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wEPA Critical questions for NAMs in safety assessment

e Background

e Part 1: A retrospective case study with the Accelerating the Pace of Chemical Risk
Assessment (APCRA)

 Can NAMs for hazard and toxicokinetics be used to derive a point-of-departure (POD) that is
protective of traditional PODs?

* Can NAMs for hazard, toxicokinetics, and exposure be used to prioritize substances for further
consideration?

* Part 2: Work-in-progress for a prospective case study with APCRA using NAMs as they
develop in real-time
* How can NAMs for hazard from Tier 1 (broad-based NAMST) and Tier 2 (targeted high-throughput
screening) be combined with toxicokinetics and exposure for prioritization of substances?

* Part 3: Application of hazard-specific NAMs to specific questions about the potential
developmental neurotoxicity

e Can NAMs that recapitulate important aspects of developmental neurobiology be applied for
specific hazard and risk questions?



S EPA Fit-for-purpose considerations for NAMs in
w7 derivation of PODs

Considerations by case study

Is the task one that is risk-informed?
* Use of a threshold for any bioactivity may be useful.

* Mimics identification of animal-based POD, i.e., a
threshold dose at which no effects are anticipated in the
animal models employed.

Is the task one where specific hazards need to be
considered?

* |dentification of NAMs that are fit-for-purpose regarding
the specific hazard may be needed. (how much uncertainty
can be tolerated?)

* Consideration of how to identify “selective” bioactivity
from specific NAMs, i.e. a “lead” bioactivity that precedes
other bioactivity types.

Retrospective
case study

Developmental
neurotoxicity of OPs
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Derivation of PODs from NAMs: IVIVE that
employs toxicokinetic extrapolation of dose

High-throughput toxicokinetic (HTTK) approaches make it possible to predict doses
corresponding to in vitro bioactivity for thousands of chemicals.
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in vitro data

Hepatic clearance from suspended hepatocytes
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Plasma protein binding

Led by John Wambaugh, Barbara Wetmore, and colleagues

Generic
toxicokinetic
models
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High throughput toxicokinetics (HTTK)

Some high-level assumptions:

(1) bioactive nominal in vitro assay

concentration ~ in vivo plasma
concentration that would correspond
to a similar effect;

external exposures (in mg/kg/day
units) that may have resulted in that
plasma concentration can be
constructed using estimates of
species-specific physiology and Phase |
and Phase Il enzyme-driven hepatic
clearance; and,

Often, we expect that plasma
concentration can be approximated by
steady-state kinetics (unless we have
enough information to use other dose
metrics). =



Many works apply HTTK to prioritization and
assessment case studies
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Part 1: A retrospective case study
with the Accelerating the Pace of

Chemical Risk Assessment (APCRA)
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Why is the retrospective case study important?

* Clear need to demonstrate in practical terms, for as many chemicals as
possible, how preliminary screening level risk assessment using a new
approach methodologies (NAM) based approach would perform when
compared to traditional approaches to deriving points-of-departure
(PODs).

 |llustrate the current state-of-the-science.

* Evaluate the specific strengths and weaknesses of rapid, screening level
risk assessment using NAMs.

* Approach: Take a retrospective look at the traditional and NAM data for as
many chemicals as possible (448 at the time).
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The big question:

~ See the orst for the trees

Can /n vitro bioactivity be used to derive
a conservative point-of-departure (POD)

for prioritization and screening level risk
assessment?



Case study workflow

ToxCast AC50s
(uM)

ASTAR HIPPTox
EC10s (uM)

A

Apply high-
throughput
toxicokinetics
(httk) to get
mg/kg/day

e

EPA - ToxValDB

EPA - ExpoCast

Health Canada

Bioactivity-exposure
ratio

POD,,,4 : PODy,\, ratio

Health Canada EFSA

Exposure

ECHA

Is log10-POD ratio > O for most chemicals?
Can we learn from log10-POD ratio < 0?

Is BER useful for prioritization?

Are there addressable weaknesses? © GOl A

NOAEL, or
LOAEL
* Oral exposures

* Mg/kg/day

Figure 1, Paul Friedman et al. 2019



Chemical

POD ratio >0

Triphenyltin hydroxide
Rhodamine 6G
Propoxycarbazone-sodium
Perfluorohexanoic acid
Penoxsulam

o :
Octylbicycloheptenedicarboximi
Octrizole

Naphthalene

Mifepristone

Maleic hydrazide

Flumetralin

Fenpyroximate (Z,E)

Disulfiram

Diflubenzuron

Diallyl phthalate

Coumarin

Clopyralid

Chloramben

Bispyribac-sodium
Bensulfuron-methyl

Aspirin

Anthracene

17.

3 2 4 0 1 2
log10 mg/kg-bw/day

Trifloxystrobin 4
Spirodiclofen 4
Reserpine -
Pyraclostrobin -
Propetamphos -
Piperonyl butoxide 4
Pentachlorophenol -
Novaluron 4
Nicotine 4
N,N-Diethylaniline -

N thglperf
N-Ethylperfluorooctanesulfonam 4
Metolachlor 4
Isoxaflutole 4
Fluazifop-butyl 4
Fenamidone -
Etoxazole -
Ethoxyquin -
ndrin 4
Docusate sodium 4
Diethylstilbestrol 4
Candoxatril 4
Zoxystrobin -
Acibenzolar-S-methyl 4
3‘-Azidc-3‘;deoxythymid§ne )

3 2 4 0o 1 2
log10 mg/kg-bw/day

Trichlorfon 4
Tribufos 4
Thiamethoxam 4
Tefluthrin q
Tebuthiuron -
Strychnine 4
Pymetrozine 4
Profenofos 4
p-Cresol 4

Oxamyl 4

Norflurazon -
Nitrobenzene
Mevinphos 4

Methyl parathion 4
Methamidophos -
Malaoxon -
Hexazinone 4
Heptachlor 4
Fosthiazate 4
Formetanate hydrochloride 4
Flufenacet -

Fenthion q
Fenamiphos -
Ethoprop 1

Diuron 4
Dimethylarsinic acid 4
Dimethoate 1
Dicrotophos -
Dichlorodiphenyitrichloroethane -
Dichlorodiphenyltrichloroethan 4
Dazomet 1
Daminozide 4
Codeine 4

400/448 chemicals =
89% of the time this

naive approach appears

conservative

POD ratio

<0

w
IS
3

4 3 2 41 0 1 2
log10 mg/kg-bw/day

© ExpoCast ® POD-NAM 4 maxAED = POD-traditional

Carboxin -
Carbosulfan 4
Carbendazim -
Carbaryl 4
Bromoxynil 4
Bisphenol A
Bendiocarb 4
Azinphos-methyl 4
Azamethiphos 4
Alachlor 1
Acephate
2,6-Dinitrotoluene 4
2,6-Dimethylphenol 4

3 2 4 0 1
log10 mg/kg-bw/day

48/448 chemicals =

11% where POD,,, > POD

traditional

PODyam
POD

(most of the time

traditiona

11
Figure 3, Paul Friedman et al. 2019



The log10-POD ratio distribution shows PODy, IS
generally conservative and adjustable.

o
%
3>

A 70 I POD .95 includes interindividual
60 - : : variability in the in vitro to in vivo
0. - extrapolation process to a greater
o : : extent and is more often a conservative
% 40 1 D POD-NAM type estimate of POD,,,itional -
2 30- - POD-NAM, 50 . oo .
= : : ! This should tl:lgger thinking rf:’gardmg
201 L uncertainty and uncertainty
1o factors/safety factors. In the NAM-
9] I based process, we have quantitatively
0- : ' informed uncertainty that can be
321012 3 4 56 7 8 included explicitly at multiple steps in
log10 POD-traditional:POD-NAM Ratio the screening assessment process.

log,,POD ratio is illustrated for the PODy,y,; o5 and the PODya 50

Using the more conservative (i.e., lower) PODyy, o5, 48 Of the 448 substances (10.7%) demonstrated a log,,POD
ratio < O (to the left of the solid vertical line), whereas 92 of the 448 substances (20.5%) demonstrated a log10-

POD ratio < 0 using the PODy so-

The medians of the log10-POD ratio distributions are indicated by dashed lines for PODyy g5 and PODyuy, 50 @S

2 and 1.2, respectively.
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Are there key drivers of examples where

POD ratio<0?
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© ExpoCast ® POD-NAM 4 max AED = POD-traditional

Trichlorfon 4

Tribufos 4
Thiamethoxam -
Tefluthrin A
Tebuthiuron
Strychnine
Pymetrozine -
Profenofos -

p-Cresol -

Oxamyl -

Norflurazon
Nitrobenzene -
Mevinphos -

Methyl parathion o
Methamidophos -
Malaoxon -
Hexazinone
Heptachlor
Fosthiazate
Formetanate hydrochloride A
Flufenacet

Fenthion
Fenamiphos
Ethoprop -

Diuron
Dimethylarsinic acid -
Dimethoate -
Dicrotophos
Dichlorodiphenyltrichloroethane -
Dichlorodiphenyltrichloroethan -
Dazomet
Daminozide -
Codeine
Clodinafop-propargyl 4
Chlorpyrifos
Carboxin
Carbosulfan
Carbendazim -
Carbaryl 4

Bromoxynil
Bisphenol A 1
Bendiocarb -
Azinphos-methyl -
Azamethiphos -
Alachlor 4

Acephate
2,6-Dinitrotoluene -
2,6-Dimethylphenol -
1,2-Dinitrobenzene -

3 =2 4 0o 1 2
log10 mg/kg-bw/day

POD,,,, : POD

traditional <0
Are some in vivo toxicity types

poorly captured by ToxCast?

Are some study types enriched in
this space, and difficult to predict
from bioactivity?
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2 EPA h When the log,,POD ratio < 0, was it driven by a

7 specific study type (as a surrogate for phenotypes)?
” o : : * No.
Condition Dev/Repro is min POD Dev/Repro is not min POD ) ,
10g10-POD rati0,95 < 0 B = * Basedona Fl'sher s exact test, V\{hen
log10-POD ratio,95 > 0 41 359 IOQIOPOD ratio <0. it was not driven by a
specific study type.
Condition Chronic is min POD Chronic is not min POD
log10-POD ratio,95 < 0 28 20
log10-POD ratio,95 > 0 244 156
Hypothesis Fisher’s exact test Caveats
results

Reproductive and/or * No Some ambiguity or error
developmental studies * p-value =0.98; expected in assigning study
over-represented when * odds-ratio =0.26 classes; preference given to:
POD ratio < 0? DNT, neuro, dev/repro, acute,
repeat, chronic (in that order)

Carcinogenicity or chronic [JEEE\[e! . . )
in the event of a min POD tie

studies over-represented * p-value =0.25;
when * odds-ratio=1.4
POD ratio < 0?

14



P When the log,,POD ratio < 0, was it driven by a specific chemical
\VEPA features?

* Yes

L B ase d on a F iS h er IS exact tes t, ChemoType Information Appearance of the ToxPrint Metrics ChemoType Information Appearance of the ToxPrint Metrics
chemical features associated with von
OrganOphOSphate pestiCideS and Label ToxPrint Total ra:gzo ra::;[io BA OR | p-value Label ToxPrint Total ra:;gzo rat';o > BA OR | p-value
carbamates are more likely to drive a

. < ] ) o ) P
/OQIOPOD ratio <0 phgsg:;':;?_; o 18 12 6 062 | 22 | 7.4E-09 bogr:::ri?— 5 4 1 054 | 36 | 0.00055
phz‘:;ﬁi‘:i—hio ‘. e 3 3 0 053 | NA | 0.0012 bocr;‘i;ji{;gt}:— 20 6 14 054 | 3.9 | 0014
b‘;r:::r::— i 27 13 14 062 | 10 | B5E7 |, o e 53 15 38 061 | 43 | 0.00011

using the ChemoType Enrichment beta workflow,
Ann Richard and Ryan Lougee, EPA-ORD-NCCT 15



P

So, we have a sense that a NAM-based POD can be
protective of an /n vivoPOD, especially in concert
with structure-based strategies like threshold of
toxicological concern (TTC). How would
prioritization work?



o EPA The bioactivity:exposure ratio (BER) provides a way of prioritizing
\ Y 4 substances for further review.
A : :
oo | « Make choices based on tolerable
0:50_ : uncertainty (i.e., based on use case).
0.901 « BERyg used 95" percentile from the
0.20- | credible interval to predict median total
g US population exposure (ExpoCast
§°-1° | bR os somme SEEM2);BER,, the 50t percentile.
F o | T ooee« BERgsand BERg, values were calculated
£ More conservative Less conservative SER 50 o5 il as the “95%-ile” and “50t%-ile,” using
g ________________________ T AT T T T T T T T the PODyawm 05 and PODyawm 50
© I respectively.
0.01- I
| BER,. , 95" percentile did not prioritize an
| unreasonable number of substances; the

5 4 3 2 4 0 1 3 3 4 5 & 7 & 5 1
Bioactivity-to-Exposure Ratio (BER) BER selected r Ef lects the level Of
conservatism and uncertainty considered
within a screening assessment.
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wEPA Conclusions and limitations

* An approach to using in vitro bioactivity data as a POD appears to
be a conservative estimate ~ 90% of the time for 448 chemicals.

* POD,,\ estimates appear conservative with a margin of ~100-fold.
e PODy,\ May provide a refinement of a TTC approach.

* When combined with high-throughput exposure estimates, this
approach provides a reasonable basis for risk-based prioritization
and screening level risk assessments.

» Specific types of chemicals may be currently outside the domain of
applicability due to assay limitations, e.g., organophosphate
insecticides: how do we identify these in the future?

* This is the largest retrospective look at this to-date; but what if new
chemicals perform differently? What will be the prospective
approach?

S ;
- L k - =
X Wl o
e 2 - e
1
b - d
3 :E';,

e Additional research to include expanded and improved high-
throughput toxicokinetics and in vitro disposition kinetics may help
improve POD,,,, estimates.

T CRISED LR Lo e g, fE A =
THERE IS AFOREST IN THERE
o E .':=' N - .." ':-lr IR N -.':E‘_".?J,'E.. =K 2 s =" H- o
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S EPA Part 2: Work-in-progress for a

prospective case study with
APCRA using NAMs as they
develop in real-time

-\(
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The following work is in progress and unpublished
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2 EPA NAMs available for hazard (and toxicokinetics and
7 exposure) are evolving rapidly

Thomas et al. 2019 further evolves a tiered
screening strategy that adds in broader p l

Multiple cell types
+/- metabolic competence

J rert )

and Froperties High Content Assay(s)

| I
! '

| No Defined Biological J Defined Biological Target J

biological coverage.

Chemical Structure J \ Broad Coverage,
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e N\
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Establishing
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. vy
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Outreach &

Training = & Variability ' | l
[=:
E In Vitro Organotypic Assays and Identify Likely Tissue,
® Assays for other KEs Microphysiological Organ, or Organism Effect
S and Systems Modeling Systems and Susceptible Populations
Q
£ & 4
U v A r
Estimate Point-of-Departure Estimate Point-of-Departure Estimate Point-of-Departure
Based on Biological Pathway or Based on AOP Based on Likely Tissue- or
Cellular Phenotype Perturbation Organ-level Effect without AOP

Software &
IT Tools

Figure 2. Tiered testing framework for hazard chamacterization. Tier 1 uses both chemical structure and broad coverage, high content assays across multiple cell types
for comprehensively evaluating the potential effects of chemicals and grouping them based on similarity in potential hazards. For chemicals from Tier 1 withouta de-
fined biological target / pathway, a quantitative point-of -departure for hazard is estimated based on the absence of biclogical pathway or cellular phenotype perturba-
tion. Chemicals from Tier 1 with a predicted biological target or pathway are evaluated Tier 2 using targeted follow-up assays. In Tier 3, the likely tissue, organ, ar
organism-level effects are considered based on either existing adverse outcome pathways (AOP) or more complex culture systems. Quantitative points-of-departure
for hazard are estimated based on the AOP orresponses in the complex culture system.



o EPA Tier 1 becomes a broad-based screening that segues to Tier 2
s (targeted screening).
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Goals of the prospective case study

Question
Can an in vitro assay battery be used to derive a (health protective) (PODynm) @and
qualitative comparable with the outcome from in vivo repeat dose toxicity (RDT) studies used

in traditional hazard assessment?

Goals

* |dentify a portable and scalable combination of NAMs that provides a robust and health protective
estimate of the POD for repeat dose toxicities studies and mechanistically-based hazard flags for
important health endpoints

* A number of chemicals overlap with the retrospective case study and can be used to evaluate the
PODyam

e Using the NAM battery, assess a set of chemicals derived from multiple national inventories that have
limited/unclear toxicological data and significant potential exposure.

* Inform the further development needs for NAMs:

* For screening, prioritization, and first tier assessments
* For conclusive hazard characterization/assessment and risk management
* To assess chemicals in an international context



<EPA

APCRA Prospective Case Study Tier 1 Outline

Phase 1: Derivation of POD,,,

Toxicodynamic NAMs
* HTPP

* HTTR

* Targeted assays

Toxicokinetic NAMs

* Assays

* |VIVE modeling

* Disposition modeling

Is there a combination

NAMs and a dose metric

(Css/ Cmax' Cave) that

provide:

* More robust POD* for
Category 3 substances

* Portable and scalable
solution for large
numbers of chemicals

* Consider subsets of the

NAMs available

Flag substances with >1000
days to steady state

Phase 2: BER and Hazard Flag Priority

Flag substances where exposure
may be “high” or a driver

No

*Defined as health
protective, but better
overall alignment of
POD nam an d POD Traditional

Use existing ToxCast and
Css approach to estimate
POD,,, for Category 1/2
substances

Yes

Use improved combination
of NAMs and dose metric to
estimate POD,,,, for all
substances

[

BER < 10,000

POD < 1 mg/kg
AND/OR Hazard

flags

A 4
Substances for further
consideration

Are there existing repeat
dose toxicity studies?

Yes

No

A 4

|

Identify existing data gaps
for subsequent targeted
problem formulation

Consider for
further in vivo
studies (5-day rat
or subchronic
bioassays)
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wEPA Global BER and hazard flags

Phase 2a: Global Bioactivity:Exposure Ratio and POD,,,, Phaselzbilbazard flaggingland selectvity

Cutoff
SEEM3 exposures . . Y-
! P Global POD,,,,, estimates ER activity: in silico or in vitro * Note that in silico
estimates consensus QSAR models
AED,, are qualitative
AR activity: in silico or in vitro
AED,,
Developmental hazard flag
Immune response flag
AED,,
Acute neurotoxicity flag

AED,,

At this point in the analysis,
we will look for the potency
Targeted of bioactivities relevant to
typical 90-day studies and
" potency of bioactivities that
Targeted HTS assay subset may be more targeted (part o————©

Hazards of interest
may not drive
minimum POD, 4,

1

of considering POD,,,,, as an 2 1 hazards of interest may
alternative for 90-day o————0 overlap with a lower bound
studies) o————o©0 estimate of PODy,,,

Dose or Concentration Units 24
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Draft look at subset of hazard flags and BER
calculations
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wEPA Phenotypic Screening for DNT Hazard

Assays should allow quantitative measurements of key neurodevelopmental events in vitro
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Key Neurodevelopmental Events
(High Content Imaging)

Network Formation
(Multi-Electrode Array)

ZF behavior coming soon

but not in this work
28




One of several charge questions addressed

derivation of PODs

“In order to compare the relative
sensitivity of the MEA NFA and HCI
assay results to doses that inhibit
acetylcholinesterase in laboratory
animals, in vitro to in vivo
extrapolation (or IVIVE) approaches
were used to approximate NAM
administered equivalent doses for a
subset of organophosphate
pesticides. Please comment on the
strengths and limitations of this
comparison and whether there are
alternative approaches for this
evaluation.”

* Underscore the reproducibility of
the DNT NAM assays.

* Describe the differential
performance of OPs in the DNT
NAM assays that are currently
available.

* Demonstrate an IVIVE approach to
derive doses for comparison to
BMD and BMDL values based on
rat AChE inhibition.



<EPA NFA activity types

Color Key
m_[—_l Oxon structure Activity Type
1 e Cytotoxicity
6226 0 @ General
Value e Byrsting
L -

Network Connectivity

[ [ [ [ [ [] HEN [ ] Terbufos_TT0000177E01
[ [ T T [ 1] HEN [ Malathion_TT0000177D02
[ I T T[] HEN ] Chilorpyrifos_EX000384
L [T ] ] HEN [ ] Naled_TT0000177E03
HEEEEN HEN | | Tebupirimfos_TT0000177C02
[ T T T 111 HEN [ Pirimiphos-methyl_TT0000177D03
H EEEE i [ ] Chlorpyrifos_TT0000177E02
HEEEEEE HEE 1 | Bensulide_TT0000177A03
HEE N L 11 | Coumaphos_TT0000177A02
[ T 11 HEN ] Chilorethoxyfos_TT0000177G03
EEEEN HEE H Tribufos_TT0000177F03
[ [T ] ] HEN HE Trichlorfon_TT0000177F01
HEEEEN HEE HEN Phorate_TT0000177F02
[ T [T 11 H N [ [ | Diazinon_TT0000177H01
[T 1] N [ T [ 1| Malathion_EPAPLT0167G08
| | | [ [ | HEN HEE Dimethoate_TT0000177H02
| | | [ [ | HEN HEE [ | Phosmet_TT0000177C03
[ [ | HEN HEN Ethoprop_TT0000177D01
[ | | HEE [ | | [ | Chlorpyrifos oxon_EX000378
H HEE Z-Tetrachlorvinphos_TT0000177B0
HE HEE Trichlorfon_EPAPLT0170D03
| ] HE HEE Dimethoate_EPAPLT0167G06

Malaoxon_TT0000177B03
Methamidophos_TT0000177B02
[ ] Diazoxon_TT0000177G01
[ ] | Diazinon_EPAPLT0170D06
| [ ] Acephate_EPAPLT0167A01

Dicrotophos_TT0000177H03

Dichlorvos_TT0000177C01

||
| ] Fosthiazate_TT0000177B04
[ |
[ |

| ] Profenofos_TT0000177A01
Omethoate_TT0000177C04
Methamidophos_EPAPLT0167A08

Chlorpyrifos oxon_T 10000177G02
Acephate_TT0000177A04

LS T TR FLRETE LT AT FTFTFTLTLET LSRRI LLRLAA LR IELR R

& &
& 'b‘\/(@\/ %Q/Q?(\/@\Q,/o\z\/coﬂl PR ‘}g/\?g/&(v &7 S N S & 507 o 7 c\,g/ SRS R S S S S
RS VST FE L FEEFLE o € L@@ F e € TS
> & A &’ SR NCIN & . s ST R S S
PN SIPOIR & @S IRV O G VIR VIR DI 2P P o > e & &
& B A & R ¢ N _‘a/,&e/.*z/y{b & &€ o @ & SR *"W"’Wb\’@ &8 &
N )
S SE FOF@ S LY L EEFEE PTG
NI & & eip"/o@‘/.@/é}" N & g & & & S S 0\9\;@\"/ Yo & & &E
RO e & O @ & K F > K. NI ANANCIY) o ¢
& &L v s > N7 L P’ & & I T O 2.2
SN $°7 R E gl S TF S 7R Tl T FE o®
%4 S N S T ° <& ARV S £
& & & & P & e &
50 ® < 50
& & & &
& ¢

Like the assay controls, some OPs decrease MEA

* Top active cluster of OPs contains oxon
and non-oxon structures.

* These OPs, like the assay performance
controls, appear to generally decrease all
activity types and most assay endpoints.

e Cytotoxicity and activity occur within a
narrow concentration range.

* Bottom cluster with minimal actives
appears somewhat driven by cytotoxicity
in the LDH assay.

Conclusion: while not all OPs are active in the MEA
NFA, those that are active appear to behave much like
the assay performance controls that inhibit NOG

and/or synaptogenesis. -
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Color Key

Oxon structure
1

Activity Type
NOG initiation, rat
NOG initiation, hN2

Apoptosis/viability, hNP1
Proliferation, hNP1

Synaptogenesis/maturation, rat

Diazoxon_TT0000177G01
Acephate_EPAPLT0167A01
Dicrotophos_TT0000177H03
Fosthiazate_TT0000177B04
Malaoxon_TT0000177B03
Profenofos_TT0000177A01
Tebupirimfos_TT0000177C02
Omethoate_TT0000177C04
Methamidophos_EPAPLT0167A08
Ethoprop_TT0000177D01
Dichlorvos_TT0000177C01
Diazinon EPAPLT0170D06

Chlorpyrifos oxon_EX000378
Phosmet_TT0000177C03
Phorate_TT0000177F02
Dimethoate_EPAPLT0167G06
Trichlorfon EPAPLT0170D03

Chlorethoxyfos_TT0000177G03
Tribufos_TT0000177F03
Naled_TT0000177E03
Terbufos_TT0000177E01

Pirimiphos-methyl_TT0000177D03
Chlorpyrifos_EX000384
Malathion_EPAPLT0167G08
Coumaphos_TT0000177A02

Z-Tetrachlorvinphos_TT0000177B01 4

Bensulide_TT0000177A03

OPs demonstrate differential responses in the
HCI assays.

Cluster 1: negative or with effects in 1-3
endpoints.

Cluster 2: effects on five or more assay
endpoints

Cluster 3: OP samples with effects on all HCI
assay activity types except for NOG initiation
in hN2 cells

Cluster 4: widespread effects across activity

types

31



S EPA For some OPs, the minimum DNT-NAM AC50 < an
7 estimate of bioactivity from the rest of ToxCast.

B 5th-%ile ToxCast ACS0  #  Min DNT-MAM ACS0 Burst
] . Chlorpyrifos . L —[I:I— 142 1003
DNT-NAM battery may provide a more potent estimate of Acephate | e = [IF 811200
. o o . . . Dichl b L ] - | |—

bioactivity for substances with minimum DNT-NAM AC50 e e o gl
< 5t percentile of filtered ToxCast AC50 values: Terbufos 1 . {11 7911280
Maled -—_| | |_ 205 £ 1196

* Chlorpyrifos and chlorpyrifos oxon Phosmet - e { [}— 5711305

Diazoxon L4 L —EI:I— 14 1957

= Acephate Ethoprop 1 e [ }— 431970

* Dichlorvos Omethoate - - e 31407
Fosthiazate —a—{ T} 407934

* Terbufos Tribufos - . [ o[ 11911181

i 8 Chlorethoxyfos | n—p [ 741949

* D|aZOX0n % Dicrotophos 1 = 11 » 7927

® Methamldophos & Chlorpyrifos axon . [ T — 178 £ 982
Profenofos +|::|— 92 1998

Pirimiphos-methyl q —= 0| 106 f 992

. . Malaoxon - I—:D— 41 11245

Suggests that the DNT-NAM battery, in covering S—— . 0 L
some new biology not previously in ToxCast, may Diazinen { " o 11 8911472

. . _— . Tebupirimfos 4 u |0 135 7946
yield bioactivity threshold concentrations lower Z-Tetrachloninphos | - 1] -

. [l [ i 7

than what is already available for some I - - b

oumaphos —'—E:I— 206 [ 1509

neuroactive substances in ToxCast. Dimethoate . — 4 — 2311228
Bensulide " [ ] }F— 41212148

Trichlorfon u - | 99 [ 1390

4 3 2 4 0 ] 2 3 H 5 32
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S EPA Simplifying assumptions for the HTTK approach
i employed here using httk R package

* 100% bioavailability (all of an oral dose is received by the liver through the portal vein);

* No extrahepatic metabolism: the liver is the only source of chemical clearance from the body by metabolism;

* Hepatic metabolism is first order (proportional to concentration) and does not saturate;

* Renal clearance is proportional to fraction unbound in plasma and glomerular filtration rate (i.e., no active
transport); and,

* No biliary excretion or enterohepatic recirculation occurs.

With these assumptions, HTTK models have demonstrated reasonable accuracy in predicting
relevant TK endpoints, for example plasma concentrations over time (AUC) (R? = 0.62) and

maximum plasma concentrations (Cmax) (R? = 0.48) (Wambaugh et al., 2018).

AED values in mg/kg/day units were calculated using the following equation (Eqg. 2):

mg
mg _kg
k da
Eq.2: AEDc, (ﬁ) = ACso(uUM) * Css:(,

Where the Css (steady-state concentration) values for the median individual based on Monte Carlo
simulation of species-specific physiological parameters (Css.,) (Pearce et al. 2017) were generated

using the 3-compartment steady state model. -
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Overarching conclusions for application of
DNT-NAMs

* MEA NFA and HCI assay suite recapitulates key cellular events and processes
relevant to DNT, as demonstrated through the use of appropriate assay
performance controls;

 the DNT-NAMs presented here represent a major milestone for in vitro fit-for-
purpose identification of putative DNT-related hazard, though additional
methods may be available in the future;

* the MEA NFA and HCI assay suite demonstrates reproducibility in terms of
positive responses and potency of these responses;

* the 27 OP chemicals in this set are differentially active in the MEA NFA and HCI
assay suite; and,

 application of IVIVE approaches for the in vitro bioactivity observed in these
DNT-NAMs results in AED., values that are greater than or in some cases
approximate the doses that inhibit AChE in vivo.



wEPA Employing NAMs for derivation of PODs

EPA New Approach Methods Work Plan:
Reducing Use of Animals in Chemical Testing &

https://www.epa.gov/chemical-research/epa-new-approach-methods-work-plan-reducing-use-animals-chemical-testing L September 10, 2019

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

THE ADMINISTRATOR

MEMORANDUM

SUBJECT:  Directive to Prioritize Efforts to Reduce gnimal Festing
A y;
FROM: Andrew R. Wheeler M} )

Administrator

TO: Associate Deputy Administrator

General Counsel
Assistant Administrators
Inspector General
Chief Financial Officer
' Chief of Staff
. Associate Administrators

Regional Administrators

During my March 2019 all-hands address, | reiterated the U.S. Environmental Protection
Agency’s commitment to move away from animal testing. We are already making significant
efforts to reduce, replace and refine our animal testing requirements under both statutory and
strategic directives. For example, the Toxic Substances Control Act, amended June 22, 2016, by

Engage and

Evaluate Develop Establish Develop NAMs

regulatory
flexibility for
accommodating

baselines and
metrics for
assessing

scientific
confidence and
demonstrate

that fill critical
information
Hrj[_l‘_t

communicate
with
stakeholders

the Frank R. Lautenberg Chemical Safety for the 21* Century Act, requires the EPA 1o reduce
reliance on animal testing. Also, Objective 3.3 of the FY 2018-2022 U.S. EPA Strategic Plan
outlines a commitment to further reduce the reliance on animal testing within five years. More
than 200,000 laboratory animals have been saved in recent years as a result of these collective
efforts.

Scientific advancements exist today that allow us to better predict potential hazards for risk
assessment purposes without the use of traditional methods that rely on animal testing. These new
approach methods (NAMs), include any technologies, methodologies, approaches or combinations
thereof that can be used 1o provide information on chemical hazard and potential human exposure
that can avoid or significantly reduce the use of testing imals. The benefits of NAMs are
extensive, not only allowing us to decrease animals us potentially evaluating more
chemicals across a broader range of potential biological effects, but in a shorter timeframe with
fewer resources while often achieving equal or greater biological predictivity than current animal

1ol

https://www.epa.gov/research/administrator-memo-prioritizing-
efforts-reduce-animal-testing-september-10-2019

NAMSs progress application

* How much uncertainty can be tolerated?

e Can BER be informative for the problem?

* Are there specific hazards of interest?

* How should toxicokinetic modeling be tuned?

There is a lot more work to do, and case studies will help
build confidence and identify gaps to fill. -
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Summary of the AED50 to BMD/BMDL
comparison

P

Chemicals with AED50 Chemicals with lowest Chemicals with lowest AED50 approaching BMD/BMDL Missing in vitro data for
values >>> BMD/BMDL AED50 within 1 log10 comparator comparison
comparator order of magnitude of

BMD/BMDL comparator

Rat/HuRat  Coumaphos, diazoxon, acephate, bensulide, lower quartile of huRat AED., values for dimethoate and Malaoxon was negative

dicrotophos, ethoprop, chlorpyrifos, chlorpyrifos methamidophos (these AED, values appear to have in all assays.
fosthiazate, omethoate oxon, diazinon, included selective assay endpoints). The huRat AED., value

dimethoate, malathion, for dichlorvos (only one positive rat assay endpoint)

methamidophos, and overlaps with the BMDL10 value, and it was not based on

phorate selective bioactivity in the DNT-NAM battery. The lowest

huRat AED., values (selective) for malathion also approach
the BMD/BMDL10 values.

Human bensulide, chlorpyrifos, For dichlorvos, only two AED., values are available for Acephate, diazoxon,
chlorpyrifos oxon, comparison, and these values are centered around the dicrotophos, ethoprop,
coumaphos, diazinon, BMD10/10 and BMDL10/10 values. Neither of these AED,, fosthiazate, omethoate,
dimethoate, malathion, values appear selective because the bioactivity was phorate, profenofos,
methamidophos, observed in assay endpoints relevant to cell viability. and tebupirimfos had
phosmet, pirimiphos- Similarly, for terbufos, only 3 human AED., values are positive rat assay data
methyl, tribufos, and available for comparison, and the lowest one of these but lacked positive
trichlorfon values approaches the BMD10/10 value. This lowest AED,, responses in the human

value for terbufos does not appear selective because it is cell-based assays.
derived from a cell viability related assay endpoint (object = Malaoxon was negative
count in the HCI hNP1 proliferation assay endpoint). in all assays. 39



a Selecting an HTTK model: 3 compartment steady state
EPA model

ﬂ 3-compartment steady PBTK « Only 6/27 OP insecticides discussed in this Issue Paper
: - Stte 3compss . have sufficient rat-specific (fraction unbound in plasma
Chemical-specific Clint only Clint, Fup, logP, pKa and hepatic intrinsic clearance) to inform HTTK PBTK
parameters models

Model inputs A single oral dose A single oral dose

Model outputs Steady-state blood Time course of blood y Becayse the fraction UI.'Ibound in plasma (Fup) assay fails
concentrations concentrations; estimate for highly bound chemicals (Wambaugh et al., 2015),
Cmax, AUC (24 hr), Cmean the steady state model is advantageous because it can

be used with the assumption that plasma protein

(AUC/time) from time course - oo hy o )
binding is simply “small,” i.e., typically 0.5% (Wetmore

simulations
Human interindividual Human physiological parameters (first order hepatic etal., 2012)
variability metabolic clearance; plasma protein binding; liver volume,
blood flow, and cell density; and glomerular filtration rate) To provide the most complete view of a potency
can be varied in a Monte Carlo simulation to estimate the comparison between AEDs based on DNT-NAMs
dose required to achieve equivalent blood concentrations and BMD10 and BMDL10 values based on
for the most to.leaf’t sensitive individuals. In this lssue observations of in vivo rat AChE inhibition, and to
Paper, the median individual is used.
Rat interindividual Rat physiological parameters (rat liver volume and present an approach that would require the
variability glomerular filtration rate) can be varied in a Monte Carlo minimum amount of data using the simplest
simulation to estimate the dose required to achieve modeling approach, AED values in this Issue Paper

equivalent blood concentrations for the most to least
sensitive individuals. In this Issue Paper, the median
individual is used.

were calculated using the 3-compartment steady
state model.
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* In the absence of hepatic clearance values from rat_heFatocytes, rat liver microsomes, or rat liver Phase | enzymes,
would the use of human hepatocyte-derived hepatic c

To address more of the OPs, we used the

“huRat”

1e+03 q

1e+01 4
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Rat PBTK C,ax & Rat In vitro Data (uM)

1601 16401
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Supplemental Appendix Figure 2
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® IsOP

arance values be a reasonable substitute?

* In addition to comparing rat-derived AED., values to BMD10 and BMDL10 values from rat studies, we also
compared AED values from the “humanized-rat” or the huRat, which used human HTTK data in a model
parameterized with rat physiology, to BMD10 and BMDL10 values from rat studies.
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Comparing HTTK to PBPK-PD models

* Physiologically-based pharmacokinetic (PBPK)-pharmacodynamic (PD)
models were available for: dimethoate, omethoate, and malathion based
on a chlorpyrifos model that is no longer available.

* Though the HTTK model employed and the PBPK-PD models all assumed
100% bioavailability, the HTTK model accounts for hepatic Clint whereas
PBPK-PD models incorporate additional metabolism sites in plasma, brain,

and kidneys.
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* Dimethoate and omethoate: PBPK-AED values using plasma and brain AUC
were more than two orders of magnitude greater than the HTTK-derived

AEDs

* Malathion, the PBPK-AED values were similar to the range of HTTK-derived

AEDc, values for rat

IVIVE Approach

HTTK may provide more rapid results that are similar
to or more conservative than PBPK-PD models
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