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Overview

e Basic concepts of dose-response and risk assessment
e Fundamentals of ADME
e PBPK model development and validation
e Refinement of uncertainty factors for risk assessment
Contents lists available at ScienceDirect i -
Regulatory Toxicology and Pharmacology %ﬁg

journal homepage: www.elsevier.com/locate/yrtph [
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Dose-Response
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Steps of chemical induced toxicity
Pharmacokinetics relates { *Exposure and absorption of the chemical into the organism
exposure to tissue dose *Delivery of the toxicant to the site of action
eInteraction of the toxicant with its target
*Early toxic response that can be described histopathologically, physiologically, or
biochemically
+Clinical symptoms of the intoxication

Toxicodynamics relates
tissue dose to response
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Traditional Risk Assessment

e In simple terms, human risk is determined from hazard data obtained from tox studies and
exposure data

e For non-cancer endpoints, safe levels are determined by dividing a threshold (NOAEL)
dose by uncertainty factors (UFs) that are assumed to be health protective

e UFs are conservative due to uncharacterized uncertainty in extrapolations between dose
level, duration and populations

effect

Dose-response to

) understand
ron adveree thresholds of
toxicity
/I\ 1\ dose
NOEL NOAEL
Uncertainty Factors
‘ UNCERTAINTY FACTOR — 100 ‘
lNTERSEECIES INTERINDIVIDUAL
DIFFERENCES DIFFERENCES
10 10
TOXICO- TOXICO- TOXIEO- TOXICO-
KINETIC DYNAMIC KINETIC DYNAMIC
AKyr ADuyr HKyr HDyr
1 OU.E! 1 00.4 1 00.5 1 00.5
\4.0 25 3.16 316
¢ Default UFs specifically account for differences in toxicokinetics and toxicodynamics
*  When animal or human data are available, PK and dosimetry models can be used to refine (and replace)
default UFs with chemical-specific adjustment factors
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Concepts and Principles of ADME
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e Exposure level, frequency and route of entry are major factors that influence chemical
action

e |[f differences between test species and human can be quantified, uncertainty is reduced

S
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Absorption and Disposition Basics

! Disposition :
: Metabolism | Metabolites :
! |
Chemical ' . '
At Absorption i | Chemical :
Absorption Pl In Body Excretion |
Site ! | (Distribution) \ Excreted !
] Chemical !
: (unchanged) ]
| :
| |

e Pharmacokinetics is the study of what the body does to the chemical as a function of time
e Specifically, it's the study of the kinetic processes of absorption, distribution and elimination
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Understanding ADME Processes
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Application of Route-, Species- and Age-Specific
PBPK Models

Y
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It is now widely accepted that PBPK models
can improve our ability to predict internal
concentrations of drugs, chemicals or active
metabolites and thus improve the scientific
basis for human health risk assessments

Refinement of default TK/TD uncertainty
factors

- Inter-species differences
- Inter-Individual differences
- Dose route extrapolation
- Dose level extrapolation
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Risk Characterization of Phenoxyethanol

e At PhE external dosages >400 mg/kg/day, toxic effects include hepatoxicity, renal toxicity
and hemolysis

e Available safety data collected in the mouse, rat and rabbit by different routes show
differences in toxicity profiles when viewed based on external dose

- NOAEL range: 80-1875 mg/kg/day
- LOAEL range: 400-3700 mg/kg/day

e Rat NOAEL of 369 mg/kg/day from critical drinking water studies was identified as the
appropriate repeat dose POD using Benchmark Dose Modeling, based on liver effects
following repeated exposures

Y
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Objectives

e Use PBPK models to quantify the impact of species-specific differences in metabolism and
routes of exposure on induction of both adverse and non-adverse effects, which are
inconsistent across studies.

e Use the estimated “internal exposure” to reduce uncertainties in the kinetic differences
across species

e Refine and improve human health risk assessments through application of PBPK modeling
methods that are approved by globally recognized regulatory bodies

Y
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ADME of Phenoxyethanol
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Alcohol and aldehyde
Phenoxyethanol (PhE) dehydrogenases Phenoxyacetic acid (PhAA)

* ADME of PhE has been well characterized in mammals

* PhE is rapidly metabolized following oral or dermal absorption

* 75-100% of an orally ingested or dermally absorbed dose is excreted in urine as PhAA
* PhAA metabolite is a relevant biomarker of PhE exposure

¢ Cumulative amount in urine (24 hr) provides a direct measure of daily exposure

* We used a wide range of measured data to develop and evaluate the model
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G SOT FDA Colloquia on Emerging Toxicological Science Challenges in Food and Ingredient Safety

13

Experimental ADME Data for Phenoxyethanol

Species Metric Sample matrix Dose route Dose level (mg/kg)

Rat PhE, PhAA plasma Oral bolus 152,456

Rat 14C-PhE tissue, urine Oral bolus 40, 400

Human 14C-PhE urine Oral bolus 0.152

Rat, Human skin C-PhE Receptor fluid In vitro skin penetration 0.86—2.9 (Rat)
0.10 (Human)

Rat 14C-PhE urine Dermal 184, 244

Human 14C-PhE urine Dermal 0.9-7

Rat 14C-PhE urine Dermal 16, 27, 161

Rat C-PhE blood Oral bolus 30, 40, 100, 300, 400

Human PhAA urine Dermal unspecified

Human, preterm infants (23—27 GA) PhE, PhAA urine Dermal unspecified

Troutman et al. / Regulatory Toxicology and Pharmacology 73 (2015) 530—543

= PBPK model for PhE and PhAA metabolite is based on extensive in vitro and in vivo ADME datasets
collected in rats and humans following exposure by oral and dermal routes.

= Administered doses ranged from 0.1-456 mg/kg PhE.
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Model Structure

Model Inputs PhE Submodel PhAA Submodel Model Predictions
Dermal uptake (parent) (metabolite)
Sy — —_— —
Simulation = ;-sc (PhE+PhAA)
3 3 et Je—3 i ‘
B Perfused IS 2 Perfused s 8
> Perfused < > Perfused < o

Evaluation

Liver

~ A
Metabolism
(Vmax, Km)

.>| \

!

Oral uptake
(solubility-limited absorption) 'V

Urine
(age-specific GFR + saturable secretion)

e Multi-route, species-specific PBPK model that tracks PhE and PhAA in blood and urine following single, repeated, and
aggregate exposures to consumer products containing PhE

e Key features: Solubility-limited oral absorption, dermal exposures +/- occlusion and wash-off, liver metabolism, urinary
excretion of PhAA via GFR and saturable secretion
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Oral Rat Model Development and Performance

Good agreement between measured and model-predicted conc-time profiles in
rats following oral exposure

Single oral bolus of 152 mg Single oral bolus of 40 mg *C
PhE/kg to Rats - plasma PhE/kg to Rats — tissues and urine
103 2 1000 £ 11025
= g 5
g w :] Kidne . . S
E £ 100 Y PhAAin Urine| 1,103
LS P a =4 o= & ~—------ >
g PhAA E 10x100 5
E101 4] =
g'0'3 5 L 1x1003
PhE 8 1o i
o * [ ‘:’
100 : T T 1 2 1.0x10-1 L 1 10_1":‘
= O T ™ F X
0 2 _ 4 6 8 F 0 12 24156 168
Time (hr) Time (hr)
Louisse, et al., 2010 BASF, 2007

¢ Symbols represent experimental values
¢ Solid lines represent predicted concentrations from the PBPK model
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Dermal Human Model Development and Performance

Good agreement between measured and model-predicted dermal absorption data
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In vitro human skin pen of *C PhE
humans (Howes, 1991)

(Vincent and Marty, 2002)
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e Cumulative urinary excretion - single
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Urine Biomonitoring of PhAA Concentration in
Adults
Model Verification with Population-based PhAA Urine Data (N=637)
100 ' [ ] Measured
Q oy oy oy V  Predicted
g 10 oy
Y v
£
2 1Moy E.v oy
S 0.1 :.v oy
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Excellent correlation for urinary PhAA predictions with numerous human biomonitoring datasets
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Model
Confidence

Biological
basis

Model
simulations
of data

Reliability (model
testing, uncertainty
and sensitivity)

WHO, 2010

LEVEL OF CONFIDENCE

' ™
The model parameters, T:W rl::dﬂl:zramelers g?d
- . . structure have reasonable
stmcture or assymptions are The biological basis of some biological basis and
consistent with neither the model parameters, structural 10/ f’glicr: fT;]liﬂrI.] Iltl"]E
biology nor the current state elements or assumptions is dzic;m‘m © w; avalla EI
ofknowledge regarding the questionable. A In several experiments
PK or PD of the chemical . using a single set Uflﬂiij-ll
parameters for each species.
h AN
e ™~ /'

Model is unable to
reproduce the shape (i.e.
bumps, valleys) of the PK.
time course data in test
species and humans.

h. vy

Model reproduces some PK.
data or the shape of part but
not all of the time course
curves in test species and
‘humans.

Model reproduces
consistently all PK data,
including the shape of time
course profiles, in test
animal species and humans.

4 N

Model simulations are not
evaluated against data on
dose metrics; no sensitivity
oruncertainty analyses to
establish confidence in
dose metric predictions.

o
Model simulations are not
compared with data on
relevant dose metric;
sensitivity and uncertainty
analyses indicate high

level of confidence in
dose metric predictions.

- /

-

Meodel simulations are
compared with dose
metrics measured in
relevant biological matrix
for the species and expo-
sure route of relevance to
toxicity/risk assessment;
sensitivity and uncertainty
analyses indicate high
level of confidence in dose
metric predictions.
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Dose Metric Selection for Risk Assessment

AUC is the appropriate
dose metric based on
the relationship
between AUC and
toxicological effect

1 75
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Refinement of TK Uncertainty Factors

ABILITY TO REDUCE PK UNCERTAINTY

L0V » HIGH
“Default™ “Categorical” < "CSAFIPBI‘K")
( N Based on some but not all h
Conceptual Based on nonspecific re]fwant b]c]eg]ca] Biologically based; consistent
model empirical observations determinants cf,““}]e dose with MOA
(e.g. dose normalization based
on body surface area)
- AN /
' ™ 7 ™\
Model . . L . Chemical specific; applicable to
parameters Same for all chelrmca]s and test Specific for eachlchemlc?] dose, species, exposure route
’ species class, PK mechanism and/or and life stage of relevance to
species combinations \ ri-:k assessment
\. AN AN
" N [ ™\
Dose ) . Identified’/hypothesized based
metric Unknown Steady-state concentration of inf 4 -M(}A -nd
parent chemical onin orm]atlorllbq]rllt.y a
plausibili
WHO, 2010 \ /' \ NS
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Refining Inter-Species Uncertainty Factors

With the application of the PBPK model to

describe key kinetic ADME processes in rats | UNCERTAINTY FACTOR - 25 |

and humans: /\_

. i i INTERSPECIES INTERINDIVIDUAL
The interspecies TK default UF of 4.0 can DIFFERENCES DIFFERENCES
be reduced to 1.0 o 10

* The toxicodynamic portion of the default .//\\ P
interspecies UF (2.5) must be applied to TOXICO- TOXICO- TOXICO- TOXICO-
complete the interspecies extrapolation KINETIC DYNAMIC KINETIC DYNAMIC
and is accepted as adequately protective AlE ADu HEup HDor

1.0 10 10 10
- 25 3.16 3.16

* The netresultis a refinement of the total default UF value of 100 to a refined value of 25 (1.0 for TK
factor X 2.5 TD factor for inter-species X 10 for inter-individual TK and TD differences)
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SOT FDA Colloquia on Emerging Toxicological Science Challenges in Food and Ingredient Safety

22

11



2/19/2020

Internal Dose to Humans from Consumer Products/Cosmetic Use:
Aggregate Exposures in Adult Humans

[ ) i Product Exposed skin surface Application volume PhE dose level No. of exposures Exposure frequency (hr)
Consumer use data WaS derlved from the area (cm'2) (mL or cm®) (mg/kg/application) per day
SCCS Notes of Guidance 8™ Revision Showerad - 17500° o9 ! 2

Shampoo 1440° 0.11 00151 1 24
Hair conditioner 1440 0.04 0.0067 1 24
Hair styling 1010° 0.40 0.0574 1 24
Liquid foundation 565¢ 051 0.0790 1 24
. makeup remover 565¢ 050 0.0833 1 24
¢ All products were assumed to contain Hand wash soap  860° 0020 000333 10 24
. 0 . Body lotion [SGZCVf 3910 0616 2 12
Face cream 565 0.770 0.121 2 12
PhE at a maXImum Of 1 A) (Conservatlve) Hand cream 860° 1.080 0.164 2 12
Deo non-spray 200% 0.750 0.110 2 12
Eye makeup 24" 0.010 0.00165 2 12
Mascara 16" 0013 0.00210 2 12
. Lipstick 48" 0.030 0.00450 2 12
¢ Wash-off times were set equal to the Eyeliner 32" 0000400 > 12
K . . Toothpaste NJA N/A 0011 2 12
application frequency (conservative) Nouthwash - NA N : 2

* Aggregate steady-state AUC and Cmax
values were calculated from the sum of
discrete simulation runs for each product
exposure scenario
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Internal Dosimetry Predictions

Species/ BW Description External Exposure AUC (mg*h/L)
Subpopulation (kg) (mg/kg/day)

0.25 NOAEL (drinking water 61.5 690
Adult Human 60 Aggregate (oral+cosmetics) 2.69 0.608 8.82

* Model simulations were performed for a 13-week rat drinking water study (NOAEL 369 mg/kg/d) and human aggregate
product exposure scenarios, as defined in the dossier

e Steady-state AUCs were compared (appropriate dose metric) for both PhE and PhAA
* Exposures for adult human aggregate (oral care+cosmetics) are based on conservative product use assumptions
* Oral care exposure in adults assumed bolus dosing with 100% ingestion of toothpaste and mouthwash

* Removal of unabsorbed PhE from the skin surface was set equal to the re-application frequency rather than the wash off
time for normal use procedures

SOT FDA Colloquia on Emerging Toxicological Science Challenges in Food and Ingredient Safety
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Margin of Internal Exposure

Species/ BW Description External Exposure AUC (mg*h/L)

Subpopulation (kg) (mg/kg/day)
PhE PhAA
Rat 0.25 NOAEL (drinking water 369 @ 690
Adult Human 60 Aggregate (oral+cosmetics) 2.69 8.82

Internal AUC—Rat

Margin of Internal Exposure (MOIE) =
Internal AUC—Human

T,
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Margin of Exposure

Species/ BW Description External Exposure AUC (mg*h/L)

Subpopulation (kg) (mg/kg/day)
PhE PhAA
Rat 0.25 NOAEL (drinking water 369 @ 690
Adult Human 60 Aggregate (oral+cosmetics) 2.69 0.608 8.82

Internal AUC—Rat

Margin of Internal Exposure (MOIE) = v
Internal AUC—Human

Species/ BW Description External Exposure “
(kg)
PhE PhAA
60

Subpopulation (mg/kg/day)

Aggregate (oral+cosmetics) 2.69 78

Adult Human

T,
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Summary

(&

e Using a traditional approach, a default total UF of 100 (10 inter-species x 10 intra-species x 1 duration) would be required

for extrapolation of the drinking water NOAEL of 369 mg/kg/day to humans, resulting in a reference dose of 3.69
mg/kg/day for repeated dose toxicity in humans for PhE.

- Expected MOE between NOAEL of 369 mg/kg/day and human exposure would be 100

e However, species- and route-specific toxicokinetic information on PhE was evaluated to develop a PBPK model in order

to refine the inter-species toxicokinetic factor.

e Using a PBPK approach, a PBPK-refined total UF of 25 can be used for extrapolation of the drinking water NOAEL of

369 mg/kg/day to humans, resulting in a reference dose of 15 mg/kg/day for repeated dose toxicity in humans for PhE
- Refined MOE between NOAEL of 369 mg/kg/day and human exposure would be 25

e Calculated margin of internal exposure (MOIE) for aggregate cosmetic use scenarios in adults was above the PBPK-

refined total UF of 25 for normal use of PhE at a concentration up to 1%

e Importantly, the refined chemical-specific UF and MOEs were obtained using conservative PBPK model assumptions as

well as exaggerated product composition and use

SOT FDA Colloquia on Emerging Toxicological Science Challenges in Food and Ingredient Safety
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