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Abstract: Brivaracetam (BRV), an analog of levetiracetam (LEV), was discovered during a

target-based rational drug discovery program that aimed to identify potent synaptic vesicle

protein 2A (SV2A) ligands. Among the 12,000 compounds screened in vitro, BRV was

found to have 15–30 times greater affinity for SV2A and faster brain permeability than LEV.

Although preclinical and post-marketing studies suggest broad spectrum of efficacy, BRV is

currently only approved as monotherapy and adjunctive therapy of focal-onset seizures in

patients age 4 years and older. This review examines the use of BRV as add-on (5–200 mg/

day) therapy for epilepsy with a particular emphasis on the six regulatory randomized

clinical trialsinvolving 2399 participants. Participants receiving BRV add-on at doses of

50–200 mg/day were more likely to experience a 50% or greater reduction in seizure

frequency (pooled risk ratio [RR]) 1.79 with 95% CI of 1.51–2.12) than those receiving

placebo. Participants receiving BRV were also more likely to attain seizure freedom (57

[3.3%] vs 4 [0.5%]; RR 4.74, 95% CI 2.00–11.25) than those receiving placebo. In addition,

BRV demonstrated a favorable safety profile similar to placebo across all BRV doses.

Treatment emergent adverse events significantly associated with BRV were irritability,

fatigue, somnolence, and dizziness. Post-hoc analysis of regulatory trials, post-marketing

studies, and indirect comparison meta-analyses demonstrated equivalent efficacy and better

tolerability of BRV when compared to other antiseizure drugs. Further, these studies appear

to suggest that behavioral adverse events are likely to be less frequent and less severe with

BRV than LEV. Therefore, switching to BRV may be considered for patients who have

seizure control with LEV, but who cannot tolerate its behavioral adverse effects. In this

setting, immediate switch from LEV to BRV at a 10:1–15:1 ratio without titration is feasible.

Further research is needed to examine the long-term tolerability and efficacy of BRV as well

as its role in the treatment of other types of epilepsies, particularly dementia-related epilepsy

and brain tumor-related epilepsy.

Keywords: antiepileptic drugs; brivaracetam, drug-resistant epilepsy, focal epilepsy,

levetiracetam, psychiatric adverse events

Introduction
Epilepsy is one of the most common, serious neurologic diseases, affecting over 65

million people worldwide.1 Despite the expansion of the anti-seizure drug (ASD)

repertoire, with over 16 new ASDs having become available during the past three

decades,2 one-third of patients with epilepsy do not respond to ASD treatment.3

Further, many patients suffer from adverse effects of ASDs, which is responsible

for poor adherence and discontinuation of ASD therapy, contributing to increased

risk of death and increased utilization of unscheduled care.4 Therefore, the need to
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discover new ASDs with improved efficacy and better

tolerability profiles continues. Brivaracetam (BRV)

(Briviact, UCB, Inc.), a propyl analog of levetiracetam

(LEV), is a rationally discovered anticonvulsant with

high-affinity binding to synaptic vesicle protein 2A

(SV2A). It was initially approved in 2016 by the Food

and Drug Administration (FDA) for adjunctive treatment

of focal seizures in patients aged 16 years and older. In

2017, the FDA approved a supplemental new drug appli-

cation for BRV as monotherapy for focal seizures in

patients 16 years and older with epilepsy. Since 2018

BRV has been approved as monotherapy and adjunctive

therapy in the treatment of partial onset (focal) seizures in

patients age 4 years and older. In the European Union,

BRV is only approved as an adjunctive therapy in the

treatment of focal-onset seizures with or without second-

ary generalization in patients 16 years of age and older

with epilepsy. This review discusses pharmacological

properties, details of efficacy, tolerability, and safety pro-

files of BRV. In contrast to the previous reviews,5–11 the

current review focuses on the clinical trial data and most

recent post-market studies of BRV.

Discovery
BRV, a member of racetam family of anticonvulsants, was

discovered during a target-based rational drug discovery

program that was initiated with the purpose of identifying

selective, high-affinity SV2A ligands possessing antiepi-

leptic properties superior to LEV.12 Approximately 12,000

compounds were screened in vitro for SV2A binding affi-

nity. BRV and seletracetam were the two anticonvulsant

candidates chosen for clinical testing,12 however, only

BRV entered clinical trials, due to its wider spectrum of

activity in animal models than seletracetam, and its pro-

nounced ability to inhibit neuronal hyperexcitability.13

Pharmacokinetics
Dosage and administration
BRV is available for oral (film-coated tablets of 10, 25, 50, 75,

and 100 mg or oral solution 10 mg/mL) and intravenous

(injection or infusion, 50 mg/5 mL) use. A recent crossover

study demonstrated these formulations to be bioequivalent.14

BRV 100 mg intravenous bolus also had the same bioavail-

ability to that of 50 and 100 mg tablets. BRV has a favorable

pharmacokinetic profile over a wide dose range (10–800 mg/

day) due to its linear and dose-dependent kinetics.15 BRV is

rapidly absorbed after oral administration with close to 100%

bioavailability.16 High-fat meals may delay absorption, and

prolong peak time from 1 to 3 hrs.15 For tablets the median

time to peak (tmax) after oral intake is approximately 2 hrs,

whereas oral solution shows faster absorption with a tmax of

37.8 mins.16

Metabolism
BRV is highly lipophilic and can rapidly enter the brain

(much faster than LEV).17 It crosses the blood–brain bar-

rier (BBB) by passive diffusion without involvement of

transporters, and engages with SV2A within minutes.17

BRV is weakly bound to plasma proteins (<20%) with

volume of distribution of 0.6 L/kg.18 The mean elimina-

tion half-life of BRV is around 7–8 hrs, which does not

vary with dose.16 The steady-state concentration is typi-

cally achieved after 2 days of repeated dosing.18 BRV is

extensively metabolized in the liver to three inactive

metabolites.18,19

Elimination
Elimination of unchanged BRV and its metabolites occurs

via kidneys within 72 hrs, with 8.6% of administered dose

eliminated unchanged.15,16 The renal drug clearance

approximates 1.68 L/h in healthy subjects.16 Studies have

demonstrated that the pharmacokinetic profile of BRV in

elderly and renally impaired subjects is similar to that in

healthy subjects.20 Conversely, severe impairment of liver

functions dictates reduction of BRV dose by one third, with

a maximal daily dose of 150 mg.21,22 The pharmacokinetic

properties of BRV (vs LEV) are summarized in Table 1.

Drug–drug interactions
BRV has a low potential for clinically relevant drug–drug

interactions. In regulatory clinical trials, BRV was not demon-

strated to be effective in reducing seizure frequency by 50% or

more when added to patients who were simultaneously taking

LEV.23 Further, recent observational studies caution against

the concomitant use of BRV and LEV due to concerns of

severe behavioral disturbance.24 Concomitant use of BRV

and LEV could also unmask masked depression,24 an atypical

depression in patients with unexplained somatic symptoms,

even if the symptoms of depression were either absent or

present at lesser intensity and were not of primary concern.25

A dose-dependent and reversible inhibition of carbamazepine

epoxide hydrolase (CBZ-E) byBRV could occur when it is co-

administrated with CBZ,26 however a post-hoc analysis of

three regulatory randomized clinical trials (RCTs) (N01252,

N01253, and N01358) did not support this association.27
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Further, analysis of the five regulatory RCTs (N01114,

N01193, N01252, N01253, and N01358) has demonstrated

that BRV does not affect steady-state plasma concentrations of

LEV, CBZ, lacosamide (LCM), lamotrigine (LTG), 10-hydro-

xyoxcarbazepine, phenobarbital (PB), pregabalin (PGB), phe-

nytoin (PHT), topiramate (TPX), valproate (VPA), or

zonisamide (ZNS).28 Despite the possibility for plasma con-

centrations to increase when BRV is given with CYP2C19

inhibitors of CYP2C19 (eg, fluconazole and fluvoxamine),

adverse clinical consequence is not likely.5,29–31

Mechanism of action in preclinical
profile
SV2A is an integral transmembrane glycoprotein expressed

throughout the central nervous system and plays a signifi-

cant role in regulating neurotransmitter release, although the

exact mechanism remains unknown.32 It has been proposed

that SV2A could act like a transporter or modulate exocy-

tosis of transmitter-containing SVs and modify synaptic

function.32 Early studies have demonstrated that SV2A-

deficient mice experience severe seizures.33 Reduced

SV2A expression has also been found in brain tissue

obtained from animal models of epileptogenesis and

patients with pharmaco-resistant temporal lobe epilepsy.34

BRVand LEV bind to the human SV2A protein at closely

related sites, however they interact at different binding sites, or

interact with different conformational states of the protein.35

BRV has much more selective binding with the SV2A protein

than LEV; a 15–30-fold higher binding affinity.36 Several

animal studies demonstrated that BRValso has a much faster

rate of brain penetration, SV2A occupancy (SO), and onset of

action than LEV.17 Recently, using a positron emission tomo-

graphy study, BRV was shown to achieve high SO more

rapidly than LEV (when intravenously administered at ther-

apeutic doses in humans).37 Similar to LEV, BRVis postulated

to exert its anticonvulsant action by binding the SV2A and

modulating its effect on neurotransmitter release.38 Although

the details of how the binding to SV2A result in its antic-

onvulsant effect are not known, it is hypothesized that BRV

binding may stabilize the conformation SV2A, enabling the

protein to fulfill a protective role during seizures.39 BRV was

suggested to inhibit voltage-gated sodium channels (VGSC),

however, the reported inhibition of BRVon VGSC currents is

not believed to contribute to its anticonvulsant properties.40

Unlike LEV, BRV does not modulate inhibitory or excitatory

Table 1 The pharmacokinetic properties of brivaracetam in comparison to levetiracetam

Brivaracetam Levetiracteam

Dosage formulations

Oral

Intravenous

25 mg, 50 mg, 75 mg, 100 mg

50 mg/5 mL

250 mg, 500 mg, 750 mg, 1000 mg

500 mg/5 mL; 500 mg/100 mL; 1500 mg/5 mL

Bioavailability 100%* (may be delayed with high-fat meal) >95%

Time to peak, median (range) 2 hr (1–4 hrs) 1 hr (1–2 hrs)

Protein binding 15–20% <10%

Metabolism Hydrolysis-primary metabolism

Hydroxylation (CYP2C19)-16%

Unchanged-9%

34% metabolized (hydrolysis)

66%-unchanged

Involvement of CYP450 enzymes Yes (CYP2C19) No

Elimination half-life (t1/2) 7–8 hrs 6–8 hrs

Time for steady state 2 days of repeated dosing 24–48 hrs of repeated dosing

Clearance 95% via kidney (8–10% unchanged) 100% via kidney (66% unchanged)

Dose adjustment in renal failure/dialysis Not required Required (50% supplemental dose following HD)

Dosing adjustment in liver failure Reduce dose by 1/3 may be needed Not required

Relevant drug–drug interaction Reduced by co-administration of rifampin

Reduce combined OCPs by 20–30% at 400 mg/day

None

Abbreviations: CYP450, cytochrome P450; HD, hemodialysis; OCP, oral contraceptive pills.
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postsynaptic ligand-gated receptors at therapeutic brain con-

centrations, supporting the notion that BRV is a more selective

and specific SV2A ligand.41 The proposed mechanism of

action for BRVand LEV is shown in Figure 1.

The increased affinity for SV2A of BRVover LEV seen

in in vitro studies correlated well with its higher potency

and efficacy in various animal models of focal, generalized,

and drug-resistant seizures.12 BRV has been shown to pro-

vide more potent protection than LEV against secondary

generalized seizures in models of focal epilepsy, including

cornea-kindled mice, hippocampus-kindled rats, amygdala-

kindled rats, audiogenic seizure-susceptible mice, and the 6

Hz cornea-kindling model mice.42–44 BRV has also demon-

strated seizure protection in the classical maximal electro-

shock stimulation and subcutaneous pentylenetetrazole

seizure models, albeit at relatively high doses.45 In addition,

BRV demonstrated a complete suppression of seizures in

the genetic model of audiogenic seizure-susceptible mice,

and in the genetic absence epilepsy rat from Strasbourg.46

Further, BRV displayed more potent anti-seizure and anti-

myoclonic activity in an established rat model of cardiac

arrest-induced post-hypoxic myoclonus than LEV.47 Lastly,

BRV was found to have a potent anticonvulsant effect in

animal models of self-sustaining status epilepticus (SE).48

These findings suggest a broad-spectrum efficacy of BRVas

compared with LEV.12

Clinical trials
Clinical efficacy
Several double-blind RCTs have reported the safety and

efficacy of various doses of oral BRVas adjunctive therapy

for uncontrolled focal-onset seizures with or without sec-

ondary generalization.

Phase I studies
The findings of Phase I study (N01297) in 16 healthy

volunteers suggested that the profile of cognitive, subjec-

tive, and electrophysiologic effects of BRV is similar to

LEV and placebo.49 In a double-blind, placebo-controlled,

parallel-group sequential cohort study of three successive

panels of 12 healthy male subjects, BRV was well tolerated

at doses of 200–800 mg daily for 2 weeks. Additionally,

BRV demonstrated a favorable pharmacokinetic profile,

characterized by rapid absorption, volume of distribution

limited to total body water, apparent single-compartment

elimination, and dose proportionality.19 In a Phase I rando-

mized open-label, 5-year crossover study involving 25

patients the bioequivalence of oral and intravenous

Figure 1 Proposed mechanism of action of brivaracetam (BRV) and levetiracetam (LEV). BRV and LEV bind to the human SV2A protein at closely related sites. BRV has a 15–

30-fold higher binding affinity than LEV. Unlike LEV, BRV does not Inhibit high-voltage-gated calcium currents or modulate inhibitory or excitatory postsynaptic ligand-gated

receptors at therapeutic brain concentrations.

Abbreviations: AMPA, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid; GABA, gamma-aminobutyric acid; GAD65, glutamate decarboxylase 65; SV2A, synaptic

vesicle protein 2A.

Feyissa Dovepress

submit your manuscript | www.dovepress.com

DovePress
Neuropsychiatric Disease and Treatment 2019:152590

http://www.dovepress.com
http://www.dovepress.com


formulations of BRV was established.14 In a double-blind,

randomized, three-way crossover study that explored the

potential pharmacokinetic and pharmacodynamic interac-

tions between ethanol and BRV in 18 healthy males, BRV

approximately doubled ethanol effects on psychomotor

function, attention, and memory.50 Therefore, the authors

advised against intake of alcohol with BRV.

Phase II studies
An exploratory, Phase IIb, double-blind, randomized, par-

allel-group, placebo-controlled, dose-ranging study in

patients 16–65 years old (N01193) found that adjunctive

BRVat a daily dose of 50 mg (but not at 5 or 20 mg doses)

was associated with significant reductions in focal seizure

frequency per week.51 In another Phase IIb, double-blind,

randomized, placebo-controlled, parallel-group, dose-ran-

ging study (N01114), the primary efficacy analysis did not

reach statistical significance, however statistically signifi-

cant differences were observed as compared with placebo

on several secondary efficacy outcomes with BRV at a 50

mg daily dose.52 Details of BRVefficacy results from these

clinical trials are summarized in Table 2.

Phase III studies
Adjunct therapy

A prospective, multicenter, randomized, double-blind, pla-

cebo-controlled, parallel-group, fixed-dose trial (N01253)

reported that adjunctive BRV at a daily dose of 50 mg is

associated with statistically significant reductions in sei-

zure frequency compared with placebo.54 In another dou-

ble-blind, randomized, placebo-controlled trial (N01252),

the primary efficacy analysis based on the 50 mg/day dose

was not statistically significant.53 In comparison, BRV at

100 mg/day reduced baseline-adjusted focal seizure fre-

quency/week by 11.7% over placebo, achieving statistical

significance (p=0.037). Secondary efficacy analyses, med-

ian percent reduction, and >50% responder rate also pro-

vided supportive evidence for the efficacy of BRV at 100

mg/day. The third pivotal Phase III randomized, double-

blind, placebo-controlled, multicenter study (N01358)

reported that adjunctive BRV at 100 and 200 mg/day was

efficacious in reducing focal-onset seizures in adults with-

out concomitant LEV use.56 Secondary efficacy analyses,

median percent reduction, and >50% responder rate also

provided supportive evidence for the efficacy of both BRV

100 mg/day and BRV 200 mg/day. Lastly, the fourth

pivotal Phase III randomized, double-blind, placebo-con-

trolled flexible dose trial (N01254) in adults 16–70 years

old with uncontrolled epilepsy (up to 20% were patients

with generalized epilepsy), demonstrated that adjunctive

BRV given at individualized tailored doses (20–150 mg/

day) was well tolerated in adults with uncontrolled

epilepsy.55 Further, adjunctive BRV titrated up to 150

mg/day dose improved the 50% responder rate (secondary

endpoint) by 13.6% over placebo. An efficacy result of the

six regulatory RCTs is summarized in Table 2.

BRV was also evaluated in two Phase III randomized,

double-blind, placebo-controlled trials (NO1187; NO1236)

in 47 patients with Unverricht–Lundborg disease (EPM1).57

There was no significant improvement in action myoclonus

scores (primary efficacy end-point) at 5 mg, 50 mg or 150

mg/day doses. However, the drug was well tolerated with

high study completion rates (95.3% overall) and a high

percentage of patients entering long-term follow-up

(88.7% overall). The authors speculated that perhaps action

myoclonus showed wide intra-patient variability and may

not have been the optimal tool to measure severity of

myoclonus in EPM1.

Monotherapy

Two Phase III, randomized, double-blind, multicenter, his-

torical-controlled, conversion-to-monotherapy studies

(N01276; N01306) were conducted to evaluate the effi-

cacy, safety, and tolerability of conversion to BRV 50 mg/

day monotherapy in adults with uncontrolled focal

seizures.58 In this study, patients aged 16–75 years, with

2–40 focal seizures per 4 weeks during an 8-week base-

line, and on stable doses of 1–2 ASDs were enrolled.

Patients were randomized to BRV 50 or 100 mg/day

(3:1) in two equal doses without titration. The treatment

period comprised 1-week BRV add-on, 8-week baseline

ASD tapering, and 8-week BRV monotherapy periods.

Primary efficacy endpoint was Kaplan–Meier estimate of

the cumulative exit rate due to pre-defined exit criteria at

Day 112 (50 mg/day, efficacy population). After randomi-

zation of 150 patients, both studies were terminated as

interim analysis revealed the studies were unlikely to

attain a positive outcome for the efficacy analysis, how-

ever BRV 50 mg/day monotherapy demonstrated an exit

rate lower than historical control.

Meta-analysis
Pooled analysis from the six regulatory RCTs studies

involving 2399 participants according to intent to treat

(1715 for BRV and 684 for placebo groups) demonstrated

that the pooled risk ratio (RR) for the 50% responders and
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seizure freedom were 1.79 (1.51–2.12) and 4.74 (2.00–

11.25), respectively.23 Notably, the sub-analysis by LEV

status did not show a statistically significant difference in

the 50% responder rate when comparing BRV with pla-

cebo in patients with concomitant administration of LEV.

In safety/tolerability and efficacy data for 35 patients aged

≥65 years pooled from three randomized, double-blind,

placebo-controlled, fixed-dose Phase III studies (N01252,

N01253, N01358), the median percent reduction from

baseline in focal seizure frequency/28 days was 14.0%

for placebo vs 25.5%, 49.6%, and 74.9% for BRV 50,

100, and 200 mg/day, respectively.59 The ≥50% responder

rate was 14.3% for placebo vs 25.0%, 50.0%, and 66.7%

for BRV 50, 100, and 200 mg/day, respectively. These

findings suggest that BRV may be a suitable adjunctive

treatment for older patients with uncontrolled focal

seizures.

In a post-hoc analysis pooled from the three pivotal

Phase III RCTs (N01252, N01253, and N01358), BRV

administration with concomitant LTG or TPM reduced

seizure frequency and was generally well tolerated for

BRV doses of 50–200 mg/day.60 Patients treated with

BRV 100 or 200 mg/day, and either LTG or TPM,

appeared more likely to achieve a ≥50% reduction in

seizure frequency compared with the corresponding pla-

cebo groups. Another post-hoc study of the three pivotal

Phase III RCTs (N01252, N01253, and N01358) evaluated

patients receiving BRV 50–200 mg/day (n=1160) by prior

exposure to LEV and three other commonly used AEDs –

CBZ, TPM, and LTG.61 Study completion rates were

similar in the ASD-exposed subgroups and ASD-naïve

subgroups. The study found that patients previously trea-

ted by any of these four ASDs had reduced response to

BRV, irrespective of the mechanism of action. The authors

speculated that this observation could be due to the greater

disease severity in the exposed patients. Importantly, this

study also revealed that previous treatment failure with

LEV should not preclude the use of BRV.61 In another

study, an indirect comparison meta-analysis of 17 RCTs

involving 4971 patients, the efficacy and tolerability of

adjunctive BRV was compared to that of LCM, eslicarba-

zepine acetate (ESC), and perampanel (PER) in patients

with focal-onset seizures.62 The analysis did not demon-

strate a significant difference in efficacy between add-on

BRV (50 mg/day) and LCM (200 mg/day), ESC (800 mg/

day), or PER (12 mg/day). Further, lower adverse events

were observed with high-dose BRV compared to high-dose

ESC or PER. Lastly, Charokopou et al recently assessed

the relative efficacy, safety, and tolerability of adjunctive

BRV and other ASDs using a Bayesian network meta-

analysis approach of 65 published RCTs. Their analysis

demonstrated relative equivalence in efficacy, safety, and

tolerability outcomes of the included ASDs (vs BRV):

oxcarbazepine, PER, PGB, retigabine/ezogabine, TPM,

and ZNS.63

Safety and tolerability
Overall, both oral and intravenous forms of BRV are gen-

erally well tolerated with only mild-to-moderate side

effects.10 Pooled data from the six regulatory RCTs

found that long-term treatment with BRV is well

tolerated.23 The overall relative risk for treatment with-

drawal due to treatment emergent adverse events (TEAEs)

or any reason were 1.58 (1.04–2.40) and 1.27 (0.93–1.73),

respectively. The TEAEs significantly associated with

BRV were dizziness, somnolence, fatigue, and irritability.

The most common psychiatric adverse events (PAEs) were

irritability (3.2% of BRV-treated patients vs 1.1% of pla-

cebo-treated patients), insomnia (2.9% BRV vs 1.5% pla-

cebo), anxiety (2.0% BRV vs 1.3% placebo), and

depression (2.0% BRV vs 1.1% placebo). The number of

serious TEAEs was 73/1787 (4.1%) for subjects rando-

mized to BRV treatment groups and 38/718 (5.3%) for

placebo group. The results of the meta-analysis of TEAEs

reported from the six regulatory RCTs are provided in

Table 3. In another meta-analysis of eight RCTs with a

total of 2505 patients, 1178 of which were randomized

with respect to BRV, serious TEAEs, overall withdrawal,

TEAE-related withdrawal, and PAEs were not significantly

associated with BRV treatment.64 Further, there was no

significant difference in the overall withdrawal rate

between the BRV and placebo groups [RR 95% CI, 1.18

(0.84, 1.65); p=0.34]. TEAE-related withdrawal was also

not associated with BRV treatment [RR 95% CI, 1.36

(0.91, 2.04); p=0.14]. Dizziness [RR (99% CI)=1.57

(1.13, 2.18), p=0.008], fatigue [RR (95% CI)=1.98 (1.32,

2.97), p=0.001], and back pain [RR (95% CI) =0.44 (0.20,

0.93), p=0.03] were significantly associated with BRV

treatment. The comparison also showed that PAEs with

BRV were not higher than with placebo [RR (95% CI)

=0.88 (0.60, 1.31), p=0.54]. Lastly, a recent study consist-

ing of 43 patients that underwent neuropsychological

screening before adjunctive treatment with BRV and fol-

low-up evaluation after 5 days or 25 weeks revealed a

significant improvement with regards to attention and

executive function.65
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Although to date no head-to-head studies have been

performed, PAEs appear less common with BRV than with

LEV, and most patients who switched to BRV after experi-

encing behavioral adverse effects on LEV reported

improvement.23 A post-hoc analysis of data pooled from

the three regulatory RCTs (N01252, N01252, and N01358)

suggested a lower incidence of PAEs in BRV than LEV-

treated participants.61 In another study, it was shown that

93.1% of patients who switched from LEV to BRV experi-

enced reduction in the maximum intensity of primary

PAEs, while 69.0% of patients showed marked or moder-

ate improvement.66 Therefore, the authors concluded that

patients experiencing PAEs associated with LEV may

benefit from switching to BRV. Significantly, in a recent

prospective open-label controlled study of 37 patients, no

PAEs were reported.67 BRV was also associated with

better anger levels, mood scores, and quality of life.

Moreover, prior use of LEV or the presence of a psychia-

tric background did not influence the results. In a recent

case-series study involving 25 patients with drug-resistant

epilepsy and psychiatric co-morbidities, 77% patients who

developed PAEs with LEV did not do so on BRV, suggest-

ing that BRV is better tolerated in patients with psychiatric

co-morbidities.68 Lastly, in a recent animal study using a

Kainic Acid Model, BRV-treated rats displayed signifi-

cantly less aggressive behaviors (ie, they behaved like

the control group) than LEV-treated rats.69 Therefore, the

authors concluded that BRV could represent an effective

alternative to LEV to limit problems of aggressiveness

related to its use.

Post-marketing studies (Phase IV)
A multicenter study aimed to give insights into retention,

efficacy, and tolerability in a large cohort of patients with

different epilepsy syndromes during the first year of treat-

ment with BRV reported that BRV in broad clinical post-

marketing use is well tolerated.70 Efficacy at 3 months was

41.2% (50% responder rate) with 14.9% seizure-free for 3

months and, at 6 months, 40.5% with 15.3% seizure-free.

The study also found that an immediate switch from LEV

to BRV at a ratio of 10:1–15:1 is feasible. In addition, a

recent multicenter retrospective post-marketing study

involving 575 patients revealed that mean reduction in

seizure frequency was 36.0%, 39.7% of patients were

≥50% responders and 17.5% were seizure-free at 12

months.71 Lastly, post-marketing data in 34 children with

focal epilepsies and BRV treatment found a 50% respon-

der rate of 47% (29% seizure-free) at 3 months.72T
ab
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BRV in the treatment of other
epilepsies
Status epilepticus
BRV’s intravenous formulation and fast penetration into the

brain will result in its increasing use in the management of

SE.6 In a multicenter retrospective review of 205 patients

with SE, 11 patients were treated with BRV for refractory or

super-refractory SE; there was a cessation of SE in three

patients (27%) within the first 24 hrs of BRV treatment.73

Initial BRV doses ranged between 50 and 400 mg (median

100 mg), titrated to a daily dose of 100–400 mg (median 200

mg). While taking BRV, no serious side effects were seen.

Another multicenter retrospective cohort study reported that

intravenous BRV with a bolus injection of 200–300 mg in

two females with absence SE was well tolerated, but did not

result in cessation of SE.74 A single-center retrospective

study involving seven patients median-aged 68 years (range

29–79) that were treated with intravenous BRV reported

immediate clinical and electrophysiological improvement in

two patients (29%).75 Median loading dose was 100 mg

intravenously over 15 mins (range=50–200 mg), titrated up

to a median dose of 100 mg/d (range=100–300 mg). In

another single-center retrospective study consisting of 14

patients, seven patients (50%) responded to intravenous

BRV.76 Notably, the responders received significantly greater

median loading dosage per body weight (3.3 mg/kg) com-

pared to non-responders (1.5 mg/kg) and there were no

responders with loading doses below 1.9 mg/kg. In a recent

retrospective multi-center study consisting of 43 patients

with SE, BRV was effective for 23 patients (54%) even

when patients were already being treated with LEV.77

Lastly, a systematic review study consisting of seven studies

consisting of 37 patients with SE found a 27–50% of SE

cessation following the administration of BRV.78

Generalized epilepsies
Currently, BRV is only approved as adjunctive or monother-

apy therapy for patients with focal-onset seizures with or

without secondary generalization. However, it has been sug-

gested that it could provide broad-spectrum efficacy given its

similarity to LEV, and based on the results from preclinical

and clinical studies.12 A Phase III, randomized, double-blind,

placebo-controlled flexible dose trial consisting of 480

patients, conducted by Kwan et al had 49 patients with

generalized seizures, mostly tonic-clonic (30 patients),

absences (14 patients), and myoclonic (14 patients).55 The

median percent reduction from baseline in generalized

seizure days/week was 42.6% versus 20.7%, and the ≥50%
responder rate was 44.4% versus 15.4% in BRV-treated and

placebo-treated patients, respectively. In a recent multicenter

retrospective study of 61 patients with genetic generalized

epilepsies and BRV treatment, 50% responder rates of 36%

(25% seizure-free) for 3 months were reported.74 In a Phase

IIA, single-blind, placebo-controlled study evaluating 18

patients with idiopathic generalized epilepsies and photosen-

sitivity, BRV was found to have the ability to suppress

generalized photoparoxysmal responses (PPR) on

electroencephalogram.79 Among the evaluated dosages (10,

20, 40, or 80 mg/day), 80 mg was the most effective, result-

ing in long-lasting abolishment of the PPR.

Brain tumor-related epilepsy (BTRE)
There is no evidence that specific ASDs are more effective

than others in BTRE, however LEV is the most commonly

used given its clinical efficacy, low rate of medication interac-

tions, availability of parenteral dosing, and safety profile.80

The use of LEV has also drawn attention because of its

potential beneficial antitumor activity leading to increased

survival.80 Unfortunately LEV-related PAEs, including agita-

tion, anxiety, depression, emotional lability, hostility, nervous-

ness, and psychotic symptoms, especially in patients with

frontal lobe tumors receiving LEV are being increasingly

recognized.81 Given the lower incidence of non-psychotic

PAEs in BRV than LEV, it would be of interest to determine

whether this trend endures in BTRE.82 Interestingly, BRV

showed dose-dependent cytotoxic and anti-migratory effects

in an in vitro study of human glioma cells.83 This may suggest

that patients with gliomas could benefit from treatment with

BRV, in addition to standard ASD options (similar to LEV).

Dementia-related epilepsy
The increased prevalence of seizures in patients with

Alzheimer’s disease (AD), in relation to older populations

without dementia, has been widely reported. Decisions on

whether to treat seizures and the choice of ASDs for an

individual with AD can be challenging.84 Among the various

ASDs, the use of LEV and LTG to treat seizures associated

with AD is supported by the strongest evidence.84 Although

the role of BRV in this patient population has not yet been

investigated, in two transgenic mouse models of AD, BRV

reduced spike-wave discharges and reversedmemory impair-

ments in these mice.85 These preliminary data point to a

favorable cognitive profile of BRV similar to LEV86–88

with objective gains in attention and executive functions.
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Future studies with larger sample sizes and better controlled

conditions are needed to confirm these findings.

Epileptic encephalopathies
A multicenter, retrospective cohort study of 42 patients

with epileptic encephalopathy that were treated with BRV

reported a 50% seizure reduction with BRV, similar to

those seen in regulatory trials for focal epilepsies.89 A

50% long-term responder rate was apparent in 19 patients

(43%), with two (5%) free from seizures for more than 6

months, and nine (20%, with one [2%] free from seizures)

for more than 12 months. TEAEs were predominantly of

psycho-behavioral nature and were observed in 16%.

Switching from LEV to BRV
Although no clinical trial has directly compared BRV with

LEV in patients experiencing tolerability problems, sub-

stitution of LEV treatment by BRV is reasonable. Several

studies have highlighted the safety and tolerability of

switching from LEV to BRV. In a multicenter retrospective

study of 575 patients, among those who switched because

of PAEs from LEV therapy (n=53), only 9 (17%) reported

PAEs on BRV, and only 3 (5.7%) discontinued because of

PAEs.71 In another study, when patients were switched

from LEV to BRV due to LEV-induced adverse reactions

(mainly PAEs), 57–77% had improved tolerability with

BRV.70 Although the occurrence of PAEs during previous

LEV exposure predicted poor psycho-behavioral tolerabil-

ity of BRV treatment, a switch to BRV was shown to

alleviate LEV-induced behavioral adverse events.70,71 An

immediate overnight switch from LEV to BRV without

titration, at a ratio of 10:1–15:1 is feasible.70,71 Similarly,

in a multicenter study of 61 patients with genetic general-

ized epilepsy, immediate switch from LEV to BRV at a

15:1 ratio was feasible without titration.74 Given that the

co-administration of LEV and BRV therapy could theore-

tically lead to competitive binding of the SV2A ligand and

cause severe PAEs, it is generally advised to avoid

Table 4 Comparisons of pharmacological properties of brivaracetam and levetiracetam

Brivaracetam Levetiracetam

Discovery Target-based rational drug discovery program Screening in audiogenic seizure susceptible mice

Available formulations Oral and intravenous Oral and intravenous

Approval status (FDA)

Focal-onset seizures

Generalized onset seizures

First time approval in 2016

Yes (for age >4 years old)

No

First time approval in 1999

Yes (for age >1 month old)

Yes

● Primary generalized GTCs (age >6 years old)

● Myoclonic seizures (>12 years old)

Mechanism of action Selective binding to SV2A ● Binding to SV2A

● Inhibition of AMPA receptors

● Inhibition of high-voltage-gated calcium currents

Binding affinity to SVA2 15–30 times higher than LEV -

Drug entry to the brain Fast speed of entry (within minutes) Longer than BRV (1 hr)

Clinically relevant drug interactions With rifampin and combined oral contraceptives None

Involvement of CYP450 enzymes Yes No

Dosing adjustments in liver failure Required in severe cases Not required

Dosing adjustments in renal failure Not required Required

Behavioral and psychiatric adverse events 3% 10–15%

Effect on cognition Suspected to be similar to LEV Neutral86 or positive87,88 effect on cognition

First-line therapy for dementia-related epilepsy

Switching from LEV to BRV 10:1–15:1 without titration –

Abbreviations: AMPA, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor; BRV, brivaracetam; CYP450, Cytochrome P450; FDA, Food and Drug

Administration; GTCs, generalized tonic-clonic seizures; LEV, levetiracetam; SV2A, synaptic vesicle glycoprotein 2A.
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prescribing BRV in patients concurrently taking LEV.24 A

summary of pharmacological properties of BRV and LEV

is provided in Table 4.

Conclusion
BRV is a highly lipid-soluble novel member of the racetam

family of anticonvulsants that inhibit calcium-dependent exo-

cytosis of synaptic vesicles with excitatory neurotransmitters

and effectively decrease frequency of focal-onset seizures.

While preclinical studies suggest broad spectrum of efficacy,

BRV is currently only approved as monotherapy and adjunc-

tive therapy of focal-onset seizures. BRV has 15–30 times

greater affinity for SV2A than LEV, and rapidly penetrates

the BBB and engages SV2A (within minutes). BRVexhibits a

linear and predictable pharmacokinetic profile with <20%

plasma protein binding and elimination half-life of around 7–

8 hrs. In contrast to LEV, no BRV dose adjustment is required

in renal impairment; however, dose adjustment is required in

severe hepatic failure. Overall, BRV has a low potential for

clinically relevant drug–drug interactions. Over the last dec-

ade, 2399 patients have been studied in the regulatory clinical

trial programs that demonstrated the efficacy and tolerability of

BRV (for doses of 50–200 mg/day) in patients with drug-

resistant epilepsy. Several post-marketing and meta-analysis

studies also suggest that BRV is a safe and effective antic-

onvulsant. This includes patients with psychiatric comorbid-

ities, and patients with demonstrated efficacy of LEV but

intolerability of behavioral adverse effects. The better toler-

ability of BRVas compared with LEV, in terms of behavioral

adverse events, is of great interest and requires further research

to clarify the mechanism. Future studies are also needed to

clarify BRV during longer-term follow-up, and establish its

efficacy and tolerability in other types of epilepsies, including

BTRE.
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