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Bies Lab — Program Overview

* University at Buffalo, Department of Pharmaceutical Sciences

* Projects:

» complex formulations for HIV prevention (FAME, LATCH, MATRIX) assessing vaginal and
cervical administration (collaborations with MWRI Pittsburgh)

. PBPKbmoﬂeI development for female reproductive tract (FDA) collaborations with MWRI
Pittsburg

* Maternal Pediatric Precision Therapeutics (MPRINT) P30 project, co-lead of Pharmacometrics
and Clinical Trial Design Core

* Machine learning strategies for model selection in population pharmacokinetics (FDA)
* TAF/TDF population PK model based meta analysis (collaboration with Medstar/Hopkins)

e Local Personnel:
* 3 Ph.D. candidates
e 1 MS candidate



Physiologically-Based Pharmacokinetic (PBPK)
Modeling

Provides a platform that reflects the constraints of
physiological and anatomical characteristics. It can be
used to test new compounds on the basis of their
specific physiochemical properties



Physiologically-Based Pharmacokinetic (PBPK)
Models
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PBPK Modeling in New Drug Development

* Drug Development?!?
e Candidate selection
* Formulation development
* Clinical study design
* Dose selection
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* Regulatory Decisions3*

e Potential drug-drug interactions
* PKin special patient populations

Impact of disease states
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PBPK Model for Dapivirine
Cervical Ring



PBPK Model Development

FAME 102 Nel et al. 2014
Clinical data from patients Clinical data from patients
using the dapivirine film Mass balance information using the dapivirine ring

{ Physiochemical data for dapivirine }

v v v

PBPK model of Dapivirine film and ring in humans

[ Validated model J

Kay K et al. BrJ Clin Pharmacol. 2018 Sep;84(9):1950-1969.



PBPK Model Structure

Active drug
movement

Initial ka and an exponential
term to reduce ka over time

o
[ ” ]
WVeinsThlungs l DruginLungs ] LungsTAderies
Lungs
o
= o
)
EliminDrug LiverElfnination
EliminaledDrug ‘
/{ﬁ:%\fe'n DruginLver AnuyCT)oﬁm\ I
— Liver
Dmglr\§ - 7n44nuies
Body ToVeins l DrugInBody J Artery ToBody
Res{OfBody
=
StramaBlaodTovsins l /,-amgﬁsuanaa_ﬁo?““—-,___l__ ArteriasToStroma
VenousBlood Y /'/-/' Vaginal_Stroma_Blood _h —— AnanaElood
Tiss BT~ actv - StromaTissueToBlood
T— = o
P . d 2 loriis edDirug Stz
assive ru g @ Vaginal_Stroma_Tissus ““H;.
transport T z T
] — O B
/Lr( i i Epi loris edDrugEpi
) aginal_Epithelium
LumenToEp -
D L ¥ A —
[ Druin dinan ReactionRatel umen lorisedDrugLumen
& initial_ka / =
— =
@) ka -
@]
exp_ka_factor ka_r2

.
ka_ri |

|

\

|

Ringl —» -

DruginRing

Ring1

log(Concentration (mg/L) +1)

0

Group A

5e-044
4e-04
301 [
2-047 J
| 1e-04

0-

log(Concentration (mg/L) +1)

0010
0,008 1 0121
010
0.006 s
0,004 1 006 {
¢ 00021 D. 004+
it 0021

T T
50 100 1500 2000 0 50
Time (frs)

T T 1
1000 1500 2000

Panel A: Vaginal fluid
Panel B: Plasma

Panel C: Epithelium tissue
Panel D: Stromal tissue

0.00-

T T 1 T
500 1000 1500 2000 0 500

T T 1
1000 1500 2000

Time (frs)
Simulated

Patient — Ring

Patient — Cervix

Patient — Intiitus
Patient — Plasma

Kay K et al. BrJ Clin Pharmacol. 2018 Sep;84(9):1950-1969.



GDUFA Research Contract

* In 2018, OGD funded a research contract titled: “Physiologically-based
model of the female reproductive tract: vaginal and intrauterine delivery
components” (HHSF223201810188C) with University at Buffalo'

* Objective: Develop an open-source, user-friendly, generalized PBPK
modeling and simulation platform for complex products delivered in the
female reproductive tract

* Collect available information from literature and previous modeling efforts
e Conduct several in vitro, in vivo, and ex vivo studies to fill gaps in knowledge
* Develop and validate PBPK model

» Supports one of the key scientific initiatives to accelerate access to generic
drug products: “Improve PBPK models of drug absorption via complex
routes of delivery”

1. FY 2018 Awarded GDUFA Regulatory Research Contracts and Grants. U.S. Food & Drug Administration. Available at: https://www.fda.gov/drugs/generic-drugs/generic-drug-research-priorities-projects.
Accessed September 21, 2020.
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Key Data to Inform Model
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Model Development Process

Physiological Measurements Direct blood flow and tissue
from Literature volume measurements
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Data from Published Models
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Literature Survey (Complete)

* Completed systematic literature search and summarized data
— Pubmed, ScienceDirect, Google Scholar, medical texts, etc.
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In Vitro/In Vivo/Ex Vivo Studies (In-progress)

* In vitro studies * Invivo/ex vivo studies
— Invitro release rates in biological fluid — Ultrasound measurements of blood flow rates
simulants and tissue volumes

Tissue bank samples used to measure
transporter expression, permeability, and drug
partition coefficients

— Solubility in relevant biological fluids —
Permeation rates in tissue cultures
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Current PBPK Model Structure
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Female Reproductive Tract
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Image Source: CHAPTER 14 Female Reproductive System, Morton DA, Foreman K, Albertine KH. The Big Picture: Gross Anatomy, 2e; 2019.
Available at: https://accessmedicine.mhmedical.com/content.aspx?bookid=2478&sectionid=202020761 Accessed: May 14, 2022
Copyright © 2022 McGraw-Hill Education. All rights reserved



Female Reproductive Tract: Vaginal Compartment
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Female Reproductive Tract: Cervical Compartment
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Female Reproductive Tract: Uterine Compartment
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Common Blood Supply
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PBPK Model Application to FGS

* Facilitates virtual administration of compounds through various
routes of administration (IV, IM, vaginal, uterine)

* Provides predictions of concentration of compound of interest in
different target tissues (eg. vaginal/cervical/uterine tissue/fluids)

e Can be linked with pharmacodynamic models to assess effect on
biomarkers/receptors/cells of interest
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