Influence of cirrhosis on lamotrigine pharmacokinetics
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Aims Lamotrigine, an antiepileptic drug, is cleared from the systemic circulation
mainly by glucuronidation. The possibility of changes in the pharmacokinetics of
lamotrigine in plasma owing to hepatic dysfunction has been evaluated.

Methods Thirty-six subjects, including 24 patients with various degrees of liver
cirrhosis and 12 healthy volunteers received a single 100 mg dose of lamotrgine. Blood
samples were taken for 7 days in all subjects, except nine with severe cirrhosis, who
had a 29 day blood sampling period.

Results The pharmacokinetics of lamotrigine were comparable between the patients
with moderate cirrhosis (corresponding to Child-Pugh grade A) and the healthy
subjects. Plasma oral clearance mean ratios (90% confidence interval) in patients with
severe cirrhosis without or with ascites (corresponding, respectively, to Child-Pugh
grade B and C) to healthy subjects were, respectively, 60% (44%, 83%) and 36% (25%,
52%). Plasma half-life mean ratios (90% confidence interval) in these two patient
groups to healthy subjects were, respectively, 204% (149%, 278%) and 287% (202%,
408%).

Conclusions Lamotrigine administered as a single oral dose of 100 mg was well
tolerated in all groups. Initial, escalation and maintenance doses should generally be
reduced by approximately 50 or 75% in patients with Child-Pugh Grade B or C
cirrhosis. Escalation and maintenance doses should be adjusted according to clinical
response.

Keywords: cirrhosis, lamotrigine, pharmacokinetics

Introduction

Lamotrigine is an established antiepileptic drug. Oral
absorption of the drug is rapid and complete with the peak
concentration reached at about 1-3 h and an absolute
bioavailability of 98%. In plasma, lamotrigine is approxi-
mately 55% bound to proteins. Oral clearance and apparent
volume of distribution average 0.35-0.59 ml min ™~ ' kg~
and 0.9-1.3 1 kg™ ', respectively. The mean plasma half-
life obtained from various studies ranges from 24 to 37 h.
Lamotrigine exhibits linear pharmacokinetics over a
single-dose range of 50-400 mg [1, 2].
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Lamotrigine is eliminated predominantly by glucuronic
acid conjugation and the resulting conjugates are excreted
renally. Glucuronidation may be impaired in liver disease
depending on its severity. It is relatively preserved in com-
pensated liver dysfunction, probably because of sufficient
extrahepatic metabolic reserve. However, in severe liver
cirrhosis it may be aftected to a clinically significant extent
[3] and this might cause an increase in drug exposure.

This trial was designed to compare the pharmaco-
kinetics of lamotrigine in patients with moderate or severe
cirthosis and healthy subjects.

Methods
Study population

In total, 36 subjects participated in the study, includ-
ing seven patients with severe cirrhosis without ascites,
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five patients with severe cirrhosis with ascites, 12 patients
with moderate cirrhosis, and 12 healthy volunteers. The
healthy subjects were matched for gender and age
(£5 years) with those with moderate cirrhosis.

Patients with cirrhosis had biopsy-proven disease which
was classified as moderate or severe, depending on
biochemical and clinical abnormalities (Table 1). Plasma
albumin and bilirubin concentrations and level of
prothrombin activity were used as markers of liver
function [4]. Clinical evidence of portal-systemic shunting
was taken as a specific marker of severe disease. Patients
with severe cirrhosis with ascites (>51 of fluid) had
clinical signs of fluid thrill or shifting dullness [4]. The
Child-Pugh score [5] for the severity of cirrhosis was
also determined at screening.

All subjects were included after having given written
informed consent. The study was approved by the
Committee for Protection of Human Subjects in
Biomedical Research at Bicétre Hospital (Le Kremlin
Bicétre, France).

Study design

This study was a multicentre, open design in parallel
groups of subjects with chronic liver cirrhosis and in
healthy subjects (control group). Following an overnight
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fast, subjects received a single oral dose of 100 mg
lamotrigine with 200 ml of water.

For healthy subjects, subjects with moderate cirrhosis
and the first three subjects with severe cirrhosis, blood was
sampled before treatment (¢0) and at 1, 2, 3, 4, 6, 8, 10, 24,
34, 48, 72, 96 120, 144 and 168 h after lamotrigine
administration. For the nine remaining subjects with
severe cirrhosis, blood was sampled before treatment (f0)
and at 1, 2, 3, 4, 6, 8, 10, 24, 34, 48, 72, 120, 168, 240,
336, 408, 504, 576 and 672 h post dosing. At each time
point, a 10 ml blood sample was drawn into a heparin tube
and centrifuged. Plasma was immediately separated and
stored at —20°C until analysis.

Lamotrigine analysis

Plasma concentrations of lamotrigine were assayed using
an h.pl.c. method, with u.v. detection [6]. Plasma
(400 wl) was automatically mixed with 100 pl mono-
chloroacetic acid. This mixture was dialysed against
potassium phosphate bufter, pH 7.0 and the resulting
dialysate injected onto a Hypersil ODS cartridge. After
washing the cartridge with 10% acetonitrile in water
(v/v) to remove interfering compounds, the analyte was
subjected to gradient h.p.l.c. using a Kromasil C8 column

Table 1 Summary of demographic characteristics and inclusion criteria of healthy controls and patients with cirrhosis.

Healthy subjects

Moderate cirrhosis

Severe cirrhosis
without ascites

Severe cirrhosis
with ascites

m=12) m=12) m=7) m=2J5)
Sex Female 4 4 3 1
Male 8 8 4 4
Age Mean +s.d. 5048.9 49489 51+11.8 531+6.7
(years) Median (range) 53 (35-59) 52 (37-59) 55 (31-61) 53 (46-61)
Height Mean ts.d. 171+7.5 169+7.6 1684+9.2 167+8.3
(cm) Median (range) 171 (158-180) 168 (152-185) 168 (155-180) 170 (155-176)
Weight Mean +s.d. 712499 78.4+15.2 67.1+14.6 69.9+12.8
(kg) Median (range) 71.1 (55.0-88.2) 79.5 (46.0-105.0) 65.0 (50.0-92.0) 73.0 (53.5-84.0)
Child-Pugh Score Median 5 9 12
at screening Min —Max 5-5 7-10 10-13
— Prothrombin activity 75% ?55% <55% <55%
Biological — Serum bilirubin <22 ymol 17! <60 pmol 17! >60 pmol 17! >60 pmol 17!
criteria — Serum albumin >40 g1™! >28 gl™! <28 gl17! <28 g1
— Biopsy-proven cirrhosis No Yes Yes Yes
Clinical — History of ascites or hepatic No No Yes
criteria encephalopathy or or Yes*
— Recent gastrointestinal No No Yes Yes
haemorrhage or or
— Portal hypertensive gastropathy No No Yes Yes
or or
— Oesophageal varices No No Yes Yes

*: >5 1 of ascitic fluid with clinical signs of fluid thrill or shifting dullness.
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with u.v. detection at 270 nm. The lower limit of
quantification of lamotrigine in plasma was 40 ng ml ™"

Pharmacokinetic analysis

The pharmacokinetic parameters of lamotrigine were
determined using noncompartmental methods. The
observed maximum plasma concentration (Cp,,) and
the time to reach the maximum concentration (f,,,,,) were
taken directly from the raw data. The area under the
plasma concentration vs time curve from zero to the last
measurable plasma concentration (AUC(0,f) was calcu-
lated using a combination of linear (for rising concentra-
tions) and logarithmic (for declining concentrations)
trapezoidal methods. The area under the plasma con-
centration-time curve
(AUC(0,00)) was calculated by extrapolating the
AUC(0,f) to infinity by the addition of C,/2, where C,
is the last quantifiable concentration at time f and 2, is the
elimination rate constant as determined by log linear
regression of the terminal phase concentration-time
profile.

The apparent oral clearance CL/F, apparent volume of
distribution V,/F and elimination half-life t,,, were
calculated from the following equations:

from zero to infinite time

0.693
fyp = 7

Dose

_ CL/F
AUC(0, 0)’

I ;

CL/F = Vz/F =

CL/F and VV,/F were further normalized by weight.

Relationships between pharmacokinetic parameters of
lamotrigine and the severity of the liver cirrhosis were
investigated by visual examination of plots of pharmaco-
kinetic parameters vs the Child-Pugh score and by linear
regression analysis where a relationship was suspected.

Statistical analysis

Pharmacokinetic parameters, except f,,,,, were compared
by analysis of variance (anova) including gender and age as
covariates to ensure that healthy subjects were matched
with respect to these parameters to those with moderate
cirrhosis. All parameters except f,,,, were log-transformed
before analysis. For all log-transformed parameters, results
were expressed as geometric least square (LS) mean ratios
between each hepatic disease group and healthy subjects,
together with their 90% confidence intervals (CI). f,,,,, was
compared between each hepatically impaired group and
the healthy subjects using the Wilcoxon rank sum test.
Estimates of the median difference between groups were
calculated together with their 90% CI [7].
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Results
Subjects

Demographic parameters are summarized in Table 1.
There were 12 healthy subjects (eight males, four females,
aged 35-59 years), 12 subjects with moderate cirrhosis
(eight males, four females, aged 37-59 years), and 12
subjects with severe cirrhosis (eight males, four females,
aged 31-61 years, seven without ascites and five with
ascites). The demographic characteristics were similar
among all groups. In the study population, the moderate
disease group corresponds to Child-Pugh grade A, the
severe disease without ascites group roughly corresponds
to Child-Pugh grade B and the severe disease with ascites
group to Child-Pugh grade C liver cirrhosis.

Pharmacokinetics

Pharmacokinetic parameters for lamotrigine are summar-
ized in Table 2. The median plasma concentration vs time
curves for lamotrigine are shown in Figure 1.

The median plasma profiles
appeared comparable between the healthy subjects and
patients with moderate liver disease (Figure 1). C,,,, was
17% lower and t1, 34% longer in patients with moderate
cirrhosis than in healthy controls. The other parameters,
tmaxs AUC, CL/F and V,/F were all similar between the
two groups.

Plasma drug concentrations were much higher in
patients with severe cirrhosis, especially in those with
ascites (Figure 1). Several pharmacokinetic parameters
were statistically different in severe cirrhosis with or
without ascites compared with the control group. Oral
clearance was 40% less in subjects with severe cirrhosis
without ascites and 64% less in severe cirrhosis with
ascites compared with the controls. The half-lives were,

concentration-time
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Lamotrigine plasma
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Figure 1 Median lamotrigine plasma concentration vs time
profiles following a single 100 mg oral dose in healthy volunteers
(O), patients with moderate cirrhosis (O), patients with severe
cirrhosis without ascites (V) and patients with severe cirrhosis
with ascites (V).
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Table 2 Results of analysis of variance for lamotrigine pharmacokinetic parameters in healthy individuals and patients with cirrhosis following

a single 100 mg oral dose.

Moderate cirrhosis

Severe cirrhosis without ascites

Severe cirrhosis with ascites

Control m=12) m=7) m=35)

m=12) Geometric Geometric Geometric
Parameter Geometric Geometric LSmean ratio® Geometric LSmean ratio® Geometric LSmean ratio®
(C190%) LSmean LSmean (CI 90%) LSmean (CI 90%) LSmean (CI 90%)
Chax 1.70 1.40 83%** 1.58 93% 1.56 92%
(ng ml*l) (74%, 93%) (81%, 106%) (79%, 107%)
Frnaxtt 1 1 0 1 0 2 1
) ©; 1) (—1; 0) (0; 5)
AUC(0,00) 66.5 76.3 115% 120 180%** 197 297%***
(ng ml™! h) (85%, 155%) (127%, 255%) (200%, 441%)
CL/F 0.36 0.29 81% 0.22 60%* 0.13 36%%**
(ml min~"' kg™ ") (61%, 106%) (44%, 83%) (25%, 52%)
V,/F 0.98 1.06 109% 1.21 123%** 1.01 103%
(l kgq) (98%, 120%) (109%, 139%) (90%, 118%)
t1/ 31.7 42.5 134%* 64.5 204%*** 90.9 287%***
(h) (103%, 175%) (149%, 278%) (202%, 408%)

#: median °: median difference for f,,, *: P<0.10; **: P<(.01; ***: P<(0.001 compared with healthy volunteers. LS, least square; C,,,y, maximum

plasma concentration; f,,y, time to maximum plasma concentration, AUC,,, area under the plasma concentration-time curve from 0 to infinity;

CL/F, apparent total clearance; 1/,/F, apparent volume of distribution; #,,, elimination half-life.

respectively, twice and almost three times greater in the
severe group without and with ascites than in healthy
subjects. Consistent with
clearance, a statistically significant increase in the mean
values of AUC(0,00) was observed in severe cirrhosis
without and with ascites of 80% and 197%, respectively, in
comparison to healthy controls. The apparent volume of
distribution of lamotrigine was slightly higher in the severe

the observations for oral

cirrhosis group without ascites compared with controls.
Figure 2 shows a significant correlation between oral
clearance and Child-Pugh score at initial screening.

Safety

Lamotrigine, administered as a single oral dose of 100 mg,
was well tolerated in all groups. Among the 36 subjects
who participated in the study, nine subjects (four healthy
subjects, four subjects with moderate liver cirrhosis and
one subject with severe liver cirrhosis) reported a total of
11 adverse events. All suffered from mild or moderate
disease. Most adverse effects resolved during the day of
occurrence and all within 2 days. Two required rescue
medication (paracetamol for a headache and omeprazole
for an epigastralgia). Two episodes of abdominal pain and
one case of diarthoea were considered as possibly related to
lamotrigine. The relationship between the other adverse
events and the study medication was unknown in four
cases (headaches in three subjects and epigastralgia in
another subject, all with liver cirrhosis), and unlikely in
four cases.
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Figure 2 The relationship between lamotrigine oral clearance
(CL/F) and Child-Pugh score

Discussion

Values for the pharmacokinetic parameters of lamotrigine
found in the control group are similar to those previously
reported [1].

The pharmacokinetics of lamotrigine were not sig-
nificantly altered in subjects with moderate cirrhosis. In
contrast, subjects with severe cirrhosis with or without
ascites showed significantly impaired pharmacokinetics.
Thus, the oral clearance was lower, elimination half-life
was longer and the AUC(0,00) was greater than in control
subjects, with a trend for an even larger difference in
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subjects with ascites. The presence of abundant ascites did
not change the volume of distribution of lamotrigine,
which is consistent with the lipophilic character of the
drug (logP=1.19 at pH 7.6) [8]. Ascites was only a
consequence of more serious hepatic disease. The
pharmacokinetic results from the severe liver cirrhosis
group (7 without and 5 with ascites) should be interpreted
carefully because of the small sample size. Despite this,
statistically significant differences were found in several
parameters between the severely affected groups and the
controls.

The efficiency of drug removal by the liver is
determined by hepatic blood flow, hepatic enzyme
capacity and plasma protein binding [9]. Since lamotrigine
is a low extraction ratio drug, metabolism is not influenced
to any extent by reduced hepatic blood flow or by
shunting. As the free fraction is 0.45, lamotrigine clearance
is not affected greatly by plasma protein binding but is
mainly determined by enzyme capacity. Since lamotrigine
is extensively metabolized by glucuronidation, our results
are consistent with previous findings that glucuronidation
is little affected in moderate cirrhosis [10], but is impaired
in patients with severe cirrhosis [11].

Based on the results of this study, there does not seem to
be a need to change the dosage recommendations for
patients with moderate liver cirrhosis. However, owing to
a lower drug clearance in subjects with severe cirrhosis,
dose reduction is recommended in these patients. Initial
escalation and maintenance doses should generally be
reduced by approximately 50 or 75% in patients with
Child Grade B or C cirrhosis although overall adjustment
should be done according to clinical response.

Further caution is required when treating patients with
cirrhosis in the presence of antiepileptic drugs that induce
(carbamazepine, phenytoin, phenobarbitone and primi-
done) or inhibit (valproate) lamotrigine metabolism [12].

We thank the ASTER Institute for the recruitment of healthy
volunteers, Clinical Innovations Ltd (UK) for their contribution
for the assay of lamotrigine and Roxane Fornacciari for her
collaboration.
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