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Abstract

Objective: The objective was to summarize pregnancy and fetal/postnatal outcomes
following maternal perampanel exposure using preclinical and clinical data, and to
use physiologically based pharmacokinetic (PBPK) modeling to improve understand-
ing of perampanel pharmacokinetics (PK) during pregnancy.

Methods: Preclinical developmental studies with perampanel were conducted in
pregnant rats and rabbits. Clinical data were collated from the Eisai global perampanel
safety database, comprising reports of perampanel exposure during pregnancy from
routine clinical settings, interventional studies, and non-interventional post-marketing
studies, searched for events coded to Medical Dictionary for Regulatory Activities
(MedDRA) high-level group terms of Pregnancy, Labor, Delivery, and Postpartum
Conditions and/or the Standardized MedDRA Query terms of Congenital, Familiar,
and Genetic Disorders. A PBPK model was used to predict clinical perampanel PK
throughout pregnancy.

Results: Preclinical studies indicated that perampanel may be linked with post-
implantation loss and/or some specific physical development delays but not ferti-
lity and early embryonic development. As of August 31, 2018, 96 pregnancies in 90
women receiving perampanel had been reported. No concomitant medications were
reported in 26 (28.9%) women taking perampanel. Overall, 43 pregnancies reached
full term (all normal live births), 28 did not reach term (induced abortion, n = 18;
spontaneous miscarriage, n = 6; incomplete spontaneous miscarriage, n = 2; prema-
ture delivery, n = 1; stillbirth [Fallot’s tetralogy], n = 1), 18 were lost to follow-up,
and seven were ongoing at data cut-off. Adverse events were reported in five full-
term neonates (low Apgar score, n = 2; fatal neonatal aspiration, n = 1; cystic fibrosis
and congenital deafness, n = 1; poor sucking reflex and shallow breathing, n = 1).
PK simulations predicted perampanel exposure decreases throughout pregnancy and
is up to four- and three-fold lower towards the end of pregnancy compared with non-
pregnant women for total and unbound perampanel, respectively.

Significance: These data provide preliminary information on perampanel use during
pregnancy and should be interpreted with caution. Further outcome data are required

to estimate the prevalence of adverse pregnancy outcomes with perampanel exposure.
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1 | INTRODUCTION
Women with epilepsy have been estimated to account for
up to 0.7% of pregnant women.! Due to the likelihood of
seizures and associated risks therewith, and an increased
risk of pregnancy-related complications compared with
women without epilepsy,z’3 women with epilepsy frequently
take anti-seizure medication (ASM) during pregnancy.‘"6
Therefore, it is important to assess the safety of exposure to
ASMs in utero, so that treatment with ASMs during preg-
nancy can balance adequate seizure control with the potential
risk of adverse effects on the exposed fetus.? Pharmacokinetic
(PK) changes of ASMs during pregnancy, such as enhanced
drug elimination and decreased drug exposure compared with
non-pregnant women, are important to consider, as they may
impact both fetal exposure and maternal seizure control.>”’
However, there is limited information about PK changes of
many of the newer ASMs during prc:gnarlcy.5’7’8

Moreover, use of ASMs in pregnant women is increasing,
with a five-fold increase in the use of newer ASMs (i.e., those
approved in the United States since 1993) by pregnant women
during the early-to-mid 2000s, whereas use of older ASMs
has remained generally stable.® Additionally, some ASMs
may also be used to treat non-epilepsy indications, including
bipolar disorder, neuropathic pain, and fibromyalgia,9 and a
substantial increase in the frequency of ASM use in preg-
nant women for non-epilepsy indications, including psychi-
atric diagnoses and pain disorders, has been observed during
the past 2 decades.®'® The prospective European Registry of
Antiepileptic Drugs and Pregnancy (EURAP) registry noted
marked changes in the use of different ASMs over a 14-year
period (2000-2013), with increased use of lamotrigine and
levetiracetam and a decrease in the use of valproate and
carbamazepine.'' A 27% decrease in the prevalence of major
congenital malformations was observed in parallel with this
shift in ASM utilization, and there was no indication of an
increase in the proportion of pregnancies with poor seizure
control.'" An analysis of data from the Australian Register
of Antiepileptic Drugs in Pregnancy revealed that approxi-
mately half of women with epilepsy who received ASMs
throughout pregnancy still experienced at least one seizure
during their pregnancy.12

Perampanel is a once-daily ASM that has been licensed
for clinical use in the United States since 2012 for focal-
onset seizures (previously known as partial-onset seizures)
with or without focal to bilateral tonic—clonic seizures (pre-
viously known as secondarily generalized seizures), and
generalized tonic—clonic seizures (previously known as

Key Points

e Preclinical data indicated that perampanel may
be associated with post-implantation loss and/or
some specific physical development delays

o Of 96 pregnancies evaluated in 90 women exposed
to perampanel, 43 reached full term; 26 (28.9%)
women reported no concomitant ASM use

e Of 71 pregnancies with a known outcome, there
was one report of stillbirth with Fallot’s tetralogy
(concomitant levetiracetam reported)

e Pharmacokinetic simulations suggested a possible
three- to four-fold decrease in perampanel expo-
sure over the course of a pregnancy

e The small size and 19% lost to follow-up in this
preliminary sample require more data to estimate
prevalence of adverse pregnancy outcomes

primary generalized tonic—clonic seizures).'*!'* Perampanel
is eliminated primarily via cytochrome P450 3A (CYP3A)
metabolism, and concomitant enzyme-inducing ASMs re-
duce exposure by ~50%—67%.'* In vitro studies have shown
that at clinically relevant concentrations (20-2000 ng/ml),
perampanel is ~95%-96% bound to plasma proteins.'*

There are no adequate studies specifically in pregnant
women treated with perampanel to assess outcomes of preg-
nancies that are exposed to perampanel.14 Additionally, un-
known effects of pregnancy on perampanel PK limit our
understanding of whether dose adjustments may be neces-
sary to maintain seizure control during pregnancy and/or re-
duce the likelihood of fetal adverse events (AEs). The aim
of the analyses presented here is to summarize pregnancy
and fetal/postnatal outcomes following maternal exposure to
perampanel using preclinical and clinical data, and to gain
a greater understanding of how perampanel PK may be af-
fected by pregnancy through the use of physiologically based
PK (PBPK) modeling.

2 | MATERIALS AND METHODS

2.1 | Preclinical data in pregnancy

Preclinical studies were performed in accordance with
Japanese guidelines in place at the time of study initiation.'>'®
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Developmental studies of perampanel were conducted in
pregnant animals in line with licensing requirements. Dose-
ranging (0, 10, 30, and 60 mg/kg/day) and pivotal (0, 1, 3,
and 10 mg/kg/day) embryo-fetal development studies were
performed in Sprague-Dawley rats (n = 7 and n = 20 per
group, respectively) and New Zealand white rabbits (n = 5
and n = 20 per group, respectively), with perampanel admin-
istered orally on gestation Days 6—17 and Days 6—18 for rats
and rabbits, respectively.

Dose-ranging and pivotal pre- and postnatal develop-
ment studies were performed in Sprague—Dawley rats (0,
1, 3, and 10 mg/kg/day). Perampanel was administered
orally from gestation Day 6 to postnatal Day 6 in the dose-
ranging study (n = 8 per group) and from gestation Day 6
to postnatal Day 20 (weaning) in the pivotal study (n = 20
per group).

2.2 | Safety review in pregnancy

A search of the Eisai global safety database for perampanel
was performed for events coded to the Medical Dictionary
for Regulatory Activities (MedDRA) high-level group
terms of Pregnancy, Labor, Delivery, and Postpartum
Conditions, and/or the Standardized MedDRA Query
terms of Congenital, Familiar, and Genetic Disorders. This
analysis included all reports of exposure to perampanel
during pregnancy from spontaneous sources (routine clini-
cal settings) as well as solicited reports from interventional
clinical studies and non-interventional post-marketing
studies, up until the cut-off date of August 31, 2018.
Pregnancies from interventional clinical studies where the
woman was reported to be exposed to placebo rather than
perampanel, or where exposure only occurred post-partum
(e.g., during breastfeeding), and unpublished reports re-
ceived from EURAP were excluded (no other registry
data were included in the database). Pregnancies where
perampanel exposure occurred via the father were evalu-
ated separately from those with maternal perampanel ex-
posure. Reported pregnancies were followed up every
trimester and with a form requesting details of the final
pregnancy outcome (including selection of category from
the following: normal, abnormal baby, congenital abnor-
mality, and died during perinatal period). There was no
specific protocol for classification of congenital malfor-
mations, nor was there a requirement for assessment by a
teratologist in cases of suspected abnormal outcomes. Any
additional investigation was at the discretion of the treating
physician, who was also responsible for reporting the preg-
nancy outcome. Outcomes for pregnancies reported before
August 31, 2018 were updated in line with any follow-up
reports received by May 27, 2019 (additional information
related to exposure in one woman during breastfeeding was

received on June 17, 2019). In cases where no outcome was
recorded by May 27, 2019, these pregnancies were either
considered ongoing (if last reported as ongoing any time
from January 2018 onwards) or lost to follow-up (if last re-
ported as ongoing any time prior to January 2018, or where
dates of the pregnancy were unknown).

The clinical studies with perampanel in the global
safety database included data from patients with or without
epilepsy (focal-onset or generalized tonic—clonic seizures),
and healthy volunteers from Phase 1 studies. Pregnancy was
an exclusion criterion for all these studies. The protocols for
each study required patients to be abstinent or to use at least
one medically acceptable method of contraception starting at
Visit 1, throughout the entire study period, and for 2 months
after the last dose of study drug. Pregnancy was captured as a
treatment-emergent AE, and confirmed with urine and serum
pregnancy tests.

2.3 | PK modeling predictions in pregnancy
A PBPK model for perampanel was developed using Simcyp®
version 15.1. A previous model developed with Simcyp® ver-
sion 11'7 was used as the starting point. The previous model
predicted a slightly longer half-life for perampanel than that
observed clinically; thus, the following modifications were
made to correct this discrepancy: (1) a middle-out approach
was used, where clinical total drug clearance values from clin-
ical trial data (Study 005'7) were escalated to intrinsic hepatic
drug clearance values using the retrograde calculator, (2) the
scalar for tissue-to-plasma partition coefficients (Kps scalar)
was manually adjusted from 1.0 to 0.75 to improve fit to the
clinical data, (3) active uptake into hepatocytes was changed
from 1.0to 1.5, and (4) the absorption model was changed from
the advanced dissolution absorption and metabolism model'®
to a first-order absorption model with predicted inputs. The
effective permeability in vivo (P = 7.73 X 10~ cm/s), the
absorption rate constant (k, = 3.38 h™"), and fraction absorbed
(F =0.999) were predicted by Simcyp® with the mechanistic
permeability model (MechPeff'”*%) based on perampanel’s
partition co-efficient, 102P ianol-waters Of 2.86."7 The model
was evaluated by simulating clinical PK of single and multi-
ple doses of perampanel in 100 healthy volunteers (10 trials
each with 10 virtual subjects aged 20-50 years; 1:1 ratio of
males to females). These predictions were compared with PK
profiles for single oral doses of perampanel administered at
1,2, 4, 6, or 8 mg and once-daily doses of oral perampanel
administered at 1, 2, 4, or 6 mg for 14 days that were observed
in several clinical studies.

Simcyp® supports modeling and simulations to assess po-
tential PK-related effects of pregnancy. The in-built Simcyp®
Pregnancy population file, with an updated CYP3A4 on-
togeny (Figure S1),%" was used to predict clinical PK in
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25 pregnant women (five trials each with five virtual subjects
aged 2045 years) for single oral doses of perampanel 8§ mg
administered during pregnancy at Weeks 0, 10, 19, 28, and
36, and once-daily doses of oral perampanel 8 mg adminis-
tered over a 270-day pregnancy.

3 | RESULTS
3.1 | Preclinical data of perampanel in
pregnancy

In reproductive toxicology and developmental preclini-
cal studies, perampanel induced developmental toxicity in
pregnant rats and rabbits at clinically relevant doses, where
1 mg/kg/day is similar to 8 mg/day in humans.'* No drug-
related effects of perampanel on fertility and early embryonic
development were noted with doses of 1, 10, or 30 mg/kg/day.
Dose-dependent increases in rates of post-implantation loss
were observed with perampanel exposure following 30 and
60 mg/kg in rats and 10, 30, and 60 mg/kg in rabbits. In the
pivotal embryo-fetal development study in rats, perampanel
was associated with increased rates of diverticulum of the
intestine at all doses tested (1, 3, or 10 mg/kg/day).

In the dose-ranging pre- and postnatal development study
in rats, no developmental toxicity was observed. In the piv-
otal study, stillbirths were increased and the viability index
was decreased for the mid- and high-level doses (3 and
10 mg/kg/day). Behavioral and reproductive development of
the offspring were not affected, but some parameters of phys-
ical development showed some delay (preputial separation
in males and vaginal opening in females) in offspring born
to mothers who received 10/mg/kg/day, which are probably
secondary to the pharmacology-based central nervous system
effects of perampanel.

3.2 | Clinical data of pregnancy events and
outcomes with perampanel

At the data cut-off of August 31, 2018, 96 pregnancies had
been reported in 90 women aged 17-48 (age was unknown
in 21 women) exposed to perampanel globally, including six
women who had two pregnancies each. These pregnancies
included 33 from patients enrolled in clinical studies or from
other solicited reports, and 63 spontaneous reports from rou-
tine clinical settings. Perampanel dosing was discontinued or
modified according to clinical need during the pregnancy in
some women. The demographic characteristics and sources
of clinical data for the women included in this analysis are
shown in Table 1. Excluding three instances of perampanel
exposure via a partner, perampanel was reported to have been
taken by 26 of 90 (28.9%) women with no concomitant ASM

Epilepsia-

use recorded (due to limited information provided in most
cases, these women cannot be confirmed as receiving mono-
therapy). Perampanel administered with one concomitant
ASM was reported for 24 of 90 (26.7%) women, and with >2
concomitant ASMs for 38 of 90 (42.2%) women; concomi-
tant ASM use was unknown in two (2.2%) women, as only
the neonatal records were available. The majority of patients
from clinical trials included in this analysis were from trials
that enrolled patients with focal-onset seizures. For spontane-
ously reported pregnancies, the seizure types that patients had
were not usually recorded. An additional three pregnancies
were identified following paternal exposure to perampanel.

Of the 96 pregnancies reported in women receiving
perampanel, 43 reached full term, 28 did not go to term, 18
were lost to follow-up, and seven were ongoing at data cut-off
(Table 2). Of the pregnancies that went to full term, all 43
resulted in normal live births. Of the pregnancies that did
not go to term, 18 cases were induced abortions, six cases
were spontaneous miscarriages, two cases were incomplete
spontaneous miscarriages, one case resulted in premature de-
livery, and one resulted in stillbirth due to Fallot’s tetralogy
(Table 2). The reasons for the decision to have an induced
abortion were not usually known, but most were considered
by the investigator or treating physician to be not related to
perampanel; causality in two spontaneous reports was not
reported by the treating physician, and the cases were there-
fore assumed to be possibly related to perampanel. Of the
six women who had two perampanel-exposed pregnancies,
one woman had two full-term normal births. Three women
had one full-term birth each, plus a spontaneous abortion, in-
complete spontaneous abortion, or an unknown outcome, and
two women had both an induced abortion and a spontaneous
abortion. Of the three pregnancies with paternal exposure to
perampanel, two resulted in normal live births; the outcome
of the third pregnancy was unknown (Table 2).

AEs were reported in five of the 43 babies whose mothers
received perampanel that reached full term: low Apgar score in
two babies, fatal neonatal aspiration in one baby, cystic fibrosis
and congenital deafness in one baby, and poor sucking reflex
and shallow breathing in one baby (Table 3). In the cases where
the relationship of AEs to perampanel was reported, poor suck-
ing reflex and shallow breathing (reported in one baby who
was also exposed to perampanel via breastfeeding) were con-
sidered possibly related to perampanel by the treating physi-
cian, whereas fatal neonatal aspiration, congenital deafness,
and cystic fibrosis were not considered by the treating physi-
cian to be related to perampanel. In the case of fatal neonatal
aspiration, the mother discontinued perampanel at ~2 months
of gestation following the positive pregnancy test; the baby
was born by Caesarian section at 39 weeks’ gestation, and the
investigator considered that “the death was probably due to as-
piration of fluid during birth.” The baby with cystic fibrosis
and congenital deafness was born to parents with congenital
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From clinical studies or =~ From spontaneous Total,

d s f clinical data f
Characteristic solicited reports,n =30  reports, n = 60 n =90 and sources of chimeal data forwomen

exposed to perampanel during pregnancy
Country of origin, n (%)

Japan 3(10.0) 9 (15.0) 12 (13.3)
Spain 0 (0) 12 (20.0) 12 (13.3)
France 0(0) 8 (13.3) 8(8.9)
United Kingdom 1(3.3) 7(11.7) 8(8.9)
Russia 13.3) 6 (10.0) 7(7.8)
United States of America 4(13.3) 3(5.0) 7(7.8)
China 4 (13.3) 0 (0) 4 (4.4)
Germany 0 (0) 4(6.7) 4 (4.4)
Australia 2(6.7) 1(1.7) 3(3.3)
Austria 0(0) 3(5.0) 33.3)
South Korea 3(10.0) 0 (0) 33.3)
Latvia 3(10.0) 0 (0) 3@3.3)
Other” 9 (30.0) 7(11.7) 16 (17.8)
Age group at time of pregnancy, n (%)
<20 years 2 (6.7) 5(8.3) 7 (7.8)
20-24 years 7(23.3) 6 (10.0) 13 (14.4)
25-29 years 5(16.7) 12 (20.0) 17 (18.9)
30-34 years 5(16.7) 8 (13.3) 13 (14.4)
35-39 years 6 (20.0) 10 (16.7) 16 (17.8)
>40 years 3 (10.0) 0(0) 33.3)
Unknown 2(6.7) 19 (31.7) 21 (23.3)
Number of reported concomitant ASMs, n (%)
0 5(16.7) 21 (35.0)° 26 (28.9)
1 6 (20.0) 18 (30.0) 24 (26.7)
2 9 (30.0)° 11(18.3) 20 (22.2)
>3 10 (33.3) 8(13.3) 18 (20.0)
Unknown 0 (0) 2(3.3) 2(2.2)
Clinical data source, n (%)
Clinical studies’ 30 (100.0) 0 (0) 30 (33.3)
Spontaneous reports 0 (0) 60 (100.0) 60 (66.7)

Abbreviations: ASM, anti-seizure medication; n, number of women with pregnancies exposed to perampanel.
“Spontaneous reports of pregnancies in routine clinical practice.

"Fewer than three patients each were from the following countries: Argentina, Belgium, Canada, Denmark,
Estonia, India, Ireland, Israel, Lithuania, Mexico, and Slovakia.

“For women with multiple pregnancies, age is recorded as age during the first perampanel-exposed pregnancy.
9No concomitant ASMs were reported; however, due to limited information being provided in most cases,
monotherapy cannot be confirmed.

“Includes one woman who received two ASMs during her first pregnancy and one ASM during a second
pregnancy.

fStudies 048 (NCT02279485), 207 (NCT00368472), 210 (NCT00154063), 304 (NCT00699972), 307
(NCT00735397), 332 (NCT01393743), 335 (NCT01618695), 342 (NCT03201900), 401 (NCT01871233), 402
(NCT02033902), 502 (NCT03059329), 505 (NCT02722590), and others.

deafness who were carriers of the gene for cystic fibrosis. The to be possibly related to perampanel. Concomitant ASM use
relationship between perampanel exposure and low Apgar was reported for the mothers of the babies with fatal neonatal
score in both babies was not reported, and therefore assumed aspiration (carbamazepine and clobazam), poor sucking reflex
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TABLE 2 Pregnancy outcomes in the L. .
From clinical studies = From spontaneous

global safety database

Outcome or solicited reports reports” Total
Maternal exposure to perampanel n =233 n=063 n =96
Reached full term 8 35 43
Normal live birth 8 35° 43
Did not reach full term 22 6 28
Induced abortion 15¢ 3 18
Spontaneous miscarriage 5 1 6
Incomplete spontaneous 2 0 2
miscarriage
Premature delivery 0 1 1
Stillbirth (Fallot’s tetralogy) 0 1 1
Lost to follow-up* 2 16 18
Ongoing pregnancy® 1 6 7
Paternal exposure to perampanel n=2 n=1 n=3
Reached full term 2 0 2
Normal live birth 2 0 2
Lost to follow-up® 0 1 1

“Spontaneous reports of pregnancies in routine clinical practice.
"Includes two cases where babies were exposed to perampanel during pregnancy and via breastfeeding.
“Includes one case of benign hydatidiform mole and one case of ectopic pregnancy.

dCases that were last reported as ongoing any time prior to January 2018, and where no subsequent updates
have been received, or where dates of pregnancy were unknown.

“Cases that were last reported as ongoing any time from January 2018 onward, and where no subsequent
updates have been received.

TABLE 3 Adverse events in babies from pregnancies with maternal exposure to perampanel that reached full term (n = 43)

Concomitant ASMs

Baby Outcome Causality” Perampanel dose Source” taken by mother
1 Low Apgar score Not reported® 6 mg daily Spontaneous None reported
2 Low Apgar score Not reported® 8 mg daily Spontaneous None reported
3 Neonatal aspiration (fatal) ~ Not related to perampanel 12 mg dailyd Clinical study Carbamazepine, clobazam
4° Cystic fibrosis Not related to perampanel Unknown Spontaneous Two unspecified ASMs

Congenital deafness Not related to perampanel
5f Poor sucking reflex Possibly related to perampanel 2 to >12 mg daily® Spontaneous Clonazepam

Shallow breathing Possibly related to perampanel

Abbreviation: ASM, anti-seizure medication.

“As considered by the investigator/reporting physician.

®Solicited reports of pregnancies from clinical studies/other solicited sources or spontaneous reports of pregnancies in routine clinical practice.
“Not reported and therefore assumed to be possibly related.

dperampanel was discontinued at the time of positive pregnancy test (7 months prior to full-term delivery by Caesarian section).

°Both parents had congenital deafness and were carriers of the gene for cystic fibrosis.

"This baby was also exposed to perampanel via breastfeeding.

£Perampanel dose was increased to 6 mg/day following positive pregnancy test, to 10 mg/day approximately 1 month before birth, and at the mother's own discretion
exceeded 12 mg/day prior to labor before reducing to 10 mg/day after the birth. Maternal perampanel plasma concentration was increased at the time of birth (2510 ng/
ml).

and shallow breathing (clonazepam), and cystic fibrosis and Apgar score. No other birth defects or fetal malformations were
congenital deafness (two unspecified ASMs). No concomitant reported in babies who reached full term.
ASMs were reported for the mothers of either baby with low
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The AEs related to pregnancies that did not reach full
term were benign hydatidiform mole and ectopic pregnancy
(one woman each, both of whom had an induced abortion;
perampanel 6 mg daily and 24 mg daily, respectively), and
stillbirth with Fallot’s tetralogy at the 30th week of pregnancy
in one baby (perampanel 2—6 mg daily until the 11th week of
pregnancy). None of these AEs, nor their associated induced
abortions, was considered by the investigator or reporting
physician to be related to perampanel, although no further
explanation was provided. Use of concomitant ASM(s) was
reported for all three of these mothers (benign hydatidiform
mole: carbamazepine, clobazam, lamotrigine; ectopic preg-
nancy: lorazepam, levetiracetam, lacosamide, clonazepam;
Fallot’s tetralogy: levetiracetam).

There were two cases of babies who were exposed to
perampanel via breastfeeding in addition to in utero exposure to
perampanel. As mentioned, poor sucking reflex and shallow
breathing were reported in one of these babies. This baby
was suspected to have withdrawal syndrome of perampanel
and had a perampanel plasma concentration of 264 ng/ml
4 h after birth; the perampanel plasma concentration in the
mother was 2510 ng/ml. Maternal concomitant clonazepam
use was also reported for this pregnancy, and the baby had
a clonazepam concentration of 2 mg/ml 4 h after birth. The
plasma perampanel concentration in the baby decreased
to 224 ng/ml 7 days after birth and to 124 ng/ml 14 days
after birth; maternal plasma perampanel concentration had
decreased to 845 ng/ml within approximately 2 months of
the birth. No AEs were reported for the other baby who was
exposed to perampanel via breastfeeding, and no information
was recorded on the plasma concentrations of perampanel in
that baby or its mother. No concomitant medication use was
reported for the mother of this baby.

3.3 | PK modeling of perampanel
in pregnancy

During model evaluation, the PBPK model for perampanel
generally predicted the PK profiles of perampanel well in sin-
gle- and multiple-dose studies in healthy volunteers (Figure
S2). Single-dose simulations of total and unbound plasma
perampanel concentrations at timepoints throughout preg-
nancy are shown in Figure 1. These simulations predicted
that total perampanel exposure is 2.5-fold lower at the end of
pregnancy (Week 36) compared with non-pregnant women,
whereas exposure for unbound (free) perampanel was pre-
dicted to be two-fold lower (Table 4). Multiple-dose simula-
tions predicted that total perampanel exposure decreases over
time during pregnancy, and is up to four-fold lower toward
the end of pregnancy (Week 36) compared with non-pregnant
women (Table 4 and Figure 2). Exposure for unbound
perampanel was predicted to be three-fold lower (Table 4).

4 | DISCUSSION

In the absence of any previously published systematic sum-
mary of pregnancy outcomes with perampanel,'* the pre-
clinical and clinical data presented here may offer some
valuable information on the effects of in utero exposure to
perampanel, supplemented by PK simulations of perampanel
during pregnancy.

The preclinical studies indicate that perampanel may
be linked with post-implantation loss in pregnant rats and
rabbits, and with diverticulum of the intestine and specific
delays in physical development when administered to preg-
nant rats. Preclinical data for carbamazepine, phenytoin,
topiramate, and valproate, which are ASMs associated with
an increased risk of congenital malformations, reveal similar
types of teratogenic effects to those observed clinically,z'zz‘25
highlighting the possible relevance of preclinical data for de-
termining potential adverse pregnancy outcomes in humans.
Although the risks of congenital malformations are gener-
ally considered lower in lamotrigine, levetiracetam, and ox-
carbazepine (vs. carbamazepine, phenytoin, topiramate, and
valproate),z’26 teratogenic effects have still been observed in
preclinical data for these ASMs. 2% Thus, there is an unmet
need for clinical data to confirm any teratogenic effects of
perampanel in human babies.

Of 71 pregnancies with a known outcome following ma-
ternal exposure to perampanel, there was one report of still-
birth with Fallot’s tetralogy and one report of fatal neonatal
aspiration. Other AEs in babies included low Apgar scores
in two babies, and poor sucking reflex and shallow breath-
ing in one baby (all full-term births). In the case of the baby
with poor sucking reflex and shallow breathing, both mother
and baby had elevated plasma perampanel concentrations fol-
lowing increased dosing of perampanel (>12 mg/day) at the
mother's discretion prior to labor (concomitant clonazepam
was also being taken by the mother). Additional AEs related
to pregnancies that did not reach full term were benign hy-
datidiform mole and ectopic pregnancy (one woman each).

The conclusions that can be drawn from this safety review
are limited by the low number of pregnancies included in the
analysis. For example, there was a lack of information avail-
able in many of the pregnancy reports despite follow-up at
every trimester and until delivery or other outcome; this was
particularly true for the reasons for induced abortions and in
general for spontaneously reported pregnancies. In addition,
causality with perampanel was as noted by the reporting phy-
sician, meaning that some AEs such as Fallot’s tetralogy were
not attributed as related to perampanel although no alternate
explanation was provided. Conversely, some AEs may have
been incorrectly attributed as possibly related to perampanel
due to expected effects of the drug (observer bias). A size-
able proportion of reported pregnancies (18.8%) were lost to
follow-up, which further reduces the number of pregnancy
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FIGURE 1

simulations of perampanel 8 mg

Single oral dose

administered during pregnancy at Weeks
0, 10, 19, 28, and 36. (A) Mean predicted
total plasma concentrations of perampanel.
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outcomes collated in this analysis. This highlights a need for
the systematic collection of safety data related to epilepsy
drug use during pregnancy via pregnancy registries. Finally,
the mixed nature of the clinical trial and real-world settings
of perampanel administration for the patients included in
this analysis meant that many patients received adjunctive
perampanel rather than perampanel monotherapy. As a result,
concomitant medications were administered in many, but not
all, patients and some of the concomitant ASMs may have
reduced perampanel exposure due to PK interactions.

The PK modeling of perampanel in pregnancy predicted
that perampanel exposure may decline by two- to four-fold
during pregnancy, not taking into consideration any known
effects of concomitant enzyme-inducing ASMs. These dif-
ferences predicted in pregnancy are a reflection of several
physiological changes that are expected to occur during

T T T T T T
69 138 207 276 345 414 483 552 621 690

Time (h)

pregnancy, namely the two-fold increase in CYP3A activ-
ity and an approximate 30% reduction in plasma albumin,
which lead to higher free fractions in plasma and higher drug
clearance.’”" Because perampanel is a low-extraction drug,
steady-state unbound drug concentrations are independent of
changes in protein binding,31 which could explain why the
predicted decrease in free perampanel exposure was smaller
than that of total perampanel exposure during pregnancy.
Pregnancy can result in considerable changes to the PK
of ASMs, which may have implications for seizure control
and/or exposure of the fetus to ASMs.” Decreased serum
concentrations for several ASMs, including carbamazepine,
lamotrigine, levetiracetam, oxcarbazepine, phenytoin, pheno-
barbital, and zonisamide, have been observed during preg-
nancy.7 For example, total concentration of carbamazepine,
which is ~75% protein bound and metabolized similarly to
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TABLE 4 Total and free exposure parameters in physiologically based pharmacokinetic simulations in pregnant and non-pregnant women

Gestational age at dosing C v mg/L AUC, mg/L-h Cax ratio AUC ratio
Total perampanel exposure for single 8-mg doses

Not pregnant 0.180 12.83 1.00 1.00

10 weeks 0.166 10.78 0.92 0.84

19 weeks 0.152 8.12 0.84 0.63

28 weeks 0.139 6.16 0.77 0.48

36 weeks 0.128 5.07 0.71 0.40
Free perampanel exposure for single 8-mg doses

Not pregnant 0.0090 0.657 1.00 1.00

10 weeks 0.0089 0.577 0.99 0.88

19 weeks 0.0087 0.459 0.97 0.70

28 weeks 0.0085 0.374 0.94 0.57

36 weeks 0.0084 0.333 0.94 0.51
Pregnancy status Cax mg/L AUC, mg/L-h Cax ratio AUC ratio
Total perampanel exposure for multiple 8-mg doses after 270 days of simulations

Not pregnant 0.53 55.51 1.00 1.00

Pregnant 0.26 14.01 0.49 0.25
Free perampanel exposure for multiple 8-mg doses after 270 days of simulations

Not pregnant 0.027 2.84 1.00 1.00

Pregnant 0.017 0.94 0.63 0.33

Abbreviations: AUC, area under the curve; C, ., maximum concentration.
Not pregnant Pregnant FIGURE 2 Predicted steady-state

pharmacokinetic profiles of perampanel

8 mg administered once daily for 240 days
(5760 h) plus post-dosing follow-up period
in pregnant and non-pregnant women
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perampanel (mainly via CYP3A4),%? is reported to decrease
over the course of a pregnancy, with a more limited de-
crease of up to 28% in unbound carbamazepine. However,
reported decreases have varied widely between studies (0%—
42%),7 and some studies have reported limited or no clin-
ically significant change in total and free carbamazepine
concentrations during pregnancy.”’33 Lamotrigine serum
concentration is suppressed during pregnancy by 50%—-60%
on average, although inter-patient variability may result in

greater decreases.’ Although total valproate concentrations
are reported to fall by up to 40% during late pregnancy com-
pared with pre-pregnancy, the PK of valproate, an ASM that
is highly protein bound (~90%), are somewhat variable,”**
and data are limited due to the known teratogenic and pos-
sible cognitive effects of valproate.35’36 Based on the in-
formation presented for the PK modeling of perampanel in
pregnancy, the predicted changes appear to exceed those
of other ASMs. However, it should be noted that the effect
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of perampanel in pregnancy has not been investigated in a
clinical trial and PK modeling has not been validated against
observed perampanel concentrations in pregnant women.
PBPK modeling has been used previously to predict the
PK of other types of drugs, including dexamethasone, beta-
methasone, caffeine, midazolam, metoprolol, and rilpivirine,
during pregnancy, and in general, the values were found to be
comparable with observed pK 213738

5 | CONCLUSIONS

Understanding the implications of ASM use during pregnancy
is important due to an increased use in pregnant women.
Although the perampanel data reported here are limited, they
summarize available information on perampanel use during
pregnancy and provide some insights regarding the effects
of in utero exposure to perampanel. These preliminary data
should be interpreted with caution, as the sample size is lim-
ited, and 18.8% of the pregnancies were lost to follow-up.
More outcome data are required to estimate the prevalence
of adverse pregnancy outcomes with perampanel exposure.
Physicians are encouraged to enroll pregnant women tak-
ing perampanel in a pregnancy registry, such as the North
American Antiepileptic Drug Pregnancy Registry, EURAP,
the UK and Irish Epilepsy & Pregnancy Registers, or the
Australian Pregnancy Register, to allow more data to be col-
lected on perampanel exposure during pregnancy. Pregnant
women should also be carefully monitored, including drug-
level monitoring, where available, whilst taking perampanel
as dose adjustments may be needed in order to maintain a
similar level of exposure relative to a non-pregnancy condi-
tion and to prevent the occurrence of breakthrough seizures.
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