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“PK studies including pregnant Pregnant Women:
patients, physiological changes Scientific and Ethical

during and after pregnancy that . .
are critical for drug absorption Considerations for

and disposition may need to be Inclusion in Clinical Trials
considered in the model.” Guidance for Industry

Guidance for Industry

Pharmacokinetics in Pregnancy —

Study Design, Data Analysis,
and Impact on Dosing and Labeling

FDA, 2004
Introduction to population FDA’ 2018

PK modeling approaches”
®

EMA, 2006
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Pregnant women clinical information

Post-marketing

e Safety concerns

e Ethical limitations

* Other approaches are

@% \ necessary
Clinical Trials ‘ _
" =1
Safg | 5 %
e Ethical if the drug \
provides a direct "@‘4, @)
benefit to either the 5 ‘

mom or the fetus
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Paracetamol

Paracetamol is considered safe to use at all stages of pregnancy
by physicians and pharmacist ....

... and yet:

. Check for updates
F

Paracetamol use during pregnancy —

a call for precautionary action

Ann Z. Bauer', Shanna H. Swan?, David Kriebel', Zeyan Liew®, Hugh 5. Taylor*,
Carl-Gustaf Bornehag”>, Anderson M. Andrade®°®, Jorn Olsen’, Rigmor H. Jensen(®?,
Rod T. MitchelP, Niels E. Skakkebaek'®, Bernard Jegou''-'* and David M. Kristensen®'!.1?=

https://www.nature.com/articles/s41574-021-00553-7.pdf
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https://www.nature.com/articles/s41574-021-00553-7.pdf

Paracetamol

:otential associations suggested by human observational studiei ({We recom mend that APAP Shou I d be
APAP exposure Perinatal Childhood Adolescence and USEd by pregnant women ca UtIOUS|y at

in pregnancy adulthood

the lowest effective dose for the
shortest possible time.

Long-term or high-dose use should be
LAGD 4 TADHD, autism, TEarly puberty limited to indications as advised by a

T Genital hyperactivity, onset @

P e toral Al e : ”
malfornations | | behaviouraldificulio health professional.

APAP = Paracetamol
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https://www.nature.com/articles/s41574-021-00553-7.pdf

“For PK studies including pregnant
patients, physiological changes during
and after pregnancy that are critical for
drug absorption and disposition may
need to be considered in the model.”

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pharmacokinetics-

pregnancy-study-design-data-analysis-and-impact-dosing-and-labeling
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https://www.fda.gov/regulatory-information/search-fda-guidance-documents/pharmacokinetics-pregnancy-study-design-data-analysis-and-impact-dosing-and-labeling

Weight Gain During
Pregnancy

Physiological Changes
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#1 Transmembraneous Pathway
#2 Intramembranous Pathway
#3 Fetal Pathway

#4 Transplacental Pathway
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Fetal PBPK Model

Pre-Term Height vs Age - M & F
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Pre-Term Ln(BW) vs Age - M & F
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Height _(cm)

Fetal - GA (weeks) 11 16 21 26 31 36 41

Placenta

GA (weeks)
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Fetal
Placenta

Fetal PBPK Model
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GFR [mL/min]
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Maternal — Fetal Exchange

* Intramembranous pathway * Transplacental pathway
rapid movement of water and solute that occurs between

amniotic fluid and fetal blood within the placenta and membranes

=>» Disappears after skin keratinization (GA 20)
Fetal Blood

* Transmembraneous pathway

movement of water and solute between amniotic fluid and
maternal blood within the wall of the uterus

=» Important in early gestation

Maternal Blood

KpM,M

* Fetal pathway
Movement of water and solute between amniotic fluid and fetal

organs
=>» Starts between the 9th and 12t GA
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GastroPlus Demo
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Case study 1
APl eliminated solely by the kidney




Cefuroxime
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CFX Baseline Model
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=>» PBPK model can reasonably described
the observed concentration following IV
administration at 3 doses
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.o A: CFX Maternal Cp Postpartum |

\{ Plasma

=> PBPK model can reasonably described
the observed concentration following IV
administration in Postpartum subject
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: CFX Maternal Cp 18 GA | 00 CiCFX Maternal Cp 41 GA | | D: CFX Fetal Cp 41 GA - E: CFX Amniotic Fluid 41 GA
Plasma g Plasma .l Fetal " |
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=» PBPK model can reasonably described the observed maternal and
" fetal concentrations following IV administration
[@
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Basal Membrane
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Cefuroxime

Fetal Blood

CYP19,1A1/ 2, 202;
A1/4; GST; SULT

Maternal Blood
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Cefuroxime
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Case study 2
APl eliminated solely by the liver
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Metronidazole
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20 A: MTD Baseline Model IV 2 B: MTD Baseline Model PO |
Plasma Plasma

Concentration (pug/mL)
Concentration (ug/mL)

=» PBPK model can reasonably
. described the observed
concentration following

— IV/PO administrations.
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Metronidazole

25' | A: MTD Maternal Cp Postpartum
Plasma

* No model adjustment was made
based on Postpartum data at 2
doses (0.25/1g PO)

P
o
—_——— —
M —
>
-~
-~
~
~

o

=» PBPK model can reasonably
described the observed concentration
following PO administration in
Postpartum subject.
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B: MTD Maternal Cp 11 GA C: MTD Maternal Cp 12 GA D: MTD Maternal Cp 24 GA _ E: MTD Maternal Cp 36 GA
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=» PBPK model can reasonably described the observed maternal Cp-time
concentrations following PO administration at different stages of pregnancy
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Metronidazole

_A:MTD 500 mg Maternal Cp 39 GA | | | B: MTD 400 mg Maternal Cp 9 GA |, C: MTD 500 mg Maternal Cp 9 GA |
Plasma " Plasma Plasma

Concentration (ugimL)

- ._.pl-d'-'-on -
fme

Concentration (ug/mL)
Concentration (ug/mL)

10 20 : i 50 i ] 3 ' i z 3 4
Time (h) Time (h) Time (h)

D: MTD 500 mg Fetal Cp 39 GA = E: MTD 400 mg Placenta/Fetal S GA _ F: MTD 500 mg Placenta/Fetal 9 GA |

Concentration (ug/mL)
Concentration (ugmL)
.

(%]
Concentration (ug/mL)

1 ; 1 2 k
Time (h) Time (h) Time (h)




Summary

e Ethics and safety concerns exist for Pregnant populations

* Pregnancy PBPK models can predict maternal and fetal
PK/exposure

 Postpartum data may be interesting to calibrate the PBPK
model

* Placenta model structure is probably dependent of the

molecule of interest
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GastroPlus 9.8

For More Information:

Visit our website at: www.simulations-plus.com

Or info@simulations-plus.com

Thank you and see you during the following workshops!
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