Keppra [GSK logo]

PHARMACEUTICAL FORMANDSTRENGTH

Levetiracetam, 250 mg, film-coated tablets

Blue, oblongfilm-coated tablet scored and debossed with the code ucband 2500n one side. The score
line doesnot breakthetabletinto equalhalvesandis notintended for dividing the tabletinto half-doses
foradministration. It only servestofacilitate breaking for ease of swallowing.

Levetiracetam, 500 mg, film-coated tablets

Yellow, oblong film-coated tabletscored and debossed with the code uchand 500 on one side. The score
line doesnot breakthetabletinto equalhalvesandis not intendedfor dividing the tabletinto half-doses
foradministration. It only servestofacilitate breaking for ease of swallowing.

Levetiracetam, 1000 mg, film-coated tablets

White, oblong film-coated tabletscored and debossed with the codeucband 1000 on one side. The score
line doesnot breakthetabletinto equalhalvesandis not intended for dividing the tabletinto half-doses
foradministration. It only servestofacilitate breaking for ease of swallowing.

Levetiracetam, 100mg/ml, oral solution
A clearliquid.

Levetiracetam, 100mg/ml, concentrate for solution for infusion
Clearandcolourless solution free from visible particulate matter.

EXCIPIENTS

Keppra Tablet 250 mg

Sodium croscarmellose, Macrogol 6000, Colloidal anhydrous silica, Magnesium stearate, Opadry
85F20694 Blue: Polyvinylalcohol, Titanium dioxide (E171), Macrogol/PEG 3350, Talc, FD&C blue
#2/Indigo carmine aluminium lake (E132)

Keppra Tablet 500 mg

Sodium croscarmellose, Macrogol 6000, Colloidal anhydrous silica, Magnesium stearate, Opadry
85F32004 Yellow: Polyvinylalcohol, Titanium dioxide (E171), Macrogol/PEG 3350, Talc, Ironoxide
yellow (E172)

Keppra Tablet 1000 mg
Sodium croscarmellose, Macrogol 6000, Colloidal anhydrous silica, Magnesium stearate, Opadry
85F18422 White: Polyvinylalcohol, Titanium dioxide (E171), Macrogol/PEG 3350, Talc

Keppra Oral Solution 100 mg/ml

Sodium citrate, Citric acid monohydrate, Methyl parahydroxybenzoate (E218), Propyl
parahydroxybenzoate (E216), Ammonium glycyrrhizate, Glycerol 85 percent (E422), Maltitol liquid
(E965), Acesulfame potassium (E950), Grapeflavour Firmenich501040A, Purified Water

Keppra Concentrate for Solutionfor Infusion 100 mg/ml
Sodium acetate trihydrate, Glacialacetic acid, Sodium chloride, Water for Injection

INDICATIONS

Keppra isindicatedas monotherapy in the treatment of partial onset seizures with or withoutsecondary
generalisationin adults and adolescents from 16 years of age with newly diagnosed epilepsy.

Keppra isindicatedas adjunctive therapy in the treatmentof:

e partial onset seizures with or without secondary generalisation in adults, adolescents and
children from 4 years of age with epilepsy.

e myoclonic seizuresin adults and adolescents from 12 years of age with Juvenile Myoclonic
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Epilepsy.
e primary generalised tonic-clonic seizures in adults and adolescents from 12 years of age with
Idiopathic Generalised Epilepsy.

Keppra concentrate isan alternative for patients (adultsandchildrenfrom 4 years of age) when oral
administrationis temporarily notfeasible.

DOSAGE AND ADMINISTRATION

Keppra therapy canbe initiated with either intravenous or oraladministration. Conversion to or from
oralto intravenous administration can be done directly without titration. The total daily dose and
frequency of administration should be maintained.

Film-coatedtablets

The film-coated tablets mustbe taken orally, swallowed with a sufficient quantity of liquid and may be
takenwith or withoutfood. After oraladministrationthebitter taste of levetiracetam may be
experienced. The daily doseisadministered in two equally divided doses.

Oral solution

The oralsolution maybe dilutedin a glass of waterand may be takenwith orwithoutfood. Afteroral
administrationthe bitter taste of levetiracetam may be experienced. The daily dose isadministered in
two equally divided doses.

Concentrate for solutionfor infusion

Keppra concentrate is for intravenous use only and the recommended dose mustbe dilutedin at least
100 mlof a compatible diluent andadministered intravenously as 15-minute intravenous infusion (see
Section Incompatibilities and Use and Handling). There is no experience with administration of
intravenous Keppra for longer periodthan 4 days.

Keppra concentrate isan alternative for patients (adults and children from 4 years of age) when oral
administration is temporarily notfeasible.

Route of Administration

Fororaluse:

Keppra Tablets 250 mg, 500 mg and 1000 mg
Keppra Oral Solution 100 mg/ml

Forintravenous use:
Keppra Concentrate for Solutionfor Infusion 100 mg/ml

Please referto Section INCOMPAT IBILITIES AND USE AND HANDL ING for recommendation
on the preparationandadministration of Keppra Concentrate for Solutionfor Infusion 100 mg/ml.

Adults

¢ Monotherapy

Adultsand adolescents from 16 years ofage

The recommended starting dose is 250 mgtwice daily which should be increasedto aninitial
therapeutic dose of 500 mgtwice daily after two weeks. Thedosecanbe furtherincreasedby 250 mg
twice daily every two weeks depending upon the clinical response. The maximum doseis 1500 mg
twice daily.

e Add-ontherapy

Adults (>18 years) andadolescents (12t0 17 years) of 50 kgormore

The initialtherapeutic dose is 500 mgtwice daily. This dose canbe started onthe first day of treatment.
Dependingupontheclinical responseandtolerance, the daily dose can beincreased upto 1,500 mg
twice daily. Dose changes canbe madein 500 mgtwice daily increases or decreases every two to four
weeks.

Children
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The physician should prescribe the most appropriate pharmaceutical form and strength according to
age, weightand dose.

The tabletformulation isnot adapted foruse in children underthe age of 6 years. Keppra oral solution
is the preferred formulation for use in this population. In addition, theavailable dose strengths of the
tablets are notappropriate forinitial treatment in children weighing less than 25 kg, for patients unable
to swallowtablets or forthe administration of doses below250mg. In all of the above cases, Keppra
oralsolution should be used.

The safety and efficacy of Keppra concentratefor solutionforinfusionin children less than 4 years
have not been established.

Monotherapy
The safety and efficacy of levetiracetam in children and adolescents below 16 years as monotherapy

treatmenthave notbeen established.
There are no data available.

Add-on Therapy for Children (4 to 11 years) and Adolescents (12 to 17 years) weighing lessthan 50kg
Keppra Oral Solution is the preferred formulation for use in children under the age of 6 years.

Forchildren 6 yearsand above, Keppra oral solution should be used for doses under 250 mg, for doses
not multiple of 250 mgwhen dosing recommendation is not achievable by taking multiple tabletsand
forpatients unable to swallowtablets.

The initial therapeutic dose is 10 mg/kg twice daily.

Dependingupontheclinical responseandtolerability, the dose can be increased up to 30 mg/kg twice
daily. Dose changes should not exceed increases or decreases of 10 mg/kg twice daily every two
weeks. The lowest effective dose should be used.

Dosein children 50 kgor greater isthe same as in adults.

Dose recommendations for children and adolescents:

Weight Startingdose: 10 mg/kgtwice daily Maximum dose: 30mg/kg
twice daily

15 kg® 150 mg (1.5 ml) twice daily 450 mg (4.5 ml) twice daily

20 kg® 200 mg (2 ml) twice daily 600 mg (6 ml) twice daily

25Kkg 250 mgtwice daily 750 mgtwice daily

From 50 kg®® 500 mgtwice daily 1500 mgtwice daily

@ Children 25 kg or less should preferably start the treatment with Keppra 100 mg/ml Oral Solution.
@ Dosage in children and adolescents 50 kgor more is the same as in adults.

Infantsandchildrenless than 4 years
There are insufficient data torecommend the use of Keppra in children under 4 years of age.

Elderly
Adjustmentof thedoseis recommended in elderly patientswith compromised renal function.

Renalimpairment

The daily dose mustbe individualised accordingto renal function (see section Wamings and
Precautions). Foradult patients, refer to the followingtable and adjust thedoseas indicated. To use
thisdosingtable, anestimate of the patient's creatinineclearance (CLc;) in ml/minisneeded. The CL
in ml/min may be estimated from serum creatinine (mg/dl) determination, foradults and adolescents
weighing 50 kgormore, usingthe following formula:

[140-age (years)] x weight (kg)
CLa= - (x0.85forwomen)
72 x serum creatinine (mg/dl)

Then CL.risadjusted forbody surfacearea (BSA)as follows:
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CL¢r (ml/min)
CLer (Ml/Min/1.73m?)= x1.73
BSAsubject (m?)

Dosingadjustmentforadult and adolescent patients weighing more than 50 kg with impairedrenal
function

Group Creatinineclearance Dosage and frequency
(ml/min/1.73m?)

Normal >80 500to 1,500mgtwice daily

Mild 50-79 500to0 1,000mgtwice daily

Moderate 30-49 250to 750 mgtwice daily

Severe <30 250t0 500 mgtwice daily

End-stage renal disease patients - 500 to 1,000mgonce daily®

undergoingdialysis®

@ A 750 mg loading dose is recommended on the first day of treatment with Keppra.
@ Following dialysis, a 250 to 500 mg supplemental dose is recommended.

Forchildren with renalimpairment, Keppra dose needs to be adjusted based onthe renal functionas
Keppra clearanceis related to renal function. This recommendation is based on a study in adult renally-
impaired patients.

Hepatic impairment

No dose adjustmentis needed in patients with mild to moderate hepatic impairment. In patients with
severe hepatic impairment, the creatinine clearance may underestimate the renal insufficiency.
Therefore, a 50%reduction of thedaily maintenance dose is recommended when the creatinine
clearanceis <60 mI/min/1.73m? (see section Warnings and Precautions).

CONTRAINDICATIONS
Hypersensitivity to the active substance or other pyrrolidone derivatives orto any of the excipients.

WARNINGS AND PRECAUTIONS

Discontinuation

If Keppra has to be discontinued, it is recommended to withdraw it gradually (e.g. in adultsand
adolescents weighing50 kgormore: reduce dose by 500 mgtwice daily every two to four weeks;
children andadolescents weighing less than 50 kg: dose reductions should not exceed 10 mg/kg twice
daily every two weeks).

An increase in seizure frequency of more than 25% has beenreported in 14% of levetiracetam-treated
adult and paediatric patients with partial onset seizures, whereas it was reported in 26%and 21% of
placebotreated adult and paediatric patients, respectively.

When Kepprawas usedto treat primary tonic-clonic seizures in adults and adolescents with idiopathic
generalised epilepsy, there was noeffect onthe frequency of absences.

Renal or hepatic impairment

The administration of Keppra to patients with renalimpairmentmay require dose adjustment. In
patients with severely impaired hepatic function, assessmentof renal function is recommended before
dose selection (see section Dosage and Administration).

Acute Kidney Injury
The use of Keppra has beenrarely associated with acute kidney injury, with a time to onset ranging
from a fewdays to several months.

Blood cellcounts
Rare cases of decreased blood cell counts (neutropenia, agranulocytosis, leucopenia, thrombocytopenia
and pancytopenia) have been described in association with Keppra administration, generally at the
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beginning of the treatment. Completeblood cell counts are advised in patients experiencing important
weakness, pyrexia, recurrentinfections or coagulation disorders (see Section Adverse Reactions).

Psychiatric Reactions

Behavioural abnomalities including psychotic symptoms, suicidal ideation, irritability and aggressive
behaviour have been observed. Monitor patients for psychiatric signsand symptoms. I f such
behaviours arenoticed, treatment adaptation or gradual discontinuation should be considered. If
discontinuation is considered, please see Section Discontinuation in Warnings and Precautions.

Atotalof 13.3%of adult Keppra-treated patients and 37.6% of paediatric Keppra-treated patients (4 to
16 yearsof age) compared to 6.2% and 18.6% of adult and paediatric placebo patients respectively,
experienced non-psychotic behavioural symptoms (reported as aggression, agitation, anger, anxiety,
apathy, depersonalization, depression, emational lability, hostility, hyperkinesias, irritability,
nervousness, neurosis, and personality disorder).

Atotalof 1.7%of adult Keppra-treated patients discontinued treatmentdueto behavioural adverse
events, compared t00.2% of placebo patients. The treatmentdosewas reduced in 0.8% of adult
Keppra-treated patients andin 0.5% of placebo patients. Overall, 10.9% of Keppra-treated paediatric
patients experience behavioural symptoms associated with discontinuation or dose reduction, compared
t0 6.2% of placebo patients.

One percent of adult Keppra-treated patients experienced psychotic symptoms comparedto 0.2%in the
placebo patients.

Two (0.3%) adult Keppra-treated patients were hospitalized and their treatmentwas discontinued due
to psychosis. Bothevents, reported as psychosis, developed within the first week of treatment and
resolved within 1 to 2 weeks following treatment discontinuation. There was no difference between
drugand placebo-treated patients in the incidence of the paediatric patients who discontinued treatment
due to psychotic and non-psychotic adversereactions.

Depression and/or suicidal ideation

Suicide, suicide attempt and suicidal ideationand behaviour havebeenreported in patients treated with
anti-epileptic agents (including Keppra). A meta-analysis of randomised placebo-controlled trials of
anti-epileptic medicinal products has showna small increased risk of suicidal thoughts and behaviour.
The mechanism of this risk is not known. Therefore, patients should be monitored for signs of
depression and/or suicidal ideation and behaviours and appropriatetreatment should be considered.
Patients (and caregivers of patients) should be advised to seek medical advice should signs of
depression and/or suicidal ideation or behaviour emerge.

Worsening of seizures

As with othertypes of antiepileptic drugs, levetiracetam may rarely exacerbate seizure frequency or
severity. This paradoxical effectwas mostly reported within the first monthafter levetiracetam
initiation orincrease ofthe dose, andwas reversible upondrug discontinuation or dose decrease.
Patients should be advised to consult their physician immediately in case ofaggravation of epilepsy.

Electrocardiogram QT interval prolongation

Rare casesof ECG QT interval prolongation have beenobserved during the post-marketing
surveillance. Levetiracetam should be used with caution in patients with QTc-interval prolongation, in
patients concomitantly treated with drugs affectingthe QTc-interval, or in patients with relevant
preexisting cardiac disease or electrolyte disturbances.

Paediatric population

The tabletformulation isnot adapted foruse in children under the age of 6 years.

Available data in children did not suggestimpact ongrowth and puberty. However, long-term effects
on learning, intelligence, growth, endocrine function, puberty and childbearing potential in children
remain unknown.

Excipients
Oral Solution
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Keppra Oral Solution 100 mg/mlincludes methyl parahydroxybenzoate (E218) and propyl
parahydroxybenzoate (E216) which may cause allergic reactions (possibly delayed). It also contains
maltitol liquid; patients with rare hereditary problems of fructose intolerance should nottakethis
medicinal product. It contains glycerolwhich may cause headache, stomachupset and diarrhoea.

Solution for Infusion
This medicinal product contains 2.5 mmol (or 57 mg) sodium per maximum single dose (0.83mmol
(or 19 mg) pervial). It should be takeninto consideration by patientsona controlled sodium diet.

INTERACTIONS

Anti-epileptic medicinal products

Pre-marketing data from clinical studies conducted in adults indicate that Keppra did not influencethe
serum concentrations of existing anti-epileptic medicinal products (phenytoin, carbamazepine, valproic
acid, phenobarbital, lamotrigine, gabapentin and primidone) and that these anti-epileptic medicinal
productsdid notinfluence the pharmacokinetics of Keppra.

As in adults, there isno evidence of clinically significant medicinal productinteractions in paediatric
patients receiving up to 60 mg/kg/day levetiracetam.

A retrospective assessment of pharmacokinetic interactions in children and adolescents with epilepsy
(4 to 17 years) confirmedthat adjunctive therapy with Keppra did notinfluence the steady-state serum
concentrations of concomitantly administered carbamazepine and valproate. However, data suggested a
20% higher levetiracetam clearance in children taking enzyme-inducing anti-epileptic medicinal
products. Dose adjustment is not required.

Probenecid

Probenecid (500 mgfourtimesdaily), a renaltubular secretion blockingagent, has beenshownto
inhibit the renal clearance of the primary metabolite butnotof levetiracetam. Nevertheless, the
concentration of this metabolite remains low.

Methotrexate

Concomitant administration of levetiracetam and methotrexate has been reported to decrease
methotrexate clearance, resulting in increased/prolonged blood methotrexate concentrationto
potentially toxic levels. Blood methotrexate and levetiracetam levels should be carefully monitored in
patients treated concomitantly with the two drugs.

Oral contraceptives, digoxin and warfarin

Keppra 1000 mgdaily did notinfluence the phamacokinetics of oral contraceptives (ethinyl-estradiol
and levonorgestrel); endocrine parameters (luteinisinghormoneand progesterone) were not modified.
Keppra 2000mgdaily did notinfluence the phamacokinetics of digoxin and warfarin; prothrombin
times were not modified. Co-administration with digoxin, oral contraceptives and warfarin did not
influence the pharmacokinetics of levetiracetam.

Laxatives

There have been isolated reports of decreased levetiracetam efficacy when the osmotic laxative
macrogol has been concomitantly administered with oral levetiracetam. Therefore, macrogol should not
be takenorally foronehourbeforeand foronehourafter taking Keppra.

Food andalcohol

The extentof absorption of Keppra was not altered by food, but therate of absorptionwas slightly
reduced.

No data on theinteraction of Keppra with alcohol are available.

PREGNANCY AND LACTATION

Fertility
No impact onfertility was detected in animal studies. No clinical data are available, potential risk for
humanis unknown.
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Women of childbearing potential

Specialist adviceshould be given to women whoare of childbearing potential. Treatmentwith
levetiracetamshould be reviewed whena woman is planningto become pregnant. Aswith all anti-
epileptic medicines, sudden discontinuation of levetiracetam should be avoidedas this may lead to
breakthrough seizures that could have serious consequences for the woman andthe unbornchild.
Monotherapy should be preferred whenever possible because therapy with multiple anti-epileptic
medicines AEDs could be associated with a higher risk of congenital malformationsthan monotherapy,
dependingon theassociated anti-epileptics.

Pregnancy

A large amount of post-marketing data on pregnant women exposed to levetiracetam monotherapy
(more than 1800, amongwhich in morethan 1500 exposure occurred during thefirst trimester) do not
suggest an increase in the risk for major congenital malformations. Only limited evidenceis available
on the neurodevelopmentof children exposed to levetiracetam monotherapy in utero. However, current
epidemiological studies (on about100 children) do not suggest an increased risk of
neurodevelopmental disorders or delays. Studies in animals have shown reproductive toxicity.

Levetiracetam canbe used during pregnancy, if after careful assessmentit is considered clinically
needed. In suchcase, thelowest effective dose is recommended.

Physiological changes during pregnancy may affect levetiracetam concentration. Decreasein
levetiracetamplasma concentrations has beenobserved during pregnancy. Thisdecreaseis more
pronouncedduringthethird trimester (up to 60%of baseline concentration before pregnancy).
Appropriate clinical management of pregnant women treated with Keppra should be ensured.

Lactation

Keppra isexcreted in human breast milk. Therefore, breast-feeding is not recommended. However, if
Keppra treatmentis needed during breast-feeding, the benefit/risk of the treatmentshould be weighed
consideringthe importance of breast-feeding.

ABILITY TOPERFORM TASKS THAT REQUIRE JUDGEMENT, MOTOROR
COGNITIVE SKILLS

Levetiracetam has minor or moderate influence on theability to drive and use machines. Due to
possible differentindividual sensitivity, some patients might experience somnolence or other central
nervous system related symptoms, atthe beginning of treatment or following a dose increase.
Therefore, cautionisrecommended in those patients when performing skilled tasks, e.g. driving
vehicles or operating machinery. Patients are advised notto drive or use machines until it is established
thattheirability to perform suchactivities is not affected.

ADVERSE REACTIONS
Clinical Trial Dataand Post-Marketing Data

Summary of the safety profile

The adverse event profile presented below is based on theanalysis of pooled placebo-controlled
clinicaltrials with all indications studied, with a total of 3,416 patients treated with Keppra. These data
are supplemented with the use of Keppra in corresponding open-label extension studies, aswellas
post-marketing experience. The mostfrequently reported adverse reactions were nasopharyngitis,
somnolence, headache, fatigue and dizziness. Thesafety profile of Kepprais generally similaracross
age groups (adult and paediatric patients) and across the approved epilepsy indications.

Adverse drugreactions (ADRs) are listed below by MedDRA system organ class and by frequency.
Frequencies are defined as:

Very common=>1/10

Common >1/100to <1/10

Uncommon=>1/1000 to <1/100

Rare>1/10000 to <1/1000
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Very rare <1/10000
Not known (cannot be estimated from theavailable data)

Infections and infestations
Very Common: nasopharyngitis
Rare: infection

Blood and lymphaticsystemdisorders

Uncommon: thrombocytopenia, leukopenia
Rare: pancytopenia, neutropenia, agranulocytosis

Immune systemdisorders

Rare: drugreactionwith eosinophilia and systemic symptoms (DRESS), hypersensitivity (including
angioedema and anaphylaxis)

Metabolismand nutritiondisorders

Common: anorexia

Uncommon: weight decreased, weight increase
Rare: hyponatraemia

Psychiatric disorders

Common: depression, hostility/aggression, anxiety, insomnia, nervousness/irrita bility

Uncommon: suicide attempt, suicidal ideation, psychotic disorder, abnomal behaviour, hallucination,
anger, confusional state, panic attack, affect lability/mood swings, agitation

Rare: completed suicide, personality disorder, thinkingabnormal, delirium

Nervous systemdisorders

Very common: somnolence, headache

Common: convulsion, balance disorder, dizziness, lethargy, tremor

Uncor_nmon: amnesia, memory impairment, coordination abnormal/ataxia, paraesthesia, disturbance in
attention

Rare: choreoathetosis, dyskinesia, hyperkinesia, gait disturbance, encephalopathy, seizures aggravated

Eye disorders

Uncommon: diplopia, vision blurred

Earand labyrinth disorders

Common: vertigo

Cardiac disorders
Rare: electrocardiogram QT prolonged
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Respiratory, thoracic and mediastinal disorders
Common: cough

Gastrointestinal disorders
Common: abdominal pain, diarrhoea, dyspepsia, vomiting, nausea
Rare: pancreatitis

Hepatobiliarydisorders
Uncommon: liver functiontest abnormal

Rare: hepatic failure, hepatitis

Renal andurinary disorders
Rare: acutekidney injury

Skin and subcutaneous tissuedisorders
Common: rash
Uncommon: alopecia, eczema, pruritus

Rare: toxic epidermal necrolysis, Stevens-Johnson syndrome, erythemamultiforme

Musculoskeletaland connective tissue disorders
Uncommon: muscular weakness, myalgia

Rare: rhabdomyolysis and blood creatine phosphokinase increased™

General disorders and administration site conditions
Common: asthenia/fatigue

Injury, poisoningand procedural complications
Uncommon: injury

*Prevalenceis significantly higherin Japanese patients when compared to non-Japanese patients.

Descriptionof selected adversereactions
Therisk of anorexia is higher when levetiracetam is co-administered with topiramate.

In several cases ofalopecia, recovery was observed when Keppra was discontinued.

Bone marrow suppression was identified in some ofthe cases of pancytopenia.

Cases of encephalopathy generally occurred at the beginning of thetreatment (few days to a few
months) and were reversible after treatment discontinuation.

Paediatric population

In patientsaged4-16years, a total of 645 patients have been treated with Keppra in placebo-controlled
and open-label extension studies. 233 ofthese patients were treated with Keppra in placebo-controlled
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studies. In this paediatric age range, the data are supplemented with post-marketing experience of the
use of Keppra.

The adverse event profile of Kepprais generally similaracross age groups andacross the approved
epilepsy indications. Safety results in paediatric patients in placebo-controlled clinical studies were
consistentwith the safety profile of Keppra in adults exceptfor behaviouraland psychiatric adverse
reactions which were more commonin children than in adults. In childrenandadolescentsaged 4 to 16
years, vomiting (very common, 11.2%), agitation (common, 3.4%), mood swings (common, 2.1%),
affect lability (common, 1.7%), aggression (common, 8.2%), abnormal behaviour (common, 5.6%),
and lethargy (common, 3.9%) were reported more frequently than in otherage rangesorin the overall
safety profile.

A double-blind, placebo-controlled paediatric safety study with a non-inferiority design has assessed
the cognitive and neuropsychological effects of Keppra in children 4 to 16 years of age with partial
onset seizures. It was concluded that Keppra was notdifferent (non-inferior) from placebo with regards
to the change from baseline of the Leiter-R Attentionand Memory, Memory Screen Composite score
in the per-protocol population. Results related to behaviouraland emotional functioning indicated a
worseningin Keppra treated patients on aggressive behaviour as measured in a standardised and
systematic way usinga validated instrument (CBCL — Achenbach Child Behavior Checklist). However
subjects, who took Keppra in the long-term open-label follow-up study, did not experiencea
worsening, on average, in their behaviouraland emotional functioning; in particular measures of
aggressive behaviour were notworse than baseline.

OVERDOSAGE
Symptoms and signs

Somnolence, agitation, aggression, depressed level of consciousness, respiratory depressionand coma
were observed with Keppra overdoses.

Managementof overdose

There is no specific antidote for Keppra. Treatment ofanoverdose will be symptomatic and may
include haemodialysis. The dialyser extraction efficiency is 60% for Keppraand 74%for the primary
metabolite.

Further management shouldbe as clinically indicated or as recommended by the national poisons
centre, where available.

CLINICAL PHARMACOLOGY
Pharmacodynamics

Pharmacotherapeutic group
Anti-epileptics, Other Anti-epileptics

ATC code
NO3AX14.

Mechanism ofaction

The active substance, levetiracetam, is a pyrrolidone derivative (S-enantiomer of a-ethyl-2-oxo-1-
pyrrolidine acetamide), chemically unrelated to existing anti-epileptic active substances.

The mechanism of action of levetiracetam stillremains to be fully elucidated. In vitro andin vivo
experiments suggest that levetiracetam does notalter basic cell characteristicsand normal
neurotransmission.

In vitro studies show that levetiracetam affects intraneuronal Ca?* levels by partial inhibition of N-type
Ca?* currentsand by reducing the release of Ca?* from intraneuronal stores. In addition, it partially
reverses the reductions in GABA-andglycine-gated currents induced by zinc and -carbolines.
Furthermore, levetiracetam has been shownin in vitro studies to bindto a specific site in rodent brain
tissue. This bindingsite is the synaptic vesicle protein 2A, believed to be involved in vesicle fusionand
neurotransmitter exocytosis. Levetiracetamand related analogs showa rank order of affinity for
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bindingto the synaptic vesicle protein 2Awhich correlates with the potency of their anti-seizure
protection in the mouse audiogenic model of epilepsy. This finding suggests that the interaction
between levetiracetam andthe synaptic vesicle protein 2A seems to contribute tothe anti-epileptic
mechanism of actionof themedicinal product.

Pharmacodynamiceffects

Levetiracetam induces seizure protection in a broad range of animal models of partial and primarily
generalised seizures without havinga pro-convulsant effect. The primary metabolite is inactive.

In man, activity in both partial and generalised epilepsy conditions (epileptiform
discharge/photoparoxysmal response) has confirmed the broad-spectrum phammacological profile of
levetiracetam.

Pharmacokinetics

Levetiracetamisa highly soluble and permeable compound. The pharmacokinetic profile is linear with
low intra-and inter-subject variability. There is no modification ofthe clearance after repeated
administration. The timeindependent pharmacokinetic profile of levetiracetamwas also confirmed
following 1500 mg intravenous infusion for 4 days with twice daily dosing.

Thereis no evidence forany relevantgender, raceor circadian variability. The pharmacokinetic profile
is comparable in healthy volunteers andin patients with epilepsy.

Dueto its complete and linear absorption, plasma levels can be predicted from the oral dose of
levetiracetamexpressed as mg/kg bodyweight. Therefore, thereis no need for plasmalevel monitoring
of levetiracetam.

A significant correlation between saliva and plasma concentrations has been shown in adultsand
children (ratio of saliva/plasma concentrations ranged from 1 to 1.7 for oral tablet formulation and after
4 hours post-dosefor oral solution formulation).

The phamacokinetic profile has been characterised following oraladministration. A single dose of
1500 mglevetiracetam diluted in 200mlof a compatible diluentand infused intravenously over 15
minutes is bioequivalentto 1500 mg levetiracetam oral intake, given as three 500 mgtablets.

The intravenous administration of doses upto 4000 mgdilutedin 100 mlof 0.9%sodium chloride
infused over 15 minutes and doses upto 2500 mgdilutedin 100 mlof 0.9% sodium chloride infused
over5 minuteswas evaluated. The pharmacokinetic and safety profiles did not identify any safety
concerns.

Absorption

Levetiracetamis rapidly absorbed after oraladministration. Oralabsolute bioavailability is close to
100%. Peak plasmaconcentrations (Cmax) are achievedat1.3 hours after dosing. Steady-state is
achieved after two days of a twice daily administration schedule. Peak concentrations (Cmax) are
typically 31and 43 pg/mlfollowinga single 1000mgdoseand repeated 1000 mgtwice daily dose,
respectively. The extent ofabsorptionis dose-independent and is not altered by food.

Distribution

No tissue distribution data are available in humans. Neither levetiracetamnor its primary metabolite are
significantly boundto plasmaproteins (<10 %). The volume of distribution of levetiracetam is
approximately 0.5t0 0.7 I/kg, a valueclose to thetotal body water volume.

Peak plasma concentration (Cmax) 0bservedin 17 subjects following a single intravenous dose of 1500
mginfused over 15 minutes was 51 + 19 pg/mL (arithmetic a verage + standard deviation).

Metabolism

Levetiracetam is not extensively metabolised in humans. The major metabolic pathway (24% ofthe
dose) is an enzymatic hydrolysis of theacetamide group. Production of the primary metabolite, ucb
L057,isnot supported by liver cytochrome P450isoforms. Hydrolysis of the acetamide groupwas
measurable in a large number of tissues includingblood cells. The metabolite uch L057 is
pharmacologically inactive.

Two minor metabolites were also identified. One was obtained by hydroxylation of the pyrrolidone
ring (1.6% of the dose) and theother oneby opening of the pyrrolidone ring (0.9% of the dose).
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Otherunidentified components accounted only for 0.6% of the dose.

No enantiomeric interconversion was evidenced in vivo for either levetiracetam or its primary
metabolite.

In vitro, levetiracetam and its primary metabolite have beenshown not to inhibit the major human liver
cytochrome P450isoforms (CYP3A4,2A6,2C9,2C19,2D6, 2E1and 1A2), glucuronyl transferase
(UGT1Al1 and UGT1A®6)andepoxide hydroxylaseactivities. In addition, levetiracetam does not affect
the invitro glucuronidation of valproic acid.

In human hepatocytes in culture, levetiracetam had little orno effect on CYP1A1/2, SULT1EL or
UGT1AL. Levetiracetam caused mild induction of CYP2B6and CYP3A4. The in vitro dataandin vivo
interaction data onoral contraceptives, digoxinand warfarin indicate that nosignificantenzyme
inductionis expectedin vivo. Therefore, theinteraction of levetiracetam with other substances, or vice
versa, is unlikely.

Elimination
The plasma half-lifein adultswas 7+1 hours and did not vary either with dose, route of administration
or repeated administration. The meantotal body clearance was 0.96 ml/min/kg.

The majorroute of excretion was via urine, accounting fora mean 95%of the dose (approximately
93% of the dose was excreted within 48 hours). Excretion via faeces accounted foronly 0.3%of the
dose.

The cumulativeurinary excretion of levetiracetam and its primary metabolite accounted for 66%and
24% of the dose, respectively duringthe first 48 hours. The renal clearance of levetiracetam and ucb
L057is0.6 and 4.2 ml/min/kg respectively indicating thatlevetiracetam is excreted by glomerular
filtration with subsequent tubular reabsorptionandthat the primary metabolite isalso excreted by
active tubular secretion in addition to glomerular filtration. Levetiracetam eliminationis correlated to
creatinineclearance.

Special patient populations

Children (4 to 12 years)

The pharmacokinetics in paediatric patients has not been investigated after intravenous administration.
However, based on the pharmacokinetic characteristics of levetiracetam, the pharmacokinetics in adults
after intravenous administration and the pharmacokinetics in children after oral administration, the
exposure (AUC) of levetiracetam is expected to be similar in paediatric patients aged 4-12 years after
intravenous and oral administration.

Following single dose administration (20 mg/kg) to epileptic children (6 to 12 years), the half-life of
levetiracetamwas 6.0 hours. The apparent body weight adjusted clearance was approximately 30%
higher than in epileptic adults. Following repeated oral dose administration (20 to 60 mg/kg/day) to
epileptic children (4 to 12 years), levetiracetam was rapidly absorbed. Peak plasma concentration was
observed 0.5 to 1.0 hour after dosing. Linear and dose proportional increases were observed for peak
plasma concentrations and area under the curve. The elimination half-life was approximately 5 hours.
The apparent body clearance was 1.1 ml/min/kg.

Elderly
Inthe elderly, the half-life isincreased by about 40% (10 to 11 hours). Thisis related to the decreasein
renalfunction in this population.

Renal impairment

The apparent body clearance of both levetiracetamand of its primary metabolite is correlatedto the
creatinineclearance. It istherefore recommended to adjust the maintenance daily dose of levetiracetam,
based oncreatinine clearance in patients with moderate and severe renal impairment.

Inanuric end-stage renal disease subjects, the half-life was approximately 25 and 3.1 hours during
interdialytic and intradialytic periods, respectively.
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The fractional removal of levetiracetam was 51%duringa typical 4-hour dialysis session.

Hepaticimpaiment

In subjects with mild (Child-Pugh A) to moderate (Child-Pugh B) hepatic impairment, the
pharmacokinetics of levetiracetam were unchanged. In subjects with severe hepatic impairment (Child-
Pugh C), totalbody clearance was 50% that of normal subjects, but decreased renal clearance
accounted formost ofthe decrease.

No dose adjustmentis needed in patients with mild to moderate hepatic impairment. In patients with
severe hepatic impairment, the creatinine clearance may underestimate the renal insufficiency.
Therefore, a 50%reduction of thedaily maintenance dose is recommended when the creatinine
clearanceis < 60 ml/min/1.73m?

Gender
Levetiracetam Craxand AUC were 20 % higher in women (N=11) compared tomen (N=12). However,
clearances adjusted for body weight were comparable.

Race

Formal pharmacokinetic studies of the effects of race have not been conducted. Crossstudy comparisons
involving Caucasians (N=12) and Asians (N=12), however, show that pharmacokinetics of levetiracetam
were comparable between the two races. Because levetiracetam is primarily renally excreted and there
are no important racial differences in creatinine clearance, pharmacokinetic differences due to race are
not expected.

INCOMPATIBILITIES AND USE AND HANDL ING
Keppra Concentrate for Solutionfor Infusion 100 mg/ml

Table presents the recommended preparationand administration of Keppra concentrate to achieve a
totaldaily doseof 500mg, 1000mg, 2000 mgor 3000 mg in two divided doses.

Dose Withdrawal Volume of Infusion Frequency of | Total Daily
Volume Diluent Time administration Dose
250mg | 2.5ml(half5ml 100 ml 15 minutes Twicedaily | 500 mg/day
vial)

500mg | 5ml(one5mlvial) 100 ml 15 minutes Twice daily 1000 mg/day
1000 10 ml(two 5 ml 100ml 15 minutes Twice daily 2000 mg/day
mg vials)
1500 15 ml(three 5ml 100ml 15 minutes Twicedaily | 3000 mg/day
mg vials)

Thismedicinal product is for single use only, any unused solution should be discarded.

This medicinal product must not be mixed with other medicinal products exceptthose mentioned
below. Keppra concentrate was foundto be physically compatible and chemically stable when mixed
with the following diluents for at least 24 hours and stored in PVC bags at controlled room temperature

15-30°C.

Diluents:
e Sodium chloride (0.9%) injection
e LactatedRinger'sinjection
o Dextrose 5% injection

Medicinal productwith particulate matter or discolouration should notbe used. Any unused medicinal
productorwaste material should be disposed of in accordancewith local requirements.

STORAGE CONDITIONS AND EXPIRY DATE
Film-coated tablets: Referto the storage conditionon the outer packaging.
Concentrate for solution for infusion: Refer to the storage condition on the outer packaging. From a

microbiological point of view, the product should be used immediately after dilution. If not used
immediately, in-use storage time and conditions prior to use arethe responsibility of the userand would
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normally not be longer than 24 hours at 2 to 8°C, unless dilution has taken place in controlled and
validated aseptic conditions.

Oralsolution: Referto thestorage condition on the outer packaging. Store in the original container.
Keep out of reachandsight of children.

Do not use after the expiry date stated on the cartonboxandblister.

NATURE AND CONTENTS OF CONTAINER

Keppra 250 mg, 500 mgand 1000 mg film-coated tablets are packaged in aluminium/PVCblisters placed
in cardboard boxes containing 100 film-coated tablets.

Keppra Oral Solution is packaged in a 300 mlamber glass bottle with a white child-proof resistant closure
in a cardboard box containinga graduated oral syringe.

Keppra Concentrate is packed in glass vials with Teflon faced stoppers and sealed with an
aluminium/polypropylene flip-off cap. The vials are placed into cartons of 10 vials. Eachvial contains 5
mlof concentrate.

Product Registrant: GlaxoSmithKline Pte Ltd, 23 Rochester Park, Singapore 139234
Version: NCDS11SI

Versiondate: 27 January 2021
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