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Disclaimers

* | am a contractor working with the Air Force Research Laboratory/711 Human Performance Wing and the views
expressed in this presentation are my own and do not necessarily reflect the views of the Air Force, Department
of Defense (DOD), or my employer UES, Inc.
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Context/Background

» Strategic Objective: apply new and improved
approaches to characterizing risk in DOD work settings,
particularly the Air Force operational environment

» Applications to PBPK modeling

» Physiological parameters: reflect Air Force-
relevant stressors (Covington et al. 2019;
Sweeney 2020 a, b, c; Sweeney et al. 2020)

* New Approach Methods (NAMs),
surrogates, and/or read across for points of
departure and physicochemical or
biochemical parameters

 How are NAMs, surrogates, and read across (potential)
improvements?
» Speed
» Cost
* Human relevance
» Ethical concerns of traditional in vivo approaches
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Inspiration

« Paini et al. (2019) proposed both read across and in silico approaches for PBPK modeling
* In the read across or surrogate approach (Lu et al. 2016), one would use an existing PBPK model for a
structurally similar chemical
 Alternatively, models can be developed from in silico resources (see Madden et al. 2019) or in vitro
sources
« Limited guidance and examples on using NAMs for developing, assessing, and applying PBPK models

* Most of the databases and tools developed to date have limited applicability to environmental and
occupational chemicals

« The Air Force has an ongoing need to understand potential human health risks from inhalation exposure to
compounds in the work environment.

« The increasingly popular high-throughput in vitro techniques technically challenging for volatile
organic compounds due to nonspecific losses through volatilization and to test components (e.g., plastic

plates)
« QSARs are thus an especially important resource for properties of materials present in the vapor form

» The airborne hazards of concern to the Air Force include jet fuels, combustion exhaust, and repair shops
« Variable and often incompletely characterized composition
« Not all components are well-studied both from toxicological and toxicokinetic standpoints
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Goals and Strategy

» Goals: Develop work flows for (1) rapid development of PBPK models for application to
chemicals of new/emerging interest to DOD with respect to risk in the operational
environment and (2) characterization of model confidence

» Strategy to narrow the scope:

» Start with a case study or case series of a previously modeled chemical(s) with some
human and/or rodent in vitro and in vivo data available

» Rather than necessarily trying to develop a single “best” predictor, consideration of
multiple approaches can yield a range of estimates that reflect the uncertainty of the
process and the merits of different data sets and approaches

 Vmax and Km were selected as chemical specific parameters of interest

 Partition coefficients were assumed to be more confidently assessed in vitro and
using QSAR
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Outline and Methods of Case Study Approach—Work in Progress

 Parameterization

* Develop Vmax and Km estimates from in vivo, in vitro, and in silico
data for the subject chemical

* Literature searches

|dentify online in silico tools

Evaluate QSARSs per Patel et al. (2018)

Interspecies extrapolation

In vitro (or in silico) to in vivo extrapolation (scaling)

Limiting cases

|dentify potential surrogate substances with existing PBPK models
« US EPA CompTox Chemicals Dashboard (Williams et al. 2017)
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Outline and Methods of Case Study Approach—Work in Progress

» Performance
« Compare predictive performance of various Vmax and Km estimates
with respect to fit to an example human in vivo chemical time course

 Bias, average fold error

» Risk assessment implications

* Internal dose metrics at toxicologically relevant exposure
concentrations and durations for various Vmax and KM estimates

« Chronic
« Acute
« Sensitivity analyses (not yet initiated)
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Progress: Case study, possible case series, and surrogates

» Selected 1,2,4-trimethylbenzene, with other C9 aromatics as potential candidates for a case series
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Progress: Surrogates

« |dentification via a comprehensive PBPK model database linked with structural information would
be most efficient

» Personal knowledge and literature searches were needed to match candidates with
mammalian PBPK models
« 1,2,3,5- and 1,2,4,5-tetramethylbenzene (durene and isodurene; Jalowiecki and Janasik, 2007)
* Human liver volume of 3.9 L reported and possibly in Vmax scale up from microsomes

» Multiple model options for toluene \ ” \H
« 30 publications examined | T
« 12 did not explicitly report bodyweight scaling factors for Vmax isodurene durene
* Multiple families of models
» Authors sometimes reused VmaxC values, but altered the bodyweight scaling factor

« Multiple model options for o-, m-, p-, and mixed xylenes and styrene as well
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Progress: Summary of human 1,2,4-TMB Vmax and KM estimates

 Total of two limiting cases and 17 VmaxC and KM pairs

IN VIVO DATA (4):
Calibration with rat data (2)
Calibration with human data alone
Calibration with mix of rat and human data

LIMITING CASES (2):
No metabolism
Complete hepatic clearance

DERIVED FROM COMMERCIAL OR
GOVERNMENT IMPLEMENTED CLEARANCE
ESTIMATORS (4):

Two estimates of clearance
For each clearance estimate, two KM
assumptions were used

USER-IMPLEMENTED QSAR without
1,2,4-TMB SOURCE DATA (1):
Rat and rabbit in vitro data

THE AIR FORCE RESEARCH LABORATORY
DISTRIBUTION A MSC/PA CASE # 2021-0141. Cleared 4/30/2021



AFRL

Progress: Vmax and KM from in vitro data

» Subject chemical Vmax and KM from human in vitro data
* Lewis et al. 2003 (human liver microsomes) o
 In vitro to in vivo extrapolation (IVIVE)

» 34 mg microsomal protein/g human liver (Barter et al. 2007,
as cited by Lipscomb and Poet, 2008)

» Liver mass 2.6% of human body weight (Brown et al. 1997)
» 70 kg body weight for a standard human

» Subject chemical Vmax and KM from rat in vitro data
« Mortensen et al. 2000 (rat liver slices)
* IVIVE

« Typical liver slice weight and liver weight reported
(Mortensen et al. 1997)

» Two approaches used for interspecies extrapolation

» Categorical approach for likely CYP2E1 substrates
(Beliveau et al. 2005)

 Traditional BW?7 scaling
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Findings: Summary of QSARSs evaluated

Study W Nature of experimental Chemical Domain, n
system

Lewis et al. Vmax and Human liver microsomes  Computed molecular orbital Alkylbenzenes (7)
2003 Vmax/KM energies and experimental logP

(log of the octanol:water partition

coefficient) values

Price and Vmax and Rat, not explicitly reported Structural fragments Volatile organic chemicals (53)
Krishnan 2011 KM (in vivo, microsomes, or
liver slices)
Sarigiannis et Vmax and Rat, not explicitly reported Abraham solvation descriptors Subset of Price and Krishnan
al. 2017 KM (in vivo, microsomes or (2011) data set; halogenated
liver slices) hydrocarbons, alcohols, ketones,

hydrocarbons, ethers, esters, and
aromatic hydrocarbons (29)

 Due to errors, none of the QSARs were suitable for use “as is”

* The Price and Krishnan (2011) endpoint values were not well referenced

e Allometric scaling of the Price and Krishnan (2011) endpoint values was
iInconsistent

e Reporting was generally incomplete
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Progress: Performance of Vmax and Km estimates

Comparison of Kostrzewski et al. (1997) 150 mg/m3 1,2,4-TMB
exposure data to simulations of alternative metabolism
parameter values
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e Kostrzewski et al. 1997 data

No metabolism
vvvvvvvvv NTP 2020 OPERA low KM

--------- Sipes et al. 2017 ADMET low
KM
--------- Pirovano et al. 2015 QSAR

——Sweeney et al. 2020

- - —Mortensen et al. 2000 rat in
vitro

- - -Lewis et al. 2003 human in
vitro

—\irtually complete hepatic
metabolism

Subset of parameter
estimates for clarity

The chemical specific in
vitro estimates tended to
over predict metabolic
clearance and QSARs
based on broader data
sets under estimated
metabolism
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Progress: Toxicity Reference Value implications of Vmax and KM

Acute Exposure Threshold Limit Value Reference

Guideline Level Concentration

(AEGL) 2

Single 8 h exposure 8 h/d, 5 days/week Continuous
exposure

738 mg/m3 123 mg/m3 0.06 mg/m?3

National Research American Conference of U.S. EPA (2016)

Council (2012) Governmental Industrial

Hygienists (ACGIH, 2018)

Fold difference in Cmax
(vs. Sweeney et al. 2020)

» Duration required for periodicity/steady state for
chronic exposure was determined with VmaxC =
0, with simulation until the AUC for the last week
increased by less than 1% over the preceding
week (10 weeks)

* While multiple metrics could be considered, only
blood Cmax is presented for illustration purposes

» Impact for this metric varies with exposure
conditions, likely due to differential sensitivity to
Vmax and/or KM
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Summary

 |n an effort to improve and expedite data-driven risk assessment for occupational settings, we are exploring the
use of NAMs, surrogates, and read-across for PBPK model development

« An initial case study is underway with a subject chemical with existing, validated human PBPK models and
limited in vivo and in vitro toxicokinetic data

« Existing QSARs were generally found to require correction and/or improved documentation to establish
confidence

« The approach being implemented is expected to evolve with experience and multidisciplinary, multi-stakeholder
feedback from the scientific community

* Future plans
Finalize QSARs and conduct PBPK model sensitivity analyses
Articulate a rationale for anticipated PBPK model reliability/predictivity based on
calibration/validation approaches and findings
Expand case study approach
« Complete similar analysis for a C9-aromatic without an existing PBPK model, but with human in vivo
data
« Complete similar analysis for C9-aromatics without human in vivo data or an existing PBPK model;
develop an approach for making recommendations in the absence of validation data

Apply similar approach to a different chemical category
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