Eugenaol

Dimethylnitrosamine
Vinblastine -

Glycidamide 1

Acrylamide 1
1,2-Dibromo-3-chloropropane

M-Ethyl-MN-nitrosourea

¥ 3

e

-

2 0 2
Median Log POD (mg/kg BW)

POD Type
AED_MNom_HC50
AED_MNom_HCS95
AED_MBM_HC50
AED_MBM_HC95

“  invivo POD



memens] - (SAINING Experience in Deriving In Vitro

HTTr Processing and
Calculation of AED

= 1 Transcripfomic Points of Deparfure

o Extraction:
Data generation: predictive signatures and  Dose-response
Genelists pathways modeling

§

” 1 0 2 "

0 o Ty 3 107
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BMDL €~ BMD
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Establish Points of
sTTTTm TS S Departure (PODS) 5= T e T e ~\

How do we define the optimal POD?

Thousands of genes per

\

1

I Applied parameters
chemical and each !
i
U

identifying genes with a
concentration-response

« 5t percentile

« 25t ranked gene

*  1s*mode BMC

* Lowest median gene set
(KEGG, GO, REACTOME)
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exposure

-

AN N NN NN NN BN BN EEN BN NN EEN BN NN BN BN N R

OO ————— - —
-

7’



Evaluating In Vitro Transcriptomic PODs Using a Uniform
Workflow: A Meta-analysis of Existing Datasets

1. Processing

2. Derivation

3. Conversion

4. Comparison

« Applied a uniform analysis across a diverse
chemical space using different models and
exposure conditions

117 chemicals [ 1
, , Available Data
. K I 1
Models: MCF-7, HepaRG, liver spheroids | (using TempO-Seq™) |

Exposures: 0.25, 1, 2, 4, 10 and 14 days | S ”

Bioinformatic Pipelines process and filter raw data:

* The available universal R-ODAF pipeline

(https://github.com/R-ODAF/) Benchmark Concentration (BMC) modeling
*» The US EPA pilot pipeline
(https://github.com/USEPA/httrpl pilot) 100
* In-house processing scripts
g 75
Step 1 > Benchmark concentration modeling g
2 .
Step 2 - Derive transcriptomic points of departure 8 50 !\élat:imazci_l mzdel to
» identify a defined response
*  BMC distribution level metrics 8 above Eackground P
(LCRD, 5" percentile, 15t mode, 25" ranked gene) } :
* The median of the (i.e., most sensitive) set of genes 25 /
, , or —
(KEGG, GO, or REACTOME) §
I s / 5 10 15 20 25 30
onvert the transcriptomic point of departure to an .
administered equivalent dose (httk R-package) Benchmark Concentration (mg/kg)
response
(BMR)

Comparison to apical PODs from in vivo studies, from
available databases: EPA ToxVal, REACH dossier, OECD
Toolbox, and the Health Canada dossier

Reardon AJF et al. (2023) Front. Toxicol. 5:1194895



[ 2. Derivation ]

N @

Gene Accumulation Curves Using distributions of BMCs to derive tPODs ’ .

Each chemical is depicted as @ « tPOD,, (20" lowest BMD value) -

distribution of genes with BMCs to « fPOD,y, (10" % of gene BMD values)

derive tPODs « tPOD,, .4 (Mmode of the first peak) @ r

600 Transcriptome *We used slightly different metrics " Mm
od aa o0 miHhdoiaa 0 = WH-[
—_ —

Genes or Gene Sefts

40

20

17

W

0=

CMC Value

10

. Step 1 2 Benchmark concentration modeling

+ Step 2 - Derive transcriptomic points of departure

BMC distribution level metrics

(LCRD, 5™ percentile, 15! mode, 25" ranked gene)

The median of the (i.e., most sensitive) set of genes

(KEGG, GO, or REACTOME)

y

100
BMC

el
PN

Assign all genes
with BMCs to

gene sets (eg,
1000 pathways)

Calculate

median gene set

BMC

Numerous approaches were
considered to derive tPODs to define
the point of concerted molecular
change (CMCQC)

PODZO POD 10th PODmode

10 20
BMD (mg/kg)

https://omicsforum.ca/t/what-is-a-transcriptomic-
pod-tpod-and-how-is-it-calculated/195

@Using gene sets to derive tPODs

|dentify lowest
gene set (min.
5% of pathway, 3
genes)




A General Comparison of Approaches to Derive tPODs

[ 2. Derivation ]

Estradiol{ ¢ 240k o
BPAF - Cmik O A
Dex AR M % ¢
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PENA - L e ]
FDA- G Gk O
82 FtS+ Tk B D
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PFHpS 1 <BK-B%0 O
PFOSA <8 e
PFTeDA 1 & % ae
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PFHxS 1 CEMo a
PFBA OGpER-e
62 FtSH B @ 40 X0
PFPeA - & an
53 Acid < g
42 FtS e el -3}
PFEHxA CHEERO
62_FtOH QRO
"PFBS CHNEE
82_FtOH- OGP
82_MonoPAP_ 1 o 3
-4 -2 0 2
B[a]P 1 oM 0
AFB1 led Ns] C
Cisplatin - Rk
Cyt-Arabinoside 4 < ®Bgo 0
M-mSulfonate - KO
Zidovudine 5 Lol
PropylGallate 1 e J=)
Eugenol A o O
N-nitrosourea 4 adko
Cyclophosphamide 4 <D
Urea- A
2DD—-Glucose A A
f8 -4 -2 0 2

Logio POD (uM)

AFB1+ < @R KO
Aspirin - A = o < D
Bla]P A O
Troglitazone - ONg GNP B O
Trovafloxacin - ‘/GMO O
Menadione - & BCOMEP KO
DMNA A O e
CPZ A g@oBayE
Tamoxifen 4 AR @ATH
Ritonavir S kO
OMP + R CRbED O3
Diphenhydramine 4 bl
Rosiglitazone & 4% % 00
RIF 4 -— ONEE O
Sucrose A ~\ o @ ¢
Cyclophosphamide A A <
CDCA A Ror I aal
Pe{ [ ol se# G
Caffeine - ‘ a
FFA+ B el
Levofloxacin - A [ule’-: 3
APAP 1 Sam” © men
KCIA
-4 -2 0 2
Cycloheximide 1 <EAWP 5]
iram - © O 0 RBAKOD
Clomiphene_Cit- @ O E
iram o 0 B
Triiodothyronine 4 & @ O Lk
Reserpine ® P AD
Rotenone A @ao oo M
1 o&m O¢
Pyraclostrobin 4 B OH0 *
rifloxystrobin - O B 0% ¥
Simvastatin - OOR O#
Fenpyroximate - L © o
Lactofen - ¥ AgD
4-Cumylphenol 4 <|e0
4—Hydrox'¥tamo>(|fen 1 o <o#
ulvestrant 4 AN < o
Cladribing - OR OBk
mazalil 1 & RO
Cypermethrin - O OEEb
) BPB 1 <& oz
Nilutamide 1 <& Ak
Propiconazole 4 RO
yanazine 1 o <o
Lovastatin 1 O 4R
Flutamide - ®OGD O
PFOA 1 20 B
Maneb 1 <B GO
4-Nonylphenol_Br A &0
. Troglitazone - £H00
Amiodarone_HCI+ o s 3]
Cyproconazole A 60 o
1 &0 O
Fenofibrate 4 <Hd 40
ifenthrin 4 O g0 B
. PFOSH OAD B
Vinclgzolin 1 B GO
Tetrac OB &
Cyproterone_Ace 1 < E¥O
Farglitazar - CrEte
Clofibrate A foaB 3
Fomesafen - < @
Prochloraz 1 O O
Butafenacil § & A
Simazine1_, 1 1 A @
-4 -2 0 2

Logio POD (uM)

X O e o

« Overall good agreement between data

points (robust franscriptomic data)

« Commonly employed approaches may

not be reliable
— Using percentiles (e.g., 5™ percentile)

« Ofther tPODs provide sound alternatives

— Distribution of single genes
(e.g., the 25" Ranked Gene)

— Using gene sets from pathway databases
(lowest and most sensitive gene sef)

BMC Distribution

Gene Set (Pathway)

1st Mode O 25th Gene A  5th Percentile <
GO % KEGG & Reactome

LCRD
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3. Conversion ]

[

4. Comparison ]

Rafio of In Vitro Derived AEDs fo Apical PODs

*  Convert the transcriptomic point of departure to an
administered equivalent dose (httk R-package)

Identifying outliers using ratios:

« Compared the lowest derived AED from

. Comparisonto apical PODs from in vivo studies, from
available databases: EPA ToxVal, REACH dossier, OECD
Toolbox, and the Health Canada dossier

BMC Distribution approaches (A) or Gene
Set approaches (B) to apical PODs

Log,gRafio = Log;oPOD+ygitional = LOG10AEDNam

« Select chemicals (highlighted in red) had
apical PODs that were lower than in vitro

estimates were flagged

A 1e+08- A B &
® HepaRG
epal e ® HepaRG
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Integrating Data Sources to Support Screening and Assessment

» Integrated Approaches to Testing and Assessment (IATA) represent a flexible framework

« caninclude arange of different methods and sources of information;
« can be assembled in different ways;

can be used in different regulatory decision-making contexts depending on assessment

questions and protection goals.
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Signatures for Molecular-Based Points of

Departure and Endocrine Mode of Action:
Bisphenols as a pilot study
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Pilot Example: An Integrated Approach to Testing and
Assessment to Evaluate BPA and Select Alternatives

Identify ER
activation

derivation

A list of BPs identified

ToxCast

Estrogen activity

Estimate POD based on
= . ER activation (puM)

(Biomarker & IPA)

AED (mg/kg bw/day)

Exposure estimate

Extrapolation

Estimate bioactivity exposure ratio (BER) to

identify risk assessment priorities
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Creating Practical Estimates for Risk Assessment with Bioactivity Data

<

Chemical

selection

<

Identify ER
activation

<

POD derivation

<

IVIVE
extrapolation

BER

estimation
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« In vitro bioactivity data demonstrated to be
robust, with good agreement between
approaches

- 25" ranked gene well aligned
+ lowest gene set overly conservative

« Transcriptomics AEDs for non-specific toxicity
produced similar values to ER-specific estimates
(when pathway specific values are available)

«  Bioactivity based-AEDs typically lower than apical
PODs from animal data (RDT, Repro, Dev)

The integration of bioactivity estimates provides
practical information on potency and mode of
action for hazard and risk characterization
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Leommgs & Insights

Data collection, interpretation and integration workflows facilitate the use of new

and increasingly complex information
* Maintain flexibility to update analysis methods and use best available science
« Transparent, reproducible & efficient evidence-based decisions through integrated knowledge

- The IV-MBM refined the IVIVE approach for genotoxicants, providing more predictive

AEDs from NAM data

- Greater impact for compounds with higher LogkOW / LogKkAW
« Requires assay specific information often difficult to obtain; reduces throughput

« Technical and practical challenges remain
« Access to curated datasets -> many transcriptomic studies in literature but lack common data formats
and repository
«  Experimental design -> cell lines, organoids, MPS, metabolism, testing strategies
- Standardization -> 'acceptable’ practices - consistent, transparent use in risk assessment (e.g. for tPOD
— R-ODAF, OORF)
- Characterizing uncertainty -> including consideration of uncertainty factors

«  Much work to be done to address toxicity endpoints of regulatory interest using

predictive approaches v
24




Final Thoughts

Various NAM techniques are currently available and are being used for
supporting hazard assessment and prioritization; context of use is important

The combination of in vitro bioactivity data with IVIVE provides the opportunity to
apply NAM-based AEDs in approaches that are protective of human health

« Currently being targeted as an early fier assessment

« Ongoing refinement of interpretation approaches and consideration of
mechanistic/pathway analysis

Research-Regulatory collaborations are imperative

Continue to build a common vision and commitment to advance alternative
methods and maintain excellence in science-based decision making g
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Questionse

Tara Barton-Maclaren
tara.bartonmaclaren@hc-sc.gc.ca
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