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ABSTRACT – Aim. To evaluate changes in the pharmacokinetics of peram-
panel after discontinuation of carbamazepine.
Methods. We enrolled 13 patients receiving perampanel who discontinued
carbamazepine therapy between June 2016 and December 2018. Data on
serum concentrations were obtained from the therapeutic drug monitoring
database of the National Epilepsy Center (Shizuoka, Japan). To compare the
pharmacokinetics of perampanel before and after discontinuation of carba-
mazepine, we determined the concentration/dose (CD) ratio of perampanel
(serum level [ng/mL] divided by the dose [mg/kg]). The follow-up period was
set to eight weeks following the discontinuation of carbamazepine therapy.
Results. The mean baseline CD ratio of perampanel was 1,247 ng/mL/mg/kg
which increased markedly over time after discontinuation of carba-
mazepine, with a mean CD ratio at Weeks 1-2, Weeks 3-4, and Weeks 5-8
of 2,683, 3,914, and 4,220, respectively. At eight weeks, the mean CD ratio
of perampanel had increased by 276%. Eleven patients developed adverse
events, including dizziness, somnolence, irritability, and ataxia. Five of these
11 patients required perampanel dose reduction within eight weeks after
discontinuation of carbamazepine. Two patients achieved seizure-free sta-
tus at Weeks 5-8.
Conclusion. The serum perampanel concentration began to increase from
one week after discontinuation of carbamazepine, and continued to rise
for eight weeks. Based on these findings, we recommend frequent mon-

tration for at least eight weeks after
onitoring is required as a guide for
a safe and effective therapeutic dose

pine, enzyme-inducing antiepileptic
itoring of serum perampanel concen
stopping carbamazepine therapy. M
dose adjustment in order to achieve
of perampanel.
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Perampanel (PMP) is a novel adjunc-
tive antiepileptic drug (AED) with
established efficacy as monother-
apy and adjunctive treatment
for both partial and secondary

generalized seizures. PMP is mainly
metabolized by cytochrome P450
3A4 (CYP3A4) (Rogawski and
Hanada, 2013; Patsalos, 2015). The
activity of this enzyme is strongly
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nfluenced by concomitant administration of enzyme-
nducing AEDs (EIAEDs), such as carbamazepine
CBZ), oxcarbazepine, phenobarbital, and phenytoin
PHT) (Brodie et al., 2013; Zaccara and Perucca, 2014).
ecently, Hole et al. reported that PHT and CBZ show
pproximately two-fold greater CYP3A4-inducing
otency compared to that of phenobarbital (Hole et
l., 2018). Thus, PHT and CBZ enhance metabolism of
MP by induction of CYP3A4 and reduce the serum
MP concentration (Patsalos et al., 2016; Yamamoto
t al., 2017; Ishikawa et al., 2019; Steinhoff et al., 2019).
mong the various EIAEDs, concomitant administra-

ion of CBZ has been reported to markedly reduce
he serum PMP concentration by approximately 70%
Patsalos et al., 2016; Yamamoto et al., 2017). While
revious reports have established the induction
ffect of EIAEDs on serum PMP concentration, there
re no published reports on the reverse process of
e-induction after EIAED withdrawal.
ntiepileptic polypharmacy is often inevitable in
atients with refractory epilepsy, but this increases

he risk of drug interactions involving EIAEDs. Accord-
ngly, therapeutic drug monitoring for PMP is routinely
erformed at the National Epilepsy Center (Shizuoka,

apan), and this has revealed a marked increase in the
erum concentration of PMP after discontinuation of
IAEDs. Gidal et al. found that the seizure reduction
ates in patients taking PMP with EIAEDs were lower
han those in patients using EIAEDs (Gidal et al., 2015).
n contrast, there was a positive correlation between
he serum concentration of PMP and adverse events,
ncluding dizziness, somnolence fatigue, and irritabil-
ty (Gidal et al., 2013). PMP has a long half-life of around
3-136 hours (Rogawski and Hanada, 2013). Conse-
uently, when monitoring the de-inducing effect, it is
ssential to do so over a sufficiently long period.
herefore, it is clinically relevant to determine how

ong the de-induction effect of EIAED discontinuation
cts on PMP concentration before it reaches a steady
tate. Accordingly, this study was performed to exam-
ne the pharmacokinetics of PMP after discontinuation
f CBZ therapy, since understanding the magnitude
nd time course of the pharmacokinetic changes is
xpected to be useful for optimizing PMP therapy.

ethods

ubjects
56

he protocol of this study was approved by the ethics
ommittee of our hospital (Protocol No. 2016-28). We
etrospectively reviewed patients aged 12 years or
lder using CBZ and PMP concomitantly in whom
easurement of the serum PMP concentration was

erformed between June 2016 and December 2018.

P
u
a
r
w
P
C

ecause patients had refractory seizures, most were
eceiving multiple AEDs. We defined CBZ and PHT
s EIAEDs, while all other AEDs were classified as
on-EIAEDs. Only sodium valproate (VPA) has a slight

nhibitory effect on CYP3A4, while topiramate has a
eak enzyme-inducing effect. Because there was no

nfluence of these AEDs on the pharmacokinetics of
MP in a previous study, we classified both drugs as
on-EIAEDs (Yamamoto et al., 2017).
uring the study period, 678 serum samples were
btained for analysis from 179 patients receiving CBZ.
e employed the following criteria to select patients

or this study:
Patients aged ≥ 12 years on treatment with CBZ and

MP+/- other AEDs.
Patients receiving a stable dose of PMP for a min-

mum of three weeks before stopping CBZ therapy
10-19 days are required to achieve steady-state phar-

acokinetics of PMP2).
Patients not using PHT or phenobarbital, oxcar-

azepine, or other CYP3A4 inducers/inhibitors (e.g.
ifampicin, clarithromycin, azole antifungals, and pro-
ease inhibitors).
ased on these criteria, 13 patients (47 samples) were
nrolled for analysis (table 1).
dditionally, to evaluate the influence of CBZ dose
n the concentration/dose ratio (CD ratio) of PMP,
e recruited 133 patients (73 men and 60 women; age

ange: 13 to 64 years) treated with CBZ but not taking
ither PHT or phenobarbital.

lood collection and measurement of PMP

lood samples were collected at 12-16 hours after
dministration of PMP the previous evening and
entrifuged at 1800g. The serum concentration of PMP
as measured by liquid chromatography-tandem
ass spectrometry, as reported previously (Mano et

l., 2015), and the detection limit of the assay for PMP
as 10 ng/mL.

ata analysis

he date of CBZ therapy discontinuation was defined
s Day 0, and the baseline period was determined as
he eight weeks before discontinuation of therapy.
f two or more serum samples were obtained from a
atient during the baseline period, we used the earlier
alue.
nitially, we evaluated the pharmacokinetic change in
Epileptic Disord, Vol. 22, No. 4, August 2020

MP within an eight-week period following discontin-
ation of CBZ therapy. In addition, we retrospectively
ssessed the clinical response and adverse events by
eviewing the clinical records. The observation period
as set at 52 weeks. To assess the pharmacokinetics of
MP after discontinuation of CBZ, we calculated the
D ratio as follows:
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CD ratio of PMP
(
ng/mL/mg−1/kg−1

) =

Serum concentration of PMP
(
ng/mL

)

Body weight − adjusted dose of PMP
(
mg/kg

)

n addition, we reviewed the clinical records to
nvestigate adverse events associated with discon-
inuation of CBZ. To compare CD ratios before and
fter stopping CBZ therapy, analysis of variance was
mployed with a post-hoc Dunnett’s test. Correlation
etween CBZ dose and CD ratio of PMP was assessed
y Pearson’s correlation coefficient analysis. The
npaired t-test was used to compare the two CBZ
ose groups. Results are expressed as the mean ±
tandard error. Statistical analyses were conducted
ith IBM SPSS Statistics Ver. 25 (IBM Japan), and the

evel of significance was set at p<0.05.

esults

atients

able 1 shows the demographic details of the patients.
here were 18 patients initially, but five patients were
xcluded because of insufficient data (two patients;

ack of body weight) or failure to meet the inclusion
riteria (three patients). The 13 patients consisted of 10
ales and three females with a mean age of 27.9 years,

nd they were all of Japanese ethnicity. Most of the
atients had symptomatic focal epilepsy and a third of

hem had post-encephalitic seizures. All patients had
een treated with at least four different types of AEDs
ver time reflecting the pharmacoresistant nature of

heir epilepsy. PMP therapy was introduced due to
ncontrolled seizures for over five years. After PMP

itration up to a permissible dose, the CBZ dose was
apered or stopped due to insufficient impact.
able 2 summarizes the maximum PMP concentration
nd adverse events after discontinuation of CBZ ther-
py. Eleven of the 13 patients developed adverse events
ssociated with an increase of PMP concentration after
topping CBZ. Common adverse events were dizzi-
ess, somnolence, irritability, and ataxia, while other
vents included problems with vision and speech. In
ve out of 11 patients, reduction of the PMP dose was
equired within eight weeks of CBZ discontinuation.
he interval up to the onset of adverse events was
etween one and eight weeks after stopping CBZ, with
58

vents commonly occurring in Weeks 1, 2, 5 and 8.
ccordingly, stringent monitoring of the PMP concen-

ration for eight weeks is crucial. Two patients (Patient
and 11) achieved seizure-free status at Weeks 5-8.
follow-up survey was conducted after eight weeks.

lthough Patient 1 showed a good response within 24
eeks, she chose to discontinue PMP therapy due to

I

F
a
t
p
f

igure 1. Mean CD ratio of perampanel before and after discon-
inuing carbamazepine therapy.
ignificance was determined by ANOVA (p<0.01).
Dunnett’s test; *p<0.05 versus baseline, **p<0.01 versus base-
ine.

dverse events. Patients 2 and 13 also discontinued
MP therapy due to adverse events and insufficient
fficacy, respectively. Finally, four patients (Patients 6,
, 9, and 11) achieved good clinical responses (seizure-
ree or 50% seizure reduction) after eight weeks. The
emaining six patients (Patients 3, 4, 5, 7, 10, and 12)
ad a partial response (<50% decrease in seizures),
nd therefore they continued PMP therapy.

D ratio of PMP

igure 1 displays the mean CD ratio of perampanel
efore (baseline) and after discontinuation of CBZ. The
ean baseline CD ratio was 1,247±224 and increased
arkedly after discontinuation of CBZ; the mean CD

atio in Weeks 1-2, Weeks 3-4, and Weeks 5-8 was 2,683
343, 3,914 ± 1,042, and 4,220 ± 1,447, respectively. In

omparison with baseline, the mean CD ratio was sig-
ificantly higher in Weeks 3-4 and Weeks 5-8. There
as a steady increase of the PMP level until it peaked

t two or four weeks after CBZ termination, with the
D ratio of PMP increasing markedly by 3.5-fold from
aseline. This suggests that the one-month period after
topping CBZ is most crucial for monitoring PMP. After
our weeks, the PMP level tended to decline gradually,
efore slowly rising again at eight weeks. Thus, serum
MP levels were elevated for at least eight weeks after
iscontinuation of CBZ.
Epileptic Disord, Vol. 22, No. 4, August 2020

nfluence of CBZ dose

igure 2 shows the relationship between the CBZ dose
nd the CD ratios of PMP. CBZ significantly reduced
he CD ratio in a dose-dependent manner (r = –0.34;
<0.001). The mean CD ratio was significantly higher

or CBZ doses less than 5 mg/kg/day compared to CBZ
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Carbamazepine therapy dose (mg/kg)

igure 2. Relationship between carbamazepine dose and CD
atios of perampanel.
D ratio: concentration/dose ratio.

oses at 5-15 mg/kg/day (p<0.001; 2154 ± 1192 vs. 1226±
26).

iscussion

his study was performed to investigate the time
equired for the serum level of PMP to reach a new
teady state after cessation of CBZ therapy, thus pro-
iding data to develop a PMP monitoring regimen.
ED polypharmacy is required in a significant num-
er of patients with refractory epilepsy to achieve
eizure control. However, concomitant use of EIAEDs
arkedly reduces the concentrations of CYP3A4 sub-

trates, such as clobazam, topiramate, and PMP.
nfortunately, there is limited information about

hanges in the concentrations of these AEDs after
atients discontinue EIAEDs. Drug interactions may

urther complicate the management of epilepsy, mak-
ng it important to understand the pharmacodynamics
f these AEDs.

n this study, we evaluated the PMP concentration pro-
le within eight weeks of discontinuing CBZ therapy.
o our knowledge, there is no published information
n the time course of serum PMP concentrations after
essation of CBZ. Our study showed a significant de-
nduction effect on PMP when CBZ was discontinued
figure 1), and we found that the serum PMP concentra-
ion increased by two- to three-fold within two weeks
f stopping CBZ.

nui et al. examined the pharmacokinetics of mida-
olam (a CYP3A substrate) to determine the changes
60

f CYP3A4 activity after discontinuation of rifampicin
a strong CYP3A4 inducer) (Inui et al., 2013). They
ound that CYP3A activity remained elevated at four
ays after discontinuation of rifampicin, but returned

o baseline (without rifampicin) by eight days after
iscontinuation. Similar results were obtained when
iscontinuation of St John’s wort (a strong CYP3A4

s
P
T
p
t
m
a

nducer) was investigated (Imai et al., 2008). These stud-
es support our findings and suggest that the inducing
ffect of CBZ would disappear by one week after
ithdrawal. Although PMP has a long half-life (53-136
ours), it was greatly affected by EIAEDs. Moreover, the
alf-life of PMP was reported to be reduced by 56%
hen patients took CBZ (Patsalos, 2015). Conversely,
iscontinuation of CBZ prolongs PMP half-life. Consis-

ent with this, the PMP concentration increased after
wo weeks in our study.
ive of the 13 patients (38.4%) developed adverse
vents in this period. In our study, a total of 11
atients (84.6%) had adverse events after stopping
BZ, but eight of them were using CYP3A4 and/or UDP-
lucuronosyltranferase (UGT) substrates (lamotrigine
nd clobazam). The concentration of these other AEDs
an increase by about two-fold after discontinuation of
IAEDs, which may lead to adverse events.
heoretically, our findings imply that the dose of
MP should be reduced by a third or half relative
o the baseline dose when CBZ is stopped. As the
eak CD ratio of PMP was found within one month
fter stopping CBZ, we propose monitoring the PMP
oncentration at weekly intervals for the first month
nd then once a fortnight for the second month
ntil the level becomes stable. In addition, the serum
oncentration should be measured at any time if clin-
cal signs suggest an onset of PMP toxicity.

hen patients discontinued CBZ without tapering,
cute elevation of the serum PMP concentration led to
he development of adverse events (Patients 1, 2, and
) (table 2). Our study demonstrates that CBZ signifi-
antly reduces the CD ratio in a dose-dependent man-
er (figure 2). Thus, if a patient discontinues CBZ ther-
py, a slow tapering schedule should be considered.
ccording to the Phase III trials of PMP, patients with

esponse to PMP had serum concentrations ranging
rom 180 to 980 ng/mL. In our previous study, the
atient group who achieved a better response with
MP therapy had a mean serum PMP concentration
f 450 ng/mL (Yamamoto et al., 2017). In the present
tudy, four patients achieved good clinical responses
nd had serum concentrations ranging between 400
o 600 ng/mL, which are consistent with the findings of
revious studies.
uring the study period, six patients discontinued
HT therapy. The mean baseline CD ratio of PMP was
,619 ng/ml/mg/kg, and after discontinuation of PHT
ncreased by 127.7% (mean CD ratio: 3,754; data not
Epileptic Disord, Vol. 22, No. 4, August 2020

hown). Thus, when discontinuing phenytoin, serum
MP concentration should be monitored carefully.
his study had several limitations. As the study was
erformed retrospectively, we were unable to assess

he level of compliance with PMP therapy. In addition,
onitoring of PMP concentrations was not performed

t standardized intervals, therefore the data available
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Changes in perampanel pharmacokinetics

or each week varied. This limitation, along with the
mall sample size, contributed to variation in the esti-
ated duration of PMP elevation. However, the mean
D ratio of PMP was 1,247±224 during CBZ therapy
nd 3,914 ± 1,042 after three to four weeks without
BZ, which are similar values to the results of previous

tudies.

onclusion

hen discontinuing CBZ therapy, a slow tapering
chedule should be considered. The serum PMP
oncentration increased within a week of stopping
BZ therapy and was still elevated after eight weeks.
e recommend therapeutic monitoring of PMP every

ne to two weeks, up to eight weeks after discontinu-
tion of CBZ. Both careful monitoring and PMP dose
djustment are needed during this period to minimize
he risk of adverse events. �

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
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