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B. Inereasing investment in pregnaney research

Reproduction and childbirth is a 'Cinderella’ area of research. It receives neither the funding, attention, nor
status that other areas of scienca and haealth research gamer. Though this area directly affects up to 31% of
the population — in truth the antire population, since wa are all a product of reproduction — only 2.1% of health
resaarch funding i the UK is spant on reproductive haalth and childbirth.

The UK spands about £31 milion & yearon pregnancy research, &
amall fraction of which ia relevant o medizines use in pregnancy.
For every £1 spam on pregnancy care in the NHS, only 1p i8 apemt
on resesrch. For comparison, pregnancy-related lisgation costs o
the NHS in 2018-18 were £2.5 billion, making up approsimatsly
48% of the wial coat of clinical neghgence claims.

Pregnancy-related [igation costs to the
KHS In 201818 were

£2.5 billion

makKing up approximately 48% of the total cost
of clinical negligence claims.

Thia pawcity of imestment — and subsequent paveity of pregnancy
R&D — has serious knock-on effecs. One winess noted that the
UK remains “at & 1990s |ewal jor progress in this field”, where other
areas of health science have fiourshed. This defizit runa through
avery smge fom basic bikogy © pre-clinical medizines acreaning,
and wranslation into novel therapies and other intarventions which
ocould seve lwes and relieve suffering for many mothers and babies.

Despite remarksble scientitic advances inowr undersanding

of human haahth and desase in other areas, we know limda in
comparson about basic human reproductive biology — the early
embryo; how medicines affect the workings of the placenia; how
meadicines croes the placenta from mother o child; the handling

of medicinea by the fews; and much of the basic physiobgy of
pregnancy is s1ill poorly undemooed. Improved undemEnding of
diisnowery science in reproductive health and embryology i vital.
Mary of the isues in pregnancy are laid down at the eerfiest stages
— in the first 12 wesks of gesiation - 50 knowing the acience of this
aarly stage may be pamiculary crucisl

Understanding thess basics bemerwould help at an earfier atage
in the process of designing and developing medicines jor wse in
pregnancy. For example, it researchers could show thar a new
medicine does not croes the placems s all, this would provide
‘50Me reassUrance for westing thar spacific drug in clinical rak
with pregnant women.

Baner pre-cinical tess would lead © & monre secure and safs
knowladge base betore medicines go into cinical trials with
pregnan women. This would mean potentally, thar medicines Tkely
o ba hamful in pregnancy, would be screened ou eary. Good

in wira, in wivo and in siico models are needed 1o screen drug
candidares and taat the potential effects of medicines given in
pregnancy, betore the human cinical wal sege.

Hovwrawar, our lack of basic research knowledge and the unique
narure of human pregnancy have been barmars.

Thera are no good enimal models w teatr medicine candidasa in
pragnancy. Those commonly wsed have very different placental
syaeme from humana, and do not nawrally develop the pragnancy
complicaton pre-eclampaia, for ecemple.

Racent advances bring some hope © the field. A human placental
atam cell line wes successtully develbped by Japanese researchers
in 201 8. And echnological mprovements in areas such e virual
clinical sndies, bener compuer modelling, microfluidics and
organoids (bicenginearad mini organa in the lab) means that we
may sea affective ‘placema-on-g-chip’' models in the ne three 1o
fiwe yeara. The UK could pioneer these iechnologies, and in wm
accalerate pregnancy medicnes research faser- provided reaearch
imvemmant was priomsed.

The Commission also heard from ditterent secors thar the bw
stans end tunding of reprductive science craates diticultes in
amracting &nd retzining researchems. Too ofen, young scientists are
loat © higher-profie and baner-resourced ereas such &s cancer.
Thiz is also a challenge on the cinizal side of research and cans -
thera are tewer than 10 ohawetic physicans in the entre UK, mosty
based in London and Croond.

Together, the Commission wes conwinced of the need for a clear
natonal sraegy related © pregnancy research, © address funding
izaues acmeas the feld: trom discowvery and wenslatonal science o
clinizal tials and evaluations; and 1o make the secior more anracive
© recruit and retain wlented researchers. Thera waes ko a
compeling raionale o develop bener and more efficient pre-clinical
acraening wok and reproductve mxicobgy models. Providing clear
tocal poine of public and priveE invesmment &s ‘huba’ for & coherant
UK commumizy, well-linked with wider giobal fundars and innovatora,
will be crucial o accelerating progress.

‘We basically do not understand enough

about the physiology of normal pregnancy and
certainly about pregnancy complications, in
order to know what we should be targeting.’
Profes sor Graham Burton, University of Cambridge

RECOMMENDATIONS

1. Deliver effective advocacy for medicines in pregnancy through a coalition of pragnancy and
baby charities, working togathar with the public, res sarchars from acadamia and industry as well as Governmant
to create a shared vision for safe madicines evaluation and developmant in pragnancy. This will allow for clear and
consistent massages to the public and clinicians.

2. Pregnant women should be offered the opportunity to take part in all clinical trials of
medicines that could be used in pregnancy, unless there are specific safely concems.

3. Prioritise updates for existing medicines with the potential to be used in pregnancy,
with regulators and industry working owards pragnancy-specific information on safety, dosing and effectivenass.
Resources should be put in place t maintain this activity, particularly for generic medicines.

4. De-risk insurance processes for early and late phase clinical triaks of new and existing medicines for use
in pregnancy, using lessons and successes from other challenges.

5. Incentivise industry to develop pregnancy-specific medicines, uiising
cross-stakeholder working to ensure that the UK is in a globally-competitive — and globally-collaborative — position to
drive drug developmeant for pregnancy-specific conditions.

6. Establish a UK-wide national network of research centres encouraging major public and
private investment and collaboration in pregnancy research expertise and infrastructure. This will ensure sustainable
drug development from discoveary sciance through o pre-clinical screaning tools and cinical evaluation

7. Improve use of routine clinical care maternity data to help assess the safety and effactivensss of
new and existing medicines used in pregnancy. Establish a designated maternity "Health Data Research Hub' through
Health Data Research UK with a focus on medicines evaluation in pregnancy.

8. Appoint a UK Steering Committee aligned to the Government's Women's Health Strategy 1o deliver
tha above recommendations, with oversight of implementation, ensuring milestones ara set and monitrad,
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Gestational stage and terms of pregnancy (consider both pregnant and unborn)

The gestational stage as defined per U.S. Department of Health and Human Services
(HHS) recommendations:

* 1-12 weeks for the 1st trimester,

e 13-28 weeks for the 2nd trimester

The Levels of a Full-Term Pregnancy
e 29-40 weeks for the 3rd trimester

Early-term: Full-term: Late-term: Post-term:
37 through 38 weeks 39 through 40 weeks 41 weeks through 42 weeks and after
& 6 days & 6 days 41 weeks & 6 days

https://www.womenshealth.gov/pregnancy/youre-pregnant-now-what/stages-pregnancy

What Does It Mean to Have a Full-Term Pregnancy? (verywellfamily.com) CE RTARA?



https://www.verywellfamily.com/what-does-it-mean-to-have-a-full-term-pregnancy-4174638

Physiologically Based Pharmacokinetic Modelling (PBPK)

* Integrate physiological, biochemical and physical chemical information
» Estimate kinetics in a target tissue or organ (effect compartment)
* Evaluate the effect of various intrinsic (age, race, gender, disease, etc.) and extrinsic
(DDI, environment, smoking, etc.) factors on drug exposure and response User friendly software,
T . e Sj
* Model variability and uncertainty S|mQYP
* PK-Sim
 SimulationPlus
a Intrinsic/extrinsic factors b PBPK model components
l\ System component f/ Drug-dependent
i ) | I:> (drug-independent) \ component
Drug—drug interactions l/ "
- rquaFt;idllgg ] ADME, PK, PD, and
Hace . enused organs L MOA
O sase o I_l Metabolsm
2 Active transport
Protein bindng .
- Drug-drug interactions
Ferviram 1'—“"” Receptor binding
 inissines .|
PBPK model
I f

— ,‘ . ~__— | Learn, Confirm, Predict Approach!
I:E> Individual or combined effects on {_| Dosing .., Elimination

human physiology

Clin Pharmacol Ther. 2011 89:259-67 C E RTARA
@



PBPK, how often? PubMed

m National Library of Medicine

Found 1 result for pbpk pregnancy Save Em

National Center for Biotechnology Information

Filters applied: Clinical Trial. Clear all

Clinical Trial > J Subst Abuse Treat. 2021 Nov;130:108521. doi: 10.1016/j.jsat.2021.108521

P“bmengV pbpk pregnancyl b4 m Epub 2021 Jun 3.

Advanced Create alert Create RSS User Guide Precision dosing of methadone during pregnancy: A
pharmacokinetics virtual clinical trials study
) . Raj K § Badhan ', Rosalind Gittins 2

Pharmacometrics in pregnancy: An unmet need. o

Affiliations + expand
168 results Ke AB, Rostami-Hodjegan A, Zhao P, Unadkat JD. PMID: 34118695 DOI: 10.1016/jj52t.2021.108521
Annu Rev Pharmacol Toxicol. 2014;54:53-69. doi: 10.1146/annurev-pharmtox-011613-140009.
PMID: 24392692 Review.

Found 1 result for pbpk pregnancy Save Email
Model-Informed Dose Optimization in Pregnancy.
RESULTS BY YEAR Chaphekar N, Caritis S, Venkataramanan R. Filters applied: Meta-Analysis. Clear al
J Clln Pharmaco" 2020 OCt'GO SUppl 1:563-576. dOi: 101002/]Cph17?7 Meta-Analysis > Environ Health Perspect. 2015 Dec;123(12):1317-24. doi: 10.1289/ehp.1408837.
PMID: 33205432 Review. Epub 2015 May 22.

Associations of Perfluoroalkyl Substances (PFAS)
with Lower Birth Weight: An Evaluation of Potential
Confounding by Glomerular Filtration Rate Using a

Physiologically Based Pharmacokinetics Model in Pregnancy: A Regulatory
Coppola P, Kerwash E, Cole S. . . . .
P Physiologically Based Pharmacokinetic Model (PBPK)
I| I ARTICLE TYPE Marc-André Verner !, Anne E Loccisano, Nils-Halvdan Morken, Miyoung Yoon, Huali Wu,

Perspective on Model Evaluation.

Robin McDougall, Mildred Maisonet, Michele Marcus, Reiko Kishi, Chihiro Miyashita, Mei-Huei Chen,
79 results Wu-Shiun Hsieh, Melvin E Andersen, Harvey J Clewell 3rd, Matthew P Longnecker
Books and Documents

O-_lllllllllllnllllIIIIIII

1989 2022 Filters applied: Associated data. Clear all

Clinical Trial
Meta-Analysis

Randomized Controlled
Trial

Review

Systematic Review C E RTARA?
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PBPK, how often? Source of PK Clinicaltrial.gov

Infection, pregnancy related etc, n=35 for ongoing, recruiting and completed

BE) u.s. National Library of Medicine

ChinicalTrials.gov

Find Studies = About Studies = Submit Studies =

Home : Search Resulis

Modify Search Start Owver

18 Studies found for: Completed Studies | pregnancy pharmacokinetic

CERTARAD



Integrating knowledge in PBPK to EXTRAPOLATE!

Intrinsic Factors
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Pharmacotherapy during pregnancy/Lactation - status

Total avoidance of pharmacological treatments is often not feasible during pregnancy.
o Pregnancy-related conditions (hypertension, gestational diabetes)
o breastfeeding-related conditions (mastitis, cracks, lesions)
o Chronic conditions (e.g., asthma, allergy, epilepsy, depression, HIV/infections)

* Fixed non-pregnant dose does not provide the required efficacy.

* Knowledge of proper dosing is required to prevent poor disease control, fetal /neonatal outcomes and teratogenic
effects, ..., etc.

* Many drug labels advise not to take many drugs during pregnancy due to the absence of reliable safety data (~ 25%
prescribed drugs use during pregnancy are off label and based on safety data from non-pregnant subjects).

* Pregnancy/Lactation studies have been performed in the post-marketing settings

— delays in drugs availability to pregnant/breastfeeding women

CERTARAD



Regulatory considerations

Pregnant Women:
Scientific and Ethical
Considerations for

Guidance for Industry

Pharmacokinetics in Pregnancy —
Study Design, Data Analysis,
and Impact on Dosing and Labeling

Guidance for Industry

DRAFT GUIDANCE
DRAFT GUIDANCE

This guidance document is being distributed for comment purposes only.

October 2004
Clinical Pharmacology

This guidance document is being distributed for comment purposes only.

April 2018
Clinical/Medical
Revision 1

Postapproval
Pregnancy Safetyty

Studies
Guidance for Industry °y

Clinical Lactation
Studies: Considerations
for Study Design

Guidance for Industry

DRAFT GUIDANCE

This guidance document is being distributed for comment purposes only. only.

DRAFT GUIDANCE

This guidance document is being distributed for comment purposes only.

May 2019
ClinicalMedical May 2019

ClinicalMedical

Inclusion in Clinical Trials

m European Medicines Agency

London, 14 November 2005
EMEA/CHMP/313666/2005

Benefit-risk of medicines
used during pregnancy
and breastfeeding

Workshop

‘| COMMITTEE FOR MEDICINAL PRODUCTS FOR HUMAN USE
(CHMP)

Date: 22 September 2020
Time: 12.45 - 17,45 (CEST)

Virtual meeting

%f 2
)

GUIDELINE ON

NEED FOR POST-AUTHORISATION DATA

THE EXPOSURE TO MEDICINAL PRODUCTS DURING PREGNANCY:

Ny
#SafetyOfMedicines

o FURDFEAN MIDICINES AGENCY

https://www.ema.europa.eu/en/events/

Regulatory Considerations for the
Mother, Fetus and Neonate in Fetal
Pharmacology Modeling

Dionna J. Green’, Kyunghun Park?, Varsha Bhatt-Mehta?, Donna Snyder' and
Gilbert J. Burckart®

Office of Pediatric Therapeutics, Office of the Commissioner, US Food and Drug Administration, Silver Spring, MD,
United States, * Office of Clinical Pharmacology, Center for Drug Evaluation and Research, US Food and Drug Administration,
Silver Spring, MD, United States

Supportive
evidence for
efficacy

Leverage available PK Dose selection

datain nonpregnant and
patients/animal studies to PR
optimize dosing in optlmlzatlon
pregnancy using exposure
matching

Leverage prior knowledge
of exposure-responsein
neonates for in-utero
efficacy

Inform pregnancy clinical
trial design using prior
knowledge (PBPK, PK,
disease modeling) and
clinical trial simulation

Leverage prior knowledge
of exposure-responsein
neonatal exposure for

fetal safety

workshop-benefit-risk-medicines-used-
during-pregnancy-breastfeeding

? frontiers
in Pediatrics

i‘ frontiers
in Pediatrics

Physiologically Based
Pharmacokinetics Model in
Pregnancy: A Regulatory Perspective
on Model Evaluation

Paola Coppola*, Essam Kerwash and Susan Cole

Medicines and Healthcare Products Regulatory Agency, London, United Kingdom

CERTARAD
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Challenges in Pregnancy PK/PD Clinical Trial Design

Physiological Variability

* Change in enzyme/transporters with gestational age
* Return to baseline

* Growth of the feto-placental unit

* Body size metrics

Enrolment Difficulties
* Usually enrolling ill (target population) pregnancy (HV is unethical unless for vaccine trial)
» Rare disorders: getting enough patients enrolled to satisfy statistical requirements

Choice of Pharmacodynamic Endpoints

» Sensitive, robust, and clinically relevant biomarkers validated in non-pregnant male adult male subjects can be different in
women during perinatal period

* Non-invasive biomarkers only

Challenges in Determining Dosing Regimen
* Traditional extrapolation from adult? Use WT, BSA or ...?

Sparse Sampling vs. Intensive Sampling
* often sparse sampling in pregnancy clinical studies

Safety monitoring
Only in the duration of the pregnancy

CERTARAD



Animal Models of Fetal Medicine and Obstetrics

Table 1 shows the average gestation length, number of fetuses, maternal weight, neonate

weight and the placental barrier type in human and relevant species.

Basal pestation parameters of the laboratory animals

Animal species
Latin

Human

Homo sapens
Mouse

Mus musculus
Eat

Rattus norvegicus
Guinea pig
Cawia porcellus
Chinchilla
Chinchilla lanigera
Rabbit

Chryctolagus

cuniculus
Sheep
Owis aries
Pig

Sus scrofa

Gestation
length {days)

26

67

113

153

115

MNumber of
fetuses

(53]

Maternal pre-
pregnancy weight
5

5900

19

283

728

480

1591

39.100

84.000°

Neonate
weight (g)

3183

39

2376

400-1900*

Flacenta barrier type

Hemomonocheorial villous
Hemotrichorial

labyrinth
Hemotrichorial

labyrinth
Hemomonochorial labyrinth

Hemomonochorial labyrinth

Hemodichorial labyrinth

Epitheliochorial

Epitheliochonal

Data are acquired from the PanTheria database [82].”
Dependent of the breed of pig (domestic pig or mini-pig) [20].

Placenta barrier
Maternal side Fetal side

AHomomonochorlal = ]
Q@ @ (o
a—
Homo sapiens . ®
e 9§
-GumeﬂPlg ‘
La
e ®
Chinchilla ‘ T
@ (3]
e 9 a2
Hemodichorial = —
L ]
L
L
L
L
Rabbit L]
e
Hemotrichorial E
ee
- 4
LI )
Mouse
LR )
LR
o0
Rat [ .,
Epitheliochorial = -
L
Pig °®
ol
ol
N ® |
Sheep
@
-

@ Syncytiotrophoblast Cytotrophoblast @ Uterine epithelial cell

Andersen MD et al., 2018
http://dx.doi.org/10.5772/intechopen.74038
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http://dx.doi.org/10.5772/intechopen.74038

The role of physiologically-based pharmacokinetic (PBPK) models

 PBPK models combined drug-related data with pregnancy-related physiological changes.

* Impact of inter-individual variability (genotypes, demographics, enzyme activity) of subjects
can be addressed.

* PBPK model have been applied recently to*
e predict maternal and umbilical drug levels
* evaluate the requirement of dose adjustment or proposing new dosing regimen during

pregnancy

Drugs Pregnancy PBPK application Ref

Chloroquine proposing a dosing regimens for prevention of Zika Virus disease Olafuyi & Badhan 2019

Darunavir Dosing optimisation strategy based on predicted umbilical vein Schalkwijk et al., 2018

(+ ritonavir) concentration

Paroxetine CYP2D6 Genotype-based dose optimization Almurjan et al., 2020

Piperaquine Assess the impact of efavirenz or ritonavir on piperaquine in distinct Olafuyi et al., 2017
customised HIV infected population (Thailand, Sudan & Papua New Guinea)

Quetiapine Dosing optimisation strategy Badhan & Macfarlane 2020

Efavirenz CYP2B6 Genotype-based dose optimization Chetty et al., 2020

*Abduljalil & Badhan J Pharmacokinet Pharmacodyn 2020 Aug;47(4):319-340. CE RTARA’)



Pregnancy PBPK model- verifications (CYPs)

Journal of Pharmacokinetics and Pharmacodynamics
https://doi.org/10.1007/510928-020-09711-2

ORIGINAL PAPER

Prediction of maternal pharmacokinetics using physiologically based
pharmacokinetic models: assessing the impact of the longitudinal
changes in the activity of CYP1A2, CYP2D6 and CYP3A4 enzymes
during pregnancy

Build a drug PBPK model for non-pregnant (women) adult using in vitre/in vivo data
(if required and available, add disease/ethnicity impacts)

Received: 28 July 2020/ Accepted: 11 August 2020 ,[ Verification step A

Khaled Abduljalil’ @ - Amita Pansari' - Masoud Jamei’

© Springer Science+Business Media, LLC, part of Springer Nature 2020 Does the model describe the observed pharmacokinetic in non-pregnant

. population adequately ? Y,
Caffe|ne CD No Yes l

v
P peeeesssessssenn . (AT p :
v Theophyl line : i Collect additional : Incorporate gestational-age dependent physiological
- information : parameters
v Metoprolol, T '
v e l
PropranOIOI Verification step ™
v Paroxetine A — »| Does the model describe the observed pharmacokinetic in pregnant
. : opulation adequately ?
v' Midazolam : - : /
v N|fed|p|ne ............ g - l
v' Rilpivirine A A — N
p : Colllect additionql information to Pregnancy PBPK madel is built and
"4 refine the gestation-dependent | can be used for other purposes, i.e.,
: Physiological parameters . dose optimization, interaction, ..., etc
LS
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Metoprolol PK during Pregnancy (CYP2D6)
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Transporter example: Metformin PK during Pregnancy

Application of physiologically based pharmacokinetic modeling
to predict drug disposition in pregnant populations

1 15! Trimester 2" Trimester
Va mShI KrIShna Jogl raju I SuvarChaIa ‘ ......... ::ﬂ:gi ;‘TEEFI’-IEI‘CEHI]'IB 0 ;I;::j;i:l ?;épemnme‘ — Prediced Maan s Predicted 85th Parcantil
- «+=weaae Predided Sth Percertile ©  (ObservedData
15amuel J. and Joan B. Williamson Institute for 250 2500 -
Pharmacometrics, Arnold & Marie Schwartz Abstract ) =
College of Pharmacy and Health Sciences, Pregnancy it % 2000 £ 2000
Long lsland University, Brooklyn, New York, tion. metahe | = E
UsA ’ g = 1500
?KinderPharm LLC, Exton, Pennsylvania, USA sbbah I S
inder \ \ vania, =
Y disposition { | & E e
Correspondence . E =
David R. Taft, Professor of Pharmaceutics, medications 2 3 500
Division of Pharmaceutical Sciences, Long impact of pr 8 5 i
Island University, 75 DeKalb Avenue, oseltamivir) ©
Brooklyn, NY 11201, USA.
. . known phys
Email: dtaft@liu.edu
tration-time :
Metformin is a — il Metformin Post-Partum
Pradited Nean «eweeces Prediced 9310 Percentig ——— Prediced Mzan seewens Predided 950 Percentie
Su bstrate for Seve ra I _________ Pradicted Cth Percentil © ObsenwedDats | | | [ Prediced 5th Percentile o Dbzered Data
2500 q - 2500 -
— —
transporters — OCT]1, 3 i E 5500
= =
OCT2, MATEs £ 1500 c
’ * c 2
o
£ 1000 E
£ e S o
g 5on SEE L £
[t & T o & S
Pregnancy ontogeny g A e D 3
. O 0 = } . . t t —
for OCT2 considered 0 2 4 & & M 12
Time (h)
in model
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Maternal-Placental-Fetal drug transfer

Maternal circulation

Maternal drug
metabolism

Syncytiotrophoblast
Placental transport A \SRQ.. c.

Placental
metabolism

e e
{i.f,"l Umbilical cord/Fetal Fetal capillary
circulation

Intervillous space Villous endothelial cell

Blundell et al. Lab Chip. 2016 August 2; 16(16): 3065—-3073.

Fetal metabolism,
renal excretion

Amniotic fluid
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Animal vs Human: Placenta & Fetus

Placenta Human Mouse Sheep
sprial arte myometrium placentome myometrium
) p\ﬁfmg":’ "..!d&!dg‘y carupcles
sprial myometrium . s =% X & ‘?N" 423:
ua o 5 Z
< cotyledon Pemathilaka et al. 2019.
thorionic labyrinth V‘\\ 3 Interface Focus 9:
villi v ) ) 20190031.
: 7 SN\
\\ / V)
Q) { //
A Human B NHP C Mice
Fetal membrane Amnion Epithota Cals —|_ Ep—

B el .y

<+— Basement membrane
Compact layer

- N\ N d A\
Fibrous layer { N ~
S
INDOBE) : Y

NN &
% A | e | X
Sponge layer —{_ KAZHIONG T b M gy

Extracellular Matrix

¢
AN

Iplsty
N0
SN

O
Wi, M\\\"‘

Basement membrane

Reticular layer —

Trophoblast Cells

S B < Blood Vessel
—

Trophoblast Cells —<

Richardson et al.
(2020) Front. Physiol.
11:715.

Decidua Cells

Metabolic differences??: For example, thalidomide is a severe teratogen in humans
causing phocomelia, but not in rats.
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PBPK model framework

Animal Toxicity Predicting Human

pose ° Fetal toxicity
- ! If/" )

Toxicodynamic Model

Cultured animal embryonic cells Y

Stem cells, midbrain cells, o/o Eﬂ&ﬂt

Mesenchyme cells, .. etc

Whole embryos culture ‘ i

\
' --“\
' _ Human fetal
_Animal fetal . tissue exposure
tissue exposure /" Coupled feto-maternal :

PBPK model

Human feto-maternal
systemic exposure

Animal feto-maternal
systemic exposure

human embryonic stem
cell

Abduljalil et al. Clin Pharmacokinet (2018) 57:1149-1171 CE RTARA’)



Model application to assess fetal exposure: vital for safety assessment

Application of a Physiologically
Based Pharmacokinetic Approach to
Predict Theophylline
Pharmacokinetics Using Virtual
Non-Pregnant, Pregnant, Fetal,
Breast-Feeding, and Neonatal
Populations

Khaled Abduljalil*, lain Gardner and Masoud Jamei

https://www.frontiersin.org/articles/10.3389/fped.2022.840710/
full?&utm_source=Email_to_authors_&utm_medium=Email&utm
_content=T1_11.5e1_author&utm_campaign=Email_publication&
field=&journalName=Frontiers_in_Pediatrics&id=840710

b £
. | i
I 1 |
I | |
: : Prediction E
| | —— :
| | :
I ' |
I Emerorsgatic I 1
| I
: ||'1.I'I.I.hnnn | Placenta Fetus j
" Non-pregnant/non-lactating ! — Pregnancy PBPK Model A
\ PBPK Model ’
e e e e e e e e e e o o o -
Predictiun\
o= —————— P el
,p‘ ‘—iw:wu i |“I ::: \
| == | | z |
1 ——————  frain : rr— I
i — e I I ——
1 e i | H
. — i | - |
1 (kiR } I —
: p— : --------- I /,,- ML | I
i flml" == | | Infant Daily Dose | I = [
Vin * “ E Errohaparic
| NEe=s | e ) e |
P ~ [ oratose | ! Prediction Prediction | = |
g‘ [oms] ! e e ' l Neonatal PBPK Model |
. lactation PBPK Model _/ . (rcaffeine) 7

FIGURE 1 | Workfiow of the implemented perinatal theophylline physiological-based pharmacokinetic (PBPK) model. The neonatal model includes caffeine PBPK as a
formed metabolite.
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Non-pregnancy calibration
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Simulation
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Design evaluations
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