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Outline

* Brief overview of modelling approach for key aspects:
* Maternal adaptation to pregnancy (hepatic metabolism)
* Foetal circulation
* Gestational-age dependent changes in foetal organs

* Examples:
* PBPK model of prenatal exposure to thalidomide vs efavirenz
* Modelling drug distribution into female genital tract (FGT)

* Lessons and limitations



Maternal Adaptations to Pregnancy
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Prenatal Drug Exposure Model Workflow

*PBPK model integrating
system parameters and
drug-specific parameters
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Modelling Maternal Hepatic Metabolism

Gestational || Cardiac ﬁ F,
age (GA) Q

OUtpUt Hepatic ™)

. '1'
In vitro
cL, . Cl. . per gram
- of liver '“t "'epat'c Hepatlc

PN

Induction Enzyme per _
by gram of liver LI\,/er MMPGL CL. = Qh X Fu X CLlnt;h
estradiol || microsomes weight h Q, + E, x CL;
h u X int,h

GA Genetics Age




Modelling Foetal Circulation
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Modelling Foetal Organs
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Final Model Structure

Value
Name ;o Component Name
e FE T 0.015
1 Variability = 0 o= 102
] ; Ka_1 :
2 Test Subject Rat ;T E P 16
- / pC_ .
3 Test Subject: Human TR 1 074
4 Route: Oral (Adult) y Cﬁn A6 1 0.05
5 Drug: Efavirenz_mother T CIint2B6_1 0.55
& Drug: Thalidomide_mother Telintang 1 0.007
7 Drug: Efavirenz_backup Y laint1A2 1 0.008
& Drug: Dolutegravir_mather . |Clint3A5_1 0.03
2 Drug: Rilpivirine_mother Caco_1 2.5E-6
A )
[
I Species ?(1 Parameters KJ Rules ¢ l Reactions Variants ; \L Broses 1
@ Enter Rule:| H Add ‘ ‘ Delete ‘
Name Rule RuleType Active ~ =
40 Enzyme expression - Abundance - CYP3A5_1 Abundance_CYP3A5_1 = abs(normrnd(16,5)) initialAssignment bt ~
41 Enzyme expression - Abundance - CYP3A7 _fetal Abundance_CYP3A7_f = abs(normrnd(200.9,111.3)) initialAssignment =
42 Enzyme expression - Activity - CYP1A2_Pregnant (%) Activity_CYPTAZ2 = 100-3.5814*XGA+0.0495*XGA"2 initialAssignment e
43 Enzyme expression - Activity - CYP2D6_Pregnant (%) Activity_CYP2D6 = 100+2.2695*XGA-0.0348*XGA "2 initialAssignment e
44 Enzyme expression - Activity - CYP3A4_Pregnant (%) Activity_CYP3A4 = 100+2.9826*XGA-0.0741*XGA"2 initial Assignment ~
45 AUC - plasma conc AUCplasma = Plasma_conc_1 rate ~
46 AUC - plasma conc_1 AUCvc_1 = Plasma_conc_1 rate . ~
Settings Description
Name:
|Enzyme expression - Activity - CYP3A4_Pregnant (%) | Active
[CRule:

|ACTivity7CYP3A4 = 100+2.9826°XGA-0.074T-XGA"2 |




1. Prenatal Drug Exposure: Thalidomide vs Efavirenz

European Journal of Pharmaceutical Sciences

Volume 140, 1 December 2019, 105068 \*\

ELSEVIER

Using mechanistic physiologically-based
pharmacokinetic models to assess prenatal drug
exposure: Thalidomide versus efavirenz as case
studies

Shakir Adeyinka Atoyebi , Rajith K.R. Rajoli ®, Ebunoluwa Adejuyigbe <, Andrew Owen °, Oluseye Bolaji 2, Marco

Siccardi ®, Adeniyi Olagunju *° & =

* Characterise prenatal drug exposure across gestation.
* Model organ-level prenatal drug exposure.

* Compare thalidomide vs efavirenz using qualified models.



Model Qualification for Non-pregnant Adults

:- Parameters : Observed Predicted :-Predictedfubserved ratio :
: Efavirenz® : (Dickinson et al., 2016) n = 605 n =100 : :
! 400 mg | ! 1
: C,, (mg/L) : 2.10 (2.01-2.20) 1.86 (1.65-2.06) : 0.89 :
I C,4 (mg/L) : 1.40 (1.32-1.49) 1.30 (1.10-1.49) ; 0.93 :
I Cinax (mg/L) I 2.52 (2.42-2.62) 2.47 (2.27-2.67) 1 0.98 I
I AUCq_24 (mg.h/L) 1 49.2 (47.0-51.5) 426 (38.0-47.2) 1 0.87 I
: 600 mg : : :
I Ci2 (mg/L) | 2.85 (2.70-3.0) 2.93 (2.59-3.27) ; 1.0 |
I Co4 (mg/L) I 1.82 (1.68-1.97) 2.07 (1.75-2.40) 11.1 I
: Crnax (mg/L) I 3.66 (3.51-3.81) 3.86 (3.52-4.20) : 1.1 I
| AUCy o4 (mg.h/L) : 67.2 (63.8-70.9) 67.3 (59.5-75.0) ; 1.0 :
| Thalidomide” | Thalomid Label FDA (2001) n =100 I :
| 200 mg [ ! I
: Cunax (mg/L) I 1.76 (30) 2.15 (17.7) : 1.2 I
| AUCq_», (mg.h/L) : 18.9 (17) 16.1 (18.6) ; 0.85 :
I 400 mg I | [
I Cpnax (mg/L) I 2.82 (28) 4.33 (18.2) 115 I
: AUCo_24 (mg.h/L) | 36.4 (26) 32.4 (18.5) I 0.89 '

# Mean (90% CI) at steady-state.
> Mean (%CV) after single dose.



Model Qualification for Pregnant Women

Pharmacokinetic parameter (units) Observed values Simulated values :-Predictedjobserved ratio :
T

400 mg efavirenz® 1 :
Third trimester (Lamorde et al., 2018) n = 25 n =100 1 I
Ciin (mg/L) 1.21 (0.878-1.65) 1.07 (0.915-1.23) I 0.88 1
Cinax (mg/L) 2.75(2.25-3.36) 2.11 (1.94-2.28) : 0.77 |
AUCq_24 (mg.h/L) 39.9 (30.8-51.7) 35.6 (31.7-39.4) I 0.89 1
600 mg efavirenz” I :
Throughout pregnancy (Olagunju et al., 2015a) n = 25 n =100 1 I
Cinin (mg/L) 1.00 (0.429-5.19) 1.44 (0.303-8.61) 1 1.4 1
Cimax (mg/L) 3.49 (1.26-14.4) 2.97 (1.50-9.82) ! 0.85 |
CL/F (L/h) 14.1 (2.96-27.7) 12.1 (2.84-32.5) : 0.86 |
AUCq_»4 (mg.h/L) 42.6 (21.7-203) 49,5 (18.4-211) ; L2 !
Third trimester (Cressey et al., 2012) n = 25 n= 100 I :
Cinin (mg/L) 1.60 (0.23-8.13) 1.20 (0.237-12.1) I 0.75 I
Cinax (mg/L) 5.44 (1.90-12.2) 2.72(1.46-13.4) I 0.50 I
CL/F (L/h) 10.8 (2.7-44.4) 13.8 (2.05-36.0) 13 |
AUCq 24 (mg.h/L) 55.4 (13.5-220) 43.5 (16.9-292) : 0.79 I

At delivery I I
Umbilical vein (Cressey et al., 2012) n = 23 n= 100 I :
Efavirenz concentration (mg/L) 1.05 (0.47-4.51) 0.745 (0.341-3.84) 1 0.71 I
C:M ratio 0.49 (0.37-0.74) 0.47 (0.42-0.58) I 0.97 I
Foetal plasma (Gandhi et al., 2013) n = 50 n = 100 : I
Efavirenz concentration (mg/L) 1.70 (0.050-7.88) 1.47 (0.654-7.92) I _DEﬁ _________ _!

# Data presented as mean (95% Confidence Interval).
b Data presented as median (range).
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Efavirenz brain PK T2 T3
FB conc. (mg/L) 0.073 0.11

AUC ratioFB;Mp 0.05 0.09

Thalidomide brain PK T2 T3

FB conc. (mg/L) 428 431
AUCo.4 (mg.h/L) 101 102
AUC ratioFB;Mp 461 4.56

*FB, foetal brain; MP, maternal plasma



2. Modelling Drug Distribution in Female Genital Tract
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PBPK Model of Drug Distribution in FGT
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e Allows simultaneous assessment of
foetal exposure and genital tract
distribution.

 Several potential applications:

* Determine optimal product characteristics
for PreEP & PMTCT (e.g. intrapartum HIV)
drug candidates.

e Characterise foetal exposure to drugs
administered intravaginally.

* Drug release kinetics of modified release
formulations added to extend application.
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Clinical Predicted

29.5(5.2) 30.7(8.3)

Age (y)

GA (weeks) 28.4(4.4) 33.5(2.2)
Weight (kg) 66.3(7.7) 72.4(1.13)
Daily dose 600 mg 600 mg

Maternal plasma (MP)
AUC,,, (ug.h/ml) 42.6 42.6
C..in (ng/ml) 1.00 1.14
C. oy (g/mMI) 3.49 2.66
Cervicovaginal fluid (CVF)
AUC, ,, (ug.h/ml) 13.2 14.4
C..in (ng/ml) 0.242 0.388
C, o (g/ml) 0.993 0.900
AUC ratioqye.vp 0.31 0.34



Lessons & Limitations

“Since all models are wrong the scientist must be alert to what is importantly
wrong. It is inappropriate to be concerned about mice when there are tigers
abroad.” - Box, GEP. ] Am Stat Assoc 71, 791-799 (1976).

 Modelling in this area is sometimes like looking for a needle in a haystack.

* Keys to progress include:

* Access to robust clinical PK datasets from well conducted studies (e.g. validated
bioanalytical method).

* Know exactly what you’re looking for (e.g. efficacy vs safety).
» Collaborate to get other involved (e.g. share model equations libraries).
e Understand what is “importantly wrong” per use case.

* Exposure metrics # safety metrics.

* Employing new tools to bridge this gap will help to generate data that will
inform decisions about early inclusion of pregnant women in clinical trials.
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