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Background
Antipsychotics and mood stabilizers are reported to be widely used during
pregnancy, often off-label. There are concerns and debates for birth defects
following the use of antipsychotics during the first trimester.
Due to the ethical concerns, pregnant women are traditionally excluded
from the clinical trials leaving the population data-sparse. Several
physiological changes occur during pregnancy that could affect drug
pharmacokinetics resulting in safety and efficacy concerns for the use of
antipsychotic medications during pregnancy. Physiologically based
pharmacokinetic (PBPK) modeling is a useful computational tool to predict
drug disposition during pregnancy by incorporating both the drug-specific
properties and time-varying gestational physiological changes.

Objective
To develop and apply population based PBPK modeling for antipsychotics
to help guide safety and efficacy evaluations for the use of these drugs
during pregnancy.

Methods
A minimal pregnancy PBPK model was developed using the open-source
programming language, R, as a transparent and flexible tool to describe the
dynamics of maternal pharmacokinetics and quantify the degree of
pregnancy-related pharmacokinetic changes over all three trimesters. Three
commonly used antipsychotics (aripiprazole, risperidone and clozapine)
were chosen as case studies for model evaluation through intravenous and
oral administration. The model was first developed for non-pregnancy and
then extended to pregnancy.
In vitro to in vivo extrapolation (IVIVE) of the corresponding liver enzyme
activities and their gestational ontogenies was applied to simulate the
changes in hepatic metabolism for the three drugs during pregnancy.
In addition to the dynamic changes during pregnancy, the variabilities of
the pregnant population have also been considered for the pregnancy PBPK
modeling. Incorporating age, gender, ethnicity and BMI distributions of
pregnant women from data of CDC NHANES program, the virtual
population of pregnant women was generated. The dynamic variabilities for
body weight with coefficient of variation (CV: 14%-17%), CYP1A2 activity
(CV: 37%-56%), CYP2D6 activity (CV: 18%-46%), and CYP3A4 activity (CV:
28%-32%) not reported in previous studies have been generated by fitting
model to reported data.

Materials and Methods

Table 2. In vitro to in vivo extrapolation for metabolism for aripiprazole,
risperidone and clozapine.

Figure 2. Population generation based on NHANES data.
Aripiprazole oral 15 mg daily for population with different BMIs

Results
The model reasonably captured the PK profile of the three antipsychotic
drugs over the course of pregnancy. No drastic changes in AUCs for the
three drugs were predicted in the first trimester compared to nonpregnancy. Model predicted a 26.8% drop in the second trimester and
44.5% drop in the third trimester in AUC for aripiprazole, 5.5% drop in
the second trimester and 17.3% drop in the third trimester in AUC for
risperidone, and 25.5% drop in the second trimester and 40.9% drop in
the third trimester in AUC for clozapine compared to the first trimester
when given the respective adult doses.
Table 1. Clinical pharmacokinetic data used to verify the model.

Figure 5. PK profiles of aripiprazole from pregnancy population PBPK
modeling for different subgroups

Conclusion
The open-source pregnancy PBPK modeling tool with population
variability offers valuable alternatives for evaluating safety and efficacy of
therapeutic agents and guiding appropriate dose-adjustments to protect
and promote perinatal health.
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Disclaimer
Figure 1. Model structure for the pregnancy PBPK model.

Figure 3. The simulation from non-pregnancy PBPK model overlay with
observed data.

Figure 4. The simulation from pregnancy PBPK model

The information in these materials is not a formal dissemination of
information by FDA and does not represent agency position or policy.

