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1. Executive Summary
1.1. Recommendation

Based on the data submitted to the Human Pharmacokinetics and Bioavailability section of
NDA 21-035 SE5-040 and 21-505 SE5-007, the information provided to support the approval
of Keppra Oral tablets and Oral Solution for usein children (4 — 12 years) is acceptable.

1.2.Phase 4 commitments
Thereviewer is not recommending any phase IV commitments

1.3.Summary of I mportant Clinical Phar macology and Biophar maceutics Findings

Keppra oral tablets and solution have been approved as adjunctive therapy in the treatment of
partial onset seizuresin adults. A pediatric written request was issued which included a request
for pharmacokinetic data of levetiracetam in children.

The pharmacokinetic studies performed include study N1052 where levetiracetam was
administered as a 10% oral solution to children 4 years of age and younger. The pivotal
pharmacokinetic study was N01010, in which children 4 to 12 years old with partial onset
seizure were administered 20, 40 and 60 mg/kg/day of levetiracetam. In addition, plasma
concentrations were monitored in the pivotal safety and efficacy studies (N159 and N157)
consistent with sparse sampling population pharmacokinetic approach. Data from all studies
were subjected to population pharmacokinetic meta-analysis. In addition to the meta analysis,
exposure response analysis was conducted by the pharmacometric reviewer.

Levetiracetam is rapidly absorbed in epileptic children. The mean Tmax is achieved in about 1
hour post-administration The primary metabolite (uch L057) was present in children. The ucb
LO57/levetiracetam AUC ratio is about 3% in children across the range of ages studied, about
half that reported in adults. The pharmacokinetics of levetiracetam was linear in children
receiving doses from 20 to 60 mg/kg.

Population Pharmacokinetic analyses indicated that the only significant effect was weight on
clearance (CL/F) and apparent volume (V/F) and antiepileptic drug (AED) category on CL/F.

Based on the reanalysis of the Sponsor’ s data, there was a significant (p<0.05) reduction in the
number of partial seizuresin pediatric patients receiving Keppra compared to pediatric patients
receiving placebo. The concentration-response profile of Keppra was similar in the two
populations, although the placebo response in pediatric patients was significantly (p<0.05)
different than in adult patients. The sponsor’s plan to dose by matching the concentration in
pediatric patients to the concentration in adult patients is reasonable. Based on the modeling and
simulation, for children weighing less than 50 kg a dosage regimen of 20 mg/kg/day predicts
steady state Cmin and Cmax values within the ranges observed in adults receiving 1000 mg/day.
Therefore, adosing regimen of 20 mg/kg/day for children weighing less than 50 kg and 1000
mg/day for children above 50 kg is reasonable.

Levetiracetam does not affect the concentrations of carbamazepine, valproic acid, lamotrigine
and topiramate when they are co-administered together.



Even though enzyme inducing AEDs as a class (e.g. carbamazepine) were found to increase the
clearance of levetiracetam by about 22%, dose adjustment is not recommended considering the
reported broad efficacy and safety margin of levetiracetam and the therapeutic approach of
individual up-titration.

(b)(4)
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2. Question Based Review (QBR)
2.1.What arethe general attributes

Keppra™ oral 250, 500 and 750 mg oral tablets and 100 mg/mL oral solution are approved as
adjunctive treatment of partial onset seizures in adults with epilepsy. A Written Request for
pediatric studies was originally issued on 21% August, 2001. The current supplement is a partial
response to extend the age range for the indication down to children aged 4 years and above. A
deferral has been requested for children less than 4 years old. In discussions with the agency, the
sponsor indicated a lower strength than the approved tablets might be used in clinical studies. The
sponsor was advised to provide in vitro comparable dissolution testing data for the approved and
the pediatric formulations. The sponsor used 166 mg and 166.5 mg pediatric tablets in the pivotal
safety and efficacy studies. But the sponsor is not proposing to market these strengths and
formulations. The agency recommended to the sponsor that they state apriori the acceptance for
declaring dose proportionality (or non-proportionality) when the “ Power” model was used. The
agency also requested that the sponsor provide the results of the model-independent
pharmacokinetic parameter calculations and the results of model-dependent calculations if they
were computed.

2.1.1. What are the highlights of the formulation of the drug product as they relateto clinical
pharmacology and biopharmaceutics

Five different investigational tablet formulations and one oral solution were used in the pediatric
development program. Three tablet formulations and the oral solution are approved. A 166 and
166.5 mg levetiracetam tablets were devel oped for blinding purposes. A comparative dissolution
profile of the tablets indicates that greater than| $)% is dissolved in| ) minsfor all the strengths
used in the clinical studies. Theimmediate release tablet formulations all have acceptable in vitro

dissolution.
2.1.2 What is the mechanism of action and therapeutic indication?

Kepprais indicated as adjunctive therapy in the treatment of partial onset seizures in adults with
epilepsy. The precise mechanism by which levetiracetam exerts its antiepileptic effect is
unknown.

2.1.3. What are the proposed dosages and route of administration?

Keppraisto be administered orally. It is proposed that treatment should be initiated with a daily
dose of 20 mg/kg givenin 2 divided doses. The daily dose may be increased ®)@

by increments of 20 mg/kg to @
recommended daily dose of 60 mg/kg.

2.1 General clinical phar macology

2.2.1 What are the design features of the clinical pharmacology and clinical studies used to
support dosing or claims?

Formal studies have been performed to assess pharmacokinetics and metabolism of
levetiracetam as add-on therapy in the pediatric population. In addition, plasma levels were
monitored in Studies N159 and N157. The pivotal pharmacokinetic study (N01010) was an open



label, multi-center, repeated dose study in children 4-12 years old with partial onset seizures. The
study consisted of a 2-week titration period, a 4-week withdrawal period and final visits two
weeks after the last intake of levetiracetam, for atotal of up to 14 weeks of study participation.
Subjects were required to be on monotherapy with CBZ or VPA for at least 2 weeks before visit 2
and to have plasma level within the reference of 4 — 10 ug/mL for CBZ and 50 —100 pug/mL for
VPA. During thetitration period, the dose of |evetiracetam was gradually increased by
administering 20 mg/kg/day of levetiracetam for thefirst 2 weeks, followed by 40 mg/kg/day of
levetiracetam for 2 weeks, and then followed by 60 mg/kg/day of levetiracetam for the last 2
weeks. A meta analysis of the data collected in five studies was conducted. Nonlinear mixed
effects modeling (NONMEM) was used and any child who received levetiracetam, who provided
at least one drug concentration, and who had a dosing record on any visit was included. The
pharmacokinetics of levetiracetam in pediatric patients was characterized. Inter- and intra-patient
variability, optimum dosing regimen and covariates, such as body weight, concomitant
medications, were evaluated.

Thepivotal efficacy study (N159), was an adequate and well controlled trial in children with
partial onset seizures. The study was arandomized, double-blind, placebo-controlled, multi-
center trial in pediatric epilepsy patients (4 to 16 years old, inclusive) with refractory partial
seizures. Following an 8-week prospective basdine period, patients were randomized to receive
placebo or levetiracetam in a double-blind fashion. The levetiracetam dose was titrated up every 2
weeks from 20 to 40 to 60 mg/kg/day (or a maximum of 3000 mg/day). Dosing was on a mg/kg
basis and could be adjusted as needed for tolerability. Patients remained at the 60 mg/kg/day dose
for atotal of 10 weeks.

2.2.2. What is the primary measurement of efficacy?

The primary efficacy parameter was partial onset seizure frequency per week. The endpoint was a
direct measure of clinical benefit. Secondary endpoints include response rates, total seizure
frequency and proportions of patients who were seizure free.

2.2.3. Aretheactive moieties in the plasma appropriatdy identified and measured?

Y es, the active moieties and the metabolites are measured and identified. All analytical methods
used to analyze plasma, urine, and saliva was validated and linear over appropriate concentrations
ranges. The assays were specific, sensitive, accurate and precise.

Levetiracetam was measured in plasma samples by a validated gas chromatography (GC) with
nitrogen-phosphorus detection whereas the metabolite (ucb L057) was measured in plasma
samples using a validated LC/ESI/MS assay. L evetiracetam was measured in urine samples by a
validated GC assay with NP detection. Levetiracetam was measured in saliva samples by a
validated gas chromatographic assay with NP detection.

2.2.4. Exposure-Response Relationship

2.2.4.1. Isthe placebo effect similar in pediatric and adult patients?

This question addresses the issue of similarity in disease state for pediatric and adult patients.
Formal hypothesis testing showed that placebo response in adults and pediatrics is not the same

with 95% confidence. Seethe” Reviewers Analysis’ section entitled Response to Placebo:
Adult vs. Pediatric Patientsin this review for technical details.



Note that patients on the “ placebo” arm received the standard of care while patients on the
Keppra arm continued to receive the standard of care in addition to Keppra therapy. Thus, in this
context, evaluation of “placebo” effect refersto evaluation of effect in subjects that did not
receive Keppra. There were several differences in the standard of care among adult and pediatric
patients. The list of drugs taken by adult patients is shorter than the list of drugs taken by
pediatric patients.
Drugs taken by adult patients in the study:
Carbamazepine, gabapentin, lamotrigine, phenobarbital, phenytoin, primidone,valproic
acid and vigabatrin.

Drugs taken by pediatric patients in the study:
Carbamazepine, Clobazam, Clozapine, Clonazepam, Diazepam, Esmolol, Felbamate,
Gabapentin, Lamotrigine, Lorazepam, Methsuximide, Oxcarbazepine, Phenabarbital,
Phenytoin, Primidone, Tiagabine, Topiramate, Valproic acid and Zonisamide.

2.2.4.2. Isthe effect of Keppra similar in pediatric and adult patients?

The concentration-response relationship for Kepprais similar in adults and pediatric patients. See
the “Reviewers Analysis’ section entitled Response to Keppra: Adult vs. Pediatric Patientsin
this review for technical details.

2.2.4.3. Isthe drug efficacious in pediatric patients?

Formal hypothesis testing showed that seizures were significantly decreased (p<0.05) in pediatric
patients receiving K eppra compared to pediatric patients receiving the standard of care. See the
“Reviewers Analysis’ section entitled Effectivenessin Pediatric Patients

inthisreview for technical details.

2.2.4.4. Isthedosing strategy for pediatric patients reasonabl e?

Given that the concentration-response relationship is similar in adult and pediatric patients, the
Sponsor’s plan to dose by matching the concentration in pediatric patients to the concentration in
adult patientsis reasonable. See the “ Reviewers Analysis’ section entitled Response to K eppr a:
Adult vs. Pediatric Patientsin this review for technical details.

REVIEWER'SANALYSIS

Response to Placebo: Adult vs. Pediatric Patients

Figure 1 shows a plot of the cumulative density of the mean percent change from baselinein
number of partial seizuresin each patient during the Evaluation Period. The green lines (i.e. the
two lines furthest to the left on the plot) represent the data in pediatric patients. Thered lines
represent the data in adult patients (i.e. the two lines furthest to the right on the plot). The solid
lines show placebo response and the dotted lines show response to Keppra. Figure 1 shows a clear
separation between the placebo responses for Pediatric and Adult patients (i.e. the solid green and
solid red lines do not overlap). The green line has a steeper slope than the purple line—indicating
that thereis a greater response to placebo in pediatric patients than adult patients.
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Figure 1. Cumulative Density of Percent Change from Baseline in Partial Seizure Frequency for
Adults and Pediatric Patients.

A formal hypothesis test suggests that the difference observed graphically in Figure 1 is
statistically significant. A Two-Sample Kolmogorov-Smirnov Test of similarity between Adults
and Pediatrics (testing the null hypothesis: Pediatric Placebo effect = Adult Placebo Effect),
yielded a Kstest statistic of 0.305 and rejected the null hypothesis with p<0.05. Thus, the placebo
response in adults and pediatrics is hot the same with 95% confidence. Thus, according to this
metric, the “ placebo” effect did not appear to be the same in adult and pediatric patients.

Response to Keppra: Adult vs. Pediatric Patients

Figure 1 shows a plot of the cumulative density of the mean percent change from baselinein
number of partial seizuresin each patient during the Evaluation Period. The dotted lines represent
the seizure reduction in the Keppra arms. The following results show, the responseto Kepprais
similar for adults and pediatric patients when evaluated using the concentration-response metric.

A linear mixed effects model with concentration as a covariate for response was fit to the data

from pediatric patients. Figure 2 shows the results of thefit. The majority of subjects have a
decrease in seizures with increasing concentrations.
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Figure 2. Individual Concentration-Response Curves for Keppra: Pediatric Data. Data fit using a
mixed effects model.

Figure 3 highlights the data from several pediatric patients. It shows the population predicted
value and individual predicted value of response as a function of concentration. Figure 4 and
Figure 5 illustrate the goodness of fit of the model.

Similar to Figure 2, Figure 6 shows thefit of the same model to data in adult patients. Note that

the slope of the effect of Keppra asa function of concentration is similar in pediatric and adult
patients (slope = -2.0 in pediatric patients and lope = -1.7 in adult patients).
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Individual Predicted wersus Observed Yalues of Response: Linear Slope Model (Pediatrics)
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Adults: Model 2-Slope estimated

&00

400

2 [k}
= =
(e [a=}

=
=
L)

Fercent Change in Partial Seizures

-100

0 20 40 G0 a0 100

Concentration

Figure 6. Individual Concentration-Response Curves for Keppra: Adult Data. Data fit using a
mixed effects model.

Effectivenessin Pediatric Patients

Figure 1 shows a plot of the cumulative density of the mean percent change from baselinein
number of partial seizuresin each patient during the Evaluation Period. The green lines represent
the data in pediatric patients. The solid lines show placebo response and the dotted lines show
response to Keppra. Figure 1 shows a clear separation between the K eppra response and Placebo
response in Pediatric patients (i.e. the dotted green and solid green lines do not overlap).

A formal hypothesis test suggests that the difference observed graphically in Figure 1 is
statistically significant. A Two-Sample Kolmogorov-Smirnov Test of similarity between the
pediatric Keppra and Placebo arms (testing the null hypothesis: Pediatric Keppra effect =
Pediatric Placebo Effect), yielded a Kstest statistic of 0.2089 and rejected the null hypothesis
with p<0.05. Thus, Keppra and placebo responses are not the same in pediatric patients with 95%
confidence.

Figure 7 shows the median response to Keppra in pediatric patients during the four study periods.
A beneficial effect of Kepprareative to placebo was observed during the titration and

mai ntenance periods. The number of seizuresin the two study groups was equivalent after the
drug washed out.

15
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Figure 7. Median Change in Baseline Corrected Percent Change in Partial Seizures for Keppra
and Placebo Arms as a Function of Treatment Period: Pediatric Patients.

Note that a model for response as a function of dose was also tested for adult and pediatric data.
Table 1 shows that the fit of the models using concentration as a covariate was better than the fit
using treatment as a covariate.

Data Covariate of Response | Akaike Information Criterion
Adult Treatment 83042.4
Adult Concentration 82251.78

Pediatric Treatment 16907.9

Pediatric Concentration 16776.7

Table 1. Comparison of Model Goodness of Fit: Akaike Information Criterion.

STUDY DESIGNS

Pediatric patients

Study N159 was a Phase |11 dose escalation study of Kepprain pediatric patients. Patients
initiated treatment with 20 mg/kg/day and escalated in 20 mg/kg/day increments every two weeks
up to amaximum of 60 mg/kg/day. Trough PK samples were collected at biweekly visits during
thetitration and evaluation periods. Figure 8 is a schematic of the design of Study N159.
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Figure 8. Schematic of Pediatric Study N159.

Adult patients

Thefollowing Phase Il studies were performed in adult epilepsy patients:

* Study N132 was a Phase |11, placebo-controlled, parallel study of 500 mg and 1500 mg b.i.d.
doses of Keppra as an add-on therapy in atotal of 294 subjects ranging in age from 16 to 70 years
of age. Refractory epileptic patients with partial onset seizures receiving up to two approved anti-
epileptic drugs were included in the study. The study was conducted for 38 weeks.

* Study NO51 was a Phase |11 placebo-controlled, crossover study of 500 mg and 1000 mg b.i.d.
doses of Keppra as an add on therapy in atotal of 324 subjects ranging from 16 to 70 years of
age. Refractory epileptic patients with partial onset seizures receiving up to two approved anti-
epileptic drugs were included in the study. The study was conducted for 32 weeks.

* Study N138 was a Phase 111 placebo-controlled, paralld study of 1500 mg b.i.d. doses of
Keppra as an add on treatment and a monotherapy in a total of 286 subjects ranging in age from
16 to 70 years of age. Patients with complex partial onset seizures receiving a single approved
anti-epileptic drug were included in the study. The study was conducted for 16 weeks.

* Study N052 was a Phase |11 placebo-controlled, parallél study of 1000 mg and 2000 mg b.i.d.
doses of Keppra as an add-on therapy in atotal of 119 subjects ranging in age from 16 to 72 years
of age. Patients with epileptic seizures receiving up to 3 approved anti-epileptic drugs were
included in the study. The study was conducted for 24 weeks.

17



Figure 9 is aschematic of the study design for each of the studies in adult patients.
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Figure 9. Schematic of Adult Study Designs.

DATA

* Pediatric patients

Seizure count data and anti-epileptic drug concentration data were available in atotal of 198
pediatric patients; 101 subjects received Keppra and 97 received placebo. A trough concentration
and the record of seizures for the previous dosing period were collected in each subject at every
study visit.

The data set analyzed was submitted by the Sponsor on April 15, 2005. Thelocation of the
dataset is:
Cdsesub1\\n21035\S_040\\2005-04-15\\Analysis Datasets\\
Meta PK Analysis\\fda02q.xpt

» Adult patients

Seizure count data and anti-epileptic drug concentration data were available in a total of 1022
adult patients from studies NO51, N132, N138 and N052; 671 subjects received Keppra and 351
received placebo. A trough concentration and the record of seizures for the previous dosing
period were collected in each subject at every study visit.

The data set analyzed was submitted by the Sponsor on April 15, 2005. Thelocation of the
dataset is:
Cdsesub1\\n21035\S_040\\2005-04-15\\A nalysis Datasets\\
Meta PK Analysis\\fda04q.xpt

18



METRICS
* Percent Change from Baseline

The percent change from baseline in the number of partial seizures was computed at each time
point during the study for each subject (subject i) as follows:

% Change from Basdlinerive=1i = 100% * Srive=t.i- Srime=pase.i

S;ME:BASE,i
Where
Stive=ti = Number of seizures at time =1t for subject i
énME:BASE,i = Mean number of seizures at basdine for subject i

The number of seizures at baseline was computed as the mean over all measuresin agiven
subject during the predose period.

For the analysis of mean response during the Evaluation period (e.g. presented in Figure 1), the
percent change from Baseline was computed as follows:

% Change from Baselinerme = evaLuaTion periop, i = 100% * §TIME:EVAL, i~ STIME=BASE,i

§TIME= BASE, i
Where
§T|ME:EVALI, P = Mean # of seizures during the Evaluation period: subject i
Srime- BASEi = Mean number of seizures during Baseline for subject i
MODELS

Percent change from baseline was modeled via alinear mixed effects formulation using: (1) dose,
or (2) concentration as the fixed effect. In both cases, models with: (1) parameters for both slope
and intercept, and (2) a parameter for slope were estimated.

MODEL SELECTION

The model including parameters for both slope and intercept did not yield a significantly better fit
to the data than a more parsimonious model estimating a term for slope only. Thus, the model
with just a slope parameter was selected as best fitting model.

Models incorporating concentration as a fixed effect predicted seizure response better than
models incorporating dose as a fixed effect. Goodness of fit was assessed with regards to the
objective function and Akaike Information Criterion and visual inspection of goodness of fit
plots.

STATISTICS
The Kolmogorov-Smirnoff test statistic was used to compare the distributions of response to
Keppra and placebo for adult and pediatric patients during the Evaluation period. The KS test
statistic assesses the similarity between the underlying distributions of two samples by comparing
their cumulative distribution functions. It is approximately chi-squared distributed.
Stated formally, the cumulative distribution functions S, and S, are formed by

S(X) = (number of scoresin samplek < X) / ( size of samplek)
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for k=1,2; and a suitable set of points X. The procedure uses the set of values taken by one or
other of the samples, i.e. { X: Xisin DATA}. The maximum absolute difference

MD = max( abs{ Sy(X) - Sy(X) } )
is used as the basis for significance tests. The chi-square approximation (2 degrees of freedom) to
this statistic is CH:

CH=4xMD x MD x (n1><n2/ (n1+n2) )
where ny, n, are the sizes of the samples.

SOFTWARE
All data manipulation and data analyses were performed using S-PLUS 6.2 for Windows.

2.2.4.5. Does the proposed dosing regimen in pediatrics ensure similar exposurein pediatrics and
adults?

Y es the proposed dosing regimen schemes produce similar exposure in adults and children.

In the final model, the body weight had the most significant effect on both CL/F and V/F.

Based on the modeling and simulation, for children weighing less than 50 kg the dosage regimen
of 20 mg/kg/day predicts steady state Cmin and Cmax values within the ranges observed in adults
receiving 1000 mg/day. A dosing recommendation of 20 mg/kg/day for children weighing less
than 50 kg, and 1000 mg/day, similar to adults, for children above 50 kg is recommended. In
adult subjects receiving 500 mg b.i.d, mean Cmin and Cmax values of 5.95 pg/mL and 15.1
po/mL, respectively have been reported. The pivotal clinical study studied doses starting at 20
mg/kg/day escalating every 2 weeks up to 60 mg/kg/day. The sponsor is recommending a dosing
regimen starting at 20 mg/kg/day given in 2 divided doses and it could escalate every 2 weeks up
to a maximum of 60 mg/kg/day in two divided doses.
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Figure 7:13 Population Prediction and Post-Hoc Estimate at First Visit for CL/F versus
BW. Upper Panel: without Inducers. Lower Panel: with Inducers

CLF (Uh)

Typical Value - Continuous Line - and 95% CI —Dashed Lines

For both groups, with or without inducers, the vast majority of the individual posterior
estimates for CL/F were within the 95% CL

Fig. 10
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2.2.5. What are the pharmacokinetic characteristics of the drug and its major metabolite?
2.2.5.1. What are the pharmacokinetics of levetiracetam in pediatric population ?

Levetiracetam was rapidly absorbed following a single dose of 10% oral solution administered to
pediatric subjects aged > 1 to 48 months. Peak concentrations were observed approximately 1
hour after dosing. The half life of levetiracetam in this population was comparable to the half-life
in children 5 to 12 years old (t ¥2 = 6 hours) and shorter than the half-life observed in adults (7.2
hours

Levetiracetam was rapidly absorbed following oral administration of tablet to pediatric subjects
age 4 to 12 years. Peak plasma concentrations were observed 0.5 to 1 hour after dosing. T Y2 was
shorter for these pediatric subjects (approximately 5 hours) than it was for adults (7.2 h). Dose
proportional increases were observed for AUC and Cmax following administration of
levetiracetam in doses of 20, 40, 60 mg/kg/day. No clinically significant differences were
observed for |evetiracetam between subgroups based on concomitant AED. And levetiracetam did
not affect trough plasma concentrations of either CBZ and VPA.

An open label, multi-center trial that was conducted to assess the pharmacokinetics of
levetiracetam in pediatric patients age 4 to 12 years old. The study consisted of a 2-week titration
period, a 4-week withdrawal period and final visits two weeks after the last intake of
levetiracetam, for atotal of up to 14 weeks of study participation. Subjects were required to be on
monotherapy with CBZ or VPA for at least 2 weeks before visit 2 and to have plasma level within
thereference of 4 — 10 pg/mL for CBZ and 50 —100 pug/mL for VPA. Twenty-one subjects
participated and received study medication. Thirteen subjects were on carbamazepine (CBZ) and
8 subjects were on valproic acid (VPA). During thetitration period, the dose of levetiracetam was
gradually increased by administering 20 mg/kg/day of levetiracetam for the first 2 weeks,
followed by 40 mg/kg/day of levetiracetam for 2 weeks, and then followed by 60 mg/kg/day of
levetiracetam for the last 2 weeks. Subjects completed a 12-hour PK assessment at the end of
dosing with levetiracetam 20 mg/kg/day (Day 14), 40 mg/kg/day (Day 28), and 60 mg/kg/day
(Day 42).

Another open-label, multi-center, single dose PK study in children with a diagnosis of epilepsy
was conducted. Thirteen subjects ranging in age from 2.3 to 46.2 months were enrolled. Each
subject received a single oral dose of levetiracetam 20 mg/kg body weight administered as a 10%
oral solution on Day 1.

L evetiracetam mean pharmacokinetic parameters are summarized by dose and concomitant AED
in the following tables. The mean pharmacokinetic parameters were similar for the two treatment
group. Cmax increased with each increasing doses. Apparent clearance was faster for subjects
treated with CBZ than for subjects treated with VPA. Therewas a shorter t 2 and smaller AUC in
the CBZ group than in the VPA group for each of the three levetiracetam doses. The amount of
unchanged levetiracetam excreted in urine (Ae) increases as the administered dose increased. The
mean fraction excreted unchanged (fe) was smaller for subjectsin the CBZ group than for
subjects in the VPA group.
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Table 1. Mean Pharmacokinetic Parameters for Levetiracetam Summarized by L evetiracetam

Dose and Concomitant AED
Mean + SD
Levetiracetam Total Daily Dose
CBZ Subjects PK Parameter 20 mg/kg 40 mg/kg 60 mg/kg
Plasma N 6 6 6
Cmax (ugmL) | 245+6.5 51.9+9.6 72.2+14.1
Tmax (h) 0.5(0.2-1.0)° 0.8 (0.5-3.0* |0.5(0.5-3.0°
AUCo.m 123.3+32.6 291.3+22.2° 392.3+40.9
(ug*h/mL)
T % (h) 44405 47+05 44+0.8
CL/F 1.2+0.1 1.2+0.2° 1.2+02
(mL/min/kg)
Urine
Ae(mg) 220.4 + 108.6 491.8+ 185.3 775.2 +£224.5
Fe (% dose) 60.7 + 18.6 55.9+95 68.7+ 9.8
*Median
b n=5
Table 2: Mean Pharmacokinetic Parameters for Levetiracetam Summarized by L evetiracetam
Dose and Concomitant AED
Mean + SD
Levetiracetam Total Daily Dose
VPA Subjects PK Parameter 20 mg/kg 40 mg/kg 60 mg/kg
Plasma N 8 8 8
Cmax (ug/mL) 25.0+9.8 61.0+175 73.9+ 233
Tmax (h) 0.8 (0.5-3.0)° 0.5(0.4-1.0)° 0.8 (0.5-3.2)°
AUC 161.5+ 46.5 341.4+84.7 464.3+112.9
(ug*h/mL)
T % (h) 52+05 50+0.4° 53+0.5
CL/F 1.1+0.2 1.0+0.2 1.1+0.2
(mL/min/kg)
Urine
Ae (mg) 226.4+ 110.2 528.1 +289.1 750.2 + 275.4
Fe (% dose) 73.3+19.3 79.3+219 88.2+29.6
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2.2.5.2. Arethe pharmacokinetics of levetiracetam linear after administration of Keppra?

The pharmacokinetics of levetiracetam in children receiving doses of 20 to 60 mg/kg was linear
as determined by a power mode.

In study 1010, the sponsor used the power model to evaluate dose proportionality. For Cmax, the
linearity parameter 3 (90% CI) was 1.003 (0.810 — 1.197) and 1.066 (0.895 — 1.236) for the CBZ
group and the VPA group, respectively. For AUC (0-t), B (90% CI) was 1.145 (1.038 — 1.252)
and 0.995 (0.901 — 1.089) for the CBZ group and the VPA group, respectively.
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Figure 11:4  Dose Proportionality Study: AUC.) Mean and 90% Cls (PP Population)

:

118.6(81.1, 154.4)

AUC Valus (ug VmL) in log-scale
2 .

-t
o

¢

T {Bas(0S WD T

___________________________________________________

AUC Value (ug Wml.) in log-scale
8

The lincarity parameter 8 =0.995, with 90% CI (0.901, 1.089)

Fig. 11

25



Figure 11:5 Dose Proportionality Study: Cpmax Mean and 90% CIs (PP Population)
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2.3. Intrinsic Factors

2.3.1. How does the pharmacokinetics compare across the age ranges?

The clearance of levetiracetam increases as body weight increased which in turn increases with
increase in age. Plasma elimination half-life in children is 5 to 6 hours across the age ranges
studied. Children less than 6 months of age appear to have lower levetiracetam clearance and a
smaller volume of distribution, resulting in greater exposure to levetiracetam and its primary
metabolite, ucb L057, for the same dose than do the children in the older age categories. The
mean pharmacokinetic parameters across studies are provided in the following table
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Table 3: Mean L evetiracetam Pharmacokinetic Parameter Values Following Single Doses in
Pediatric Patients (N0152 and N151), Young Adults (N069) and Elderly Patients (NO83) (Across
Studies Comparison)

Pediatric | Pediatric | Pediatric | Pediatric | Young Elderly (61 — 88 yrs)

(1-<6 (6-<24 (24—<48 | (5-12 Adults

months) | months) | months) | yrs) (22-28

yrs)
Single Dose

Parameter 20 mg/kg 1000 mg | 500 mg
(unit)
N 3 6 3 24 12 16
Cmax 37.1 28.8 30.6 25.8 23.0 19.1
(ng/mL)
Median 1.0 1.0 1.0 2.3 0.97 0.97
Tmax (h)
AUC 283 237 234 241 222 251
(g*h/mL )
Vd (L/kg) 0.57 0.65 0.63 0.7 0.7 0.5
T % (h) 5.4 5.3 5.2 6.0 7.8 10.3
Cl/F 1.23 1.57 1.46 143 1.08 0.60
(mL/min/kg)
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Fig. 13: Reationship Between Individual Estimates of CL and Age
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2.3.2. What are the effects of covariates on the pharmacokinetics of Levetiracetam in pediatric
population?

The association between the pharmacokinetic parameters KA, CL/F and V/F and the covariates
age, gender, race, body weight, BMI, BSA, Dose, CL crand categories of concomitant anti-
epileptic drug categories, (AEDS) were examined in the analysis. In thefinal model, the only
significant effect was body weight on both CL/F and V/F and of the AED categories on CL/F.

A retrospective analysis based on data from 5 studies, each including both genders. In all the
studies, the doses were divided as 2 equal doses given b.i.d., apart from N01052 which was a
single dose. All the studies except N159 were open studies. N01052 and N01010 were single and
multiple dose PK studies, conducted in 13 (1 month to 4 years old) and 21 (4 to 12 years old)
children with epilepsy respectively, receiving solution (20 mg/kg/day) or tablet (20 to 60
mg/kg/day. The mean age and weight of the patients 9.56 + 3.67 yearsand 35.2 + 17.3 kg. The
mean BSA was 1.12 + 0.36 . L evetiracetam plasma concentrations were used for non-linear
mixed effects modeling by extended least squares regression using NONMEM. The analysis
strategy was first to select a basic model, then to perform both a univariate and a multivariate
forward sdection analyses to get a full model including covariates, followed then by a backward
elimination analysis. The association between the pharmacokinetic parameters and the covariates
age, gender, race, body weight (BW), BMI, BSA, Dose, Clcr and categories of concomitant
AEDs were examined in the univariate and forward selection analyses. Thefollowing figures
depict the correlation between CL and weight, CL and dose, CL and CLc and CL and AED
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Figure 7:15 Relation Between Individual Posterior Estimates of CL/F from Final Model
and BW, Dose, CLcr and AEDC — All Data
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Figure 7:15 shows that levetiracetam CL/F increased with body weight, dose and CLcg as
predicted from the final model. However, the relative contribution of each factor appears
bigger than it actually is due to the correlation between the 3 factors (see Figure 7:3 and
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2.3.3. Istherealinear correlation between plasma and saliva |l evetiracetam concentrations?

Salivation concentrations were higher than plasma concentrations, especially for the oral solution
at the early time points of analysis. There was a correlation between plasma concentrations and
saliva concentration. The correlation coefficient was less than 0.9 for both oral solution and the
tablet. O

A phasel, open-label, single dose, parallel group study in 8 healthy male volunteers. During the
study treatment, four subjects received under fasting conditions the following: 7.5-mL (100
mg/mL) levetiracetam 10% oral solution. During the same study period, the other four subjects
(group 2) received under fasting conditions three 250 mg levetiracetam oral tablets.

Plasma and saliva samples for pharmacokinetic analysis were evaluated. To collect saliva, the
subject spit the salivainto a small plastic cup. Then, the saliva was transferred into the storage
tube using a pipette. The minimum volume requirement was 0.5 mL. Salivation was eventually
augmented by chewing on a small piece of Parafilm™ or equivalent. Drinking or eating was
prohibited one hour before each sampling.

Table4: Simple linear regression between the saliva/plasma ratio and plasma concentrations from
0.25h post-dose after single administration of the 7.5 mL Levetiracetam oral solution or 3 x 250
mg levetiracetam oral tablets

Treatment Parameter Parameter Standard Error 95% ClI
Estimate
Oral Solution Intercept 15.22 5.01 5.04; 25.40
Slope -0.865 0.443 -1.765; 0.036
Ora Tablets Intercept 131 0.11 1.08;1.54
Slope -0.013 0.009 -0.031; 0.005

2.4. Extrinsic Factors

Arethere significant drug-drug interaction between levetiracetam and concomitant medications
taken during the study?

The association between the pharmacokinetic parameters KA, CL/F and V/F and categories of
concomitant AEDs were examined in a population pharmacokinetic analysis. The significant
covariates included AED categories (AEDC) on CL/F.

2.4.1. Effect of AEDs on Levetiracetam

AEDC had an effect on CL/F of Levetiracetam. The CL/F of the children receiving inhibiting
drugs, without inducing drug, was not different from the one who received only “neutral”
antiepileptics. However, the children who took concomitant inducing AEDs whether alone or not,
had a higher CL/F than the children who did not. A mean increase of about 22% was estimated by
the model. Even though enzyme inducing AEDs as a class (e.g. carbamazepine) were found to
increase the clearance of levetiracetam, dose adjustment is not recommended considering the
reported broad efficacy and safety margin of levetiracetam and the therapeutic approach of
individual up- titration. AEDs were categorized as neutral agents with no effect on drug
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metabolizing capacity (e.g. gabapentin, lamotrigine and topiramate), enzyme inducers (such as
carbamazepine and phenytoin) and enzyme inhibitors (such as valproate).

2.4.2. Effect of Levetiracetam on AEDs

Levetiracetam does not significantly affect the pharmacokinetics of Carbamazepine, Valproic
acid, Topiramate and Lamotrigine

In a 6-week escalating dose study, levetiracetam was added to a stable monotherapy regimen of
either carbamazepine (CBZ) or valproic acid (VPA) in children between the ages of 4 to 12 years.
There was ho statistically significant difference between the two groups, but apparent clearance
was faster for patients treated with carbamazepine than for patients treated with valproate.

Table 5: Mean (95% CI) Trough Carbamazepine (And Its Epoxide) And Valproate
Concentrations In Children 4 to 12 years of Age Before and After the Addition of Levetiracetam

L evetiracetam Dose
Parameter (unit) | PreLEV 20 mg/kg | 40 mg/kg/day | 60 mg/kg/day
Carbamazepine
N 12 6 6 6
Carbamazepine | 6.8 (5.4-8.3) 7.0(5.0-9.0) 6.9 (4.4-9.5) 6.9 (4.8-8.9)
(ug/mlL)
CBZ-Epoxide 15(1.1-1.9) 1.8(1.1-25) 1.9(1.0-2.7) 1.9 (1.3-2.0)
(ug/mL)
Valproate
N 15 8 8 8
Valproate 101.2 106.7 88.3 94.8
(ng/mL) (86.2—-116.2) (91.5-122.0) (67.2—109.5) (80.1—109.5)

Table 6: Summary of AED (CBZ, VPA, TPM and LTG) Plasma Concentrations (ug/mL) before
and with L evetiracetam/Placebo Co-Administration — N159

AED?® Treatment Period Mean (SD) Ratio of 90% ClI
(N of Geometric
patients) mean

CBz Placebo Baseline 8.97 (2.24) 0.978 0.933-1.025
(N=36) Treatment 8.93 (2.46)
Levetiracetam | Baseline 8.71 (2.17) 0.953 0.909 — 0.999
(N=35) Treatment 8.51 (2.58)

VPA Placebo Baseline 89.7 (34.0) 0.984 0.940-1.029
(N=26) Treatment 90.5 (34.0)
Levetiracetam | Baseline 90.7 (33.2) 0.961 0.917 — 1.007
(N=23) Treatment 90.1 (33.9)

TPM Placebo Baseline 10.66 (6.44) | 0.999 0.930-1.037
(N=30) Treatment 11.22 (7.14)
Levetiracetam | Baseline 10.18 (8.08) | 0.968 0.900-1.041
(N=28) Treatment 10.17 (8.31)

LTG Placebo Baseline 6.34 (4.25) 0.958 0.853—-1.075
(N=20) Treatment 6.44 (4.14)
Levetiracetam | Basdline 9.72 (5.19) 0.971 0.872-1.081
N=22 Treatment 9.61 (5.91)

CBZ = carbamazepine, VPA = Valproic acid, TPM = Topiramate, LTG = Lamotrigine
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Fig. 14: Relationship between Clearance and Antiepileptic Drug Categories
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2.5 General Biopharmaceutics

The proposed dosage formulation and strengths to be used for this patient population are
approved and commercially available. Keppra tablets are approved in dosage form of 250 mg,
500 mg and 750 mg. A grape flavored oral solution (100 mg/mL) is also approved and
commercially available and is intended to provide a convenient dosage form for children and
patients who have difficulty swallowing the existing tablets.

For blinding purposes, the sponsor developed a 166 and 165 mg tablets for the pivotal trials. The
composition of these investigational formulations is the same as that of the commercial tablets
and differ only in size and absence of color. Comparison of dissolution profiles shows that
Keppra ®@ tablets for clinical use do not vary from the Keppra ®® tablet for commercial use.

®) @
3.1  Commercial Keppra tablet

L1 Keppra' 500 mg yellow tablet (04E21)

Batch | 04E21
Time (min] 0 15 30 I3
7 ) 02 104 108
2 0 100 102 103
3 0 102 104 106
4 0 97 104 108
5 0 104 107 106
6 0 100 105 105
pdisscvey 5 0 105 105 107
8 0 104 106 107
9 0 104 106 107
10 0 104 103 105
11 0 103 105 103
12 0 106 108 106
Moan 0 103 105 105
Stdev 0 254 168 1.38
RSD 2.48 160 1.31

3.1.2 Keppra w@ 250 mg blue tablet (03121E)

Batch | D3121E
Time (min] 0 15 30 5
1 0 104 704 705
2 0 102 104 104
3 0 103 103 104
4 0 105 105 106
5 0 103 106 107
6 0 104 105 102
¢ dissolve 0 102 104 107
8 0 103 104 106
9 0 107 108 106
10 0 103 104 103
1 0 104 106 105
12 0 104 106 105
Mean 0 104 105 105
Stdev 0 1.37 106 | 147
RSD 132 1.01 1.40

Table 7
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® @
3.2 Clincial Keppra tablet

3.2.1  Keppra ° °166.5 mg white tablet (12905)

~Baich 12508
Time (min)] 0 15 3 a5
1 0 102 108 710
2 0 100 108 11
3 0 102 107 110
4 0 97 107 110
5 0 104 110 M
6 0 100 108 109
%dissolved| 0 108 114 113
8 0 108 115 112
9 0 101 113 1
10 0 9% 115 114
11 0 88 13 113
12 0 103 114 115
Mean 0 01 ] 111 112
Stdev 0 526 328 1.83
RSD 5.20 2.95 1.64

®@
3.2.2 Keppra 250 mg white tablet (12496)

Batch 12436
Time (mim)] 0 18 3 5
1 0 705 104 704
2 0 105 105 106
3 0 107 106 107
4 0 104 104 104
5 0 104 104 105
6 0 103 103 104
% dissolved) 0 103 104 104
8 0 103 105 103
9 0 101 102 102
10 0 101 103 103
11 0 104 106 106
12 0 105 104 104
Moan 0 104 104 104
Stdev 0 171 1.19 1.44
RSD 1,65 115 1.38

Table 8



Table 9

323 Keppra ® 166 mg white tablet (12942)
Batch 12942
Time {(min) 1] 15 30 45
1 0 113 112 112
2 1 106 110 113
3 0 105 113 110
4 (4] 108 11 111
5 0 103 112 111
6 0 113 108 108
%dissoved| 0 a9 106 106
8 0 105 109 111
9 0 102 108 109
10 0 109 112 114
11 0 109 110 113
12 ] 101 106 110
Mean 0 106 110 1M1
Stdev (1] 448 238 227
RSD 4.22 217 2.05

4. CONCLUSIONS

4 .
Comparison of dissolution profiles shows that Keppra O )tabie(s for clinical use do not vary

from the Keppra ® @eablet for commercial use.

2.6. Analytical Method

2.6.1. What bioanalytical method is used to assess levetiracetam and its major metabolite (ucb
1.057)?

Levetiracetam was measured in plasma samples by a validated gas chromatographic (GC) assay
with nitrogen-phosphorus (NP) detection, whereas the metabolite ucb L057 was measured in
plasma samples using a validated LC/ESI/MS assay. Levetiracetam was measured in saliva by
a validated gas chromatograph.

Levetiracetam assay was linear in the measured concentration range of 0.5 to 40.0 pg/mL of
plasma. The lower and upper limits of quantitation were respectively set to the lowest and highest
concentration of the calibration range (0.5 to 40.0 pg/mL). The limit of detection was
approximately 0.3 pg/mL for levetiracetam in plasma.

Table 10: Validation Results for Levetiracetam Assay in Plasma

Validation Parameter Results

Linearity R > 0.9936

Calibration curve range 0.5 —40.0 ng/mL

Lower Limit of detection 0.3 pg/mL

Lower Limit of quantitation 0.5 ng/mL

Within-run Precision (RSD%) <2.6%

Between-run Precision (RSD%) <2.4%

Total Precision (RSD%) <3.1

Total Accuracy <|3.1]

Recovery of analyte QC mean, low, medium, and high
95.0,96.4, 95.5
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Table 11 Validation Results for Levetiracetam Assay in Urine

Validation Parameter Results

Linearity

Calibration curve range 5.00 - 300 pg/mL
Lower Limit of detection 2.88ug/mL
Lower Limit of quantitation 5.00 pg/mL
Within-run Precision (RSD%) <4.7%
Between-run Precision (RSD%) <3.9%

Total Precision (RSD%) <6.1

Total Accuracy <|15]

Table 12: Validation Results for Levetiracetam in Saliva

Validation Parameter Results
Linearity R>0.995
Calibration curve range 0.5—40.0 pg/mL
Lower Limit of detection 0.2 pg/mL
Lower Limit of quantitation 0.5 pg/mL
Within-run Precision (RSD%) <9.4%
Between-run Precision (RSD%) <4.2%

Total Precision (RSD%) <4.6

Total Accuracy < ]9.95]
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3. Detailed L abeling Recommendation

See Label under section 4.1
Reviewer additions are double underlined and deletions are strikeout

4. Appendix
4.1 Package I nsert

KEPPRA® (levetiracetam) Rx only
250 mg, 500 mg and 750 mg tablets
100 mg/mL oral solution

DESCRIPTION

Keppra® (levetiracetam) is an antiepileptic drug available as 250 mg (blue), 500 mg (yellow) and
750 mg (orange) tablets and as a clear, colorless, grape-flavored liquid (100 mg/mL) for oral
administration.

The chemical name of levetiracetam, a single enantiomer, is (-)-(S)-o-ethyl-2-oxo-1-pyrrolidine
acetamide, its molecular formula is CgH14N,0, and its molecular weight is 170.21. Levetiracetam
is chemically unrdated to existing antiepileptic drugs (AEDS). It has the following structural
formula:

Levetiracetam is a white to off-white crystalline powder with a faint odor and a bitter taste. It is

(o

cHch, N

i
H CONH,
very soluble in water (104.0 g/100 mL). It is freely soluble in chloroform (65.3 g/100 mL) and in
methanol (53.6 g/100 mL), soluble in ethanol (16.5 g/100 mL), sparingly soluble in acetonitrile
(5.7 ¢/100 mL) and practically insoluble in n-hexane. (Solubility limits are expressed as
0/100 mL solvent.)

Keppra® tablets contain the labded amount of levetiracetam. Inactive ingredients: colloidal
silicon dioxide, corn starch, hydroxypropyl methylcellulose, magnesium stearate, polyethylene
glycol 4000, povidone, talc, titanium dioxide and coloring agents.

Theindividual tablets contain the following coloring agents:
250 mg tablets: FD& C Blue No. 2,
500 mg tablets: yellow iron oxide,
750 mg tablets: FD& C Blue No. 2, FD&C Ydlow No. 6 and red iron oxide.

Keppra® oral solution contains 100 mg of levetiracetam per mL. |nactive ingredients: ammonium
glycyrrhizinate, citric acid monohydrate, glycerin, maltitol solution, methylparaben, potassium
acesulfame, propylparaben, purified water, sodium citrate dihydrate and natural and artificial
flavor.
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KEPPRA® does not contain lactose or gluten. It does contain carbohydrates. The liquid is
dye-free.

Rx Only
This patient leaflet has been approved by the US Food and Drug Administration.

Distributed by
UCB Pharma, Inc.
Smyrna, GA 30080

4.2 Individual Study Reports

Title (Protocol RPCEO3H1906, Study N01010): An Open-Label, Multi-Center, Repeated Dose
Pharmacokinetic Study of 20, 40 and 60 mg/kg/day of Levetiracetam in Children (4 — 12 Years of
Age Inclusive) With Partial Onset Seizures (Volume 10)

Objectives: The primary objectives were to determine the pharmacokinetics of 20 mg/kg/day, 40
mg/kg/day and 60 mg/kg/day of both levetiracetam and its metabolite ucb LO57 in children (ages
4 -12 yearsinclusive) with partial onset seizures; 2) to evaluate the potential interaction of
carbamazepine (CBZ) and valproate (VPA) on the pharmacokinetics of levetiracetam; 3) to
evaluate the potential interaction of levetiracetam on the plasma levels of AEDs (CBZ and VPA).
The exploratory objective was to document the relationship between levetiracetam levels and
saiva

Study Design: The study was an open label, multi-center trial that consisted of a 2-week titration
period, a 4-week withdrawal period and final visits two weeks after the last intake of
levetiracetam, for atotal of up to 14 weeks of study participation. Subjects who were 4 — 12 years
old were dligiblefor inclusion in the study. The diagnosis of epilepsy had to be made at least 6
months prior to the selection visit. Subjects were required to be on monotherapy with CBZ or
VPA for at least 2 weeks before visit 2 and to have plasma level within the reference of 4 — 10
pg/mL for CBZ and 50 —100 pg/mL for VPA. Twenty-one subjects participated and received
study medication. Thirteen subjects were on carbamazepine (CBZ) and 8 subjects were on
valproic acid (VPA). During thetitration period, the dose of |evetiracetam was gradually
increased by administering 20 mg/kg/day of levetiracetam for the first 2 weeks, followed by 40
mg/kg/day of levetiracetam for 2 weeks, and then followed by 60 mg/kg/day of levetiracetam for
the last 2 weeks. Plasma, urine and saliva samples were obtained on Days 14, 28 and 42 for
pharmacokinetic (PK) assessments. Subjects completed a 12-hour PK assessment at the end of
dosing with levetiracetam 20 mg/kg/day (Day 14), 40 mg/kg/day (Day 28), and 60 mg/kg/day
(Day 42). After completing the PK assessment on Day 42, the levetiracetam dose was gradually
reduced. Levetiracetam 500 mg tablets (Batch No. 1455 and 11566), 250 mg (Batch No. 10601
and 12053) and 166 mg (Batch No. 10600 and 11788) were provided by the sponsor, UCB
Pharma.

During each Pharmacokinetic (PK) assessment, blood and saliva samples were obtained pre-dose
and 0.25, 0.5, 1, 3, 6 and 12 hours after the morning dose of levetiracetam. Urine samples were
collected prior to dosing and 0—3, 3 — 6, and 6 — 12 hours after the morning dose of
levetiracetam.
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Analytical Method: Concentrations of levetiracetam in plasma, saliva and urine were measured
by a gas chromatography technique with NPD detection. The method has a limit of sensitivity of
less than 0.5 ug/mL for plasma and 2 ug/mL for urine samples and 0.2 ug/mL for saliva samples.
At 0.5 pg/mL for plasma, 10 ug/mL for urineand 0.5 pg/mL for saliva, the precision of the assay
is 4%, 11% and 10% RSD, respectively. Concentrations of the metabolite (L057) in plasma were
measured by a technique coupling high performance liquid chromatography to electrospray mass
spectrometry (LC/ESI/MS). The method has a limit of detection of 12 ng/mL in plasma samples.
Assay calibration is linear over the range 20 — 2000 ng/mL in plasma samples. At the lower limit
of quantitation, the precision of the assay is < 10% RSD. Concentrations of L057 in urine were
measured by LC/ESI/MS. The method has a limit of detection of 2 ug/mL in urine samples.
Assay calibration is linear over the range of 10 — 1000 pg/mL in urine samples. At the lower limit
of quantitation, the precision of the assay is 8% RSD. Concentrations of carbamazepine (CBZ)
and CBZ-E were measured by a high performance liquid chromatography with UV detection. The
lower limit of quantitation is 0.7 ug/mL for CBZ and 0.2 ug/mL for CBZ-E. Concentrations of
valproic acid (VPA) were measured by fluorescence polarization immunoassay technology. The
lower limit of quantitation in plasmais 0.7 ug/mL, and the assay calibration is linear over the
range of 12.5 to 150 ug/mL. The precision of the assay was <8%.

Data Analysis: Pharmacokinetic parameters were calculated using model independent approach.
L evetiracetam concentrations in plasma were used to determine pharmacokinetic parameters.
Levetiracetam concentrations in the urine were used to determine excretion pharmacokinetic
variables. The reationship between the concentration of levetiracetam in plasma and in saliva at
each time point also was evaluated for each PK assessment. The mean trough concentrations for
CBZ and VPA were used to assess the potential interaction between levetiracetam and either
Antiepileptic drug (AED). Point estimates and the confidence intervals of the mean AUC(0-t) and
Cmax were plotted against the different doses to assess dose proportionality. Dose proportionality
was investigated using a power model that assumes, after logarithmic transformation, that thereis
alinear relationship between AUC(0-t) (or Cmax) and the levetiracetam dose. The effect of the
AEDs on levetiracetam pharmacokinetics was reported using descriptive statistics of PK
parameters. If there was no interaction of levetiracetam on plasma AEDs, the AED levels should
remain the same before and after levetiracetam administered at different doses.

Results: The mean plasma concentration-time profiles for levetiracetam and the metabolite (ucb
L057) are provided in the attachments. The mean plasma concentration-time profiles for
levetiracetam and ucb L057 for the CBZ and VPA groups are provided in the attachment.

L evetiracetam mean pharmacokinetic parameters are summarized by dose and concomitant AED
in the following tables. The mean pharmacokinetic parameters were similar for the two treatment
group. Cmax increased with each increasing doses. Apparent clearance was faster for subjects
treated with CBZ (approximately 50 mL/min) than for subjects treated with VPA (approximatdy
30 mL/min). There was a shorter t %2 and smaller AUC in the CBZ group than in the VPA group
for each of the three levetiracetam doses. The amount of unchanged levetiracetam excreted in
urine (Ae) increases as the administered dose increased. The mean fraction excreted unchanged
(fe) was smaller for subjects in the CBZ group than for subjects in the VPA group. The
contribution of renal clearance to total clearance was smaller for CBZ than for VPA group.
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Mean Pharmacokinetic Parameters for Levetiracetam Summarized by L evetiracetam Daose and

Concomitant AED
Mean + SD
Levetiracetam Total Daily Dose
CBZ Subjects PK Parameter 20 mg/kg 40 mg/kg 60 mg/kg
Plasma N 6 6 6
Cmax (ug/mL) | 245+6.5 51.9+9.6 722+141
Tmax (h) 0.5(0.2-1.0)° 0.8 (0.5-3.0* |0.5(0.5-3.0°
AUCo.m 123.3+ 32.6 291.3+22.2° 392.3+40.9
(ug*h/mL)
T % (h) 44405 47+05 44+0.8
CL/F 1.2+0.1 1.2+0.2° 1.2+02
(mL/min/kg)
Urine
Ae(mg) 220.4 +£108.6 491.8+185.3 775.2 £ 2245
Fe (% dose) 60.7 £ 18.6 559+9.5 68.7+9.8
M edian
b n=5

Mean Pharmacokinetic Parameters for Levetiracetam Summarized by L evetiracetam Daose and

Concomitant AED
Mean + SD
Levetiracetam Total Daily Dose
VPA Subjects PK Parameter 20 mg/kg 40 mg/kg 60 mg/kg
Plasma N 8 8 8
Cmax (ug/mL) 25.0+9.8 61.0+175 73.9+233
Tmax (h) 0.8 (0.5-3.0)° 0.5(0.4-1.0)° 0.8 (0.5-3.2)°
AUC 161.5+ 46.5 341.4+84.7 464.3+112.9
(ug*h/mL)
T % (h) 52+05 50+0.4° 53+0.5
CL/F 1.1+0.2 1.0+0.2 1.1+0.2
(mL/min/kg)
Urine
Ae (mg) 226.4+110.2 528.1 +289.1 750.2 + 275.4
Fe (% dose) 73.3+19.3 79.3+21.9 88.2+29.6

The pharmacokinetic parameters for the metabolite (L057) are summarized in the following
tables. The mean plasma concentration of L057 increased as the dose of levetiracetam increased.

63




The median Tmax was about 3 hours across doses and concomitant AEDs. The mean Tmax was
shorter for the CBZ group than for the VPA group.

Mean Pharmacokinetic Parameters for ucbL057 Summarized by L evetiracetam Dose and

Concomitant AED
Mean + SD
Levetiracetam Total Daily Dose

CBZ Subjects PK Parameter 20 mg/kg 40 mg/kg 60 mg/kg
Plasma N 6 6 6

Cmax (ugymL) | 0.5+0.1 11403 1.4+0.4

Tmax (h) 3.0° 3.1(3.0-6.0)° 3.0(3.0-3.1)°

AUCq.m 44+15 10.8+3.0 13.2+3.2

(ug*h/mL)

T % (h) 6.8+0.7 82+18 9.0+29
Urine

Ae(mg) 42.1+ 185 93.0+ 38.0 144.2+52.9

Fe (% dose) 13.1+3.7 10.6+2.0 12.8+3.2
*Median

Mean Pharmacokinetic Parameters for ucb L057 Summarized by L evetiracetam Dose and

Concomitant AED
Mean + SD
Levetiracetam Total Daily Dose
VPA Subjects PK Parameter 20 mg/kg 40 mg/kg 60 mg/kg
Plasma N 8 8 8
Cmax (ug/mL) 0.6+0.2 1.0+0.3 1.3+£0.3
Tmax (h) 3.0(3.0-6.0)° 3.0(3.0-6.0)° 3.0(1.0-3.2)°
AUC 54+1.4 9.6+25 125+28
(Lg*h/mL )
T % (h) 9.1+22 8.8+1.0 11.7+2.9
Urine
Ae(mg) 42.1+185 86.4+49.0 1174+ 494
Fe (% dose) 13.1+3.7 13.0+£ 35 13.6+4.7

Dose proportionality analysis is depicted in figures in the attachments. For Cmax, the linearity
parameter 3 (90% CI) was 1.003 (0.810 —1.197) and 1.066 (0.895 — 1.236) for the CBZ group

and the VPA group, respectively. For AUC (0-t), B (90%) was 1.145 (1.038 — 1.252) and 0.995
(0.901 — 1.089) for the CBZ group and the VPPA group, respectively. The prospectively defined
criterion for declaring dose proportionality was that the entire 90% CI was within the sponsor
defined critical region (0.797 — 1.203). Based on this criterion, the PK profile was determined to
be linear and dose proportional for the CBZ group based on Cmax and for the VPA group based
on AUC(0-t).



Concomitant administration of levetiracetam did not have a significant effect on the mean trough
concentrations of CBZ, CBZ-epoxide (CBZ-E, the active metabolite of CBZ) and VPA.

Mean Trough Plasma Concentrations for CBZ and VPA

Concomitant AED Concentration
(Mg/mL)
Treatment LEV Dose N Mean + SE 95%
(mg/kg)
LEV + CBZ
CBz 0 12 6.8+23 54-83
20 6 70+19 5.0-9.0
40 6 6.9+24 44-95
60 6 6.9+19 48-89
CBZ-E 0 12 1.5+0.6 1.1-19
20 6 1.8+0.7 1.1-25
40 6 1.9+0.8 1.0-27
60 6 1.6+0.3 1.3-20
LEV + VPA 0 15 101.2 +27.0 86.2 —116.2
20 8 106.7 £ 18.2 91.5-122.0
40 8 88.3+25.3 67.2 -109.5
60 8 948+ 17.6 80.1 -109.5

N is the number of observation used in calculations.

A scatter plot showing the relationship between plasma and saliva concentrations of
levetiracetam is provided in the ATTACHMENTS. Saliva concentrations were observed prior to
dosing for each pharmacokinetic assessment, and the peak mean concentration was observed 0.5
to 1.0 h. Increases in the mean saliva concentration were observed with increasing doses. At most
sampling times, the mean levetiracetam concentration was larger in saliva than in plasma, which
the sponsor attributes to perhaps because the drug was administered orally. Mean
pharmacokinetic parameters are provided in the following table

Mean Pharmacokinetic Parametersin Salivafor Levetiracetam Summarized by L evetiracetam
Dose and Concomitant AED

Levetiracetam Total Daily Dose
Subject Group Mean £ SD (n =6) Mean £ SD (n = 6) Mean £ SD (n = 6)
CBZ Subjects 20 mg/kg 40 mg/kg 60 mg/kg
Cmax 33.2+13.6 60.6 + 15.4 92.1+254
AUC o, 160.3 £ 59.1 337.4+62.3 495.9 + 83.1
Tmax® 0.6 (0.3-1.0) 1.0(0.0-3.0) 1.0(05-11)
VPA Subjects Mean £ SD (n=5) Mean £ SD (n =7) Mean £ SD (n = 6)
Cmax 345+174 70.9+ 16.1 101.8 +52.0
AUC o, 196.6 + 63.6 464.5 + 162.2 639.2 + 278
Tmax® 1.1(1.0-3.0) 0.7 (0.5-3.0) 0.8(0.0-3.0)

The summary of the correlation analysisis provided in the ATTACHMENTS. The correlation
coefficients for the plasma and saliva levetiracetam concentrations ranged from 0.783 to 0.924.
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Although theratio of the saliva to plasma concentration changed over the sampling interval, these
changes were not affected by AED type and levetiracetam dose concentrations.

Summary of Phar macokinetics: Levetiracetam was rapidly absorbed following oral
administration of tablet to pediatric subjects age 4 to 12 years. Peak plasma concentrations were
observed 0.5 to 1 hour after dosing. T %2 was shorter for these pediatric subjects (approximately 5
hours) than it was for adults (7.2 h). Dose proportional increases were observed for AUC and
Cmax following administration of levetiracetam in doses of 20, 40, 60 mg/kg/day. No substantial
differences were observed between subgroups based on concomitant AED and levetiracetam did
not affect trough plasma concentrations of either CBZ and VPA. Levetiracetam concentrationsin
plasma and saliva were correlated.

Safety Summary: The sponsor reported no deaths in the study. One subject experienced serious
adverse event that was deemed not related to the study drug by the investigator. All of the
treatment emergent adverse events (TEAE) were described as being of mild or moderate
intensity. The sponsor reports that the safety assessments in this study were consistent with the
established safety profile of levetiracetam.

Reviewer’s comments: The mean concentration did not always increase proportionally to dose.
The increase was less than proportional to dose. However, the confidence intervals were within
the sponsor’ s apriority definition of dose proportionality and linearity. Levetiracetam did not
affect the concentrations of carbamaezepine (CBZ) or valproic acid (VPA). But the effect of CBZ
and VPA was not evaluated in this sudy. Concentrations of levetiracetamin Saliva correlated
with that in plasma, but the correlation was not linear.
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Figure 11:1 Mean (+SD) Plasma Concentration-Time Profile (in log-lin Scale) of LEV
(Closed Symbol) and ucb L057 (Open Symbol) by Target Dose (PP Population)
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Ref: Figure 14.2.7:2
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Figure 11:2 Mean (+SD) Plasma Concentration-Time Profile (in log-lin Scale) of LEV
(Closed Symbol) and ucb L057 (Open Symbol) for Treatment group of LEV +
CBZ by Target Dose (PP Population)
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Figure 11:3 Mean (xSD) Plasma Concentration-Time Profile (in log-lin Scale) of LEV (Closed
Symbol) and ucb L057 (Open Symbol) for Treatment group of LEV + VPA by

Target Dose (PP Population)
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Figure 11:4  Dose Proportionality Study: AUC.;) Mean and 90% Cls (PP Population)
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Figure 11:5 Dose Proportionality Study: Cmax Mean and 90% Cls (PP Population)
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Figure 11:6

Scatter Plot of Plasma and Saliva LEV Concentrations (ug/mL)
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Title (Study N0O1052, RRCE03H2101): An Open Label, Single Dose, Pharmacokinetic Study of
20 mg/kg of LEV Oral Solution In Epileptic Patients Ranging in Age From 1 Month to Less Than
4 Years Old.

Objectives: The primary was to document the pharmacokinetic (PK) parameters of both
levetiracetam (LEV) and its metabolite ucb L057 (L057) in epileptic pediatric subjects (1 month
to less than 4 years of age) after asingle dose of 20 mg/kg of levetiracetam.

Study Design: This was an open-label, multi-center, single dose PK study in children with a
diagnosis of epilepsy. Thirteen subjects were enrolled. They ranged in age from 2.3 to 46.2
months. The mean age was 17.9 months, and 3 subjects, 6 subjects and 3 subjects were 1 month
to < 6 months of age, 6 months to 24 months of age, and 24 to < 48 months of age. Each subject
received a single oral dose of levetiracetam 20 mg/kg body weight administered as a 10% oral
solution on Day 1. The batch numbers for the study drug were UKS0102-ST and UK S0201-1.
The pharmacokinetic of LEV and L057 required collection of blood samples prior toand 1, 2, 4,
9, 12, 16 and 24 hours after administration of a single dose of LEV.

Analytical Method: Levetiracetam was measured in plasma samples by a validated gas
chromatography assay with nitrogen-phosphorus detection. At the nominal concentration of 0.5
pg/mL, the error of measurement was 0.3% and the precision was 10.6%. The analytical method
had a limit of quantitation of 0.5ug/mL. The means of relative deviations of levetiracetam in QC
samples were 0.1, 0.5 and 0.0% at nominal concentrations of 1.0, 8.0, and 30.0 pg/mL,
respectively. L057 was measured in plasma samples using a validated L C/ESI/M S assay.
Calibration curves ranging from 20 to 2000 ng eq levetiracetam were used. The means of relative
deviations of uch L057 in QC samples were 0.7, -1.8 and -0.1% at nominal concentrations of 60,
200 and 1000 ng eq levetiracetam/mL, respectively.

Data Analysis: Descriptive statistics were used to summarize plasma concentrations of LEV and
LO57. PK parameters were determined for both LEV and L057 using hon-compartmental model.
Results of plasma concentrations of L057 were expressed in g eq levetiracetanymL by
multiplying the concentrations of L057 in ug/mL by a factor 0.994258, corresponding to theratio
of molecular weights.

Results: The per protocol (PP) population used for the PK analyses consisted of 12 subjects who
completed the PK assessments. The PP population consisted of 5 female subjects and 7 male
subjects ranging in age from 2.3 to 46.2 months of age. The mean age was 17.9 months and 3
subjects were 1 month to < 6 months of age, 6 subjects were 6 to 24 months old and 3 subjects
were 24 to < 48 months old. The mean plasma concentration-time profiles of LEV and L0O57 are
provided in the attachment. The mean pharmacokinetic parameters for LEV and L0O57 are
provided in the following table
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Pharmacokinetic Parameter Values for Levetiracetam and ucb L057 Following a Single Oral
Dose of L evetiracetam 20 mg/kg

Parameter Units All subjects Male Subjects Female Subjects
(n=12_ (n=7) (n=5)
Mean = SD
Levetiracetam
Cmax pg/mL 31.3+6.7 30.5+8.0 325149
Tmax h 1.0 (1.0 -4.0) 1.1 (1.0-4.0° 1.0 (1.0-2.1)°
AUC png*h/mL 248+ 75 253+ 92 240 + 49
T h 53+13 54+16 50+1.0
Cl/F mL/min 145+6.5 13.8+55 154+83
mL/min/kg 1.46 £ 0.42 147 £0.52 144 +0.30
mL/min/1.73m° | 53.0 + 16.29 52.5+ 18.01 53.7 + 15.56
VzZ/fIWt L/Kg 0.63 + 0.08 0.64 +0.10 0.61 + 0.06
ucb L057
Cmax Mg eq LEV/mL 0.50+0.19 0.48 +0.23 0.53+0.14
Tmax h 4.0(1.1-9.0) 4.0 (1.1-9.0* 4.0 (2.0-4.0*
AUC Hg eq 75+45 72+5.4 79+33
LEV*h/mL
T% h 6.9+1.9 6.6+1.6 7.3+23

The mean apparent total body clearance in infants aged less than 6 months, infants aged 6 months
toless than 2 years and in children aged 2 years to less than 4 years were about 28, 64 and 52%
higher than that reported in adults. When adjusted to body surface area, the clearancein infants
aged 6 months to 2 years (57 mL/min/1.73 m?) and in children greater than 2 years old to less
than 4 years old (58.5 mL/min/1.73 m*) was close to that reported in adults. In the group of
infants 6 months, clearance was 30% lower.

Overall Summary: Levetiracetam was rapidly absorbed following a single dose of 10% oral
solution administered to pediatric subjects aged > 1 to 48 months. Peak concentrations were
observed approximately 1 hour after dosing. The half life of levetiracetam in the population in
this study was comparable to the half-lifein children 5 to 12 years old (t %2 = 6 hours) and shorter
than the half-life observed in adults (7.2 hours). Apparent clearance was approximately 50%
faster in subjects> 1 month to < 48 months old (1.5 mL/min/kg) than it was in adults (0.96
mL/mir/kg). There was no significant difference in the pharmacokinetics of L evetiracetam
between male and femal es. L evetiracetam was reported to be well tolerated and safety
assessments were consistent with the established safety profile.

Reviewer Comments. The reviewer agrees with sponsor’s conclusion. The clearance of
levetiracetam is dower in the >1 month to < 6 months group compared to the >6 monthsto < 24
months and > 24 months to < 48 months age group.
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Figure 11:1 Plasma Concentrations-Time Profile of Levetiracetam (Closed Symbol) and
ucb L057 (Open Symbol) in Epileptic Pediatric Subjects Ranging in Age
from 1 Month to Less Than 4 Years Old Following a Single Oral
Administration of Levetiracetam Given as Oral Solution at a Target Dose of
20 mg/kg ® (PP Population — By Age Group)
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® Mean for male and females combined (n=3 for 1-6 months old, triangle; n=6 for
6 months-2 years old, circle; and n=3 for 24 years old, square). Data are presented
in lin-lin scale (top) and log-lin scale (bottom)
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Figure 11:2 Plasma Concentrations-Time Profile of Levetiracetam (Closed Symbol) and
ucb L057 (Open Symbol) in Epileptic Pediatric Subjects Ranging in Age
from 1 Month to Less Than 4 Years Old Following a Single Oral
Administration of Levetiracetam Given as Oral Solution at a Target Dose of
20 mg/kg @ (PP Population - Male Subjects by Age Group)
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® p=1 for 1-6 months old, triangle; n=4 for 6 months-2 years old, circle; and n=2 for
2-4 years old, square. Data are presented in lin-lin scale (top) and log-lin scale
(bottom)

76



Figure 11:3 Plasma Concentrations-Time Profile of Levetiracetam (Closed Symbol) and
ucb LOS7 (Open Symbol) in Epileptic Pediatric Subjects Ranging in Age
from 1 Month to Less Than 4 Years Old Following a Single Oral
Administration of Levetiracetam Given as Oral Solution at a Target Dose of
20 mg/kg ® (PP Population - Female Subjects by Age Group)
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Title (RPCE02B1402): Monaocentre, open label, parallel group study of the correlation between
plasma and saliva concentrations of levetiracetam after a 750-mg single oral dose, given either as
7.5 mL of a10% oral solution or as tablets in 8 healthy male volunteers.

Objectives: 1) To assess the relationship between saliva and plasma concentrations of
levetiracetam, after a 750-mg oral dose given after either as 250-mg tablets or as 7.5 mL of a 10%
oral solution, using conditions that mimics the administration in pediatric patients. 2) To assess
the potential for cross-contamination of saliva samples after intake of aliquid formulation 3) To
gain additional information on the safety of both levetiracetam formulations.

Study Design: Thiswas aPhase |, open-label, single dose, paralle group study in 8 adult healthy
mal e volunteers. The mean £ SD age and weight were 38.48 + 10.04 years and 78.63 + 3.38 kg,
respectively. The BMI from 19 to 28 kg/m?. During the study treatment, four subjects received
under fasting conditions the following: 7.5-mL (100 mg/mL) levetiracetam 10% oral solution.
During the same study period, the other four subjects (group 2) received under fasting conditions
three 250 mg levetiracetam oral tablets. The batch numbers for levetiracetam oral solution was
11363 and batch number for the tablets was 1494.

Plasma and saliva samples for pharmacokinetic analysis were abtained at pre-dose (0), 0.25, 0.5,
1,2, 4,6,9, 12 and 24 hours. Blood (5 mL) and saliva (about 1 to 2 mL) samples were obtained
at each time point for assay of parent drug. To collect saliva, the subject spit the salivainto a
small plastic cup. Then, the saliva was transferred into the storage tube using a pipette. The
minimum volume requirement was 0.5 mL. Salivation was eventually augmented by chewing on
asmall piece of Parafilm™ or equivalent. Drinking or eating was prohibited one hour before each
sampling.

Analytical Method: Plasma and saliva levetiracetam concentrations were determined using a
validated gas chromatographic methods. The saliva samples were frozen at about -20°C until
analyzed. The limits of quantitation (LOQ) of the assay for levetiracetam in saliva and plasma
were both 0.5 pg/mL.

Data Analysis: The relationship between plasma and saliva concentrations of levetiracetam was
evaluated using a linear regression approach. Linear regression analysis of the saliva/plasma ratio
in function of the plasma concentration was established for each formulation from 0.25h onward.
Similarly linear regression analysis of the plasma concentration in function of the saliva
concentration was established for each formulation from thefirst time pose-dose and a linear
regression analysis of the plasma concentration in function of the saliva concentration was
established for each formulation from the first time post-dose. Slope and intercept of these linear
regressions together with their 95% confidence intervals were estimated. Residual analysis
against concentration was used for validation of the regression model.

Results: Mean plasma and saliva concentration time profile are provided in the attachments.

After administration of the oral solution, the levetiracetam plasma leve increased up to a
maximum ranging from 13.9 to 20.2 pg/mL. The peak was reached in about 0.5 to 1 hour after
administration. The maximum levetiracetam saliva concentration was observed in 15 mins after
intake of the oral solution and ranged from between 78 to 227 pg/mL. The saliva concentration
decreased rapidly and reached a concentration on average approximately 1.5 times higher than the
plasma concentration 4 hours after administration. Then, the saliva and plasma concentrations
versus time profiles paralleed each other until the end of the collection period. After
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administration of the oral tablets, the levetiracetam concentration was higher in the salivathan in
the plasma, but the saliva/plasma ratio remained. The average saliva/plasma ratio ranged from
1.06 to 1.37. Simple linear regression allowed an estimation of the plasma from the concentration
measured in the saliva for the whole range of 24 hours post-dose after administration of the
tablets and for the range from 2 to 24 hour post-dose after administration of the oral solution.
Statistical analysis of the saliva/plasma ratio after administration of the oral solution detected
highly significant time effect (p<0.001). Pairwise comparisons showed that this time effect was
dueto a significantly higher ratios at thefirst time point than at following time points.
Comparisons between samples taken between 0.5 h and 24 hour did not detect any significant
difference. Individual saliva vs plasma concentration relationship was fitted by alinear model
over the entire sampling time after administration of the tablets (R? ranging from 0.66 to 0.86)
and from 4 hours post-dose after the administration of the solution (R? ranging from 0.66 to
0.97).

Phar macokinetic Summary: After administration of the oral solution, the maximum
levetiracetam saliva concentration was observed at thefirst time point (15 min) and was 19 to 74
times higher than the corresponding plasma level. The sponsor states that this high level was due
to the contamination of the saliva samples by the oral solution still remaining in the mouth.
Statistical analysis detected a significant effect of time on theratio. The saliva/plasma ratio
rapidly decreased and became stable from 4 hour post-dose onwards. After administration of a
750-mg levetiracetam oral dose as the 250-mg tablets, the saliva and plasma profiles were
paralld, with salivalevels higher than plasma levels. The average saliva/plasma ratio remained
constant during the 24-hour observation period, and ranged from 1.06 to 1.37. No significant time
effect was detected.

Theresults of the present study showed that the levetiracetam concentration was higher in saliva
than in the plasma. The saliva/plasma ratio was similar for the two formulations. Based on the
regression analysis, the saliva/plasma ratio was 1.75 after the oral solution (datafrom 4 hour post
dose) and 1.31 after the oral tablets. A ratio of 1.58 was obtained when the data from both
treatments were analyzed (data from 4 hour post dose).

Safety Summary: The two formulations were reported to be well tolerated. None of the subjects
reported adverse events after intake of the study medication.

Reviewer: Salivation concentrations were higher than plasma concentrations, especially for the
oral solution at the early time points of analysis. There was a correlation between plasma
concentrations and saliva concentration. The correlation coefficient was less than 0.9 for both
oral solution and the tablet. ®) (4)
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Figure 11:1: Average saliva and plasma concentrations (+ SD) vs. time profiles after
administration of 7.5-mL (100 mg/mL) levetiracetam 10 % oral solution.
(top: log-linear scales; bottom: linear scales; n=4).
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Figure 11:2: Average saliva and plasma concentrations (+ SD) vs. time profiles after
administration of 3 x 250-mg levetiracetam oral tablets.
(top: log-linear scales; bottom: linear scales; n=4).
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Figure 11:3: Average saliva/plasma concentrations ratio (+ SD) vs. time profiles after
administration of 7.5-mL (100 mg/mL) levetiracetam 10 % oral solution.
(linear scales; n=4).
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Figure 11:4: Average saliva/plasma concentrations ratio (+ SD) vs. time profiles after
administration of 3 x 250-mg levetiracetam oral tablets.
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Title (Study N01139): Retrospective population pharmacokinetic analysis of levetiracetamin
children with epilepsy (1-month to 16 —year)- including determination of significant covariates-
and assessment of potential drug interaction on or by concomitant antiepileptic drugs.

Objectives: 1) To characterize the pharmacokinetics of levetiracetam in pediatric subjects,
including estimation of the inter- and intra- individual variability in the main pharmacokinetic
parameters, using data pooled from 5 clinical trials. 2) To identify important demographic and/or
physiologic determinants of |evetiracetam dispaosition, including if possible a potential influence
of concomitant antiepileptic drugs (AEDS), in that population. 3) To assess dose linegarity, i.e.
independence of the PK parameters (KA, CI/F) to the dose. 4) To define optimal dosing regimens
in function of the relevant covariates. 5) To evaluate the effect of levetiracetam on the plasma
concentrations of other AEDs (drug-drug interactions) in a pediatric epileptic population. The
AEDs investigated were carbamazepine (CBZ), valproate (VPA), topiramate (TPM) and
lamotrigine (LTG) asthey are the most frequently co-administered drugs in the studies.

Study Design: This was a retrospective analysis based on data from 5 studies (N151, N159,
N01010, N01052 and N157) each including both genders. In all the studies, the doses were
divided as 2 equal doses given b.i.d., apart from N01052 which was a single dose. All the studies
except N159 were open studies. N01052 and N01010 were single and multiple dose PK studies,
conducted in 13 (1 month to 4 years old) and 21 (4 to 12 years old) children with epilepsy
respectively, receiving solution (20 mg/kg/day) or tablet (20 to 60 mg/kg/day). N151 was an
open-labe exploratory study in which 24 children with epilepsy (6 to 12 years old) were
administered oral tablets of levetiracetam at doses ranging from 10 to 40 mg/kg/day. N159 study
was a therapeutic confirmatory, double blind placebo-controlled study to evaluate efficacy and
safety of levetiracetam (up to 60 mg/kg/day as oral tablet). Two hundred and sixteen children
with epilepsy (4 to 16 years) were enrolled in the study, half of whom received levetiracetam.
Seven pre-dose samples were to be taken per subject. N157 was an open-label, long term follow-
up study of the 4 previously mentioned studies. The children received levetiracetam (oral tablet or
solution) at individualized doses (maximum 60 mg/kg/day). The mean age and weight of the
patients 9.56 + 3.67 years and 35.2 + 17.3 kg. The mean BSA was 1.12 + 0.36 n?

An evaluabl e subject was one having a basdine concentration and at least one plasma
concentration in evaluation period, who received at least two-week constant dose of
investigational study medication (LEV/placebo), who kept a constant AED dose(s) and received
the same dose AED for at least 14 days during baseline.

Levetiracetam was administered orally in various formulations (100 mg/mL solution, various
strengths of tablets) and dosage regimens in the different studies. L evetiracetam was administered
twice a day. The duration of treatment ranged from one day up to several years. The AED studied
included CBZ, TPM, LTG, VPA, phenytoin, oxycarbazepine, felbamate, gabapentin,
phenobarbital. The primary variable was the difference between the log-transformed
concentration of a given AED per visit in the evaluation period and the log-transformed mean
concentration of that AED at a basdine. The following table contains a summary of the study
designs.
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Summary of Study Designs

Study Type Number Formulation | PK AEDs PK

Number (Agein and Dose Samples (max) Samples

years) (mg/kg/day) | for LEV for AED

N151 Exploratory | 24 Tablet 1full PKto | 1 Trough pre

(6to 12) 10to 40 24 hours + visit
5 pre-dose
+ 3 post-
dose

N159 Pivotal 216 Tablets 7 pre-dose | 2 Trough per
Efficacy (410 16) 20to 60 visit
and Safety | 2onLEV

NO01010 Multiple 21 Tablets 3 full 1(CBZor | Trough per
dose PK (4t012) 20to 60 profilesto | VPA) visit

12 hours

N01052 Singledose | 13 Solution 1fullto24 | 2 Trough at

PK (2 monthto | 20 hours basdine
4 years)

N157 Followup | 239 Solution or | Trough 2 Trough at
of 4- (1 monthto | Tablets basdine
previous 16 years) Upto60
studies

Data Analysis: Levetiracetam plasma concentrations from 228 patients were used for non-linear
mixed effects modeling by extended least squares regression using NONMEM. The analysis
strategy was first to select a basic model, then to perform both a univariate and a multivariate
forward sdection analyses to get a full model including covariates, followed then by a backward
elimination analysis. The association between the pharmacokinetic parameters and the covariates
age, gender, race, body weight (BW), BMI, BSA, Dose, Clcr and categories of concomitant
AEDs were examined in the univariate and forward sel ection analyses. To obtain dosing
recommendation for starting treatment with levetiracetam in children, simulations of different
dosing regimens were performed to achieve similar concentrations to those reached in adults at
the recommended starting dose (500 mg b.i.d). AEDs were grouped into 4 categories: neutral
(agents considered having no effect on drug metabolizing capacity), inducer (enzyme inducers
alone or in combination with AEDs from the first group), inhibitor (alone or in combination with
AEDs from thefirst group) and others (combination of inducer and inhibitor) to try and assess the
potential effect of the different groups on LEV PK.

The population analysis from the model development using log-transformed concentrations
showed a one-compartment open model with first-order absorption and elimination, and first
order method to best characterize plasma concentration versus time profiles of LEV in children.
Initially, a model with CL/F, V/F and KA as the structural parameters, with an exponential error
term for inter-individual variability on CL/F and V/F and a proportional error term on residual
variability for all concentrations was examined. To minimize the objective function, it was
decided to includem and IOV on KA, as the vast majority of the children had blood samples on




more than one occasion. This addition resulted in a decreased OBJF. The error model selected
for residual variability was a proportional one. A model with three structural parameters (CL/F,
V/F and KA), exponential error terms for inter-individual variability on each parameter and IOV
on KA, proportional error model (coded as additive in the log-transformed domain) and using the
log transformed concentrations was used as the Base 1 and used in the analyses. The power
model describing the effect of body weight on levetiracetam CL/F had the largest decreasein
OBJF and was termed BASE 2 model for the subsequent forward selection analysis. The effects
of 8 other covariates wereincluded in the model. Similar to univariate selection, all 8 covariates
wereincluded one by onein model BASE 2. The process was repeated until no covariate
inclusion lead to a significant decrease in OBJ function. The final model evaluated the effect of
BW on CL/F and BW on V/F, effect of AEDC on CL/F, and effect of Dose on CL/F, and effect
of AGE on KA and effect of CLcg Thefinal population pharmacokinetic was used in simulations
of dosing regimen. The dosage schemes considered for simulations were based on available

formulations. The various dosing scenarios are provided in the following table.

Possible Dose Adjustment Rules for Levetiracetam in Children Tested in Simulations

Scenario Adults Children

Reference Step 1 Step 2 Step 3
1 100 -50 kg 70-50 kg 50 -25kg <25kg

500 mg b.i.d. 500 mg b.i.d. 250 mg b.i.d. 7.5 mg/kg b.i.d
2 100 -50 kg 70-50 kg 50 -25kg <25kg

500 mg b.i.d. 500 mg b.i.d. 250 mg b.i.d. 10 mg/kg b.i.d.
3 100 - 50 kg 70—-40kg 40— 20 kg <20kg

500 mg b.i.d. 500 mg b.i.d. 250 mg b.i.d. 10 mg/kg b.i.d.
4 100 -50 kg 70-50kg <50kg --

500 mg b.i.d. 500 mg b.i.d. 10 mg/kg b.i.d.

Phar macokinetic Results:

Scatter plots of population predicted and individual predicted vs. observed concentrations showed
even distribution around the line of unity. Scatter plots of weighted residuals vs. population
predicted concentration and vs. time showed the WRES to be evenly distributed. The parameters
of the structural moddl (KA, CL/F, V/F) were estimated with %CV of 15% for KA, < 5% for
CL/F and V/F. The relationship between the parameters and the statistically significant
covariates are

KA = 1.46*(AGE/10)**0.27

If the subject takes a concomitant inducing AED,

CI/F = 2.17* (BW/30) **0.640* (D0SE/500)**0.0443* (CLCR/100)**0.111*1.22

V/F = 2.15*(BW/30)**0.901

Theinter-individual variability for levetiracetam for CL/F and V/F was 19.0% and 19.1%,
respectively. Theinter-individual variability for KA was 100%. The interindividual variance

parameters were estimated with %CV of 16.8% for CL/F and 60.8% for V/F. Theresidual
variability (CV) in levetiracetam concentration was estimated at 30.5%.
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To evaluate the rdative influence of the covariates on CL/F, the contributing factors of each
covariate in the model have been calculated. For each covariate, the correction factor to estimate
CL/F for each group has been calculated based on the median. A final and a reduced models
(without Dose and CL ) were ran and compared. The differences between the two models were
minimal except for B¢, gw Which increased from 0.64 to 0.753 as would be expected. The
significant effect of Dose and CLcr is likely due to a confounding effect with body weight: as
children get older, their body weight increase and so do the absolute dose and CLcr. The
population estimates of CL/F, V/F and t ¥2

Population Estimates of CL/F, V/IFand T Y%

Categories Population Estimates

Median Median CL/F (L/h) VIF (L) T % (h)

AGE (y) BW (kg) Noinducer | Inducer Noinducer | Inducer
6.12 19.0 1.55 1.89 14.2 6.36 5.22
8.10 24.5 1.86 2.27 17.9 6.66 5.46
10.2 314 2.23 2.73 22.4 6.95 5.70
10.9 37.3 2.55 311 26.2 7.11 5.83
11.9 46.5 3.03 3.69 31.9 7.31 5.99
14.2 67.8 3.95 4.82 44.8 7.86 6.44

Sincetherate of increase of CL/F with body weight is lower than that of V/F, the half-life
increased by about 25% over the weight range presented. The half-lifeis estimated to be 22%
shorter in children receiving an inducing concomitant AED.

Theratio of the metabolite (L057) to LEV was about 0.05 which is similar to the values found in
adults. Over the age range studied, the ratio seems constant vs. age.

Summary of POPPK Analysis

Levetiracetam concentration vs. time profiles were available after single and multiple dosage
regimens of levetiracetam in 228 children suffering from epilepsy, majority with partial onset
seizures, from 1 month to 18 years of age with body weight ranging between 6 and 101 kg. A one
compartment model with first order absorption and first-order &imination was found to best
characterize the plasma concentration-time profile for levetiracetam, with inter-individual
variability on KA, CL/F and V/F, and inter-occasion variability (IOV) on KA. The association
between the pharmacokinetic parameters KA, CL/F and V/F and the covariates age, gender, race,
body weight, BMI, BSA, Dose, CL crand categories of concomitant AEDs were examined in the
analysis. Weight, BSA, BMI, CLcr, AGE and Dose were correlated, with very high correlation
between BW and BSA. Body weight on CL/F was the most significant covariate in the univariate
selection. After multiple linear regression analysis with forward selection, the significant
covariates were AGE on KA, BW, DOSE, CL cr, and AEDC on CL/F and BSA on V/F. Because
dosing in childrenis generally based on either age or weight and because BSA and BW are highly
correlated, BW on V/F was used instead of BSA. In the final model, the only significant effect is
body weight on both CL/F and V/F and of the AED categories on CL/F. Both CL/F and V/F were
linked to BW by a power function with the exponent equal to 0.901 for V/F and for CL/F 0.640.
As CL/F increased with body weight more slowly than V/F, theterminal half-life increased with
body weight, the terminal half-life increased with body weight from 6.4 hours for 19 kg to 7.86
for 68 kg. AED categories (AEDC) had an effect on CL/F. The CL/F of the children receiving
inhibiting drugs, without inducing drug, was not different from the one who received only
“neutral” antiepileptics. However, the children who took concomitant medications inducing
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AEDs whether alone or not, had a higher CL/F than the children who did not. A mean increase of
about 22% was estimated by the model. The resulting terminal half-lifein children receiving
inducing AEDs with body weight ranging from 19 to 68 kg was calculated as 5.22 h and 6.44 h,
respectively. KA was found to increase with age. Thisis not a confounding factor of the
formulation: the smaller children received the solution, hence, if the effect of the age on KA was
aformulation effect, a decrease with age would have been expected. Even though enzyme
inducing AEDs as a class (CBZ, PHT, PB or PRM) were found to increase the clearance of
levetiracetam, dose adjustment is not recommended considering the reported broad efficacy and
safety margin of levetiracetam and the therapeutic approach of individual up- titration.

Based on the modeling and simulation, for children weighing less than 50 kg the dosage regimen
of 20 mg/kg/day predicts steady state Cmin and Cmax values within the ranges observed in adults
receiving 1000 mg/day. A dosing recommendation of 20 mg/kg/day for children weighing less
than 50 kg, and 1000 mg/day, similar to adults, for children above 50 kg is recommended. To
take advantage of the formulations of levetiracetam currently marketed, another dosing
recommendation would be 20 mg/kg/day as a solution for children weighing less than 20 kg, then
500 mg/day for children weighing between 20 to 40 kg, then 1000 mg/day for children above 40
kg. Theclinical pivotal clinical study studied doses starting at 20 mg/kg/day escalating every 2
weeks up to 60 mg/kg/day. The sponsor is recommending a dosing regimen starting at 20
mg/kg/day givenin 2 divided doses and could escalate every 2 weeks up to a maximum of 60
mg/kg/day in two divided doses.

Reviewer Comments:

The population pharmacokinetic analysis reveal ed that body weight was the most important
factor in determining the dosage regimen of levetiracetamin children. In addition, simulations
revealed that children weighing less than 50 kg could be dosed at 10 mg/kg b.i.d. to obtain
concentrations as adults receiving 500 mg b.i.d. Based on the modeling and simulation
performed, the proposed dosing regimen renders similar concentrationsin pediatrics and adults.
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Figure 11.2:3
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Figure 11.2:3  Goodness of Fit Plot for Final Model: Observed vs. Population Predictea
Levetiracetam Concentrations for Final Model
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Figure 7:3 Relation between Body Weight (BW), Body Surface Area (BSA),
Creatinine Clearance (CLcg) or BMI and Age — All Studies, First Visit
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As expected, body weight, BSA and CLcr increased with age and these relationships
appeared to be linear (Figure 7:3) but with a wider spread as age increased.
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Figure 7:4 Retation between Dose per Intake, BSA, Creatinine Clearance (CLcgr) or
BMI and Age or Body Weight — All Studies, First Visit
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Body weight and BSA were very highly correlated with an asymptotic relation (Figure 7:4).
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Figure 7:5 Boxplot of BW, BSA and CLcr by Gender — All Studies, First Visit
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There were no systematic differences in BW, BSA and CLcg between gender (Figure 7:5).

The frequency distribution of age, body weight and CLcg is depicted in Figure 7:6, Figure 77

and Figure 7:8, respectively.
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Figure 7:13 Population Prediction and Post-Hoc Estimate at First Visit for CL/F versus
BW. Upper Panel: without Inducers. Lower Panel: with Inducers
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For both groups, with or without inducers, the vast majority of the individual posterior
estimates for CL/F were within the 95% CIL.
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Figure 7:14 Population Prediction (Typical Value - Continuous Line - and 95% CI -~
Dashed Lines) and Post-Hoc Estimate at First Visit for V/F in Function of
BW

VIF (L)

BW (kg)
Typical Value - Continuous Line - and 95% CI -Dashed Lines

All individual posterior estimates for V/F were well within the 95% CI.
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Figure 7:15 Relation Between Individual Posterior Estimates of CL/F from Final Model
and BW, Dose, CLcr and AEDC — All Data
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Figure 7:15 shows that levetiracetam CL/F increased with body weight, dose and CLcg as
predicted from the final model. However, the relative contribution of each factor appears
bigger than it actually is due to the correlation between the 3 factors (see Figure 7:3 and



Table 7:3 Estimates of Population Pharmacokinetic Parameters of Levetiracetam in
Children for Base 1 Model

Parameter " Estimate [95% CI] | Precision (%CV)®

KA= G4

Oxa (™) 1.53 (1.13-1.93] 13.3%

CL/F = O,

O (L/h) 2.40 (2.22-2.58] 3.88%

N/F = 6y

oy (L) 25.1[22.3-27.9] 5.62%

Variability Estimate in %CV® | Precision (%CV)® |
-individual variability in CL/F 44.9% 162%

nter-individual variability in V/F 64.3% 232%
-individual variability in KA 91.2% 69.5%
-occasion variability in KA 134% 27.4%

gaidual variability in concentrations 29.8% 7.40%

Precision was calculated as s.¢. divided by the parameter estimate x 100.
® The %CV for both inter-individual and residual variability is an approximation taken as the square root of the
variance x 100.
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Table 7:6

Final Estimates of Population Pharmacokinetic Parameters of

Levetiracetam in Children
Parameter Estimate [95% CI] | freceioh
[KA= Ok, * (AGE/10)** Oxance
Oxah™) 1.46 [1.04-1.88] 14.5%
0K A AGE 0.270 [0.0583-0.482] | 40.0%
TCL2= O H(BW/30)**Ocy pw
CL/F = TCL2*(DOSE/500)**Oc1pose*(CLCR/100)**Ocy c1.cr
If AEDC=2 or 4,
CL/F = TCL2 *O¢; senc*(DOSE/500)**Ocr pose *(CLCR/100)**Ocy crcr
OcL (L) 2.17 [2.09-2.25) 2.00%
OcLsw 0.640 [0.542-0.738] | 7.78%
Oct aevc 1.22 [1.16-1.28] 2.34%
OcLpose 0.0443 [0.0112-0.0774]] 38.1%
OcLcLcr 0.111 [0.0236-0.198] | 40.2%
V/F = ©y* (BW/30)** Oy sw
Oy (L) 21.5[20.1-22.9) 3.43%
Ov.aw 0.901 [0.774-1.03] | 7.19%
Variability Estimate in %CV® | Precision
%CV)®
Inter-individual variability in CL/F 19.0% 16.8%
finter-individual variability in V/F 19.1% 60.8%
ter-individual variability in KA 100% 53.5%
ter-occasion variability in KA 112% 26.8%
esidual variability in concentration 30.5% 8.30%

AEDC =2 or 4 are the combination of AEDs that contains an inducer, either alone or not.

@ Precision was calculated as s.e. divided by the parameter estimate x 100.

® The %CV for both inter-individual and residual variability is an approximation taken as the square root of the variance x

100.

97




Table 7:12 Simulated Levetiracetam Steady State Cpin, Crax and AUCt in Adults
Receiving 500 b.i.d. and in Children Receiving Possible Body Weight

Based Dosage Regimens
Fccmrio Criteria iWitbout inducers ith inducers
er intake ly
(Weighta, Coic  [Coux AUCT  [Co AUCT
kg) Ky) (mg/kgiug/mL Xpug/mL X pg h/mLXpug/ml, L)Xp.h/mL

rlcfcrence 100 -50 k% 500 mg 100 |20 10 538 | 115 101.7 3.95 10.0 834
75 |20 133 | 641 144 1246 | 4.68 12,6 | 102.2
200 20 8.21 19.6 166.4 5.93 17.2 | 1364

50
Scenario 1 {70 -50 kgl 500 mg 70 |20} 143 | 6.68 | 15.1 130.8 | 4.87 | 132 | 107.2
jend 2 50 |14} 20 824 | 194 166.2 595 | 17.0 | 136.2
50 - 25 kq 250 mg 50 (141 10 432 9.9 85.7 3.13 8.7 70.2
25 20 6.64 | 16.7 140.6 | 4.74 | 147 | 1153

Scenario1 | <25kg | 7.5mgkg | 25 15 509 | 126 1068 | 3.64 | 11.1 87.6

8
8
_________ 125 121 15 425 | 10.6 91.1 3.02 9.3 74.7
rccnario 2] <25kg | I0mgkg | 25 | 8| 20 6.64 | 16.7 140.6 | 474 | 147 | 1153
2

12.5 20 | 555 | 140 | 1199 | 394 | 122 | 983
Scenario 3 [70 - 40 kg} 500 mg 20| 143 | 668 | 151 | 1308 | 487 | 132 | 1072
40 - 20 17 250 mg

12 25 947 | 23.0 195.0 6.80 | 20.2 | 1599
12 125 | 497 | 11.8 100.6 359 | 103 824
6| 25 766 | 197 165.2 544 | 173 | 1354
<20kg | 10mgkg | 20 | 6| 20 6.23 15.9 133.5 | 443 | 139 | 1094
125 |1 2] 20 5.55 14.0 119.9 394 | 122 98.3

70
40
40
20

Scenario 4 {70 - 50 kgr 500mg | 70 |20} 143 | 6.68 | 151 | 1308 | 487 | 132 [ 107.2

50 |14 20 | 824 | 194 | 1662 | 595 | 17.0 | 1362
<S0kg | 10mgkg [ S0 |14 20 | 824 | 194 | 1662 | 595 | 17.0 | 1362
125 12| 20 | 555 | 140 | 1199 | 394 | 122 | 983

Simulated steady state levetiracetam Cyyp and Cax in adults receiving 500 mg b.i.d. were
very similar to values reported in the literature. For example, in subjects receiving 500 mg
b.i.d., mean efficacious Cy,;, and Cpax values of 5.95 pg/mL (range 3.06 — 10.03 g/mL) and
17.0 pg/mL (range 10.0 - 25.0 pg/mL), respectively, have been observed'® . Similarly, for
the same dose, Perucca et al’'® have reported a mean steady state Cy2p of 5.9 pg/mL and C 5
of 15.1 pg/mL. In addition, Perucca and co-authors have reported a mean levetiracetam
steady state Cyzp of 5.1 pg/mL and a C, , of 13.3 pg/mL in subjects receiving concomitant
antiepileptic drug inducers. Therefore, the levetiracetam mean Cpin and Cax cOncentrations-
simulated in-this-report-for.adults fecéiving, 500 b.i.d., the régonimended starting dose.in
adults, can be qualified as target concentrations to be ached in children for their starting. .,

iy e g e A O e e pat e s w7,

dos .
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Figure 7:17

Simulated Levetiracetam Steady State Cpi, (Dotted Line, Triangles) and

Cunax (Continuous Line, Circles) in Children Receiving a Possible Body
Weight Based Dosage Regimen. Horizontal Lines Represent the Simulated
Cain (Dotted) and Cuax (Dashed) Ranges in Adults. Upper Panel: without
Concomitant Enzyme Inducing AEDs, Lower Panel: with Concomitant

Enzyme Inducing AEDs
Without inducers
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Scenarios are described in Table 7:11
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