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Background

e 2012 - Food and Drug Safety and Innovation Act (FDASIA)
e Sec. 907 requires the FDA to provide Congress with an action plan

enhancing diversity of clinica

Collection of Race and Ethnicity Data
in Clinical Trials

trial populations

Guidance for Industry and
Food and Drug Administration Staff

Document issued on October 26, 2016
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Trial Designs
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U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
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Background

* Significant efforts have been made by patient organizations, academicians
and clinical pharmacology societies

American Society for
Clinical Pharmacology Member Services ~  Meetings~  Journals ~
& Therapeutics

Resources > ASCPT News > View

CALL FOR PAPERS: CPT "Diversity, Equity, and Inclusion” themed issue * Clinical pharmacology in vulnerable
Author: [AUTHOR] Published on 3/24/2022 8:35:00 AM

Clinical Pharmacology & Therapeutics "Diversity, Equity, and Inclusion” themed issue

populations

e Transgender studies

* Pharmacogenomic studies in minority
populations

 Challenges and opportunities for clinical

pharmacology research in minority

populations

. . A , College of Pharmacy
Source: https://www.ascpt.org/Resources/ASCPT-News/View/Articleld/27720/CALL-FOR-PAPERS-CPT-Diversity-Equity-Inclusion-
themed-issue UNIVERSITY of FLORIDA



https://www.ascpt.org/Resources/ASCPT-News/View/ArticleId/27720/CALL-FOR-PAPERS-CPT-Diversity-Equity-Inclusion-themed-issue

Background

* Two complementary perspectives

Demographic

* Sex
* Race
e Ethnicity

* Age

* Enhancing diversity may be challenging for drugs showing a wide

“prescribability” potential
* Antimicrobials
e Anti-inflammatory drugs

Non-demographic

* Organ dysfunction

Comorbid conditions

Disabilities

U
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PBPK modeling & extrapolation

e Separation between drug- and system-related parameters

d Intrinsic/extrinsic factors b PBPK model components
System component Drug-dependent
(drug-independent) component
Lung
. Rapidly l ADME, PK, PD, and
perfused perfused organs ™7 (| MOA
g | L—EE g Active transport
| | , ] Passive diffusion
- ;'_'_('d“ev . Protein binding
, . f Drug—drug interactions
' ’_L'.Tr J Receptor binding
.ﬂ Intestines :
PBPK model

Zhao et al, Clin Pharmacol Ther 2011;89(2):259-67 UF College of Pharmacy
UNIVERSITY of FLORIDA



PBPK modeling & extrapolation

* Reverse translation approach

Reverse Translation:
Goes Back to Pre-Clinical Forward Projection:
& Other Clinical Studies Use the Reverse
- Translational Steps with
Middle-Out Analysis to
Projectbeyondthe Scope of
Initial Clinical Observations

into Analysis of Clinical Observations

Rostami AH 2018, Clin Pharmacol Ther 103(2):224-232 UF College of Pharmacy
UNIVERSITY of FLORIDA



Case study

» Ketoconazole (BCS Il weak base)
* Dose-dependent precipitation kinetics

* Dose-dependent metabolism §,
* LogP =3.73 :;
* pka=3.4and 6.51 E
h 1%
* BP=0.6 ) E
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Walter & Kurz, 1988. J Pharm Pharmacol 40:689-693; Daneshmend et al, 1988. Clin Pharmacokin 14:13-34; Matthew et al, 1994. Pharm

Res 10(3):418-422; Pathak et al, 2017. Mol Pharmaceutics 14:4305-4320; Galia et al, 1998. Pharm Res 15(5):698-705.
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Model-based analysis of /n vitro data

e Estimate fundamental parameters (deconvolution)

Hepatocytes, human liver

. . : : K_andV
Metabolism microsomes or Michaelis-Menten model m max
recombinant enzymes
Overexpressing cell lines .
Mechanistic compartmental CLye f o, K andV
Uptake Transport suspended or plated P el STHEAL St JEES
uptake models
Diffusion layer models, Z-factor,
One- or multi-stage Mooney model, biphasic

Dissolution /
Precipitation

Dependent on apparatus

dissolution apparatuses dissolution model, transfer .
and model choice

model, transmembrane flux
model, etc.

UF College of Pharmacy
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IVIVE of precipitation

* Model-based analysis of in vitro precipitation data from different systems
* Ketoconazole fully dissolved in the donor compartment

Dumping test Transmembrane flux Biphasic dissolution
\ |
mé'::“:f:,n,u e m 1
e N = O e
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=
Aqueous \\
Y (&8
Closed system
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______ s
h S
* . Organic
!
ﬂ_ : I{ \‘(C- -5 } ; = DADODRKnd ((j -KC ) di??o _ kAkOKO:'H‘ 4 (_' _ (_"0
- — L St D, Dyh, +D,(Deh,K,; + D,h K, ) S dt - k,+k K I K
g A o Tow ow
. . . . P College of Pharmacy
Kambayashi et al, 2016. Eur J Pharm Biopharm 103:95-103; Mullin, 2021. Best Practices for Membrane & Biphasic In Vitro Dissolution
with DDDPlus™& GastroPlus® UNIVERSITY of FLORIDA



IVIVE of precipitation

* Model-based analysis of in vitro precipitation data from different systems

 First-order precipitation model

Dumping test

(HCl solution)

Small Intestine

Transmembrane flux
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Sink Buffer |

20 mL Level II
FasSIFv2 |

Biphasic dissolution
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Kambayashi et al, 2016. Eur J Pharm Biopharm 103:95-103; O’Dwyer et al, 2020. Pharmaceutics 12:272.

Mean precipitation time = 2850 s
Surface area = 19.63 cm?
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IVIVE of precipitation
* IVIVE-PBPK modeling

» Ketoconazole solution 200 mg — healthy adults under fasting conditions
* Different in vitro systems, different results

v 6 o
- d k5 Fe @® OBSPK
Dumping test g 51 . o Dumping
L ) T AN
- ~ B : Membrane
Transrri:iembrane o iE“ 3 | Biphasic
ux c ¥ : .
: :\ ;- =5 _5 ------- No precipitation <« 10000 s
Biphasic Compartmental Q :
el > model for each S 1-
\ / s ¥ TS
- / dose § oo T e —
No precipitation 0 2 4 6 8 10 12
\ ) Time (h)
pH-solubility Hepatic and intestinal 200 mg
profile, pKa, P, FPE (preclinical), f, OBS AUC,, ; = 17.9 ug.h/mL
and SR and BP -In
Default C1-C4 SIM AUC ¢ = 12.7 ug.h/mL
CL/F=12L/h
ol | , | N —_— UF College of Pharmacy
Psachoulias et al, 2011. Pharm Res 28:3145-3158; Huang et al, 1986. Antimicrob Agents Chemother 30(2):206-210; UNIVERSITY Of FLORIDA

Pathak et al, 2017. Mol Pharm 14(12):4305-4320; Cristofoletti et al. 2017 J Pharm Sci 106(2):560-569.



IVIVE of precipitation
* IVIVE-PBPK modeling

- @

* Ketoconazole solution 400 and 800 mg — healthy adults under fasting conditions

* Dose-dependent precipitation rate

@ OBSPK

12 £ 5
;o = Dumping
@
10 P
Membrane
—— Biphasic

------- No precipitation

NSRS v 00

Ketoconazole plasma concentrations
(ug/mL)
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OBS AUC, s =55 ug.h/mL
SIM AUC, s = 42 ug.h/mL
CL/F=7.3L/h

Huang et al, 1986. Antimicrob Agents Chemother 30(2):206-210.
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IVIVE of precipitation

* Mechanistic model-based analysis of in vitro biphasic dissolution data

Lindfors model
i
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O’Dwyer et al, 2020. Pharmaceutics 12:272
Lindfors et al, 2008. Colloid Interf Sci 325(2):404
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Pre-exponential Term:

+ 12 . .
il : Ir )
D meno "ﬁ"' .-!1:{' . ]_11 . +
"'I’ 'l._ 115 ¥ R

Exponential Term:

671

/

;’" )

-

kT ) I ;
1{\5,]

UF College of Pharmacy
UNIVERSITY of FLORIDA



IVIVE of precipitation

e 200 — 800 mg oral solution

* Lindfors parameters estimated from in vitro data

* Interf_Tension = 0.0191 J/m?; Surface Int Factor = 0.3 um; Exp Correc Factor = 0.155
* Forward IVIVE failed

ketoconazole solution 200 mg Lindfors - Plasma Concentration ketoconazole solution 400 mg Lindfors - Plasma Concentration ketoconazole solution 800 mg Lindfors - Plasma Concentration

15 26
5 o 1 2
[m} 13 22
m] 12 20
200 mg } 400 mg } 800 mg
?3 E 8 Eu
§ ) § 6 g 10 %
3 o g 3 '
~ |l : 1
2
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Fadof 1¢t |Max Rad of|S5F at Time Hucl Time 55R
o N Radof Tst |Max Rad off 55 2t | Time Nucl [sep 1oy | TiMe 55R o o Fad of 15t [Mas Fad of SSR at | Time Muel [ocp pgay | Time 53R Comp Name Nucl fum)_|Nucl fum) | Nucl (h] SSR Max 4oy ]
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IVIVE of precipitation

e 200 — 800 mg oral solution
* Lindfors’ parameters fitted to 200-800 mg oral PK profile

* @Gaining confidence using a reverse translation approach

Concentration (pg/mL)
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6
Time (h)

Comp Mame

Fad of 15t
Muel [um)

2% Fad of
Muel [um]

S5R at
Hucl

Time Muel

S5H Max

Time 55R

ketoconazole solution 400 mg Lindfors - Plasma Concentration

3 a B8R R B

222 2 3

- @

ketoconazole solution 800 mg Lindfors - Plasma Concentration

800 mg

Starnach

E]

A

h]
-1

k2w [h)

Duodenurm

Jejunum 1

Jejunum 2

lleurn 1

llewm 2

llewmn 3

Cascum

Aso Colon

JLIFY QLY VLI LY LY LY (LMY (LY LY

JRIY R VLI LY I (LY (LY LY

Y Ry LI LI Y Y (Y

JRarY (LY LY LY IR LY (LY (LY Y

JLIPY (LY LI LY LY UL (DL (LY LY

15
14
13
12
:11
E 10
i 400 mg
£
HE
£ 5
Oy
= i
2
1
o= T T T T T
o 2 3 4 5 6 9 10 1 12
Time (h)
Rad of 15t |Max Rad of|S5F at Tirne Mucl Time S5R
Comp Rem= Mucl {urnl | Mud fum] | Nue! ihi SSRMax |y )
Stomach -1 -1 -1 -1 -1 -1
Diwoderumm 1.65E-3 4378 54,30 0164 5521 0.199
Jejunum 1 8.309 4748 13.29 0.2g2 1764 0.475
Jejunum 2 2612 44 81 7249 0613 TR 0763
lleurn 1 /13 4225 4 BE7 1.141 4 BE7 114
lleurn 2 3855 38.86 2521 1.674 254 1.674
lleurn 3 -1 -1 -1 -1 -1 -1
Cascum -1 -1 -1 -1 -1 -1
Asc Colon -1 -1 -1 -1 -1 -1

E
-
)
S
6
4
2
0= T T T T T
o 1 2 3 4 5 6 8 9 10 11" 12
Time (h)
o [t [t T [ Jon v [
Stamach -1 -1 -1 -1 -1 -1
Duodenum 7.03E-3 110.3 B2.46 0.054 110.0 0.134
Jejunum 1 1.950 93.43 4.890 0.074 32.06 0.402
Jejunum 2 12.01 88.23 2.248 0.184 12.66 0.640
lleurn 1 3013 84.59 2.244 0.377 7.23 0.875
lleurn 2 44.30 a1.12 2.232 0.E23 4462 1.085
lleurn 3 43.89 a3.0m 2.228 0.680 £.095 1.266
Caecum 58.04 74.25 2.240 1.136 2.860 1.480
Azc Colon -1 -1 -1 -1 -1 -1

UF

College of Pharmacy
UNIVERSITY of FLORIDA



IVIVE of precipitation - @
* From a ACAT-compartmental to a full PKPK model

e Simultaneous fit of 200-800 mg data mmmm

200 mg Corax 0.98
v AUC, .. 184 179 1.03
[
max AUC,, /dose 0.092 0.0895 1.03
e K
m
400 mg Cornax 122 115 1.06
AUC,, . 647 552 1.17
e Captured non-linear metabolism AUC,/dose 0.162 0.138 1.17
* 4-fold increase in dose
* 9-fold increase in AUC, ¢ 800 mg Crnax 21.0 209 1.00
AUC,,. 1615 172.3 0.94
AUC, /dose 0.202 0.215 0.94

UF College of Pharmacy
UNIVERSITY of FLORIDA



IVIVE of dissolution

* Model-based analysis of in vitro dissolution data

* Johnson model (modified version of the Nernst-Bruner model): dissolution of
spherical and cylindrical particles

* Derive P-PSD dM, D

Ketoconazole tablet Pathak et al 2017 P-PSD Ketoconazole tablet Pathak et al 2017psd Ketoconazole tablet Galia et al 1998
||7—ketucunazul&% Diss ¥ W ketoconazole-% DIssUDs] ||7—ketucunazul&% Diss W ! ketucunazul&%DlssUbs] |I7—ketucunazul&% Diss W ! ketucunazul&%DlssUbs]
N 0.45
100 g g g 0 100 100
90 0.40 90 90
FaSSGF pH 2
80 P 80 FaSSIF pH 6.5 80
250 mL - -
F 70 0.30 s 70 500 mL = 70 =
3 100 rpm g T o0 3
2 60 Y S 0.25 2 100 rpm 3
2 fin — @ @
@ 50 © ' ' @ 50 @ 50
a 2020 Vo o o
5 40 Voo s 40 s 40 FeSSIF pH 5
5 0.15 ' ' E E
[ X | | 2 2
- 30 Voo 30 30 500 mL
] ]
0.10 | \
20 P 20 20 100 rpm
10 0.05 : : 10 10
0 T T T 0.00 t—— ‘: T :. T :. —T :. — T T 0 ; | y y i . 0 ; | y y i .
100 150 200 TTowowowowowoWwoe WwoWwoWw 0 20 40 60 80 100 120 0 20 40 60 80 100 120
nnnnnn < < 0D W®O® O ~MN® 0
Time (min) Radius {um) Time (min) Time (min)

UF ‘ College of Pharmacy
Pathak et al, 2017. Mol Pharmaceutics 14:4305-4320; Galia et al, 1998. Pharm Res 15(5):698-705. UNIVERSITY of FLORIDA



IVIVE of dissolution

O=0

* Integrating drug and formulation parameters with physiology (convolution)

e Simulating in vivo dissolution profiles

Drug and formulation parameters
pH-solubility profile
P-PSD
Papp

Precipitation kinetics

+

Gastrointestinal physiology

Intraluminal pH

Buffer capacity

Intestinal fluid volume

Cristofoletti et al, 2019. J Pharm Sci 108:3842-3847.

Subject 1
Intraluminal
Dissolution

Subject 2
Intraluminal
Dissolution

Subject n

UF

College of Pharmacy
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IVIVE of dissolution - @
* Ketoconazole tablets 200 — 800 mg mmmm

. 200 mg 0.95
fasted PK profiles Cmax
— AUC, 111 125 0.89
* P-PSD
AUC,.. 113 129 0.88
T 1.2 1.5 0.8
S 400 mg Crrax 8.0 7.9 1.01
£ 1071 AUC,, 36.2  35.2 1.03
= AUC,.. 365 358 1.02
5 T . 1.4 1.6 0.88
§
N
= 800 mg Coo 184 185 0.99
. AUC,, 1342 159.2  0.84
AUC,.. 127.4 140.1 0.91
T 1.8 3 0.6

max

UF College of Pharmacy
Pathak et al, 2017. Mol Pharmaceutics 14:4305-4320; Daneshmend et al, 1984. Antim Agents Chemother 25:1-3. UNIVERSITY of FLORIDA



IVIVE of dissolution - @
* Ketoconazole tablets 200 — 800 mg fed mmmm

200 mg 1.01
PK profiles Cmax
AUC,, 12.8  13.0 0.98
* P-PSD
AUC,.. 129 1322 0.98
T 2.6 3.0 0.87
= @B 400 mg C 82 92 0.89
E 10% l--.--l m. LR 800 mg o
2 = O meL AUC,, 41 515 0.80
S W om T, O o
& R Rt = Y. m AUC,.. 413 538 0.80
= g H ... 7400 mg
g 118 m T 2.9 3.0 0.97
S S G 200mg .., ™ ki ' ' '
{‘_" :1... .".D-
< [ & 5
O N = S 800 mg C.. 174 17.9 0.97
0 2 1 6 8 10 12 AUC,, 1235 1209 1.02
Time (h)
AUC,.. 1363 1387 0.98
T 0.88

UF College of Pharmacy
Pathak et al, 2017. Mol Pharmaceutics 14:4305-4320; Daneshmend et al, 1984. Antim Agents Chemother 25:1-3. UNIVERSITY of FLORIDA



Forward projection - application

* HIV-infected individuals with CD4 T cell count > 200 cells/pul
* Less susceptible to infections in the Gl tract
* Weighted mean gastric pH = 3.46 and SD = 0.35

* HIV-infected individuals with CD4 T cell count < 200 cells/ul (AIDS)

 Weak immune systems
e Susceptible to infections in the Gl tract
* Weighted mean gastric pH =4.85 and SD = 1.29

e Control individuals

* No infection
* GastricpH1.5-2.9

College of Pharmacy

Lake-Bakaar et al, 1988. Ann Intern Med 109(6):502-504; Geragthy et al, 2015. PLoS One 10(8):e0132043; Welage et al, 1995. Clin Infect U
UNIVERSITY of FLORIDA

Dis 21(6): 1431-1438; Wilcox et al, 1999. Gut 44:101-105; Kelly et al, 2010. BMC Gastroenterol 10:72.



Forward projection - application

* HIV-infected individuals with CD4 T cell count < 200 cells/ul

* GET is = 3-fold slower in the presence of opportunistic Gl infection

TapLE 1. CLINICAL CHARACTERISTICS AND GASTRIC ExpTymng Data oF HIV SEROPOSITIVE SUBIECTS AND
HIV SERONEGATIVE CONTROLS®

HiV{+)
Entenic No enteric
Controls HIVi+) P pathogens pathogens P
Subjects (N} 12 sS4 20 34
Age (yr) 3009 (0.75) 380 (1.14) (.52 39.95 (2.02) 34'1;!':.‘1 (1.34) (1%
[TDh3 (countmm') NA 166.1 | 26.14) 44.8 (15.4) 3375 (35.9) T
Lrastnic symploms [13) (INIES {[J.[-:'H:I a3 [15) = INCI! FE TR ] [E SIS 2%
BMI (kg'm”) 23.42 (0.37) 20.8 (0.38) 0.0022 20.1 (006) 21.2 (0.46) 0.15
Weight loss (%) {l 241 (1.44) 124 {2.6) 6.1 (1.5) LLLHNT
[Gastoc T0% (min) BT (a7 1164 (11.0) TN 1633 (26.3) TRA(5.0) noies |
ST (min) —30 (0.0 EX N ENL] nos RN RIES] el ) mr7
GE gradient (% /min) —(.751 (0.044) —0.499 (0.032) 0.0007 —0.42 (04)  —0.57 (0.03) 00038
Proxmal/total GE 1.033 (0.084) 1.367 (0.083) (.7 138 (0L1T) 1.36 (0.05) .93

gradient (%/min)

* Resulis are uxpru:ecd as mean (SE).

Lake-Bakaar et al, 1988. Ann Intern Med 109(6):502-504; Neild et al, 2000. Digestive Dis Sci 45(8):1491-1499

UF
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Forward projection - application >

* HIV-infected individuals with CD4 T cell count < 200 cells/ul
e Ketoconazole tablets 200 mg (fasting)

Lake_Bakaar_healthy
v Cy Return-Lake_Bakaar

althy Obs [¥ — T Cp-Venous Return Lake_Bakaar_hea

Lake_Bakaar_HIV
[V O Cp-Venous Return-Lal

ation (ug/mL)
P

ation (pg/mL)

10 12 14
Simulation Time (h)

10 12 14
Simulation Time (h)

UF ‘ College of Pharmacy

UNIVERSITY of FLORIDA

Lake-Bakaar et al, 1988. Ann Intern Med 109(6):502-504



Forward projection - application

* HIV-infected individuals with CD4 T cell count < 200 cells/ul

* PSA

* C.., in HIV-infected is more sensitive to P-PSD than C__, in healthy adults

° 100 & 100
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Mean particle radius (um)
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UF College of Pharmacy
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Summary

Model-based analysis of in vitro data is helpful to derive fundamental input parameters for PBPK
models;

Generalization of first-order precipitation rate across different doses is not straightforward;
* Dose-dependent precipitation

Forward translation of in vitro precipitation data using Lindfors model requires further research;

Gaining experience in the translatability of drug-specific parameters is needed to inform forward
projections;

We were able to recapitulate the impact of HIV infection on ketoconazole oral absorption;
* Model performance may be limited by knowledge gaps related to system parameters

PBPK modeling may be useful to gain mechanistic insights on the impact of comorbid conditions
on the exposure of the investigational drug and help assessing the risks related to enhancing

diversity of clinical trial populations U College of Pharmacy
UNIVERSITY of FLORIDA
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Thank you!
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