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If we recognize that

(1) Mutation is a Relevant Toxicological Endpoint;
(2) Dose-response Patterns for Genotoxic Substances are
Distinctly Non-linear (“Thresholded”)

Wouldn’t it make sense to develop quantitative methods to
calculate dose-response Reference Points (PoD) that can be
used to determine human exposure limits, and/or Margin of
Exposure (MOE) values (i.e., HBGVs), that can in turn be used
for risk assessment and regulatory decision-making?
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Response

Experimental Data

A Mean response

I . .
Uncertainty in mean
response

Model Interpolation

_/ Best fitting curve

__7 Plausible dose-response descriptions

Confidence interval determination

BMR — defined response increase relative
to negative control: e.g. 1SD or 10%
greater than negative control

Dose

Confidence interval = UNCERTAINTY surrounding the true BMD:
e.g. in the dose that causes a response 10% greater than negative control



Conceptual Framework

Genotoxic
activity

Spor;;atlgeous | >
| Concentration In vitro/in vivo
|

Uncertainty and safety factors
<+ (interspecies, intraspecies, study duration, etc.)

ﬁ

Higher risk for

No or negligible ris

*Assumption: At low doses cellular protection mechanisms are
efficient and not saturated; response indistinguishable from

spontaneous/background.
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Adapted from a figure developed by Veronique Thybaud.



Use of Genetic Toxicity BMDs for
Calculation of Health-based Guidance
Values (HBGVs), i.e., human exposure limit
values such as TDI, ADI, RfD, OEL, PDE

The Benzo[a]pyrene Case Study




1 Uncertainty Factors (UF)
Average human to sensitive human

8 BN Animal to human

§ [ LOAEL to NOAEL

2 Short-term to long-term

é Database insufficiency

2

2

e

Q.
NOAELs
or BMDs

0.1 4

)

HBGY <~

Dose rate [mg/itg-day]
. 1
—Uncertainty—|

UF, — Animal to Human, UF, — Inter-individual human,
UF, — Absence of NOAEL, UF, — study duration, UF, — Database insufficiency

HBGV (Health-based Guidance Value) — TDI, ADI, RfD, PDE, OEL

Source: Dankovic et al. (2015) J Occup Environ Hyg 12:S55-S68. e [ADA S



Low-Dose In Vivo Mutagenicity of EMS

MutaMouse 28-day oral

101
9 + EMS Genotoxicity in vivo, dose based comparison
§f —4— bone marrow, gene mutation Tx
- 8 I —@— liver, gene mutation [
8 ° 75 —aA— Gl tract; gene mutation
% ‘c" ¥ —¥—bone marrow; micronucleus }
%X e _ T| « » o_ _
¢ v 5+ “Safety factor” = 25/0.055 =454 |
s . :
554 T
O) g— 3 ¥ | max. human dose
I | (0.055 mg/kg/day)
2- M

0.01 0.1 1 10 100
daily dose (mg/kg/day)

Source: Gocke and Muller, Mutat Res 678:101-107, 2009

0

1000
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Calculation of an “Exposure Limit” for
Regulatory Decision-making (e.g., the PDE)

PDE (Permissible Daily Exposure)- detailed in ICH Harmonised Guideline Q3C(R5)
“acceptable amounts of residual solvents and other impurities in pharmaceuticals”
(conceptually similar to ADI, TDI)

Safety factors, Modifying factors, Uncertainty factors

F1: Extrapolation between species (2-12 allometric scaling)

F2: Interindividual variability (10 humans)

F3: Study duration (1= =half lifetime, 10=short)
F4: Severe toxicity (10 genotoxic)

F5: Variable factor (NOEL =1, only LOEL reached = 10)

PDE = NOEL x Weight Adjustment/
FI1xXF2xF3xF4xF5

From G. Johnson, based on info provided Andreas Zeller (Roche).



Muta™Mouse TGR lacZ assay Gl Tract results (i.e., small intestine) used to
determine “Safety Factor” and PDE (Permitted Daily Exposure).

Gocke et al., 2009. Tox Lett. 678:101-107.

EMS In Vivo Genetic Toxicity (Muta™Mouse, 4 week, oral)

« NOGEL,;, se Gl Tract/Maximum Human Exposure (Viracept®) =

25 mg/kg / 0.055 mg/kg = 454-fold safety factor

« NOGEL Gl tract = 25 mg/kg

mouse

mg
2 kXN _ 104 uglperson/d = 2.1 pglkg/d

PDE = 12 x10 x10 x10 x1
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Muta™Mouse - Benzo[a]pyrene 28-Day Repeat Dose Oral

-

MutaMouse 2-day Blood for MN
— analysis (RETSs,

sampling
/w time NCES)
3-day Tissues for lacZ

sampling = analysis (BM, Lv, SI,

28- day repeat-dose exposures time GS)

\ (oral gavage) /
» Endpoints examined

» lacZ mutations in SI, GS, BM, Liv, Lung, Kid, Spleen

> Micronuclei and Pig-a mutations in peripheral blood.

» DNA adducts in selected tissues (SI, BM, GS, Liv, Lung).

» Serum chemistry and hepatic enzyme profile.

» Immunohistochemical analyses (e.g., Ki-67, Caspase IIT).

Long et al., 2017. Benchmark dose analyses of multiple genetic toxicity endpoints permit robust, cross-tissue comparisons of MutaMouse HEALTH CANADA > 11
responses to orally delivered benzo[a]pyrene. Arch Toxicol., in press


http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjG_KjgiZzPAhXC7YMKHZsdC3UQjRwIBw&url=http://beerandwinejournal.com/beer-marinade/&psig=AFQjCNGaWMijFu-PHdwPivVTCgUehy4TFA&ust=1474396668412021

LacZ Mutant Frequency Dose-Response Analysis
BMD Combined Covariate Method in PROAST, BMR=10%

Exponential model
Expon. m5-abv

vergon: 652
o loglik -3017
MegaBaP Experiment b | o
‘—‘. nraa 7
= 4 28-day repeat-dose oral, 4 | nebb 7
o nrec 1

10 doses plus control, , | s 4

. var-BM 0215
9 Tissues a-BM 284
CED-BM 0387
o 191
d- 168
CES 01
CEDL-BEM 02309
CEDU-BEM 0479
CEDL-GS 0984
CEDU-GS 151
CEDL-Kd 389
CEDU-Kd 577
CEDL-Lg 188
CEDU-Lg 245
CEDL-Lv 1981
CEDU-Lv 2897
CEDL-S1 0148
CEDU-SI 0221
CEDL-Sp 0502
CEDU-Sp 0784
conv: 1
=caling factor on x: 1
diype : 1

covariabe : Tissue

25
1

20
1

log10-MF
10

05




MutaMouse MegaBaP Study — Tissue Comparisons

10-dose plus control, 7 animals per dose-group, 7 tissues

Ali Long
Health Canada

Log BMD,, (mg/kg/day)

-0.5 0.0

0.5

sl

EM

GS

Lw

BMD,, values across
tissues vary ~1.5
orders of magnitude

Which value is
appropriate for
human health risk
assessment and
calculation of HBGV
(MOE, PDE etc.)?

13



Determining Human Exposure Limits for BaP Based
on Muta™Mouse In Vivo Mutagenicity Study

* Lowest BMD,, (small intestine) — 0.26 mg/kg/day
BMDL,, = 0.20, BMDU,, 0.34

 Allometric Scaling Factor (FDA, 2005) = 0.081 for mouse
* Human-equivalent dose, assuming 60kg = 0.97 — 1.65 mg/person/day

 Additional Uncertainty/Adjustment Factors OO
= 10 interindividual x 10 study duration
x 10 Effect Severity = 1000

* Could be argued that it should be, for example, ~300

Benzo[a]pyene
* Tolerable Daily Intake Estimate = 0.97 — 1.65 pg/person/day

» USA Dietary Intake for BaP (IARC Monograph 92, etc., 5 studies) =
*0.04 — 2.8 ug/person/day (Geom. Mean = 0.29 pg/person/day)

* MOE Limits (BMDL/upper DI to BMDU/lower DI) = 4,261 — 508,955

Long et al., 2017. Benchmark dose analyses of multiple genetic toxicity endpoints permit robust, cross-tissue comparisons of MutaMouse
responses to orally delivered benzo[a]pyrene. Arch Toxicol., in press



Benzo[a]pyrene MOE Values Calculated Using BMD,,
(10% Above Study Control)

100,000,000

10,000,000 m

e | Highest MOE/Lowest MOE = 2880-fold
S wo | Highest BMDU/Lowest BMDL = 41.4-fold
= Highest DI/Lowest DI = 69.7-fold

10,000

® Gmean Intake
®Lower Limit

Upper Limit
1,000
A O Q S > S K o R O A
\*Qg/ w\& e‘z’q’ 900 ee’{‘ 2 090\, & ® 0& 0&
) ) o o> QO“ @0" Q° Nl @0" O S
> \'bé & & N N & Q R

é&"b Q\) Q\) Q\) é\} é\) é“




Comparison with MOE Values Based
on Cancer BMDL,, Values

aforSas 0
X1

B.ATH4
0.7
1.5378
BMD-L e H T @PIT
hH BMD-LonMor 130338
- BAD-Tonlioe 52788
= & TS
Leid o

MOE Limits Based on MutaMouse
Small Intestine Results
Lower Limit MOE = 4,261
Upper Limit MOE = 508,955

Regulatory Decision Based on In Vivo
Genetic Toxicity Results Would be More
Conservative

D A

0.0 08 10
Log10.dose{mg/kg/day)

BMD analysis courtesy of George Johnson, Swansea University College of Medicine

Data from Gold Carcinogenic Potency
database (CPDB)

Log logistic modelling with BMR = 10%
extra risk

BMD-Covariate (PROAST) modelling
across tissues

MOE based on Forestomach (most
sensitive tissue)

BMDL,, sqc = 0.69 mg/kg/day
BMDU,, sqc = 1.41 mg/kg/day
Lower limit MOE = 12,321
Upper limit MOE = 1,762,500
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Routine Use of Genetic Toxicity
BMDs for Human Health Risk
Assessment (HHRA)

Two Tough Nuts to Crack!

1. Definition of Endpoint-specific CES Values.
2. ldentification of Suitable UFs.




Approaches for Selecting a Benchmark
Response (BMR)

1. Percentage increase relative to control group mean (BMD,,)

2. Control group mean plus one control group standard deviation
(BMD¢p).

3. Other approaches (e.g., Zeller et al., 2017; Slob, 2016).

Percentage increase — well-suited for comparisons across
compounds or other covariates.

* Choice of BMR percentage is unimportant since comparisons
across covariates (e.g., compound, cell type, sampling time, etc.)

remain stable across different BMR percentages.



Response

Scrutiny of the Study-specific BMD,, Approach

Compound X - ‘high quality’ DR data

Compound X - ‘Poorer quality’ DR data

Doubled control-group SD size

Experimental data

o Response
(per replicate, n = 5)

H Mean + 1SD

Model interpolation
__/ Bestfitting curves

" Plausible dose-response curves

= (Confidence interval determinations

o
o
o
o
D

BM
\ 4

Compound X

Dose

Response

Experimental data Model interpolation
© Response Best fitting curves
(per replicate, n = 3) ‘/ 9
.-~ Plausible dose-response curves
H Mean 1D = Confidence interval determinations

BMD

N -
(o]

Compound X Dose

Dangerous precedent - poor dose-response data

yields a less conservative (i.e., larger) BMD
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Table 1 Formulas used to estimate CES

Nr Name Formula Data
| CESISDy; 4y Irsd Mean and SD of the concurrent study
2 CESISD,, Thetsdye Mean and SD of all historical control (hc) data in a lab
i-hc
Arch Toxicol (2017) 91:3799-3807 @ CrossMark ’
https://doi.org/10.1007/500204-017-2037-3

REGULATORY TOXICOLOGY

An appraisal of critical effect sizes for the benchmark dose
approach to assess dose-response relationships in genetic

toxicology
Andreas Zeller'© + Gonzalo Duran-Pacheco' - Melanie Guérard’
Nr of Samples with 1207 359 253 113 128 - - 77 41 1010 1010 202
study id info
Nr of Studies 195 54 44 19 21 - - 13 7 33 33 18
CESISD,,,
Min 0.07 0.02 0.10 0.11 0.10 - - 0.17 0.14 0.52 0.66 0.15
Max 1.73 1.25 1.06 0.55 0.50 - - 0.84 0.40 3.62 3.94 0.87
Mean 0.50 0.09 0.31 0.30 0.30 - - 0.52 0.25 1.44 1.74 0.39
CESISD,, b 0.56 / 0470/ 0.88 0.44 0.51 0.84 0.75 0.73 0.55 2.13/2.48 /F 0.53 ”
CESISDy,. b 0.49 0.34 0.75 0.39 0.40 0.66 0.66 0.57 0.55 0.76 1.17 0.42/
CESIMAD,, b 0.64 0.35 0.77 0.42 0.45 0.85 0.80 0.55 0.65 0.67 1.24 0.45
CESISDygpe b 0.61 0.72 0.64 0.47 0.54 — — 0.76 0.61 2.14 2.53 0.53
ICC*
Min 0.03 0.10 0.53 0.41 0.61 - - 0.26 0.79 0.04 0.01 0.38
Max 0.46 0.78 0.75 0.59 0.61 - - 0.26 0.79 0.07 0.35 0.38




Transgenic Rodent (TGR) /n Vivo Gene Mutation Assays
CES Determined Using Mean and Standard Deviation of Trimmed
Historical Control Values

Transgenic Rodent _ HC-trimme

MutaMouse 0.49
MutaMouse lacZ 1408 0.47
BigBlue Mouse cll 327 0.71
BigBlue Mouse lacl 435 0.74
BigBlue Rat cll 216 0.31
BigBlue Rat lacl 262 0.74
lacZ Plasmid Mouse lacZ 222 0.26

Arithmetic Mean 0.53
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Transgenic Rodent (TGR) /n Vivo Gene Mutation Assays

Tissue-specific CES Determined Using Mean & Standard Deviation of Trimmed Historical Control Values

Transgenic Rodent _ HC trimmed

BigBlue Mouse Liver 0.61
BigBlue Mouse cll Lung 79 0.60
BigBlue Mouse lacl Liver 167 0.51
BigBlue Mquse lacl Snlaan 087
sebers  [Mlean CES for TGR leer 2
BigBlue Re /3
sigsuer{ (QCross assay varlants) 0.48 K
Plasmid Mouse TaCZ CTVET [0.23
MutaMouse lacZ Bone Marrow 285 0.42
MutaMouse lacZ Liver 384 0.39
MutaMouse lacZ Lung 92 0.24
MutaMouse lacZ Small Intestine 92 0.22
MutaMouse lacZ Spleen 52 0.41

MutaMouse lacZ Stomach 54 0.28



log10-reticulo

Defining Endpoint-specific Benchmark Response (BMR) Values
Scaling According to Maximum Response of Each Endpoint

1.0 1.2 14 16 18 20

L

08

L

1

1

'}

1

: mmﬁngmmp
variation*

0

1
200

I 1
400 600
dose (mg/kg)

1
800

1
1000

Consideration of 27
(geno)toxicity endpoints across
~450 studies demonstrated a
relationship between within-
group variation and maximum

_ response
Maximum

response

Requires knowledge of typical
within-group variance —
estimated across large
numbers of studies

W. Slob. 2016. A general theory of effect size, and its consequence for
defining the benchmark response for continuous endpoints. Critical
Reviews in Toxicology 47(4):342-351.




Table 1. Estimated maximum response (M) and within-group standard deviation (s) in 27 biological parameters. See Supplementary Material for
more details on the underlying data.

Endpoint Mumber of studies 5% 5, LBT 5, UBt M M, LBt M, UBt
AChE (acetylcholinesterase) 32F 0.186 0.179 0.192 6.06 565 6.51
ALT 4 0.480 0.447 0.520 42 30 69

A T i = 145 10N e T 1 &0

CES Value for MN Endpoint (based on 139 studles)

- 7

MY/8 = 24.571/8 = 1.49 (i.e., 49%)

C o EF I OO0 ;s

Need to have data for a large number of studies

IO UG EUs] CoUTis T39T 0.030 (WAL U002 2007 TS.01 33.72

Neutrophils 2 0.726 0.598 0.922 490 110 579
PCO (palmitoyl CoA oxidase) 1 0.190 0179 0.202 9.67 530 153
Red blood cells (counts) 5 0.063 0.058 0.070 1.45 1.28 417
RBC mutants 7 0.566 0.520 0.608 94 64 138
Reticulocytes 1 0.490 0436 0.566 5.77 443 12.3
Spleen.weight 1 0.112 0.095 0.135 2.59 213 Inf
Spleen weight/BW 1 0.118 0.105 0.138 5.20 1.80 Inf
Thymus weight/BW 1 0.313 0.272 0.367 6.25 448 19.23
Urinary volume 1 0.200 0.176 0.230 5.52 2.10 156
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Endpoint-specific Effect Sizes to Compare gpt delta Mouse and Muta™Mouse
(lacZ) EMS Dose-response Data Across Tissues

EMS BMD Confidence Intervals (combined, BMD-covariate analyses)
DeltaMouse (gpt) / MutaMouse (lacZ) Endpoint-specific BMR

CES Values Based on SD of Trimmed
Historical Controls (MutaMouse)
Bone Marrow = 0.42 (42%)
Small Intestine = 0.22 (22%)

-0.50 0.00 0.50 1.00 1.50 2.00 2.50 3.00
Log,, of BMD (mg / kg BW / day)

*** BMRs based on a small number of studies — preliminary estimates***

Source: Wills et al. (2017) Environ. Molec Mutagen. 58:632-643.




Benzo[a]pyrene MOE Values Calculated Using BMDy,,.
(One Trimmed Historical Control Standard Deviation Above Study Control)

> | Highest MOE/Lowest MOE = 2470-fold
¢ wm | Highest BMDU/Lowest BMDL = 35.5-fold
= Highest DI/Lowest DI = 69.7-fold

10,000

® Gmean Intake .  lowest
m Lower Limit MOE = 6940
Upper Limit
1,000
A o & % > ) A & R O o
qg, Q~© L%) (<] {~ N < 90 006 Q.@ %,Qg,




Critical Effect Size Values for Genetic Toxicity Endpoints
TAKE-HOME MESSAGE

Endpoint Average CES Data Source
Compare with other CES values calculated using
the data presented in Slob (2016)

Body weight (N=112) = 0.087 = 8.7%
Kidney weight (N=44) = 0.10 = 10%
Liver weight (N=93)=0.12=12%

Arithmetic mean CES
across all endpoints




Benzo[a]pyrene MOE Values Calculated Using BMD.,
(50% Above Study Control)

100,000,000
m m
m m
10,000,000 = m = u
@ . o
3 [ ] () o °
m
S 1,000,000 o ® . °
X
L °
© °
c
'S 100,000 L
T
=
10,000
® Gmean Intake \
® Lower Limit Lowest MOE
Upper Limit = 10,700
1,000
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Summary of Uncertainty Factors (UFs) Commonly Employed

in HHRA (Human Health Risk Assessment)
Generally 5 or 6, or 5 plus Allometric Body Weight-based Dose Scaling

TABLE 7. UFs Applied by WQHB, PMRA, and Under CEPA

Uncertainty/safety factor WQHB PMRA CEPA

Interspecies variation 2, UF,, Not ICH 1-10 10 1-10

Intraspecies variation1, UF,,, ICH F2 1-10 10 1-10

Database/studies deficiency UF,, EPA MF, Not ICH 1-10 3-10 1-100

LOAEL instead of NOAEL4, UF, ICH F5 1-10 3-10 Subset of database deficiency
Subchronic to chronic extrapolation 3, UFg, ICH F3 Subset of database deficiency

Nature and severity of effect ICH F4 1-10 1-10 1-10

Potential interaction with other chemicals 1-5 1-5

Protection of children 1-10

After calculating HED (human equivalent dose), some jurisdictions
recommend an additional uncertainty factor (e.g., 10%> = 3.16) for

“any remaining TK/TD differences between species”(IPCS, 2014)

Sources: Ritter et al. (2009). J Toxicol Envir Health Part B 10:527-557; USEPA (1994) Methods for Derivation of Inhalation Reference

Concentrations and Application of Inhalation Dosimetry. EPA/600/8-90/066F; Nielsen et al (2008) Toxicological Risk Assessment of Chemicals:
A Practical Guide. CRC Press; IPCS (2014) Guidance Document on Evaluating and Expressing Uncertainty in Hazard Characterization.



Tolerable Daily Oral Intake (ug/person)

100.00

10.00

1.00

0.10

0.01

TDI (Tolerable Daily Intake) Values for Benzo[a]pyrene
Comparison Across Increasingly Strict UF Values

m TDI Values
——Lowest exposure
----Highest exposure
----Gmean exposure

324

CES =0.50




SELECTION OF PIVOTAL STUDY |,
AND CRITICAL EFFECT
¢ Framework for the Introduction
ADEQUACY OF PIVOTAL STUDY of Quantitative Toxicokinetic &
/ T, Toxicodynamic Data into
NOAEL FROM NOAEL FROM ANIMAL DATA Dose/concentration—Response
HUMAN DATA P Assessment (from IPCS, 1994)
INTERSPECIES INTERSPECIES
DIFFERENCES IN DFFERENCES IN
TOXICODYNAMICS TOXICOKINETICS : :
Fr H Calculation of CF (Composite
2.5 (10 °%) N 4.0 (10 °°) Factor) by replacement of UFs
' | with AFs; CF is composite of
HUMAN VARIABILITY HUMAN VARIABILITY CSAFs (Chemical-specific
IN TDXIGHODDYNAMICS IN TDXI?_I?{KINETICS Adjustment Factors)
UF UF
3.2 (10 °%) 3.2 (10 °5)
OTHER CONSIDERATIONS AD; = animal-to-human TD
NATURE OF TOXICITY .
OVERALL DATABASE AK,; = animal-to-human TK
{ HD,,; = inter-individual TD
DATA OVERVIEW HK; = inter-individual TK
CF

Source: WHO/IPCS (2001) Guidance Document for the Use of Data in Development of Chemical-Specific Adjustment
Factors (CSAFs) for Interspecies Differences and Human Variability in Dose/Concentration—Response Assessment.
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Variability in Terminal Elimination Rate of 1-OH-Pyrene
(i.e., tlssue to urine)

Q,ft)

Figure 1 — Components
of the 2 compartment
toxicokinetic model for
the urinary elimination
of 1-OHP in humans.

D Cl Human K . =0.012 min, T,,, = 58 mins
EP‘AK — DA OR A elim 1/2

Cl1 Animal K,;;,, = 0.032-0.059 min, T, = 11 = 22 mins

Therefore, human elimination rate of absorbed pyrene is 2.6- to 5.3-fold slower
than rat. In line with IPCS 4-fold default (i.e., 10%-¢) for Animal TK Uncertainty.
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Source: Viau et al (1995) Sci Total Environ 163:1979-186.



Variability in Reported Human Half-life of 1-Hydroxypyrene

Table 3. Reported 1-Hydroxypyrene Half-Lives (h) in Published Studies on Human Populations®

no. person, smoking

study design status eXposure source average f,;, {range} ref
Ingestion Exposure
3-day sampling from office workers 9, NS barbecued chicken 39 [3.0- 5.?]"" this study
7-day sampling from college students 9, NS barbecued meat 5.7 (3.0-99) 15
3-day sampling from male adults 2, NS 500 ug pyrene in olive oil 12 17
6-day sampling (8-h composite urine) from male adults 5, NS grilled beef 44 (3.1-59) 16
Inhalation Exposure
3-day sampling from subjects exposed at an aluminum plant 5 n/a 6-h aluminum plant air 9.8 [7.9-11.7]" 12
4-day samples from shooting target factory workers 7, n/a petroleum pitch 6.1 (1.9-12.5) 13
4-day pre and post samples from locomotive plant workers 17, N§,5 diesel exhaust 29 (6.4—128) 32
10-day sampling from smokers 85 cigarette smoke 6.0 (3.7-99) 14
Dermal Exposure
3-day sampling from 1 psoriasis patient and 2 volunteers 3, NS creosote or 500 ug pyrene 128 (11.5—15) 17 and 18
Inhalation and Dermal Occupational Exposure
3-day pre/post/bedtime samples from asphalt pavers 20,NS,5 asphalt 133 [7.8-46]" 20
3-day of 5 composite urine/day from creosote workers 2,5 coal tar creosote 5—6 h; 22-24 h* 36
5-day pre and post samples from needle coke plant workers 16, N§,5 workplace 104 (3.9-26.7) 21
4-day pre and post samples from coke oven and graphite electrode 15, N§5 workplace 18 (13.4-26.3) 19
workers
3-day pre and post samples from coke oven workers 18, NS5 5 workplace n/a (6—35) 33

“Abbreviations: NS, nonsmoker; S, smoker; n/a, not available. PCalculated ti» with 95% confidence interval. “Half-lives in two-phase excretion.

Half-life range for ingestion exposure of 25 individuals =12/3.0=4.0
Half-life range for occupational exposures of 71 individuals = 9.0
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Variability in Human Cell Sensitivity to UV Light
Normal Genotype versus XP Mutations

Sens

“Understanding MOA for the agent of interest ensures that TD
.4 responses used to derive DDEFs are relevant to the adverse
| outcome of interest. These responses could include receptor
21 affinity, enzyme inhibition, and molecular changes......Repair
P2 o o

of DNA or tissue damage....are considered.”

WP stop

XPO]
USEPA (2014) Guidance for Applying Quantitative Data to Develop Data-derived

Extrapolation Factors for Interspecies and Intraspecies Extrapolation. EPA/100/R-14/002 [—

Norm

Lymphoid Cell UV survival curves show that XP mutants
are 5.5- to 12-fold more sensitive than wild type cells.
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Source: Cleaver et al (2007) J Invest Dermatol 127:493-496.



Table 2; TK6 mutants (Feb. 2017)

No_[Gene name Ref. [Laboratory Wo_[Gene name Ret. |Laboratory Table 1; Members of TK6 Mutants Consortium

§ %E;‘ﬁﬁ?: ngg o g EEE,’Z,“E ;EEE National Institute of Health Sciences (NIHS) Tokyo Metropolitan University (TOKYO)
Z::t;mm - — et 7% Iomer et B | lkvor a e N *RAmmamitans Liamman (hanma@nikha xa in) K bw it Ll i b e Hibniirohimn B banmniaiamim _)
e | 10 |BLM, EXOf KYOTO 80 |POLB NIHS

L 11 |BLM, MLH1 KYOTO 81 |POLD1 KYOTO )
o 12 |BLM, MLH3 KYOTO 82 |POLD3 TOKYO

oot | 13 _[BLM, MUS81 KYOTO 83 [POLE KYOTO bshima-u.ac.jp)
e —| 14 [BLM, SMARCAL1 KYOTO 84 |POLH KYOTO ——
TTETT 15 |BLM, XPF KYOTO 85 |POLH, PrimPol KYOTO, TOKYO

21 [pwes 16 |[BRCAT KYOTO 86 |POLH, PrimPol, RAD54 KYOTO, TOKYO

; :m 17 |BRCA1, REV7 KYOTO 87 |POLH, RAD18, XPA KYOTO, TOKYO
e 18 |ctP 8|KYOTO 88 |POLH, RAD54 KYOTO, TOKYO
s 19 |CtiP, MRE11 KYOTO 89 |POLH, XPA KYOTO

| 20 |DNAZ +/- KYOTO 90 [POLL KYOTO

zj@nmsm | 21 |DNA-PKcs 9|KYOTO 91 |[POLQ KYOTO, TOKYO

= 22 |DNA-PKcs, SMARCAL1 9|KYOTO 92 |PrimPol KYOTO, TOKYO
::ﬁfwm 23 |ERCCS NIHS 93 [RAD18 KYOTO

= locsuscur | I EXGH KYOTO 94 |RAD18, XPA KYOTO

wludwems| 25 |[EXO1, FAN KYOTO 95 |RAD51AP1 KYOTO

afun s —| 26 [FANT KYOTO 96 |RAD51AP1, RADS4 KYOTO

3 52 27 |FANCC KYOTO 97 |RAD51AP1, RAD54, RAD54B KYOTO

wi=—| 28 |FANCD2 11|KYOTO 98 |RAD54 8,9,10 |KYOTO

e —| 29 |GEN1 KYOTO, HROSHIMA | | 99 |RAD54B KYOTO

:2 Se 30 |GEN1, MLH3 KYOTO 100 [RECQL5 HIROSHIMA

2penns | 31 |GEN1, MLH3, PMS2 KYOTO 101 [REV3 KYOTO, TOKYO
i 32 |GEN1, MUS81 KYOTO 102 [REVT KYOTO

sow 33 |GEN1, RAD54 KYOTO 103 [RNASEH2A KYOTO

aparn [ 34 (1164 9.10  |KYOTO 104 |RNF8 KYOTO

% wemcs | 35 [LIG4, POLQ KYOTO, TOKYO 105 |RPA, SMARCAL1 KYOTO

%W:m 36 |LIG4, POLQ, RAD54 KYOTO, TOKYO 106 |[SLX1 KYOTO

. s = — |

* The original TKG cell line Is avilable from JCRB' nibiohn.g and ECACC he org
ukleollections/ecacc.aspx)
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Conclusions & Take-home Messages

1. Genetox community increasingly accepts/recognises quantitative analysis of genetic toxicity
dose-response data; moreover, extrapolation from RPs to HBGVs. The Benchmark Dose approach
is well accepted for robust dose-response analysis and determination of RPs for HBGV calculation.

2. CESis debated. Detailed examinations of various options for CES determination revealing that
10% is not appropriate for genetic toxicity endpoints. The trimmed historical control approach
yields TGR assay CES values in the 0.22-0.87 range, with a mean of 0.53. For the MN assay, values
are in the 0.34-0.49 range. Detailed analyses indicating that 50% is a pragmatic choice for
endpoints other than Pig-a. Detailed analyses of Pig-a data currently underway.

3. The BaP case study revealed that a regulatory evaluation based on genetic toxicity data is well
aligned with an evaluation based on carcinogenicity data. TDI associated with BMDL,, small
intestine equates to 3.7 x 10°° risk; BMDL,, derived value equates to 9.3 x 10 risk. 22 similar case
studies underway.

4. About one-third of the range in calculated MOEs for BaP can be attributed to variability in BMD
across endpoints and tissues; two-thirds is attributable to the range in oral daily intake (i.e., CES
and endpoint have a limited impact on HBGVs).

5. Jurisdictional guidelines provide options for the use of UFs to calculate HBGVs (e.g., human
exposure limits), but little agreement on most appropriate deterministic values. Use of typically-
recommended UFs yields BaP TDI value (CES=50%) greater than even the upper limit of daily
intake. Not clear which UFs, and which UF values, are appropriate for routine risk assessment of
genotoxic substances. Need entire workshop to address this topic.

6. Following IPCS/USEPA paradigms, it should be possible (necessary?) to use MOA information to
determine DDEF/CSAF values for effective risk assessment of genotoxic substances.



William Thomson, 15t Lord Kelvin

“When you can measure what you
are speaking about, and express it
in numbers, you know something
about it, when you cannot express
it in numbers, your knowledge is
of a meager and unsatisfactory
kind; it may be the beginning of
knowledge, but you have scarely,
in your thoughts advanced to the
stage of science.”

Lbrary of Congress
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Guided Discussion — Quantitative approaches

1.

If the regulatory community is not willing to accept the use of dose-response Reference Point
(PoD) metrics for risk assessment of DNA-reactive substances, should we be spending so
much time developing quantitative approaches? If we build it, will anyone come?

Do we need to derive CES values for each genetox endpoint (e.g., MN, Pig-a, TGR, Comet)?
How should we define an endpoint, e.g., all TGRs, each TGR-transgene combination, each
TGR-transgene-tissue combination, etc?

We are currently using two methods to determine the most appropriate CES values for in vivo
genetic toxicity endpoints (i.e., method based on trimmed historical controls and method
based on geometric mean within-group variance). How should we reconcile any differences?

How should we reconcile deviations from the standard 5% or 10% CES values recommended
by EFSA and EPA, respectively? Will this conflict with the use of dose-response data for other
toxicity endpoints (i.e., HBGVs for severe genetic effects could be comparatively high)?

Which genetic toxicity endpoint(s) should be used to calculate HBGVs? The most
sensitive? Of how many? How do we define database sufficiency?

With respect to Uncertainty Factors (UFs), should we, as genetic toxicologists, be determining
the most appropriate deterministic values for genotoxic substances? Is this a task for risk
managers? If yes, should we consider more complex probabilistic approaches? For example,
the “approximate probabilistic” approach (i.e., IPCS, 2014)?
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