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Abstract

Background and Objective The anti-epileptic drug lev-
etiracetam is excreted renally. The objective of this trial
was to evaluate the pharmacokinetics of levetiracetam in
Japanese patients with renal impairment including end-
stage renal disease (ESRD) to confirm that existing dosing
instructions—based on data from European patients—are
appropriate in a Japanese population.

Methods This was a nonrandomised, open-label trial. Six
participants were allocated to each of five groups (normal
renal function, mild, moderate and severe renal impairment
and ESRD); 30 participants in total. Participants received a
single dose of levetiracetam 500 mg (normal or mild),
250 mg (moderate or severe), or 500 mg followed by
250 mg post-haemodialysis (ESRD). Blood and urine
samples were obtained serially for levetiracetam and
metabolite determinations. Noncompartmental pharmaco-
kinetic parameters were calculated and steady-state profiles
were simulated using the superposition method.

Results In this trial, levetiracetam total clearance
decreased proportionally with creatinine clearance: 52, 31,
25, 20 and 11 mL/min/1.73 m? in healthy controls and in
patients with mild, moderate, severe renal impairment, and
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ESRD, respectively. Simulated levetiracetam plasma pro-
files using the recommended dose adjustments were within
the range for normal renal function. Overall, results from
this trial were consistent with historical European data.
Conclusion These findings confirm that the dosing
instructions are appropriate for Japanese patients with renal
impairment including ESRD.

Key Points

Since levetiracetam is excreted via the kidneys,
exposure increases with decreasing renal function
and dose adjustment is required for patients with
renal impairment.

Global dosing instructions for levetiracetam have
been issued based on data from non-Japanese
patients with renal impairment or end-stage renal
disease.

Data from the current trial conducted among
Japanese patients with varying degrees of renal
impairment were consistent with historical
European data, indicating that dosing instructions
in the Japanese package insert are appropriate for
Japanese patients.

1 Introduction
Levetiracetam [E Keppra®; (—)-(S)-a-ethyl-2-oxo-1-pyr-

rolidine acetamide] is a second-generation antiepileptic
drug (AED). It has been available as adjunctive therapy in
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Japan since 2010 for adults and since 2013 for children
with partial onset seizures.

The pharmacokinetics of levetiracetam have been stud-
ied in American, European, Chinese and Japanese subjects
[1, 2]. The studies conducted to date demonstrate consis-
tently that there are no ethnic differences in pharmacoki-
netics [2, 3]. Absorption of levetiracetam is rapid and
complete (>95 %), with maximum plasma concentrations
being achieved within 0.5-2.3 h after dosing. The phar-
macokinetics are dose-proportional and time-independent
and the drug has a low potential for clinically relevant
drug-drug interactions [3—8]. Levetiracetam is excreted via
the kidneys, with two-thirds excreted as unchanged drug
and one-third excreted as a pharmacologically inactive
metabolite (ucb L057) formed by esterase hydrolysis of the
acetamide group [9].

Since levetiracetam is renally excreted, exposure
increases with decreasing renal function. Dosing instruc-
tions for patients with various degrees of renal impairment
have been developed based on data from European patients
[10-12]. These instructions are applied internationally,
including in Japan (Table 1). This study was conducted to
evaluate the pharmacokinetics of levetiracetam in Japanese
patients with renal impairment or end-stage renal disease
(ESRD) to confirm that dosing instructions included in the
Japanese package insert are appropriate in the Japanese
population [13]. A further objective was to assess the safety
and tolerability of levetiracetam in Japanese patients with
various degrees of renal impairment.

2 Methods

This  nonrandomised,  stratified, open-label trial
(NCTO01491113) was conducted between November 2011
and November 2012 at two centres in Japan. Subjects with
normal renal function and mild, moderate or severe renal
impairment (Groups A-D, respectively) were enrolled in
the Kurume Clinical Pharmacology Clinic, Kurume-city,
Fukuoka, while those with ESRD (Group E) were enrolled
in the Department of Urology of Moriya Keiyu Hospital,
Moriya-city, Ibaraki. The ethical principles for medical

research in the 1964 Declaration of Helsinki and its sub-
sequent revisions were followed and an Independent
Review Board approved the trial. All trial participants gave
written informed consent.

2.1 Trial Population

Thirty Japanese subjects (male or female), aged
20-80 years, were recruited to the trial (six in each of five
groups). Subjects were excluded if they had clinically
significant electrocardiogram (ECG) or laboratory findings
at entry (other than those expected in subjects with renal
impairment), or if they had a history of chronic alcohol or
drug abuse, or any medical or psychiatric condition that
could affect their ability to participate in the study. Healthy
subjects (Group A) were similar in age and bodyweight to
subjects with renal impairment (Groups B-D). Subjects
with ESRD who were receiving haemodialysis three times
a week were enrolled in Group E.

2.2 Trial Protocol

Subjects were allocated to treatment according to their
baseline creatinine clearance (Table 2). On Day 1, subjects
with normal or mild renal impairment (Groups A and B)
received a single 500 mg levetiracetam dose and those with
moderate or severe renal impairment (Groups C and D)
received a single 250 mg dose (Table 2). Blood and urine
samples were taken up to Day 4 (Group A), Day 5 (Group
B), Day 6 (Group C) or Day 7 (Group D), with an addi-
tional blood sample at the safety follow up visit on Day
9 + 1 day.

Patients with ESRD (Group E) received two doses of
levetiracetam: 500 mg on Day 1 and 250 mg on Day 3. The
second dose was administered 49 h after the first dose and
1 h after a scheduled haemodialysis procedure. Blood and
urine samples were taken up to Day 7, with an additional
blood sample at the safety follow-up visit on Day
11 £ 1 day. The haemodialysis procedure for subjects with
ESRD was standardised. All subjects underwent a 4-h
haemodialysis session on Day 3 (44 h after the first dose of
levetiracetam) and on Day 7 (140 h after the first dose of

Table 1 Dosing instructions for patients with renal impairment in the Japanese package insert

Dose Creatinine clearance (mL/min) ESRD Supplemental dose after
hemodialysis
>80 50 to <80 30 to <50 <30
Daily dose (mg) 1,000-3,000  1,000-2,000  500-1,500  500-1,000  500-1,000 -
Usual dose (twice daily) 500 mg 500 mg 250 mg 250 mg 500 mg once daily 250 mg
Maximum dose (twice daily) 1,500 mg 1,000 mg 750 mg 500 mg 1,000 mg once daily 500 mg

ESRD end-stage renal disease
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Table 2 Doses of levetiracetam administered and demographics of study population

Variable Study group
A B C D E
No. of subjects 6 6 6 6 6
Renal impairment None Mild Moderate Severe  ESRD/haemodialysis

Baseline CLcgr (mL/min/1.73 mz) >80 >50 to <80
Levetiracetam dose (mg) 500 500 250

>30to <50 <30

Not applicable
250 500 mg initial dose 4+ 250 mg 1 h after haemodialysis

levetiracetam). The same equipment was used for all sub-
jects, with a blood flow rate of between 180 and 220 mL/
min, a constant dialysate flow of 500 mL/min (pH 7.2-7.4)
and a high flux membrane, polysulfone (PSF), with a sur-
face area of 1.2-1.8 m”.

Safety was evaluated by monitoring adverse events,
vital signs, 12-lead ECG, physical examination and stan-
dard clinical laboratory tests.

2.3 Bioanalytical Determinations

Validated bioanalytical methods were used to measure
concentrations of levetiracetam in plasma, urine and
dialysate fluid. Given that levetiracetam has a major
metabolite, ucb L057 (24 % of the dose), all analyses
were also conducted for this metabolite. Solid phase
extraction was used to extract analyte and internal stan-
dard from the biological matrix. After extraction, leveti-
racetam and ucb L0O57 were separated by reverse-phase
liquid chromatography using gradient elution and detected
by electrospray ionization tandem mass spectrometry
using multiple reaction monitoring in positive-ion mode.
This method was described previously [14] for leveti-
racetam in plasma and was readily extended to metabolite
quantification and to determination in urine and dialysis
fluids.

In plasma and dialysate, the lower limit of quantifi-
cation (LLOQ) was 0.100 pg/mL and the calibration
range was 0.1-100 pg/mL. The intra- and inter-run pre-
cisions were <6.8 % and < 6.2 % for levetiracetam,
and <8.9 % and <5.4 % for ucb L057, respectively; and
the intra- and inter-run accuracies were <14.1 %
and <10.0 % for levetiracetam, and <8.0 % and <2.7 %
for ucb LO57, respectively. In urine, LLOQ was 1 pg/mL
and the calibration range was 1-1,000 pg/mL for lev-
etiracetam and ucb LO057. The intra- and inter-run pre-
cisions were <5.9 % and <8.0 % for levetiracetam,
and <6.3 % and <6.7 % for LO57, respectively and the
intra- and inter-run accuracy were <4.0 % and <3.0 %
for levetiracetam, and <6.0 % and <5.4 % for L057,
respectively.

2.4 Pharmacokinetic and Statistical Calculations

The pharmacokinetic calculations were performed using
Phoenix WinNonLin 6.2 software (Pharsight Corporation,
Sunnyvale CA, USA). Pharmacokinetic parameters were
derived by noncompartmental methods, using actual sam-
pling times. Given the linearity of levetiracetam pharma-
cokinetics, individual steady-state predictions of plasma
concentration versus time profiles were generated from
actual single-dose data by the superposition method.
Descriptive statistics—geometric mean and 95 % confi-
dence intervals—were calculated for each of the groups
based on the six predicted concentrations-versus-time
profiles.

For Groups A to D, the following parameters were
calculated for levetiracetam and ucb LO057: maximum
measured concentration (Cp,y), time to maximum con-
centration (#,,,x), area under the concentration time curve
from time O to infinity (AUC,_,,), area under the concen-
tration time curve from time O to time t with last quanti-
fiable concentration (AUC,_,), elimination half-life (1,),
renal clearance (CLR) and fraction of dose excreted in urine
(fe). In addition, the following parameters were calculated
for levetiracetam: apparent volume of distribution (Vy/F),
apparent total body clearance (CL/F) and non-renal clear-
ance (CLng). For Group E, the following parameters were
calculated for levetiracetam and ucb LO057: Chax, fmaxs
AUC044 h and AUC49,92 h- Addltlonally, ty,, Vd/F and CL/
F were calculated for levetiracetam. Calculation of the
AUC parameters was performed using the linear trapezoi-
dal method. The haemodialysis pharmacokinetic parame-
ters calculated for levetiracetam and ucb L057 using the
arterio-venous (A-V) difference method [15, 16] corrected
by the physiological plasma flow were: t.,, fractional
removal, reduction, extraction efficiency (E) of haemodi-
alysis, dialysis clearance (CLp), ultrafiltration clearance
(CLyF), and haemodialysis clearance (CLyp).

Statistical analysis was performed using SAS version
9.1.3 (SAS Institute Inc., Cary, NC, USA). Mean, standard
deviation (SD), geometric mean and geometric coefficient
of variation (CV) were calculated, if at least two-thirds of
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the individual data at a specific sampling point were
measured and were above or equal to the LLOQ. Plasma
concentrations below the limit of quantification were
substituted by LLOQ/2.

Linear/nonlinear regression of pharmacokinetic param-
eters on creatinine clearance was calculated for CLg,
CLngr, CL/F and C,, of levetiracetam and CLgr and C.x
of the metabolite ucb L057 using SAS procedure
regressions.

3 Results
3.1 Study Population

Thirty subjects with a mean age of 64.6 years (range
22-79 years) participated in the trial. Most (29/30) were
male, with a mean bodyweight of 63.8 kg (range
47.9-85.0 kg) and mean height of 163.6 cm (range
148.5-175.6 cm). Baseline demographics were similar
between the 5 groups. At study entry, creatinine clearance
(median [range] mL/min/1.73 m?) was 118 (100.2-132.5)
in Group A (normal renal function), 62 (58.7-82.8) in
Group B (mild impairment), 49 (36.1-54.7) in Group C
(moderate impairment) and 21 (12.7-26.0) in Group D
(severe impairment) (Table 3). All subjects were included
in the plasma pharmacokinetic analysis, but two in Group
A were excluded from the urinary analysis due to incom-
plete sampling.

3.2 Pharmacokinetics in Renal Impairment

Levetiracetam plasma concentration versus time plots for
Groups B-D were distributed within the range of plasma
concentrations in group A (Fig. 1).

Absorption of levetiracetam was unaffected by renal
impairment, as illustrated by a t,,,,x between 0.5 and 1 h in
all groups (Table 3). The maximum plasma concentration
(Cmax) of levetiracetam was approximately 50 % lower in
subjects with moderate or severe renal impairment (given a
250 mg single dose) than in those with normal renal
function or mild renal impairment (given a 500 mg dose).
AUC was similar across all four groups, with the slope of
the elimination phase becoming shallower as renal function
worsened. Renal clearance of levetiracetam decreased with
decreasing renal function (creatinine clearance), the rela-
tionship between CLg and creatinine clearance being linear
(Fig. 2). Apparent total body clearance also decreased with
decreasing renal function, from 51.5 mL/min/1.73 m? in
normal renal function to 20.3 mL/min/1.73 m? in severe
renal impairment and 10.9 mL/min/1.73 m?> ESRD; the
latter value representing the non-renal clearance. Overall,
the non-renal clearance was generally consistent among
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subjects with various of renal
(Table 2).

For the metabolite ucb L057, both Cp,,, and AUC were
higher in subjects with renal impairment compared with
subjects with normal renal function (Table 2); however,
with the compensation of the lower dose in subjects with
moderate or severe renal impairment, the size of the dif-
ference was less than three-fold for C.... The AUC
increased 10-fold in subjects with severe renal impairment
compared with those with normal renal function.

The proportions of the levetiracetam dose excreted as
parent drug and metabolite also changed with decreasing
renal function. In subjects with normal renal function,
approximately 60 % of the levetiracetam dose was excre-
ted as parent compound; this decreased to 30 % in those
with severe renal impairment (Group D). Conversely,
approximately 17 % was excreted as metabolite in subjects
with normal renal function, but this increased to 40 % in
those with severe renal impairment. Overall, the urinary
excretion of levetiracetam and metabolite taken together
was similar for all groups (between 70 and 83 % in each
group).

The steady-state prediction of concentrations versus
time profiles for the subjects with normal renal function
compared to those with renal impairment, based on single-
dose data, shows the expected plasma concentrations at the
minimum and maximum doses stated in the Japanese
package insert (Fig. 3). The geometric mean plasma con-
centrations at steady state in subjects with normal renal
function can range from 7 pg/mL (C;, of lowest dose,
500 mg twice daily) to 75 pg/mL (Cy,.x of highest dose
1,500 mg twice daily) as shown by the shaded area,
materialized on each predicted plasma concentration pro-
file. The geometric mean plasma concentrations in subjects
with various degrees of renal impairment, when following
the dosing instructions contained in the package insert, fall
within these extremes.

degrees impairment

3.3 Pharmacokinetics in End-Stage Renal Disease

The plasma concentration versus time profiles in ESRD
(Fig. 4) show a rapid increase in levetiracetam plasma
concentration after the first dose (500 mg), followed by a
slow decrease in the period before haemodialysis (due to
metabolism), a fast decrease during haemodialysis
(44-48 h; due to elimination), and then an increase fol-
lowing the second dose at 49 h (250 mg). Outside the
haemodialysis period, the geometric mean plasma con-
centration of levetiracetam ranged between 18 and 6 pg/
mL; these plasma concentrations were similar to the
expected concentrations in subjects with normal renal
function receiving the minimum dose stated in the Japanese
package insert.
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Table 3 Plasma pharmacokinetic parameters for levetiracetam and its metabolite ucb L057 after oral administration of levetiracetam

Parameter Renal impairment End-stage renal disease
None Mild Moderate Severe Outside haemodialysis
(n=06) (n=06) (n=06) (n=06) period (n = 6)
Levetiracetam dose (mg) 500 500 250 250 500 250
CLcr* (mL/min/1.73 m?) 118 (100.2-132.5) 62 (58.7-82.8) 49 (36.1-54.7) 21 (12.7-26.0) NA NA
Levetiracetam
Cnax (ng/mL) 21.9 (31.2) 15.5 (25.3) 10.8 (24.3) 9.2 (30.4) 18.7 (8.1) 11.9 (14.8)
fmax (D) 0.5 (0.5-2.0) 1 (0.5-2.0) 0.5 (0.5-1.0) 0.5 (0.5-1.0) 0.7 (0.43-0.98) 0.7 (0.47-1.97)
AUCq_ (ug-h/mL) 166 (16.5) 248 (16.9) 169 (16.5) 212 (19.1) 462 (10.5)° 300 (10.4)°
ty, (h) 7.6 (6.9) 12.6 (11.3) 15.5 (17.5) 19.7 (26.5) 34.7 (29.2-38.6)"  41.0 (35.4-47.0)
V4/F (L) 32.3 (14.2) 36.1 (7.5) 32.1 (16.2) 32.7 (13.4) 31.2 (27.9-35.0)* NA
CL/F (mL/min/1.73 m?) 51.5 (7.8) 30.9 (14.6) 24.6 (15.0) 20.3 (20.9) 10.9 (9.4-13.1)Y NA
CLngr (mL/min/1.73 m?)  18.2 (43.8)° 154 (14.7) 14.8 (13.2) 13.9 (16.5) 109 9.4-13.1)* NA
CLg (mL/min/1.73 m?)  31.6 (28.5)° 15.3 (22.3) 9.7 (23.4) 6.0 (53.6) NA NA
fe ( %) 60.9 (30.3) 49.5 (12.5) 39.5(11.9) 29.8 (34.4) NA NA
Metabolite (ucb L057)
Crax (Hg/mL) 0.36 (9.4) 0.75 (25.8) 0.57 (26.0) 1.06 (29.3) 8.84 (7.0) 9.05 (5.8)
max () 5.0 (2.0-8.0) 8.0 (6.0-12.0) 12.0 (8.0-12.0) 24.0 (12.0-24.0) 44.0 (44.0-44.0) 43.0 (42.8-43.1)
AUCq_ (ug-h/mL) 5909.7) 22.6 (45.9) 18.7 (53.4) 57.8 (57.3) 230 (7.8)° 296 (6.1)°
ty, (h) 124 19.0 20.3 26.8 NA NA
(11.3-15.3)¢ (17.3-19.9)¢ (19.7-23.6)¢ (17.2-33.3)¢

Results presented as geometric mean (% coefficient of variation) or median (range)

AUC,_, area under the concentration time curve from time O to time t, C,,,, maximum concentration, CLcx creatinine clearance, CL/F apparent
total body clearance, CLyg non-renal clearance, CLg renal clearance, fe fraction of dose excreted in urine, NA value not applicable or not
estimated, #,,,, time to maximum concentration, t, terminal half-life, V/F apparent volume of distribution

* CLcg for group A was calculated using the Cockcroft-Gault formula, [21] based on serum creatinine measurements determined using the
enzymatic method. CLcg was normalized (/1.73 mz) by body surface area calculated using the DuBois and DuBois formula; [22] CLcR for group

B-D was calculated based on a 24-h urine collection and serum creatinine measurements

® AUCq aan
¢ AUC49 9o

4 Median and range are presented instead of geometric mean and % coefficient of variation because terminal half-life was determined over a

time interval less than #,, x 2

¢ Data available from four subjects only

In ESRD, t,,,,x for levetiracetam occurred approximately
0.7 h after dosing, similar to the #,,,x seen in subjects with
normal renal function (Table 3). Levetiracetam C,,,, was
19 pg/mL after the 500 mg dose and 12 pg/mL after the
250 mg dose, both values being similar to Cy,,x in subjects
with normal renal function (22 pg/mL). The half-life of
levetiracetam (outside of haemodialysis) was approxi-
mately five times longer in ESRD than in subjects with
normal renal function (approximately 40 and 8 h, respec-
tively). The metabolite concentration increased continu-
ously after dosing until the time of haemodialysis, with a
Chnax of 8.8 pg/mL after the 500 mg dose and 9.1 pg/mL
after the 250 mg dose.

Levetiracetam and ucb LO0O57 plasma concentrations
decreased rapidly during haemodialysis in ESRD (Table 4);
t,, was around 2 h for both compounds. The extraction

efficiencies (E) of haemodialysis were around 0.8 and 0.9 for
levetiracetam and ucb L0O57, respectively. The ultrafiltration
clearance (CLyg) of both levetiracetam and ucb L0O57 was
minimal (approximately 1 mL/min), with dialysis clearance
(CLp) accounting for 99 % of the elimination. The hae-
modialysis clearance (CLyp), which is the sum of CLyg and
CLp, was around 120 mL/min for both levetiracetam and
ucb L0O57. At the end of the 4-h haemodialysis period, plasma
concentrations were reduced by approximately 70 %, with
low intersubject variability (less than 4 %).

The steady-state prediction generated from the single-
dose data in ESRD in this study showed that the geometric
mean plasma concentration range for patients with ESRD
will be within the range for individuals with normal renal
function (Fig. 5) when following the dosing instructions
for ESRD contained in the package insert.
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Fig. 1 Levetiracetam plasma 100 1
concentration versus time
profiles after administration of
single 250 mg (dashed line) or
500 mg (solid line) dose
(geometric mean + 95 %
confidence interval). Normal
renal function (A filled circle)
and mild (B filled square),
moderate (C filled triangle) and
severe renal impairment

(D filled diamond)

Levetiracetam plasma concentration (ug/mL)

0.01 T

Fig. 2 Relationship between 60 -
renal clearance (CLR) and total
clearance (CL/F) of
levetiracetam and creatinine
clearance. Linear regression line
(solid) for CL/F, Linear
regression (dashed) line for
CLg. Normal renal function (A
filled circlelopen circle), mild
(B filled squarelopen square),
moderate (C filled triangle/open
triangle) and severe renal
impairment (D filled diamond/
open diamond) and end-stage
renal disease (E filled inverted
triangle)

40 -

20 |

Levetiracetam clearance (mL/min/1 .73m2)

48 60

Time (hours)

Total clearance
CL/F =0.3282 x CLgg + 11.58
(R?=0.938,p <0.0001)

Renal clearance
.- Clg = 0.2569 x CLcg
(R?=10.955,p < 0.0001)

3.4 Safety Results

All 30 participants who received levetiracetam were
included in the safety analysis. Five subjects reported 14
treatment-emergent adverse events (TEAEs); each TEAE
occurred only once and most were observed in Group E (10
TEAEs in 2 subjects). No subjects in Groups A and C
reported TEAEs. Non-serious TEAEs (white blood cell
count increased and dizziness), reported by one subject in
Group E, were considered to be related to the study drug by
the investigator. Three TEAEs (pneumonia, acute respira-
tory distress syndrome and shunt malfunction) were con-
sidered to be serious, but were not related to levetiracetam.
No clinically relevant changes in laboratory analyses, vital
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60 80 100
Creatinine clearance (mL/min/1 .73m2)

120 140

sign measurements, ECG, or physical examination findings
were observed during this trial.

4 Discussion

The impact of renal impairment on the pharmacokinetic
profile of renally-excreted drugs, such as levetiracetam, has
to be evaluated in order to prescribe appropriate dosing
regimens for patients with renal impairment [17-19]. This
becomes increasingly important in older patients, not only
because renal function deteriorates with age, but also
because the incidence of new onset epilepsy is higher
among older adults [20]. The impact of haemodialysis on
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Normal renal function

150 — 1500mg twice daily

] —— 500mg twice daily

1004 | ¢

Levetiracetam plasma concentration (ug/mL)

Time (hours)

Moderate renal impairment

—— 750mg twice daily
] —— 250mg twice daily

Levetiracetam plasma concentration (ug/mL)

Time (hours)

Fig. 3 Simulated levetiracetam plasma concentration versus time
profiles at steady state in subjects with various degrees of renal
function (geometric mean and 95 % confidence intervals at recom-
mended high and low doses in package insert). Comparison between
subjects with normal renal function and those with impaired renal
function. Solid lines and dotted lines show geometric mean

elimination has to be evaluated as well, as this will affect
the pharmacokinetic profile of levetiracetam in patients
with ESRD [15].

The pharmacokinetic profile of levetiracetam in renal
impairment and ESRD was previously established in non-
Japanese patients and global dosing instructions were
issued based on these data. Following levetiracetam reg-
istration in Japan in 2010, the Pharmaceuticals and Medical
Devices Agency (PMDA) requested confirmation that the
pharmacokinetic characteristics of levetiracetam were
similar in Japanese patients and that the existing dosing
instructions for patients with renal impairment were also
relevant in Japan. While no clinically relevant differences
in the Japanese population due to ethnicity were antici-
pated, to ensure appropriate pharmacokinetics and safety of

Mild renal impairment

1000mg twice daily
500mg twice daily

Levetiracetam plasma concentration (ug/mL)

Time (hours)

Severe renal impairment

— 500mg twice daily
250mg twice daily

Levetiracetam plasma concentration (ug/mL)

Time (hours)

and +95 % confidential interval of simulated levetiracetam plasma
concentrations at steady state at recommended high and low doses.
Shaded areas in each figure show the range of simulated geometric
mean levetiracetam plasma concentrations at recommended high and
low doses in subject with normal renal function

Japanese patients, the current trial with Japanese patients
with renal impairment, and healthy Japanese volunteers as
controls was conducted.

For levetiracetam, steady state is reached after
approximately 48 h wusing twice-daily administration
when renal function is normal, but it is delayed with
severe renal impairment (up to 5 days) or ESRD (up to
9 days). Taking into consideration the length of time
taken to reach steady state in patients with renal
impairment, a single-dose study design was chosen, with
simulations to predict steady-state pharmacokinetics after
multiple doses. This approach was deemed appropriate
for a drug with linear pharmacokinetics, where simula-
tions are known to give accurate predictions of steady-
state pharmacokinetics.
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Levetiracetam

Levetiracetam plasma concentration (ug/mL)
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Fig. 4 Levetiracetam and metabolite (ucb L057) plasma concentra-
tion versus time profiles in subjects with end-stage renal disease.
Levetiracetam 500 mg was administered at 0 h and 250 mg at 49 h
with two 4-h dialyses starting at 44 and 96 h (geometric
mean £ 95 % confidence interval)

Results from this trial were in agreement with those of
the previous one that included European patients with renal
impairment. ~ As  predicted, appropriate = plasma

concentrations of levetiracetam were achieved in Japanese
patients following the recommended single dose. The dose
reduction for subjects with moderate or severe renal
impairment (from 500 to 250 mg) was appropriate to
maintain similar plasma concentrations to those achieved
in subjects with normal renal function with a 500 mg dose.
Steady-state simulations showed that the dosing instruc-
tions in the Japanese package insert would produce similar
exposure and plasma concentrations of levetiracetam over
the whole range of renal impairment, including ESRD. As
in previous studies, there was a linear relationship between
creatinine clearance and renal clearance of both leveti-
racetam and its metabolite.

For patients with ESRD, there were some differences in
the pharmacokinetic parameters observed in this trial and
those in the previous clinical study of five European
patients with ESRD [10, 11]. The main difference was in
the dialysis clearance of levetiracetam and its metabolite
during the 4-h dialysis period. In Japanese patients, lev-
etiracetam clearance was 114 mL/min, whereas it was
lower in European patients at 88 mL/min. The increase in
clearance during dialysis in this study led to a greater
percentage of levetiracetam removal during the 4-h dialysis
session, with 69 % being removed compared with only
51 % in the European study. One possible explanation for
this may be that the European study was conducted
14 years ago, and dialysis membranes now are more effi-
cient, removing a greater percentage of levetiracetam
during the 4-h dialysis period. The ultrafiltration clearances
in both studies were in the same range (1.3 mL/min in the
Japanese study and 3.6 mL/min in the European study) and
accounted only for a small amount of the overall hae-
modialysis clearance.

Metabolite accumulation was observed in ESRD, with
Crnax Of approximately 9 pg/mL, 25 times higher than C .«
in normal renal function (0.36 pg/mL); however, the
metabolite was efficiently eliminated during haemodialysis

Table 4 Haemodialysis plasma pharmacokinetic parameters for levetiracetam and its metabolite ucb L0O57 after oral administration of leveti-

racetam 500 mg in end-stage renal disease

Parameter Levetiracetam Metabolite (ucb L0O57)
tin (h)? 2.3 (2.1-2.6) 2.1 (1.9-2.6)
Fractional removal (%) 64.9 (4.7) Not estimated
Reduction (%) 68.7 (3.4) 74.2 (2.7)

Extraction efficiency (E) of haemodialysis 0.81 (7.5) 0.87 (7.2)

Dialysis clearance CLp (mL/min) 114.0 (8.5) 121.9 (7.4)
Ultrafiltration clearance CLyg (mL/min) 1.3 (32.5) 0.9 (40.9)
Haemodialysis clearance CLyp (mL/min) 115.4 (8.1) 122.9 (7.1)

Results presented as geometric mean (% coefficient of variation) or median (range)

# Median and range are presented instead of geometric mean and % coefficient of variation because terminal half-life was determined over a time

interval less than #,, x 2 for some subjects
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Fig. 5 Simulated levetiracetam
plasma concentration versus 1
time profiles. Comparison
between end stage renal disease
and normal renal function at
steady state over the
recommended dose range. Solid
lines and dotted lines show
geometric mean and £95 %
confidential interval of
simulated levetiracetam plasma
concentrations at steady state at
recommended high and low
doses. Shaded areas in each
figure show the range of
simulated geometric mean

Levetiracetam plasma concentration (ug/mL)

Normal renal function

levetiracetam plasma 0 T
concentrations at recommended 0 24
high and low doses in subjects

with normal renal function

80 —

Levetiracetam plasma concentration (ug/mL)

T T T T T 1
48 72 96 120 144 168
Time (hours)

500mg twice daily, —— 1500mg twice daily

End stage renal disease

| Additional doses 1hour after 4hour-Hemodialysis |

v v

T T T T T 1
48 72 96 120 144 168

Time (hours)

1000mg once daily + 500mg 1hour after 4hour-Hemodialysis

500mg once daily + 250mg 1hour after 4hour-Hemodialysis

with a 74 % reduction in plasma concentration. Since the
metabolite is not pharmacologically active, no safety con-
cerns are anticipated with the levels of metabolite observed
in patients with ESRD.

Levetiracetam was well tolerated in Japanese subjects
with normal renal function, as well as in those with varying
degrees of renal impairment. The majority of TEAEs (10/
14) were reported by two patients with ESRD and only two
of the TEAEs (white blood cell count increased and diz-
ziness), reported by one patient, were considered to be
related to the study drug.

The majority of participants in this study were male;
however, levetiracetam pharmacokinetics show no signifi-
cant gender differences. Indeed, gender was not found to be

a significant covariate in a recent integrative population
pharmacokinetic model for Japanese subjects [2]. Results
of the model indicated that the slight difference observed in
the concentrations could be explained mainly by differ-
ences in body weight between males and females. There-
fore, the conclusions from this study are fully applicable to
female Japanese patients.

5 Conclusion
Dose adjustments are required for levetiracetam in patients

with renal impairment. The dosing instructions provided in
the Japanese package insert are appropriate for Japanese
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patients with renal impairment, including ESRD, based on
their creatinine clearance values, and no region-specific
dose recommendations are required for Japan.
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