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Discuss whether the applicant has adequately disclosed financial interests/arrangements with 
clinical investigators as recommended in the guidance for industry Financial Disclosure by 
Clinical Investigators.1  Also discuss whether these interests/arrangements, investigators who 
are sponsor employees, or lack of disclosure despite due diligence raise questions about the 
integrity of the data: 

- If not, why not (e.g., study design (randomized, blinded, objective endpoints), 
clinical investigator provided minimal contribution to study data) 

- If yes, what steps were taken to address the financial interests/arrangements (e.g., 
statistical analysis excluding data from clinical investigators with such 
interests/arrangements) 

Briefly summarize whether the disclosed financial interests/arrangements, the inclusion of 
investigators who are sponsor employees, or lack of disclosure despite due diligence affect 
the approvability of the application.   
 

Summary and Analysis 
 
The sponsor has adequately disclosed financial interests as required by guidance. From 
among investigators with a disclosable financial interest the sponsor has submitted a 
mitigation of possible bias statement as an attachment to form 3455 for each investigator.  
 
There were no disclosable financial interests reported for study 1252. 
 
In study 1253 financial disclosure examination identified 16 investigators from 12 sites 
with DFI. A total of 60 patients representing 15.3% of the mITT population were derived 
from these sites. In 9 of the 16 DFI (disclosable financial interest) reports the sponsor 
indicates that the amount of funds received cannot be identified. These sites enrolled 28 
patients or 7.1% of the mITT population. From among these 9 reports four investigators 
from separate sites received funds as Honoria for speaker bureau activity. From the 
remaining five of these 9 sites one investigator received payment for participation on an 
experts panel of the UCB pregnancy registry while the remaining 4 investigators from 4 
sites the activity is undetermined. In the remaining 8 financial disclosures the funds were 
dispensed as study grants or scholarships. In one of these 8 cases there was a reported 
$211,500 dispensed to an investigator for two research grants and a speaker fee of 
$1,200. 
 
To determine if there is evidence of a divergence toward a positive treatment outcome in 
those sites that have a participating investigator with a DFI an examination comparing 
DFI sites with non-DFI sites is performed. The median 7 day treatment period seizure 
frequency of the two groups is compared. The median 7 day seizure frequency of the 
non-DFI sites was 2.2, 1.7, 1.8, and 1.7 in the placebo, 5mg, 20mg and 50mg treatment 
arms respectively. In the DFI group the 7 day median seizure frequency was 2.8, 3.3, 2.2 
and 1.7 respectively. This examination reveals the DFI sites had a higher treatment period 
seizure frequency in the 5mg and 20mg treatment arms and no difference between the 
non-DFI and DFI groups in the 50mg treatment arm.  

                                                 
1 See [web address].   
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This analysis reveals a small difference between the non-DFI and DFI groups in the 
Brivaracetam treatment arms in favor of the DFI group. The placebo to Brivaracetam 
treatment arm seizure frequency difference in the DFI group was driven by two extreme 
placebo outliers.  
 
A modeling analysis is performed to examine the influence of sites with a DFI investigator 
on efficacy outcome. The baseline and 28 day treatment period seizure frequencies are 
natural log transformed. The treatment period 28 day seizure frequency is the dependent 
outcome variable with baseline frequency, treatment arm and DFI status (DFI present / not 
present) as model effects. This analysis does not reveal the DFI parameter as a predictor of 
28 day seizure frequency outcome and the least square mean value of the 28 day seizure 
frequency for those sites with an identified DFI is greater than those without DFI. 
 
A second modeling analysis is performed to examine the influence of exclusion of all DFI 
sites on the efficacy outcome. The baseline and 28 day treatment period seizure frequencies 
are natural log transformed. The treatment period seizure frequency is the dependent outcome 
variable with baseline frequency and treatment arm as model effects. All 29 DFI site patients 
are excluded with examination of the remaining 731 patients. The analysis reveals that 
Brivaracetam treatment arms remain a predictor of outcome. From among the study sites with 
an identified DFI, a single site with 3 patients has a median percent seizure reduction of 
100% in the 200mg treatment arm. The DFI investigator is not the PI at the site. A modeling 
examination is performed with site  excluded. The model is performed using the same 
covariates as in the primary efficacy outcome for study 1358. The parameter estimates in this 
analysis reveal that both the 200mg and 100mg treatment arms remain a significant predictor 
of efficacy outcome. In addition, the difference between the 28 day seizure frequency of the 
DFI and non-DFI cohorts is seen to reach significance, with the DFI positive cohort revealing 
an increase seizure frequency over the non-DFI sites (less favorable outcome for those sites 
with a disclosed financial interest). 
 
In conclusion an analysis of sites in studies 1253 and 1358 where there are investigators with 
disclosable financial interests (DFI) does not reveal evidence that these sites exert influence 
on the efficacy outcome of the respective studies 
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1 Recommendations/Risk Benefit Assessment 
 
1.1 Recommendation on Regulatory Action 
 
Approval of brivaracetam is recommended based on the review of efficacy.  
 
The full clinical safety review has been performed by Dr. Mary Doi, DNP safety 
reviewer. Efficacy is supported by three adequate and well controlled pivotal trials 
provided in the marketing application (studies 1252, 1253 and 1358). These three 
clinical trials tested Brivaracetam at 5mg, 20mg, 50mg, 100mg and 200mg daily total 
daily dose. The efficacy of the 100mg and 200mg dose is consistently supported 
through examination of the primary and secondary endpoints as well as the pooled 
clinical trial results. The efficacy of the 50mg does was inconsistent, although tested in 
studies 1252 and 1253 there was a significant outcome only in study 1252.   
 
There is evidence of therapeutic benefit of Brivaracetam beginning at 50mg and 
reaching a plateau between 100mg and 200mg total daily dose. This conclusion is 
based on the inconsistent results between studies of the 50mg dose, the nearly 
equivalent effect sizes of the 100mg and 200mg dose in study 1358 as well as the 
exposure response curve presented by the clinical pharmacology team. These findings 
support a recommended dose range of 100mg to 200mg a day and identification of 
50mg as a dose that may benefit some patients.    
 
Levetiracetam effect 
 
 
In studies 1252 and 1253 twenty percent of enrolled patients were permitted 
concomitant treatment with levetiracetam an antiepilepsy drug with an overlapping 
mechanism of action with Brivaracetam. This allowed post hoc examination of the 
potential for synergy between these agents. Subset analysis revealed that in the patient 
subgroups treated with concomitant levetiracetam treatment there was a reduced 
therapeutic effect when compared to those not on concomitant levetiracetam. This 
finding suggests there is no therapeutic synergy between levetiracetam and 
brivaracetam. This property of dual “acetam” treatment suggests that refractory patients 
who entered the study on concomitant levetiracetam may have captured most of the 
available benefit from levetiracetam and experience limited additional benefit from 
brivaracetam treatment.   
 
Carbamazepine epoxide 
 
Plasma levels of concomitant AEDs were monitored in all efficacy studies. The dose of 
BRV and concomitant AEDs were maintained across the pivotal studies. It was 
observed that brivaracetam increased the plasma concentration of carbamazepine 
epoxide (CBZ-E, a metabolite contributing to the effect of carbamazepine) by 37%, 62% 
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and 98%, respectively, at doses of 50mg/day, 100mg/day, and 200mg/day. There was 
concomitant carbamazepine (CBZ) treatment for greater than 30 days during the 12 
week treatment period in 34% of patients in the mITT-ITT population while CBZ was the 
most frequently used concomitant AED in each of the individual pivotal trials. This 
observation prompts a concern that a portion of the therapeutic effect in patients on 
concomitant carbamazepine may be due to an increase in CBZ-E level rather than 
study drug (Brivaracetam) treatment.  
 
Subgroup analyses of the median percent reduction from baseline to treatment of type 1 
seizures comparing patients on concomitant CBZ to those not treated with concomitant 
CBZ was performed on studies 1252, 1253, and 1358. The results of this analysis for 
study 1252 revealed a greater reduction in the CBZ treatment group compared to those 
on no concomitant CBZ in the 50mg treatment arm; however there was no difference in 
between groups in the 100mg treatment arm. In study 1253 all treatment arms had 
larger percent reduction from baseline in those treated with concomitant CBZ, with the 
greatest difference in the 50mg treatment arm where there was a 27% and 38% 
reduction in the non-CBZ treated and concomitant CBZ group respectively. In study 
1358 the median percent reduction from baseline was 45%, and 31% for those on no 
CBZ treatment compared to concomitant CBZ treatment respectively at the 100mg 
dose. At the 200mg dose the same comparison was 42% and 46% respectively. A 
modeling analysis was performed for each individual pivotal study on the natural log 
transformed baseline and treatment seizure frequency with treatment as outcome 
variable and baseline, treatment arm and CBZ status as modeling effects. There was no 
significant outcome predictive effect by CBZ status in any study.  
 
This same methodology to examine concomitant CBZ effect was performed on the 
pooled pivotal trial seizure frequency dataset for the mITT-ITT population 28 day 
seizure counts. The median percent reductions from baseline was aligned with the 
analysis of individual studies in addition there was no CBZ effect in a modeling analysis 
These results indicate that although concomitant CBZ treatment was associated with 
greater median percent seizure reduction in the 50mg dose group, potentially through 
CBZ-E, this effect is not a driver in the therapeutic outcome of the pivotal trials. 
 
.  
1.2 Risk Benefit Assessment 
 
Brivaracetam efficacy does not differentiate it from currently available antiepilepsy drugs 
but the safety profile provides some degree of beneficial differential from available 
agents, see Dr. Doi safety review. No major safety signals were identified in the safety 
review while the pivotal trials had a greater than 90% retention rate. Overall the risk 
benefit profile supports approval.  
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1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies 

 
none 
 
 
1.4 Recommendations for Postmarket Requirements and Commitments 
 
none 
 
 

2 Introduction and Regulatory Background 
 
2.1 Product Information 
 
The new chemical entity, Brivaracetam (BRV, ucb 34714), is a 2-pyrrolidone derivative. 
Brivaracetam is both the INN and the USAN name for (2S)-2-[(4R)-2-oxo-4- 
propyltetrahydro-1H-pyrrol-1-yl] butanamide (IUPAC). 
 
Brivaracetam displays a high and selective affinity for brain-specific binding site synaptic 
vesicle protein 2A (SV2A). This appears to be the primary target for its pharmacological 
activity. 
 

 
Brivaracetam will be available in an oral tablet, solution and injection for intravenous 
use. Tablets will be in 10mt, 25mg, 50mg, 75mg, and 100mg strength. Oral solution will 
be available in 10mg/ml solution. Injection will be available in 50mg/5ml solution 
supplied as ml single use vials.  
 
The proposed indication is for adjunctive therapy in the treatment of partial onset 
seizures in patients 16 years of age and older with epilepsy. 
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The injection form may be used when oral administration is temporarily not feasible. 
 
 
The proposed recommended starting dose is 50mg twice daily while based on individual 
patient response the dose may be adjusted between 50mg / day and 200mg / day. 
These doses are delivered in a twice daily format, 25mg twice a day to 100mg twice a 
day. It is proposed that the dose form may be initiated with either intravenous or oral 
administration and when switching to or from oral to intravenous administration the total 
daily dose and frequency of administration should be maintained. The proposed 
intravenous delivery may be as a bolus injection or a 15 minute IV infusion. The clinical 
experience with the intravenous form is limited to 4 days of consecutive treatment.  
 
 
2.2 Tables of Currently Available Treatments for Proposed Indications 
 
Table 1   Antiepilepsy Drugs in Clinical Use for the Treatment of Partial Onset Seizures 

carbamazepine 
eslicarbazepine 
ezogabine 
felbamate 
gabapentin 
lacosamide 
lamotrigine 
levetiracetam  
oxcarbazepine 
perampanel 
phenobarbital 
phenytoin 
pregabalin 
primidone 
tiagabine 
topiramate 
valproic acid 
vigabatrin 
zonisamide 
 
 
2.3 Availability of Proposed Active Ingredient in the United States 
 
At the time of NDA application Brivaracetam is not marketed in any country 
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2.4 Important Safety Issues With Consideration to Related Drugs 
 
Brivaracetam is pharmacologically similar to the AED levetiracetam (LEV). The 
molecules are structurally similar where Brivaracetam has a propyl moiety positioned on 
the 4th carbon of the pyrrole ring that is not present on levetiracetam, Figure 1 . 
Compared to levetiracetam, brivaracetam displays a markedly higher selectivity and 
affinity for brain-specific binding site synaptic vesicle protein 2A (SV2A). The safety 
characteristics of levetiracetam are likely to have similarity; however the lower exposure 
in brivaracetam treatment would be expected to attenuate the adverse event profile 
seen in levetiracetam.  
 
Figure 1 2D Structure of Brivaracetam and levetiracetam  

 
 
The established levetiracetam safety issues identified in the Keppra label section 6, 
“adverse reactions” are the following:  
 
• Psychiatric Symptoms  
• Suicidal Behavior and Ideation 
• Somnolence and Fatigue  
• Serious Dermatological Reactions 
• Coordination Difficulties  
• Hematologic Abnormalities  
• Increase in Blood Pressure (diastolic blood pressure increase in the 1 month to <4 
year old age group) 
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The clinical efficacy elements of the submission were in alignment with the division pre-
NDA meeting requests. Overall eCTD format was followed and fully functional for 
efficacy analysis.  
 
 
3.2 Compliance with Good Clinical Practices 
 
The sponsor provides a Debarment Certification Statement indicating that no person 
debarred under Section 306 of the Federal Food, Drug and Cosmetic Act provided 
services in connection with this application. 
 
All pivotal trials were “conducted in accordance with the current version of the 
applicable regulatory and International Conference on Harmonisation (ICH)-Good 
Clinical Practice (GCP) requirements, the ethical principles that have their origin in the 
principles of the Declaration of Helsinki, and the local laws of the countries involved.” 
 
OSI Clinical Site Inspection 
 
Clinical site inspection was requested at 4 sites, two sites contributing to study 1358, 
one contributing to study 1252 and one contributing to study 1253. The sites and 
indication for site selection are shown in Table 2 . 
Table 2  Request for Clinical Inspections (to OSI) 
Clinical Study 
Site Number 

Pivotal 
Study 
number 

Number of 
Subjects 

Indication 

528 1358 26 Large recruitment, contribution to efficacy 
outcome, Foreign site 

383 1358 26 Large recruitment, large number of screen 
failures, contribution to efficacy outcome, 
foreign site 

350 1253 21 Large recruitment, contribution to efficacy 
outcome 

256 1252 20 Large recruitment, contribution to efficacy 
outcome, no screen failures, foreign site 

 
Clinical Site Inspection Summary 
 
The following results are provided by the Division of Clinical Compliance Evaluation 
Office of Scientific Investigations, summary results issued June 10, 2015. 
 
“General Observations/Commentary: At the conclusion of the inspection, no Form 
FDA 483 was issued to the Firm. The inspection found that the sponsor adhered to their 
SOPs regarding proper monitoring of their clinical investigators. The activities included, 
but were not limited to, trial drug records, subject records, protocol adherence; case 
report forms/source documents and adverse events reporting. The medical records 
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reviewed were found adequate and the data verifiable. There were no deaths and no 
evidence of under-reporting of adverse events. There were sufficient and well organized 
records. Monitoring of clinical investigator sites was thorough and appeared adequate. 
There was no evidence of under-reporting of adverse events or protocol deviations. 
 
Assessment of Data Integrity: The sponsor monitoring procedures for reviewing the 
progress of the studies appears to have been conducted adequately and the data 
submitted by the sponsor may be used in support of the respective indication. In 
general, the data appear acceptable in support of the pending application. 
 
OVERALL ASSESSMENT OF FINDINGS AND GENERAL RECOMMENDATIONS 
Four clinical investigator sites were inspected in support of this application. The 
inspection of the four clinical investigators listed above revealed no regulatory 
violations. The pending classification for Drs. Biton, Quararo, Salas, and Sanjib are No 
Action Indicated (NAI), and the final classification for the Sponsor, USB, Inc. is No 
Action Indicated (NAI). For the preliminary/pending classifications, a summary 
addendum will be generated if conclusions change upon receipt and review of the EIRs” 
 
Assessment of Data Integrity: The study appears to have been conducted 
adequately, and the data generated by this site appear acceptable and may be used in 
support of the pending application. 
 
3.3 Financial Disclosures 
 
Financial disclosures agreed upon at the pre-NDA meeting were provided by the 
sponsor. In addition to the covered pivotal studies for the oral tablet formulation, 
disclosures for the bioequivalence studies supporting the oral solution and intravenous 
formulations were requested. There were no disclosable financial interests (DFI) 
identified for investigators in studies EP0007, 1252, 1256, 1287, and 1296. There were 
disclosable financial interests identified for investigators in studies 1258, 1253, and 
1358.  
 
Study 1258 
This is an open label four arm study to evaluate the safety and tolerability of 
Brivaracetam intravenous and bolus administration as an adjunctive treatment in 
epilepsy patients. A single investigator from site number  in this study had a 
significant financial disclosure. This investigator was the primary investigator with a 
report of $42,000 primarily as Honoria accepted prior to or during study 1258. There 
were a total of 8 additional co-investigators listed for this site, two were physician co-
investigators. Form 3455 is accompanied by a self-attestation that the activity does not 
interfere with conduct or reporting of the research project.  
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An analysis is performed to determine if there is evidence of outlier properties in the 
number of recruited patients, screening outcomes, discontinuations, protocol deviations 
or adverse events at site .  
 
The mean and median number of patients recruited from among 17 study sites is 6.7 
and 5 respectively. There were  patients recruited at site  making this a large 
recruitment site, % of the total study. This site had no screening failures while 4 of 17 
sites had a total of 5 screen failures. There were discontinuations, due to an AE , 

due to withdrawal of consent at this site while there were 6 sites overall with 
discontinuation due to AE or withdrawal by subject. There were 1.8 protocol deviations 
per subject randomized into study 1258 while the mean number of protocol deviations 
per subject among the 17 study sites was 6.1 with a median of 5. The number of 
protocol deviations per patient was notably lower than typical for the study.  

%) at site  had  adverse events. Site  had  adverse events 
per patient while the mean for all sites was 2.0 AEs per patient with a median of 2.0.  
 
The frequency of safety events that are the primary clinical outcome of study 1258 do 
not appear divergent from other study sites while the number of protocol deviations are 
below the mean. A conclusive influence of the DFI is not apparent in this site.  
 
Study 1253 
This is a double blind, parallel group; placebo controlled randomized pivotal clinical 
study to evaluate the efficacy and safety of Brivaracetam where 71 sites randomized 
391 patients into the mITT population.  
 
Financial disclosure examination identified 16 investigators from 12 sites with DFI. A 
total of patients representing % of the mITT population were derived from these 
sites. In 9 of the 16 DFI reports the sponsor indicates that the amount of funds received 
cannot be identified. From among these 9 reports four investigators from separate sites 
received funds as Honoria for speaker bureau activity. From the remaining five of these 
9 sites one investigator received payment for participation on  

 while the remaining 4 investigators from 4 sites the activity is 
undetermined. In the remaining 8 financial disclosures the funds were dispensed as 
study grants or scholarships. In one of these 8 cases there was a reported $211,500 
dispensed to an investigator for two research grants and a speaker fee of $1,200.  
 
To determine if there is evidence of a divergence toward a positive treatment outcome 
in those sites that have a participating investigator with a DFI an examination comparing 
DFI sites with non-DFI sites is performed. The median 7 day treatment period seizure 
frequency of the two groups is compared. The median 7 day seizure frequency of the 
non-DFI sites was 2.2, 1.7, 1.8, and 1.7 in the placebo, 5mg, 20mg and 50mg treatment 
arms respectively. In the DFI group the 7 day median seizure frequency was 2.8, 3.3, 
2.2 and 1.7 respectively. This examination reveals the DFI sites had a higher treatment 
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period seizure frequency in the 5mg and 20mg treatment arms and no difference 
between the non-DFI and DFI groups in the 50mg treatment arm.  
 
A modeling analysis is performed to examine the influence of sites with a DFI 
investigator on efficacy outcome. The baseline and 7 day treatment period seizure 
frequencies are natural log transformed.  The treatment period seizure frequency is the 
dependent outcome variable with baseline frequency, treatment arm and DFI status 
(DFI present / not present) as model effects. This analysis does not reveal DFI status as 
a predictor of outcome (Table 3) and the least square mean value of the 7 day seizure 
frequency for those sites with an identified DFI is larger than those without DFI, Table 4 
. A graphic evaluation comparing the median percent reduction in seizure frequency 
from baseline to treatment by study site and DFI status is shown in Figure 2 . From 
among the study sites with an identified DFI, the two sites with the greatest percent 
reduction have only  Overall there is no differentiation 
between study sites in the DFI group compared with the non-DFI group.   
 
 
Table 3  Study 1253, Modeling Effect Test, Baseline Sz Frequency, Treatment Arm, DFI 
Status- Predictor of Outcome 
Source n=391, patient 403/D286 
Excluded 

Npar
m 

D
F 

Sum of 
Squares F Ratio Prob > F (predictor 

of outcome) 
ln BASELINE FREQUENCY 
(SZPLFWB) 1 1 260.8037 1391.4

94 <.0001 

TREATMENT ARM (SEQTRTS 2) 3 3 1.26328 2.2467 0.0825 
ANY DFI 1 1 0.4503 2.4026 0.122 

 
 
Table 4  Study 1253, Model, Baseline Sz Frequency, Treatment Arm, DFI Status. LS 
Mean of DFI Status 
DFI Least Sq Mean 
No 1.340439 
Yes 1.434748 
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Table 7 Study 1358, Model effects- Baseline Sz Frequency, Treatment Arm with LS 
Mean of 28 day Sz Frequency (outcome variable) by DFI status 
DFI Least Sq Mean 
No  2.206416 

Yes 2.394172 
 
A second modeling analysis is performed to examine the influence of exclusion of all 
DFI sites on the efficacy outcome. The baseline and 28 day treatment period seizure 
frequencies are natural log transformed.  The treatment period seizure frequency is the 
dependent outcome variable with baseline frequency and treatment arm as model 
effects. All 29 DFI site patients are excluded with examination of the remaining 731 
patients. The analysis reveals that Brivaracetam treatment arms remain a predictor of 
outcome (Table 8). A graphic evaluation comparing the median percent reduction in 
seizure frequency from baseline to treatment by study site and DFI status is shown in 
Figure 3. From among the study sites with an identified DFI, a single site wit patients 
seen in this graphic has a median percent seizure reduction of 100% in the 200mg 
treatment arm. The DFI investigator is not the PI at the site. A modeling examination is 
performed with site  excluded. The model is performed using the same covariates 
as in the primary efficacy outcome for study 1358. The parameter estimates in this 
analysis reveal that both the 200mg and 100mg treatment arms remain a significant 
predictor of efficacy outcome. In addition, the difference between the 28 day seizure 
frequency of the DFI and non-DFI cohorts is seen to reach significance, with the DFI 
positive cohort revealing an increase seizure frequency over the non-DFI sites (less 
favorable outcome for those sites with a disclosed financial interest).  
 
Table 8  Study 1358, Non-DFI study Sites, Modeling Effect Test, Baseline Sz 
Frequency, Treatment Arm, - Predictor of Outcome 
Source Nparm DF Sum of Squares F Ratio Prob > F 
BASE (ln) 1 1 787.0351 1753.06 <.0001 
Treatment Arm 2 2 10.20785 11.3686 <.0001 
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Figure 3  Study 1358,  Median Percent Reduction in Seizure frequency from Baseline to 
treatment by study site and DFI Status. 0= no DFI, 1= DFI 

Reviewer Comment: Analysis of sites in studies 1253 and 1358 where there are 
investigators with disclosable financial interests (DFI) does not reveal evidence that 
these sites exert influence on the efficacy outcome of the respective studies.  
 
 

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines 
 
4.1 Chemistry Manufacturing and Controls 
 
Review not available at the time of Medical Review closure 
 
4.2 Clinical Microbiology 
 
Review not available at the time of Medical Review closure 
 
4.3 Preclinical Pharmacology/Toxicology 
 
Review not available at the time of Medical Review closure 
 
4.4 Clinical Pharmacology 
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4.4.1 Mechanism of Action 
 
Brivaracetam displays a high and selective affinity for synaptic vesicle protein 2A 
(SV2A) in the brain. Binding to SV2A is considered to be the primary mechanism for 
BRV anticonvulsant activity. 
 
4.4.2 Pharmacodynamics 
  
Exposure Response – Efficacy 
 
The clinical pharmacology review indicates that exposure response using data pooled 
from the 3 pivotal studies shows that 50mg/ day demonstrated substantially greater 
efficacy than placebo and the exposure response curve reached a plateau between the 
100mg and 200mg doses ,Figure 4 .  

Figure 4  Exposure Response Analysis for Efficacy1  

 
 
Levetiracetam and Brivaracetam have the same target, synaptic vesicle protein 2A 
(SV2A) in the brain, raising the possibility that treatment with either drug may saturate 
the available response and no additional benefit would result from addition of the other 
drug. An exposure response analysis stratified by concomitant levetiracetam use was 
performed to examine this hypothesis. The results suggest that no additional benefit of 
brivaracetam is expected for subjects, who are in ongoing treatment with levetiracetam, 
                                            
1 Clinical Pharmacology Review, Section 2.2.3, page 17. Note: The blue points represent observed mean 
% change from baseline in POS frequency in the placebo group (first point) and the 4 Cavg,ss quartiles. 
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Figure 5.  Therefore, Brivaracetam should not be added to the therapeutic regimen in 
patients already taking levetiracetam.   
 

Figure 5  Exposure Response Analysis Results Stratified by levetiracetam Use2 

 
 
 
Exposure Response – Safety 
 
Evaluation by clinical pharmacology reveals that in the pooled safety data from the 
pivotal clinical trials there was relatively flat dose/exposure-safety relationships at the 
proposed dose levels observed for the common adverse events (somnolence, 
dizziness, and fatigue). The review concluded that “Due to the relatively flat 
dose/exposure-safety relationships that were observed in phase 3 studies and the 
plateau in the dose/exposure-efficacy relationship, the case for providing a range of 
doses is not as clear as for other anti-epileptic drugs.” 
 
TQT Study 
 
The sponsor performed a TQT study (N01233), report date February 14, 2007. A  TQT 
consult on was obtained. The TQT team found that both doses (75mg, 400mg) of 
Brivaracetam, all the upper bounds of the 90% confidence interval for the mean 
difference of the drug and placebo after baseline adjustment are below 10 ms. Assay 
sensitivity was established using a moxifloxacin positive control, Table 9 . The review 
                                            
2 Clinical Pharmacology Review, Section 2.2.3, page 20. 
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concluded that “our results support the sponsor’s conclusion of no prolongation of 
QTcSS and QTcF interval for Brivaracetam 75 mg or 400 mg at the time points 
considered.” 
 

Table 9  Brivaracetam and moxifloxacin Effect on ∆∆QTcSS* 
Treatment Time (h) ∆∆QTcSS (ms) 90% CI (ms) 

Brivaracetam 75 mg bid 4 0.9 -3.2, 5.0 
Brivaracetam 400 mg bid 9 -1.4 -5.6, 2.7 

Moxifloxacin 400 mg 4 13.2 9.3, 17.0 
*Table 1: FDA Analysis: Point Estimates And 90% 2-Sided CIs with the Focus of the Largest Upper 
CI for Brivaracetam and the Largest Lower CI for Moxifloxacin, TQT consult page 2 

 
4.4.3 Pharmacokinetics 
 
The clinical pharmacology program consisted of single- and multiple-dose studies 
assessing the pharmacokinetics of Brivaracetam. The single dose studies examined a 
maximum dose of 1400mg while the multiple dose studies examined a maximum dose 
of 800mg daily.  Also performed were a mass balance and metabolic profiling study, 
pharmacokinetics in Japanese healthy subjects, absolute and relative bioavailability, 
effect of food, pharmacokinetics in specific populations (hepatic impairment, renal 
impairment, and elderly), in-vivo drug interaction trials, and bridging of the to-be-
marketed formulations with the formulation used in clinical development. The sponsor 
also conducted exposure-response analyses using efficacy data from the phase 3 trials. 
 
The Clinical Pharmacology review team concluded that the brivaracetam NDA is 
“acceptable from a clinical pharmacology prospective”. The clinical pharmacology 
review identified several points relevant to labeling including an exposure response 
analysis of patients with and without concomitant levetiracetam that showed no 
additional benefit of brivaracetam in patients already on levetiracetam (as noted above). 
A recommendation was made that patients already on levetiracetam should not be 
treated with Brivaracetam.  
 
There was also an interaction with carbamazepine identified that increased the active 
metabolite carbamazepine epoxide by 157%. Clinical pharmacology made a 
recommendation that if tolerability issues arise a carbamazepine dose reduction should 
be considered. Co-administration of Brivaracetam with phenytoin was found to increase 
phenytoin levels up to 20%. A recommendation was made to monitor phenytoin levels 
when initiating BRV with existing phenytoin or initiating phenytoin with existing 
brivaracetam. 
 
It was found that no dosage adjustment is required for patients with hepatic impairment.  
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Relevant modifications of labeling have been made based on the clinical pharmacology 
findings.   
 

Brivaracetam solution for Intravenous Injection NDA 205837 

 
Study N01256(A) compared the bioavailability of the 10mg IV solution administered as a 
12 second bolus or 15 minute infusion, with the 10mg oral tablet. A forest plot of the 
bioavailability comparisons between the table and injection is shown in Figure 6. The 
clinical pharmacology reviewer concluded that 10mg of the clinical development oral 
tablet is bioequivalent to 10mg of the commercial IV solution whether administered as a 
12 second bolus or a 15 minute infusion. 
 
Figure 6  Forest Plot, Bioavailability Comparison Between Commercial Solution for IV 
Injection and 10mg Clinical Development Tablets. 3 

 
 
In a second study, EP0007, a bioavailability/bioequivalence comparison of Brivaracetam 
oral tablets (10 mg, 50 mg, 75 mg, and 100 mg) to brivaracetam intravenous bolus 
injection (100 mg) in healthy volunteers was performed. The sponsor compared the 
exposures of single 100 mg IV bolus injections with the exposures a single 100 mg dose 
and dose-normalized exposures of single doses less than 100 mg. The clinical 
pharmacology review concludes “the study demonstrates that the commercial solution 
for injection has comparable bioavailability in terms of AUC to the oral tablet used in 
clinical development. This also held true for lower doses of the clinical tablet (based on 
dose-normalized AUC values)”. In addition, “BRV can be administered as an IV infusion 
or IV bolus at the same dose level as oral tablets.” 
  

                                            
3 Clinical Pharmacology Review, Section 2.5.5, page 57 
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Figure 7   Forest Plot, Bioavailability Comparison Between Commercial Solution for IV 
Injection and 100mg Clinical Development Tablets.4 

 

Brivaracetam Oral Solution NDA 205838 

 
Study N01296 was conducted to assess the bioequivalence of the oral solution and 
commercial tablet. The clinical pharmacology review concludes “The data support the 
bioequivalence of the commercial oral solution to the tablets from clinical development.”  
 

                                            
4 Clinical Pharmacology Review, Section 2.5.5, page 59 
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Figure 8  Forrest Plot, Bioequivalence Assessments of Commercial Oral Solution with 
Clinical Development Tablets. 5 

 
 

5 Sources of Clinical Data 
 
5.1 Tables of Studies/Clinical Trials 
 
Table 10  Primary Efficacy Trials 

Study 
number 

# 
subjects 

LEV use1 
Study 
Characteristics 

Age 
range  

patients / 
treatment Arm 

Treatment 
Period (= 
maintenance 
period) 

10 Efficacy 
variable Yes  No 

N01252 398 76 322 

Multi-center, 
multinational double 
blind, parallel group, 
placebo controlled, 
randomized 

≥16 to 
70 

PBO= 100 
20mg/day= 99 
50mg/day= 99 
100mg/day= 100 

Treatment 
period= 12 
weeks 

POS2 frequency 
/week (7 days) 
over treatment 
period 

N01253 396 76 320 

Multi-center, 
multinational double 
blind, parallel group, 
placebo controlled, 
randomized 

≥16 to 
70 

PBO= 98 
20mg/day= 100 
50mg/day= 101 

Treatment 
period= 12 
weeks 

POS2  frequency 
/week (7 days) 
over treatment 
period 

N01358 764 
Concomita
nt LEV 
excluded 

Multi-center, 
multinational double 
blind, parallel group, 
placebo controlled, 
randomized 

≥16 to 
80 

PBO= 261 
100mg/day= 253 
200mg/day= 250 

Treatment 
period= 12 
weeks 

POS2 frequency 
/28 days over 
treatment period 

1LEV= levetiracetam 
2POS= partial onset seizures 

                                            
5 Clinical Pharmacology Review, Section 2.5.5, page 57. 
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Table 11  Phase 2 Dose Ranging Studies 

Study 
number 

Number of 
subjects 

Study 
Characteristics 

Age 
range  

patients / 
treatment Arm 

Treatment 
Period (= 
maintenance 
period 

10 Efficacy 
variable 

N01114 157 multicenter, 
multinational 
double-blind, 
randomized, 
placebo-controlled, 
3 parallel group 

16 to 65 PBO= 52 
50mg/day= 53 
150mg/day= 52 

7 weeks Treatment group 
difference in partial 
onset seizure 
frequency per 
week over the 
maintenance 
Period 

N01193 208 Multicenter, 
multinational, 
randomized, 
placebo controlled, 
double blind, 4 
parallel group  

16 to 65 PBO= 54 
5mg/day= 50 
20mg/day= 52 
50mg/day= 52 

7 weeks Treatment group 
difference in partial 
onset seizure 
frequency per 
week over the 
Treatment Period 

       
 
5.2 Review Strategy 
 
This review is directed a clinical efficacy for review of safety see the safety review by Dr. 
M. Doi.  
 
In section 5.3 the individual pivotal studies and individual study results are examined. 
The individual study discussions in section 5.3 will examine key study elements 
including, study design, dosing, study population characteristics including epilepsy 
diagnosis, demographics, concomitant medications, uniformity of major study 
parameters across treatment arms, patient disposition and missing data. Also examined 
are efficacy determinants, including study endpoints, statistical methods, primary 
efficacy results and the post hoc efficacy outcomes of important subgroups.  
 
In section 6 characteristics of the pooled pivotal study efficacy results, important 
subgroup analyses, durability of effect across the 12 week double blind treatment 
interval, a seizure worsening analysis, and influence of concomitant (trial 1252, 1253) 
and prior levetiracetam exposure (trial 1358) as well as influence of concomitant 
carbamazepine on seizure frequency outcome will be performed.  Concordance of 
pooled and individual trial results as well as population characteristics will be examined.  
 
5.3 Discussion of Individual Studies/Clinical Trials 
 
Study N01252 
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Study Title: a multi-center, double-blind, parallel-group, placebo-controlled, randomized 
study: Evaluation of the efficacy and safety of Brivaracetam in subjects (≥16 to 70 years 
old) with partial-onset seizures 
 

Study Design:   

This study was a randomized, double-blind, PBO-controlled, parallel-group, multicenter, 
confirmatory study conducted in 399 randomized patients, which was designed to 
evaluate the efficacy and safety of twice-daily oral administration of brivaracetam tablets 
at doses of 20mg/day, 50mg/day, and 100mg/day in subjects 16 to 70 years of age with 
refractory POS whether or not secondarily generalized. Subjects were randomized in a 
1:1:1:1 ratio to PBO, brivaracetam 20mg/day, brivaracetam 50mg/day, and 
brivaracetam 100mg/day. Treatment period for efficacy evaluation was 12 weeks, see 
Figure 9. Up to 20% of patients could be treated with concomitant levetiracetam. No 
data safety monitoring committee is identified in the clinical protocol. No interim analysis 
was performed. 

Study Dosing:  

Subjects who completed an 8-week Baseline Period were randomized to the 12-week 
double-blind Treatment Period. A 1:1:1:1 central randomization stratified per 
geographical region and by concomitant LEV use was used in the study to ensure 
overall balance across the different treatment groups. Subjects were randomized to 
receive brivaracetam 20mg/day, 50mg/day, or 100mg/day or matching PBO during the 
Treatment Period. The daily dose was administered orally in 2 equal intakes; subjects 
were asked to take 3 tablets in the morning and 3 tablets in the evening. 
During the Treatment Period, the study drug dose could be reduced once for tolerability 
reasons using a fallback option. If the fallback option was used, the number of tablets 
remained the same (3 tablets in the morning and 3 tablets in the evening). Subjects with 
fallback option were analyzed on an “as randomized” basis. 
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Study Schematic:  
Figure 9  Study Schematic N012526 

 
 

Sample Size:  

Sample size determination was based on an estimate of the standard deviation based 
on data from phase 2 studies. The standard deviation was 0.45. A target power of 90% 
and a 2-sided level of significance of 5% were computed. The result indicates that 
eighty seven (87) subjects per arm would be required to detect a treatment difference of 
-0.223 in log transformed seizure frequency per week between brivaracetam and PBO. 
The treatment difference of -0.223 in log transformed seizure frequency corresponds to 
a 20% reduction over placebo. Since the 3 doses of brivaracetam were tested 
hierarchically at the 5% significance level starting with 50 mg brivaracetam, power is 
lost for 100 mg brivaracetam and 20 mg brivaracetam. In order to compensate for this 
loss in power, 100 subjects per were required. As shown in section 5, Table 10, the 
sponsor did achieve the target number of patients.  
 

                                            
6 Sponsor Protocol n1252, Figure 5:1, Section 5.2 

Reference ID: 3874001



Clinical Review 
Steven T. Dinsmore DO  
NDA 205836, 205837, 205838 
BRIVIACT/ Brivaracetam  
 

35 

Primary Efficacy Variable (endpoint):  

The primary efficacy was the log transformed partial onset seizure frequency (POS), 
type I seizure, per week over the treatment period (12 weeks), analyzed on the ITT 
population. 

Population:  

A total of 486 patients were screened to yield 399 randomized patients. Eighty seven 
patients failed screening. From among these there were 15 patients who withdrew 
consent, 4 patients have a reason for failure listed as other, 3 patients were lost to 
follow up and 2 patients had an adverse experience. The remaining 62 patients are 
listed by the sponsor as “ineligibility” but the criteria of the ineligibility are not provided.7  

 
Key Inclusion / Exclusion Criteria  
Inclusion Criteria 

1. An IEC approved written informed consent. 
2. Patients from 16 to 70 years, both inclusive. 
3. Body weight ≥45 kg. 
4. Female patients of non-childbearing potential for at least 2 years.  
5. Female patients of childbearing potential with use of medically accepted 

contraceptive method.  
6. Subject/legal representative considered as reliable and capable of adhering to 

the protocol. 
7. Well-characterized focal epilepsy or epileptic syndrome according to the ILAE 

classification. 
8. Presence of an EEG compatible with the clinical diagnosis of focal epilepsy in the 

last 5 years. 
9. Presence of a brain MRI/CT scan performed within the last 2 years. 
10. Subjects with a history of partial onset seizures whether or not secondarily 

generalized (Type I seizures according to the ILAE classification). 
11. Subjects having at least 2 partial onset seizures whether or not secondarily 

generalized per month during the 3 months preceding Visit 1. 
12. Subjects having at least 8 partial onset seizures whether or not secondarily 

generalized during the 8-week Baseline Period. 
13. Subjects being uncontrolled while treated by 1 to 2 permitted concomitant 

AED(s). 
14. Vagal Nerve Stimulation (VNS) is allowed and will not be counted as a 

concomitant AED. 
15. Permitted concomitant AED(s) and VNS (implanted for at least 9 months) being 

stable and at optimal dosage for the subject from at least 1 month (3 months for 

                                            
7 Derived from sponsor analysis dataset PATSSE 
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phenobarbital and Primidone) before Visit 1 and expected to be kept stable 
during the Treatment Period. 

16. Benzodiazepine (BZD) taken more than once a week (for any indication) will be 
considered as a concomitant AED. 

 
Exclusion Criteria 
 

1. Non-motor partial seizures.  
2. History or presence of seizures occurring only in clusters. 
3. History or presence of status epilepticus during the year preceding V1 or during 

Baseline. 
4. History or presence of pseudoseizures. 
5. Subjects on felbamate with less than 18 months continuous exposure before V1. 

Subjects having been on felbamate are eligible if the combined duration of 
treatment and wash-out is ≥ 18 months. 

6. Subjects currently on vigabatrin. Subjects having been on vigabatrin if no visual 
fields examination report available including standard static (Humphrey or 
Octopus) or cinetic perimetry (Goldman) or if results of these examinations are 
abnormal. 

7. Subject taking any drug with possible relevant CNS effects except if stable from 
at least 1 month before Visit 1 and expected to be kept stable during the 
Treatment Period. 

8. Subjects taking any drug that may significantly influence the metabolism of 
brivaracetam 

9. (CYP2C or CYP3A potent inducers/inhibitors) except if the dose has been kept 
stable at least 1 month before V1, and is expected to be kept stable during the 
Treatment Period. 

10. History of cerebrovascular accident (CVA), including transient ischemic attack 
(TIA), in the last 6 months. 

11. Subjects suffering from severe cardiovascular disease or peripheral vascular 
disease. 

12. Presence of any sign (clinical or imaging techniques) suggesting rapidly 
progressing (i.e. not expected to stay stable during trial participation) brain 
disorder or brain tumor. 

13. Any clinical conditions (e.g. bone marrow depression, chronic hepatic disease 
and/or severe renal impairment) which impair reliable participation in the trial or 
necessitate the use of medication not allowed by protocol. 

14. Presence of a terminal illness. 
15. Presence of a serious infection. 
16. Subjects with history of severe adverse hematologic reaction to any drug. 
17. Subjects suffering from severe disturbance of hemostasis. 
18.  Impaired hepatic function: ALT/SGPT, AST/SGOT, alkaline phosphatase, γGT 

values of more than three times the upper limit of the reference range. 
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19. Subject having clinically significant deviations from reference range values for 
laboratory parameters: creatinine clearance calculated < 50 mL/min, platelets < 
100,000/μL, or neutrophil cells < 1,800/μL). 

20. Clinically significant ECG abnormalities according to the Investigator. 
21. History of suicide attempt. 
22. Ongoing psychiatric disease other than mild controlled disorder. 
23. Known allergic reaction or intolerance to pyrrolidone derivatives and/or 

investigational product excipients. 
24. Known multiple drug allergies or severe drug allergy. 
25. Pregnant or lactating women. 
26. Subject taking part in another clinical/pharmacological trial in the month 

preceding enrolment (V1). 
27. Subject previously treated with brivaracetam. 

 
Epilepsy Diagnosis and Concomitant AED Characteristics 
 
Examination of the distribution of epilepsy diagnoses, cryptogenic, idiopathic and 
symptomatic, revealed a similar profile across study arms as shown in Table 36, 
Appendix 9.4 . Type 1 seizures are counted for analysis of the primary endpoint 
however, all seizure types are captured in the patient seizure diaries, including complex 
partial and generalized seizures.   There is no substantial predominance of seizure type 
seen to occur in any dose group. The largest divergence of a specific seizure type in a 
dose group is seen in the 50mg group. There is a 9% greater occurrence of type 1C 
(partial seizures secondarily generalized) and 1B2 (complex partial seizures with 
impairment of consciousness at onset) over the frequency of these seizure types in 
placebo, 20mg and 100mg dose groups. None of the dose groups reveal a larger 
disproportion in any of the remaining seizure types. This may be seen in appendix 9.4, 
Figure 16. 
 
The frequency of concomitant AED use (except levetiracetam) is examined across all 
Brivaracetam dose arms, appendix 9.4, Figure 17 . Any AED with a proportion of use 
greater than 5% in any dose arm is included, shown in Table 12. Carbamazepine is the 
most frequently used concomitant AED. Of interest is the uniformity of AED use across 
treatment arms. The difference between the maximum and minimum use of a given 
AED by treatment arm is computed. This difference is then divided by the average 
percent use of that AED in all treatment arms. This proportion is used as an index of the 
separation of the use of a given AED between the treatment arms. For example, 
carbamazepine was a concomitant AED in 42% of the placebo arm and 56%, 49% and 
40% of the 20mg, 50mg and 100mg arms respectively. Thus the average use of 
carbamazepine across treatment and placebo arms was 46.75% while the maximum 
difference between greatest use arm (20mg) and least use treatment arm (100mg) was 
16%. This yields a difference proportion of 0.34. This same process is repeated for 11 
concomitant AEDs, Table 12 . The greatest difference between AED use among 
treatment arms for an AED with more than 10% average use is seen for topiramate with 
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a difference index of 2.0. There are larger difference indices seen but these occur in 
AEDs with a low average use such that small differences in use between treatment 
arms result in a large difference index. Overall there is acceptable symmetry in the most 
frequently used concomitant AEDs across treatment arms. The greatest difference 
between treatment arms for a commonly used AED is seen for topiramate with a higher 
proportion of use in the placebo arm.  
 
 

Table 12  Symmetry of Concomitant AED Use. AEDs with a Frequency of ≥5% in any 
Brivaracetam Treatment Arm 

Concomitant AED Average % use among 
all treatment arms 

Maximum % 
difference between 

arms 
Difference Index (%) 

CARBAMAZEPINE 46.75 16 0.34 
VALPROIC ACID 22.25 12 0.54 
LAMOTRIGINE 21 9 0.43 

OXCARBAZEPINE 20.25 7 0.35 
LEVETIRACETAM 19 2 0.11 

CLOBAZAM 13 2 0.15 
TOPIRAMATE 11 22 2.0 

PHENOBARBITAL 6 11 1.83 
PHENYTOIN 5.25 10 1.9 
ZONISAMIDE 1.5 6 4.0 
PREGABALIN 1.25 5 4.0 

 
 
In study 1252 levetiracetam was allowed in 20% of those enrolled. The distribution of 
levetiracetam across treatment arms was acceptably symmetric with a frequency of 
18%, 18.2%, 20% and 20% in the placebo, 20mg, 50mg, and 100mg arms respectively.  
 
Reviewer Comment: No clear source of bias is identified from examination of the 
epilepsy diagnosis and concomitant AED characteristics.  
 
Demographics (Appendix 9.4, Figure 18 ,) 

Sex 

Examination of the distribution of male and female across treatment arms revealed a 
greater proportion of males in all study arms compared to female with a maximum 
difference in the 20mg arm. The was a 12 percent difference, male > female in the 
20mg treatment arm with 61% males and 38% females in this arm with a maximum 
difference of 9% in the remaining arms.  
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Racial Distribution 

Examination of the racial distribution across study treatment arms reveals a 
preponderance of Caucasians participating in the study. The proportions of Caucasian 
participants were approximately 76% in all treatment arms. The remaining participants 
were almost completely of Asian origin with approximately 23% comprising all treatment 
arms.  
 

Age 

The minimum median age of 33 years was seen in the placebo treatment arm while the 
50mg arm had a median age of 39 years. The median age in years across treatment 
arms was 33, 34, 39 and 37 in the placebo, 20mg, 50mg and 100mg groups 
respectively.  
 

Region 

The protocol planned to adjust effect for study regions (Eastern Europe, Western 
Europe, and Rest of the World [India]) and concomitant LEV use at study entry (yes/no). 
However, at the pre-analysis meeting it was determined that there were only 7 
randomized subjects in Eastern Europe and 3 randomized subjects in India who were 
using concomitant LEV at study entry. These subjects were pooled with subjects using 
concomitant LEV in Western Europe. Thus, the primary statistical model adjusts for a 4-
level stratification effect with the following levels: 1) concomitant LEV use (Eastern 
Europe, Western Europe, and India), 2) without concomitant LEV use in Eastern 
Europe, 3) without concomitant LEV use in Western Europe, and 4) without concomitant 
LEV use in India. 
 
The region of origin was almost equal across dose groups with 47% of patients from 
Western Europe, 30% from Eastern Europe and 22% from the Rest of World. See 
regional designations in Table 13 . 
 
Table 13  Regional Designation of Country. Participants in ITT Population 
Designated Region Country 

Eastern Europe Hungary 
Poland 

Rest of World India 

Western Europe 

Belgium 
Finland 
France 
Germany 
Italy 
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Netherlands 
Spain 
Switzerland 
United Kingdom of Great Britain and 
Northern Ireland 

 
Reviewer Comment: There is a modest predominance of males over females in the 
study, however the sex difference is distributed equally across treatment groups, 
otherwise demographic features of the study are balanced.  
 
Disposition  
 
There were 486 patients screened to enter study 1252. Eighty seven patients were 
screening failures while 399 patients were randomized. From among the 399 
randomized patients there were 398 who were in the ITT populations. One randomized 
patient died of a cerebral hemorrhage before receiving any study drug. Forty seven 
patients were excluded from the per protocol population due to protocol violations. 
Thirty two patients discontinued the study. There were 20 patients who discontinued 
due to adverse events and 12 due to non- adverse events. Loss from the per protocol 
populations was 15% in the placebo group, 9% in the 20mg treatment group, 12% in the 
50mg group and 10% in the 100mg group. Discontinuations were 8%, 6%, 11% and 6% 
in the placebo, 20mg, 50mg and 100mg treatment arms respectively.  
 
Table 14  Study 1252  Disposition of Subjects 

Study Arm n Randomized ITT ITT % PP PP 
%  completed Complete 

% discontinued Discontinue 
%  LTFU LTFU %  

Screen Failure 87            Placebo  100 100 100 85 85 92 92 8 8 88 88 
Brivaracetam 
20mg  99 99 100 90 91 93 94 6 6 87 88 

Brivaracetam 
50mg  100 99 99 86 87 88 88 11* 11 82 82 

Brivaracetam 
100mg  100 100 100 90 90 94 94 6 6 88 88 

Total 87 399 398  351  367  31 7.8 345  *patient (256/F044) randomized but excluded from ITT with discontinuation due to AE (died before consuming any study drug) 256/F044 
 
Table 15  Reason for Discontinuation  

DISCONTINUATION DUE TO AE, 
Preferred Term 

Number of 
Patients 

DISCONTINUATION NON-AE Number 
of 
Patients 

AE: Aggression 2 Withdrawal of consent 4 
AE: Anxiety 2 Lost to follow-up 3 
AE: Insomnia 2 Other reason: CHANGE OF AED. 1 
AE: Irritability 2 Other reason: INELIGIBILITY 

EXCLUSION CRITERION 18 
(PLATELETS COUNT) 

1 

AE: Abnormal behavior 1 Other reason: MAJOR COMPLIANCE 1 
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LOOSE 
AE: Depression 1 Other reason: PATIENT MOVED TO 

OTHER CITY TO TAKE CARE 
1 

AE: Fatigue 1 Other reason: POOR COMPLIANCE-
OUT OF WINDOW FOR VISIT 4 

1 

AE: Headache 1   
  
  
  
  
  
  
  
  

  
  
  
  
  
  
  
  
  

AE: Hypertension 1 
AE: Psychomotor hyperactivity 1 
AE: Psychotic disorder 1 
AE: Sepsis 1 
AE: Somnolence 1 
AE: Speech disorder 1 
AE: Subdural haematoma 1 
AE: Vertigo 1 
Total 20 Total 12 

 
Reviewer Comment: The discontinuation rate is consistent with an acceptable 
tolerance to study drug. There is no evidence of a dose related discontinuation rate.  
 
Protocol Deviations 
 
There were 460 protocol deviations from among 210 patients. One hundred and twenty 
four of these were major deviations from among 47 patients. The distribution among 
treatment arms is similar with a maximum of 15% in the placebo group and minimum of 
9% in the 20mg group, Table 16. The category of major protocol deviations is show in 
Table 17. No large difference between treatment groups stands out.  
 
Table 16  Types of Protocol Deviations by Treatment Arm 

DEVIATION CLASS Treatment Arm 
number 

of 
patients 

Percent of 
patients 

Major / Total Placebo 15 15.0 
Major / Total Brivaracetam 20mg 9 9.1 
Major / Total Brivaracetam 50mg 13 13.1 
Major / Total Brivaracetam 100mg 10 10.0 
    Major / Partial Placebo 5 5.0 
Major / Partial Brivaracetam 20mg 4 4.0 
Major / Partial Brivaracetam 50mg 1 1.0 
Minor Placebo 46 46.0 
Minor Brivaracetam 20mg 49 49.5 
Minor Brivaracetam 50mg 48 48.5 
Minor Brivaracetam 100mg 48 48.0 
 
Table 17   Category of Major Protocol Deviations among treatment Arms 

Category of protocol deviation  
PBO 

brivaracetam  
Overall 20mg 50mg 100mg 
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(N=100) (N=99) (N=99) (N=100) (N=398) 
n (%) 

Number of subjects with at least 1 
major protocol deviation leading to 
total exclusion from PP Population 

15 (15.0) 9 (9.1) 13 (13.1) 10 (10.0) 47 (11.8) 

Before randomization 
No Randomization Visit/no study 
medication administration and/or 
dispensation 

1 (1.0) 0 0 0 1 (0.3) 

Baseline score out of range 1 (1.0) 3 (3.0) 2 (2.0) 1 (1.0) 7 (1.8) 
Prohibited medication/treatment at 
Baseline 

6 (6.0) 3 (3.0) 4 (4.0) 7 (7.0) 20 (5.0) 

Inclusion/exclusion criteria 0 0 2 (2.0) 1 (1.0) 3 (0.8) 
After randomization 
Prohibited medication/treatment in 
Treatment Period 

4 (4.0) 3 (3.0) 1 (1.0) 3 (3.0) 11 (2.8) 

Compliance study medication intake 
too low 

2 (2.0) 1 (1.0) 5 (5.1) 1 (1.0) 9 (2.3) 

Compliance not assessable or 
unknown (no visit) 

2 (2.0) 0 2 (2.0) 1 (1.0) 5 (1.3) 

Treatment Period too short or too 
long 

3 (3.0) 2 (2.0) 1 (1.0) 1 (1.0) 7 (1.8) 

*from sponsor study report, table 7.3 p74. All cells confirmed by reviewer from PATSSE analysis dataset 
 
 
Reviewer Comment: Loss of patients from the PP population is low and balanced 
across treatment groups. Major protocol violations occurred in 12% of the ITT 
population without a marked difference between treatment groups. There was a low 
discontinuation rate of 7.8% from the ITT population without a marked difference 
between treatment groups. 
 
Efficacy Determinants 
 

Endpoint: The primary endpoint for study N01252 was the partial onset seizure (type 1) 
frequency per week over the Treatment Period. It was calculated for each subject as: 

 
Total number of type 1 seizures over the treatment period 

X 7 total number of days with no missing seizure count in the 
treatment period 
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Primary Analysis:  

This variable (type 1 seizures) was transformed prior to being analyzed using the 
logarithmic transformation loge [x+1] (where x is the seizure frequency per week). The 
ANCOVA model was applied on the transformed data over the Treatment Period, 
including treatment, study region and LEV use as factors and the transformed Baseline 
seizure frequency per week as a covariate in the model. 
In order to control the Type I error, testing was performed in sequence starting with 
50mg, then 100mg, and finally 20mg, only moving to the next test if the previous one 
was significant at the 0.050 level. 

Missing Data:  

Subjects who reported a complete and non-missing seizure record for at least 1 day 
during the Baseline or Treatment Period were included in the analysis. If a subject had 
missing seizure count information for some days during the Baseline or Treatment 
Periods, these days were not considered in the calculation of the seizure frequency per 
week (ie, the weekly seizure frequency was computed over the non-missing days of the 
considered period). Similarly, if a subject withdrew from the study before the end of the 
Treatment Period, the seizure information collected up until the time of withdrawal was 
used to calculate the seizure frequency per week over the Treatment Period. 
 

Results 

Primary Efficacy Results 

Correction: Percent Reduction of Seizure Frequency (all Pivotal Trials) 
 
The biometrics review team identified discordance between the expected percent 
reduction in seizure frequency and the result displayed in the sponsor’s primary 
endpoint result tables for the three pivotal trials.  
 
This discrepancy was carried through the percent reduction of seizure frequency in the 
primary efficacy outcome tables of studies 1252, 1253 and 1358 using the prespecified  
seizure count intervals of 7 days, 7 days and 28 days respectively presented in section 
5 (individual study results).  This does not affect the test of significance which is based 
on the ANCOVA model and resultant LS mean values.  
 
The divergence lies in the calculation of percent reduction in seizure frequency over 
placebo using seizure frequencies generated from back transformation of the ln (natural 
log) model LS mean values. The subsequent percent reduction in seizure frequency 
was calculated from the following expression:  
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Primary efficacy analysis (study 1252): treatment comparison of the 
log-transformed partial (Type I) seizure frequency per week (7 day count interval) 

over the Treatment Period using an ANCOVA model 
(ITT Population) 

Statistics 
 

PBO 
brivaracetam 

20mg 50mg 100mg 
(N=100) (N=99) (N=99) (N=100) 

n 100 99 99 100 
*From sponsor study report, Table 8:2, page 90 
* Calculated from EFFSZP dataset, ITT, Type 1 seizure, Variables: SZPLFWBI (baseline) and SZPLFWI 
(treatment period) using JMP fit model, with treatment period frequency as outcome and treatment arm, baseline 
seizure frequency, concomitant levetiracetam use and geographic region as effects.  
 
 
Table 19  Seizure Frequency per week across treatment arms, baseline and treatment 
period 

Partial (Type I) seizure frequency per week over Baseline and 
Treatment Period (ITT Population) 

Analysis period 
Descriptive statistics 

 
PBO 

brivaracetam 
20mg 50mg 100mg 

(N=100) (N=99) (N=99) (N=100) 
Baseline 
n 100 99 99 100 
Median 2.07 1.93 1.80 2.02 
Q1-Q3 1.35-6.04 1.28-3.59 1.25-3.47 1.26-3.25 
Treatment 
n 100 99 99 100 
Median 1.75 1.34 1.49 1.26 
Q1-Q3 0.76-5.12 0.70-3.12 0.69-2.78 0.52-2.93 
*from sponsor study report, Table 8:1, p 89 

 
 
Reviewer Comment: No source of systematic bias is identified in the study. The 
efficacy endpoint is acceptable for an epilepsy trial. Based on the protocol predefined 
criteria there was no significant separation of the 20mg and 50mg treatment arm from 
placebo. The 100mg treatment did have significant separation from placebo. There was 
also a dose response seen between the 50mg and 100mg treatment arm. The analysis 
plan and handling of missing data agree with the prespecified statistical analysis plan.   
 

Efficacy Subgroups 

Examination of the percent change in median seizure frequency from baseline to 
treatment period is performed on subgroups to search for potential inequalities in 
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treatment effect. The percent change in seizure frequency from baseline to treatment for 
each patient is calculated as follows:  
 

(𝑏𝐿𝑏𝐿𝑙𝑏𝐼𝐿 𝐿𝑆 𝐹𝐹𝐿𝐹𝐹𝐿𝐼𝐹𝐹 − 𝑇𝐹𝐿𝐿𝑇𝐿𝐿𝐼𝑇 𝑃𝐿𝐹𝑏𝑃𝑃 𝐿𝑆 𝐹𝐹𝐿𝐹𝐹𝐿𝐼𝐹𝐹)
𝑃𝐿𝑏𝐿𝑙𝑏𝐼𝐿 𝐿𝑆 𝐹𝐹𝐿𝐹𝐹𝐿𝐼𝐹𝐹

∗ 100 

 
The median percent change in seizure frequency is then the median of percent change 
values obtained from all patients. This metric is unadjusted for baseline, region, center 
or levetiracetam use. This unadjusted metric is examined for large differences within 
selected subgroups that could potentially forecast a meaningful inequality of treatment 
effect in the subgroup of interest.  
 

Sex 
An examination of the median percent seizure reduction in type 1 seizure frequency in 
the ITT population by sex is performed. The largest divergence between males and 
females is seen in the 50mg treatment arm where females have an 18% median 
reduction from baseline while males have a 34% reduction. In the 20mg treatment arm 
this trend is reversed with a 34% median reduction in frequency in the female subgroup 
and a 23% reduction in the males. In the 100mg treatment arm both groups have a 32% 
median reduction in seizure frequency. Overall the female subgroup has a 24% median 
reduction while the male subgroup has a 28% reduction. These findings do not indicate 
a differential treatment effect based on sex.  
 
An analysis of seizure frequency reduction by sex is performed with patients on 
concomitant levetiracetam excluded. The largest divergence between males and 
females is seen in the 50mg treatment arm where females have a 20% median 
reduction from baseline while males have a 36% reduction. In the 20mg treatment arm 
the median percent reduction is separated by 7%, females 31% and males 24%. In the 
100mg treatment arm the male subgroup has a 44% median percent reduction in 
seizure frequency while the females have a 33% reduction.  
 
The placebo reduction is unchanged in the analysis of the combined levetiracetam and 
brivaracetam group compared to the analysis with the levetiracetam treated patient 
group excluded. The placebo to treatment period difference in median % reduction in 
seizure frequency is similar in both the all patient and levetiracetam excluded analysis 
with a larger female median percent reduction in the 20mg treatment arm which 
reverses in the 50mg treatment arm and is similar in the 100mg treatment arm, 
separated by 5 percentage point and 6 percentage points in the all patient and non-
levetiracetam group analyses respectively, see Figure 19 .  
 
Overall there is no consistent difference in treatment effect by sex based on an 
unadjusted baseline to treatment median percent reduction in seizure frequency.  
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Age 
 
An examination of the median percent seizure reduction in type 1 seizure frequency in 
the ITT population by age strata is performed. Age is separated into five strata, <18, 18 
to <30, 30 to <50, 50 to <65, and ≥65. The numbers of subjects in the <18 grouping is 5 
patients. Due to the small sample size this group is not included in the age subgroup 
analysis.  
 
There is a small 5% reduction from baseline to treatment period in the placebo 
treatment, 18 to <30 age strata, while in the remaining age strata the placebo change 
form baseline to treatment is similar with a 21%, 22% , and 26% value for the 30 to <50, 
50 to <65, and ≥65 age strata respectively. This placebo baseline to treatment 
difference creates a large effect size for the placebo to treatment arm difference in the 
18 to <30 age strata found to be 32%, 32% and 25% in the 20mg, 50mg and 100mmg 
treatment arm respectively. The placebo to treatment difference for the 20mg, 50mg 
and 100mg treatment arms are also compared. There is a large effect (placebo to 
treatment) difference in all dose groups in the 18 to <30 age strata. In the 20mg dose 
group the placebo to treatment values are 3%, 3% and 10% for the 30 to <50, 50 to 
<65, and ≥65 age strata respectively. There are large variations across the age strata at 
the 50mg dose. The placebo to treatment values are -10%, 24%, and -18% for the 30 to 
<50, 50 to <65, and ≥65 age strata respectively. The 100mg dose arm  reveals some 
uniformity between the 30 to <50, 50 to <65 age strata with placebo to treatment values 
of 12% and 10% respectively and a large 50% value for the ≥65 age strata. There are 
only 11 patients in the ≥65 age strata that likely accounts for the large variability in this 
age strata across treatment arms, see Figure 20.  
 
There is a great deal of variability in the placebo to treatment period difference in 
median percent seizure reduction across the age strata. There is no dose response 
seen across the age strata. No consistent differential treatment effectiveness by age 
strata can be identified from the observations in this analysis. 
 

Regional Differences 
 
An examination of the median percent seizure reduction in type 1 seizure frequency in 
the ITT population by region is performed. Study sites are grouped into three regions, 
Western Europe, Eastern Europe and Rest of World (ROW), see Table 13. The median 
percent seizure reduction from baseline to treatment period and placebo to treatment 
arm difference is greatest in the Indian (ROW) subgroup. The value for the difference in 
median % reduction in placebo vs the three Brivaracetam treatment arms are 26%, 20% 
and 25% for the 20mg, 50mg and 100mg dose groups respectively. The Western 
European regional group has the smallest value for the difference in median % 
reduction in placebo vs the three Brivaracetam treatment arms. These values are 5%, 
negative (-2%) and 6% for the 20mg, 50mg and 100mg dose groups respectively. The 
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Eastern European subgroup falls near midway between the Western European and 
Indian subgroups. The Eastern European values for the difference in median % 
reduction in placebo vs the three Brivaracetam treatment arms are 12%, 8% and 12% 
for the 20mg, 50mg and 100mg dose groups respectively, see Figure 21.  
 
There may be less robust effectiveness in patients on concomitant levetiracetam. The 
proportion of patients on levetiracetam is much greater in the Western Europe region 
and is low in both Eastern Europe and India. The median percent reduction in type 1 
seizures from baseline to treatment period is examined in the regional subgroups with 
patients on levetiracetam excluded. The values for the difference in median % reduction 
in placebo vs the three Brivaracetam treatment arms in the Western European 
subgroup are 3%, negative (-4)% and 18% for the 20mg, 50mg and 100mg dose groups 
respectively. In the Eastern European subgroup the values for the difference in median 
% reduction in placebo vs the three Brivaracetam treatment arms are 10%, 8% and 
13% for the 20mg, 50mg and 100mg dose groups respectively. In the Indian subgroup 
the values for the difference in median % reduction in placebo vs the three 
Brivaracetam treatment arms are 34%, 26% and 32% for the 20mg, 50mg and 100mg 
dose groups respectively. There is a modest increase in the seizure frequency reduction 
from placebo in the 100mg treatment arm for the Western European region but little 
change for this region in the other treatment arms. The Indian region shows an increase 
in median seizure frequency reduction in all treatment arms with three levetiracetam 
patients excluded. In this case the increase is influenced most by a reduction in the 
median percent seizure reduction in the placebo arm from 22% in the all patient 
analysis to 14% in the levetiracetam exclusion analysis. Overall, there is a modest 
increase in the Western European treatment effect at the 100mg dose, see Figure 22.  
 
There is a noticeable gradient of median percent seizure reduction, baseline to 
treatment, between the Western European and Indian regional subgroups. A gradient of 
intermediate magnitude is seen between Western European and Eastern European 
Brivaracetam treatment effect. This differential effect persist when levetiracetam 
patients are excluded, thus this difference is not fully explained by diluted benefit in the 
patients on concomitant levetiracetam. The most robust median percent reduction in 
seizure frequency is seen in the 100mg treatment arm where the regional gradient 
becomes less prominent.  

 
A modeling analysis is performed with ln transformed treatment seizure frequency as 
outcome and ln transformed baseline seizure frequency, treatment arm, region (ROW = 
India) and levetiracetam status as effects. This analysis does not identify region as a 
predictor of outcome.  
 
Reviewer Comment: There is a strong region effect; it is observed that India has a 
more prominent treatment effect than Western or Eastern Europe. This does not appear 
to be due to an effect of concomitant levetiracetam use. The absence of India as an 
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independent predictor of seizure frequency outcome in the modeling analysis increases 
the likelihood that treatment effect may be generalized to the European populations.  
 

Levetiracetam use 
 
As noted in the study design up to 20% of patients entering study 1252 could be on 
concomitant levetiracetam with a result that in the ITT population there were 76 (19.1%) 
patients on concomitant levetiracetam and 322 (80.9%) without concomitant 
levetiracetam.   
 
An examination of the median percent seizure reduction in type 1 seizure frequency 
from baseline to treatment period in the ITT population in all patients and again with 
patients on concomitant levetiracetam excluded. In the complete patient set analysis the 
median percent reduction from baseline to treatment period was 17%, 30%, 27% and 
32% in the placebo, 20mg, 50mg and 100mg treatment arms respectively. In the 
analysis with patients on concomitant levetiracetam excluded the median percent 
reduction was 17%, 30%, 33%, and 38% in the placebo, 20mg, 50mg and 100mg 
treatment arms respectively, see Figure 23. The placebo reduction is 17% in both the 
“All” and “levetiracetam excluded” groups thus there is a modest increase in the 
treatment effect (placebo minus treatment period), in the 50mg and 100mg 
Brivaracetam treatment groups when patients on concomitant levetiracetam were 
excluded while the 20mg treatment arm remains unchanged, see Figure 24.  
 
Reviewer Comment: These findings suggest there is an increase likelihood of 
response to brivaracetam in patients who are not on concomitant levetiracetam therapy. 
This is further discussed in section 6.1.10, Concomitant LEV in Western Europe.  
 
 
Study N01253 
 
Study Title: An international, double-blind, parallel-group, placebo-controlled, 
randomized study: evaluation of the efficacy and safety of Brivaracetam in subjects (≥ 
16 to 70 years old) with partial onset seizures. 

Study Design and Dosing:   

This was a double-blind, parallel-group, placebo-controlled, randomized study 
conducted in 400 randomized subjects to determine efficacy and safety of brivaracetam 
in subjects (16 to 70 years old) with POS. Subjects were enrolled and entered an 8-
week Baseline Period. At the end of the Baseline Period, subjects were randomized in a 
1:1:1:1 fashion to 1 of 4 treatment arms (brivaracetam 5mg/day, 20mg/day, 50mg/day 
or PBO). Oral tablets of brivaracetam (2.5mg/day, 10mg/day, and 25mg/day) and 
matching PBO were used in the study. Subjects were randomized to the full-dose, 
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without any Titration Phase. The Treatment Period lasted 12 weeks. The daily dose was 
administered in 2 equal intakes, morning and evening. One fallback option was offered.  
Up to 20% of patients could be treated with concomitant levetiracetam. 
 
Randomization: A 1:1:1:1 central randomization (random permuted blocks) stratified per 
geographical region and by concomitant LEV use was used in the study to ensure 
overall balance across the different treatment groups. 
 
Study Schematic 
 
Figure 10  N01253  Study Schematic8 

 
 

Sample Size:  

Sample size determination was based on an estimate of the standard deviation from 
phase II studies. The standard deviation derived from these studies was 0.45. This 
estimate was based on the primary efficacy analysis on the ITT population in the above 
mentioned (phase 2) studies, including subjects who dropped out prematurely. With a 
power of 90% and a 2-sided level of significance of 5%, 87 subjects per arm are 
required to detect a treatment difference of -0.223 in log transformed seizure frequency 
per week between brivaracetam and PBO. The treatment difference of -0.223 in log 
transformed seizure frequency corresponds to a 20% reduction over placebo. Since the 
                                            
8 Sponsor Protocol n01253, Figure 5:1, section 5.2 
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3 doses of brivaracetam will be tested hierarchically at the 5% significance level starting 
with 50 mg brivaracetam, power is lost for 20 mg brivaracetam and 5 mg brivaracetam. 
In order to compensate for this loss in power, 100 subjects per arm are included. 

Primary Efficacy Variable:  

The primary efficacy was the log transformed partial onset seizure frequency (POS), 
type 1 seizures, per week over the treatment period (12 weeks) analyzed on the mITT 
population9.  

Population:  

A total of 509 patients were screened to yield 400 randomized patients. There were 109 
screen failures and 4 patients randomized but not included in the ITT population. Three 
of these patients were randomized in error while the remaining patient was listed as “the 
patient didn’t take the medication”. From among those identified as screening failure 
there were 12 patients who withdrew consent, 5 lost to follow up, 1 patient had an 
adverse event and was not assigned a randomized subject number, 8 patients were 
listed with only “other reason” and 83 were not eligible although the specific eligibility 
deficit is not indicated.10 
 
Key Inclusion / Exclusion Criteria  
Inclusion Criteria  
 

1. Subject ages 16 to 70 years inclusive.  
2. Body weight ≥ 45kg 
3. Female subjects of non-childbearing potential 
4. Female subjects of childbearing potential if use of protocol approved 

contraceptive method.  
5. Well characterized focal epilepsy or epileptic syndrome according to the ILAE 

classification 
6. EEG compatible with the clinical diagnosis of focal epilepsy in the last 5 years.  
7. Brain MRI or CT scan within the last 2 years 
8. History of partial onset seizures whether or not secondarily generalized (type 1 

seizures according to ILAE classification). 
9. At least 2 partial onset seizures whether or not secondarily generalized per 

month during the 3 month as preceding Visit 1 
                                            
9 From Sponsor Study Report, section 6.1.4.2: The Modified ITT (mITT) Population was defined as all 
subjects in the ITT population, but excluded all 3 randomized subjects from Site 404 as well as Subject 
364/B155 (CRF number 100196). Subjects from Site 404 were excluded due to serious and persistent 
noncompliance with applicable FDA regulation, GCP, and ICH guidelines on the part of Site 404. 
Subject 364/B155 was an extraordinary outlier with respect to the reported seizure frequency (>100/day 
during the 12 weeks prior to V1 as well as during the Baseline and Treatment Periods). 
10 Derived from Sponsor analysis dataset PATSSE 
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10. At least 8 partial onset seizures whether or not secondarily generalized during 
the 8 week baseline period 

11.  Subjects not controlled while treated using 1 to 2 permitted concomitant AEDs.  
12. Vagal nerve stimulator is allowed but not counted as a concomitant AED 
13. Permitted concomitant AEDs and VNS (implanted for at least 9 months) must be 

stable and at an optimal dosage for at least 1 month before visit 1 (3 months for 
phenobarbital and primidone) and expected to remain stable during the treatment 
period. Benzodiazepine taken more than once a week is considered  a 
concomitant AED.  

 
Exclusion Criteria 

1. Seizure type 1A non-motor is the only seizure type 
2. Seizures that occur only in clusters that are too frequent or indistinctly separated 

to be reliably counted. Before visit 3.  
3. Status epilepticus during the year preceding visit 1 or during baseline 
4. History of pseudoseizures 
5. Subjects on felbamate with less than 18 months continuous exposure before visit 

1. Subjects previously on felbamate are eligible if the combined duration of 
treatment and wash out is ≥18 months.  

6. Subjects on vigabatrin or previously on vigabatrin if visual field results are not 
available or abnormal. 

7. Subjects on any drug with possible relevant CNS effects except if stable for at 
least one month.  

8. On any drug that may significantly influence the metabolism of Brivaracetam 
unless the dose has been stable for at least one month before visit 1 and 
expected to remain constant. 

9. History of stroke including TIA in the preceding six months.  
10. Cardiovascular or peripheral vascular disease.  
11. Rapidly progressing brain disorder or brain tumor 
12. Presence of terminal illness or serious infection 
13. History of sever adverse hematologic reaction ot any drug 
14. Impaired  hepatic function 
15. Clinically significant deviation from reference range values for laboratory 

parameters:  creatinine clearance calculated < 50 mL/min, platelets < 
100,000/μL, or neutrophil cells < 1,800/μL). 

16. Clinically significant ECG parameters 
17. History of suicide attempt 
18. Ongoing psychiatric disease other than mild disorder 
19. Know multiple drug allergies or severe drug allergy 
20. Known allergic reaction or intolerance to pyrrolidone derivatives and/or 

investigational product excipients 
21. Pregnant or lactating women 
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Epilepsy Diagnosis and Concomitant AED Characteristics (mITT) 
Examination of the distribution of epilepsy diagnoses, cryptogenic, idiopathic 
symptomatic and unknown revealed a similar profile across study arms as shown in 
appendix 9.5 Figure 27 . The lowest percent of unknown epilepsy diagnosis is seen in 
the 50mg dose group with the remaining dose groups have a 10 to 13 percent unknown 
diagnosis. The localization related cryptogenic diagnosis has a 5 percentage point 
range from 21 to 26 percent across the dose groups. The localization related idiopathic 
diagnosis has a broader range, from 8 to 22 percent of patients. The minimum and most 
divergent from other dose groups seen in the 20mg dose group where 8% have a 
diagnosis of localization related- idiopathic seizures. The localization related-
symptomatic diagnostic category contributes the largest percent of patients from among 
the diagnostic categories with a range from 43 percent to 58 percent of patients. The 
20mg dose group has the largest proportion of this diagnosis at 58%.11  

Seizure Type 

Type 1 (partial onset) seizures are counted for analysis of the primary endpoint however 
all seizure types are captured in the patient seizure diaries, including complex partial 
and generalized seizures. There are 15 seizure types captured in patient seizure 
diaries. The most common seizure type captured from among the four treatment arms 
are Type 1C (Partial seizures secondarily generalized). This seizure type contributes an 
average of 59% to the treatment arms with a maximum of 63% in the 20mg arm and a 
minimum of 54% in the 50mg treatment arm. The top 4 seizure types contributing to the 
treatment arms with an average contribution of ≥ 40% are Type 1C, type 1B1, type 1B2 
and type 1B. The maximum difference in proportion of these four seizure types between 
any treatment arms is 9%, 8%, 11%, and 13% for Type 1C, 1B1, 1B2 and 1B 
respectively, see Table 37. The distribution of seizure types with an average 
contribution to the four treatment arms of >10% is shown in Figure 28. 
 
Overall there is no notable inequality of the 8 seizure types within treatment arms for 
those seizure types contributing greater than an average of 10% to the any treatment 
arms.  
 

Concomitant Antiepilepsy Drugs (AEDs), mITT population 

The frequency of concomitant AED use (except levetiracetam) is examined across all 
brivaracetam dose arms, appendix 9.5, Figure 29.12 Fourteen concomitant antiepilepsy 
drugs are identified in use with study drug, shown in Table 20. Carbamazepine is the 
most frequently used concomitant AED. Of interest is the uniformity of AED use across 
treatment arms. The difference between the maximum and minimum use of a given 

                                            
11 Derived from Sponsor Analysis Dataset HISCSY.  
12 Derived from Sponsor Analysis Dataset MEDDRG 
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AED by treatment arm is computed. This difference is then divided by the average 
percent use of that AED in all treatment arms. This proportion is used as an index of the 
separation of a given AED use between the treatment arms. For example, 
carbamazepine was a concomitant AED in 43.8% of the placebo arm and 39.6%, 38.4% 
and 37.6% of the 5mg, 20mg and 50mg arms respectively. 
 
The average use of carbamazepine across all 4 treatment arms was 39.8% while the 
maximum difference between greatest use arm (placebo) and least use treatment arm 
(50mg) was 6.1%. This yields a difference proportion of 0.15. This same process is 
repeated for 14 concomitant AEDs, Table 20. The greatest difference between AED use 
between treatment arms for an AEDs is seen for tiagabine with a difference index of 4. 
The large difference index in this case is due to the overall small proportion of use 
among all patients. There are only 1% of patients in the 50mg treatment arm on this 
agent and none in the remaining arms. In those AEDs with average use greater than 
10% the difference index is greater than 1 only in topiramate, the AED with average use 
that is closest to 10%. Overall there is acceptable symmetry in concomitant AED use 
across treatment arms.  
 
Table 20  Symmetry of Concomitant AED Use. AEDs with a Frequency of ≥5% in any 
Brivaracetam Treatment Arm (mITT) 

AED % PBO 5mg 20mg 50mg  

maximum 
difference 
between 
treatment arms 

average in 
all 
treatment 
arms 

difference 
Index* 

CARBAMAZEPINE 43.8 39.6 38.4 37.6 6.1 39.8 0.15 
LAMOTRIGINE 28.1 27.1 26.3 25.7 2.4 26.8 0.09 
LEVETIRACETAM 19.8 17.7 19.2 18.8 2.1 18.9 0.11 
PHENYTOIN 14.6 19.8 11.1 18.8 8.7 16.1 0.54 
VALPROIC ACID 13.5 15.6 12.1 18.8 6.7 15.0 0.45 
OXCARBAZEPINE 10.4 9.4 18.2 9.9 8.8 12.0 0.74 
TOPIRAMATE 14.6 4.2 17.2 8.9 13.0 11.2 1.16 
PHENOBARBITAL 5.2 8.3 8.1 14.9 9.6 9.1 1.06 
PREGABALIN 6.3 8.3 8.1 2.0 6.4 6.2 1.03 
ZONISAMIDE 4.2 8.3 2.0 7.9 6.3 5.6 1.13 
CLONAZEPAM 5.2 5.2 6.1 3.0 3.1 4.9 0.64 
FELBAMATE 0.0 1.0 1.0 3.0 3.0 1.3 2.37 
GABAPENTIN 1.0 2.1 0.0 3.0 3.0 1.5 1.95 
PRIMIDONE 2.1 2.1 1.0 3.0 2.0 2.0 0.96 
TIAGABINE 0.0 0.0 0.0 1.0 1.0 0.2 4.00 
*Maximum difference between any Treatment arm / Average use in treatment arm. Larger index indicates 
greater inequality in use of AED between treatment arms.  

 
Leviteracetam use:  In study 1253 levetiracetam was allowed in 20% of those enrolled. 
The distribution of levetiracetam across treatment arms was acceptably symmetric with 
a frequency of 19.4%, 18.6%, 18.8% and 19% in the placebo, 5mg, 20mg, and 50mg 
arms respectively. 
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Demographics (Appendix 9.5, Table 38) mITT 
There was no notable difference in the distribution of males and females across 
Brivaracetam dose groups. The maximum difference seen between groups in the 
distribution of males was 8 percent. The minimum percent of males was seen in the 
placebo group and the maximum seen in the 20mg dose group, composed of 44% and 
52% males respectively. The reciprocal was seen in the distribution of females where 
the placebo and 20mg dose group were comprised of 55% and 47% respectively, see 
Table 38.  
 
There was no notable difference in the age distribution among dose groups. The 
maximum difference in mean age among the dose groups was 1.7 years while the 
maximum difference in the median age among dose groups was 3.8 years, see Table 
38.  
 
There was no notable difference in racial composition among dose groups. The 
maximum difference seen occurred in the caucasian group where there was a 7.5% 
difference between the placebo and 50mg dose groups, see Table 38.  
 
Countries: Study N01253 was conducted among five countries; Australia, Brazil, 
Canada, Mexico, and the United States. There was no notable inequality in the 
distribution of participants from these countries across dose groups. The maximum 
difference between dose groups was seen in the distribution of patients from Mexico 
where the placebo arm was composed of 18.8% patients from Mexico and the 50mg 
arm was composed of 11.9% Mexican patients, see Table 38.  
 
Regions: There were two region variables created in study N01253. These were Latin 
America and North America / Australia. The North American region is comprised of 
study sites from the US, Canada and Australia (due to similarity of medical care) while 
the Latin American region is comprised of study sites from Mexico and Brazil. There 
was no notable inequality in the proportion of patients from each region across dose 
arms. Overall 41% of patients were from the United States, see Table 38.  
 
Disposition 
 
There were 509 patients screened to enter study 1253. One hundred nine (109) patients 
were screening failures while 400 patients were randomized. From among the 400 
randomized patients there were 396 who were in the ITT populations. Four subjects 
were excluded from the ITT Population. Subject 326/D235 in the brivaracetam 5mg/day 
group was excluded for failing to take study medication. Subject 409/D088 was 
randomized in error to the brivaracetam 5mg/day group after a failed screening, but was 
not dispensed study medication. Two additional subjects were excluded because they 
were randomized in error but were never dispensed study medication (Subject 
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Efficacy Subgroups 

Sex 
An examination of the median percent seizure reduction in type 1 seizure frequency in 
the mITT population by sex is performed. The female subgroup reveals a 37% median 
reduction in seizure frequency compared to 27% in males in the 50mg treatment arm. 
There was a 13% and 18% median reduction in seizure frequency in the 5mg and 20mg 
treatment arms for females respectively while males had a 24% median reduction from 
baseline in both the 5mg and 20mg treatment arms. The placebo median reduction from 
baseline was 17% and 20% for females and males respectively. The placebo to 50mg 
treatment arm difference is 20% for females and 7% for males.  
 
An analysis of seizure frequency reduction by sex is performed with patients on 
concomitant levetiracetam excluded. In this analysis the female subgroup reveals a 
38% median reduction in seizure frequency from baseline to 50mg treatment compared 
to a 34% median reduction in frequency for males. There was a 17% and 20% median 
reduction in seizure frequency in the 5mg and 20mg treatment arms for the females 
respectively while males had a 28% and 27% median reduction in the 5mg and 20mg 
treatment arms respectively. The placebo median reduction from baseline to treatment 
interval was 15% and 21% for females and males respectively. The placebo toe 50mg 
treatment arm difference was 23% for females and 13% for males.  
 
There is shift to a larger median percent reduction in seizure frequency in the patients 
who are not on concomitant levetiracetam. In both the total sample and the subset with 
concomitant levetiracetam excluded the placebo to 50mg treatment arm difference in 
median seizure frequency reduction in the males is smaller than seen in females. This 
blunting of 50mg effect size may be in part due to a larger placebo effect size seen in 
the male group both with and without levetiracetam patients, see Figure 30.  

Age 
An examination of the median percent seizure reduction in type 1 seizure frequency in 
the mITT population by age strata is performed. Age is separated into five strata, <18, 
18 to <30, 30 to <50, 50 to <65, and ≥65. The numbers of subjects in the <18 and ≥65 
groups was small with 13 patients in the <18 year old age strata in all treatment arms 
combined and 6 patients in the ≥65 age strata in all treatment arms combined.  The 
median percent reduction in seizure frequency was 100% for the single patient in the 
≥65, 50mg treatment arm. Comparison of this group to the 18 to <65 age group with a 
much larger n size is limited, see Figure 31. 
 
The 18 to <30 year strata is seen to have an 18%, 16%, and 27% median reduction in 
seizure frequency from baseline to treatment period in the 5mg, 20mg and 50mg 
treatment arms respectively. In the 30 to <50 year strata there was a 28%, 18% and 
37% reduction in the 5mg, 20mg and 50mg treatment arms respectively. In the 50 to 
<65 age strata there was a 0%, 37% and 31% reduction in the 5mg, 20mg and 50mg 
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treatment arms respectively. The placebo treatment arm had a 31%, 16% and 14% 
median reduction in seizure frequency from baseline to treatment period in the 18 to 
<30, 30 to <50, 50 to <65 age bands respectively. The large placebo effect in the 18 to 
<30 age strata results in a negative placebo the treatment difference in all treatment 
arms while in the 30 to <50 year age strata there was positive difference in all treatment 
arms and a 21% placebo to treatment difference in the 50mg treatment arm. The 50 to 
<65 age strata had a negative placebo to treatment difference in the 5mg treatment arm 
and a 23% placebo to treatment difference in the 20mg arm and 17% difference in the 
50mg treatment  arm, see Figure 31.  
 
Reviewer Comment: there is a notably larger seizure reduction in the 50 to <65 age 
group at the 20mg dose while in the 5mg treatment arm there appears to be a 
diminished seizure reduction in the ≥50 year age groups. The median percent seizure 
reduction is not homogenous across age strata, however fractionation of the population 
into these small, average subset size 20 patients, does not allow a definitive conclusion 
on differential effect of brivaracetam by age.  

US and Regional Differences  
 
An examination of the median percent seizure reduction in type 1 seizure frequency in 
the mITT population by region and US is performed. Study sites are grouped into two 
regions; “Latin America” and “North America / Australia”. The median percent seizure 
reduction from baseline to treatment period for the 50mg dose is 38%, 26% and 30% in 
the Latin America, North America / Australia and US groups respectively. The placebo 
response from baseline to treatment is similar between groups with a median percent 
reduction of 16%, 19% and 16% in the Latin America, North America / Australia and US 
groups respectively.  
 
 
The same analysis is performed with exclusion of patients on concomitant 
levetiracetam. In this analysis there is a modest increase in median percent reduction in 
seizure frequency from baseline to treatment period in all regions and Brivaracetam 
treatment arms except the Latin American region in the 5mg treatment arm which 
remained stable at a 28% reduction. The percent reduction in the placebo treatment 
group remained very similar for the Latin American and North American / Australia 
regions but decreased to 2% in the US group, see Figure 32. 
 
Overall there is no evidence of a differential seizure reduction across the major regions 
and US in either the analysis of all patients or the analysis with patients on concomitant 
levetiracetam excluded. 

Levetiracetam use 
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As noted in the study design up to 20% of patients entering study 1253 could be on 
concomitant levetiracetam with a result that in the mITT population there were 75 
(19.1%) patients on concomitant levetiracetam and 317 (80.9%) without concomitant 
levetiracetam.   
 
An examination of the median percent seizure reduction in type 1 seizure frequency 
from baseline to treatment period in the mITT population in all patients and again with 
patients on concomitant levetiracetam excluded. In the complete patient set analysis the 
median percent reduction from baseline to treatment period was 18%, 20%, 23% and 
30% in the placebo, 5mg, 20mg and 50mg treatment arms respectively. In the analysis 
with patients on concomitant levetiracetam excluded the median percent reduction was 
16%, 26%, 27%, and 37% in the placebo, 5mg, 20mg and 50mg treatment arms 
respectively. There is a modest increase in the median percent reduction in all 
Brivaracetam treatment groups when patients on concomitant levetiracetam were 
excluded, see Figure 33. In placebo treatment there was a 2% decrease in the median 
percent reduction in the LEV excluded group. This small difference does not notably 
contribute to the larger percent reductions seen in the levetiracetam excluded treatment 
arms. These findings suggest there is an increase likelihood of response to 
Brivaracetam in patients who are not on concomitant levetiracetam therapy.  

Study N01358 

Study Title: A Randomized, Double-blind, Placebo-controlled, Multicenter, Parallel-
group Study to Evaluate the Efficacy and Safety of Brivaracetam in Subjects (≥16 to 80 
Years Old) with Partial-onset Seizures. 
  
Study Design and Dosing: This was a randomized, double-blind, PBO-controlled, 
multicenter, therapeutic confirmatory study evaluating 2 active doses of brivaracetam. 
The subject population was adults (≥16 years of age to 80 years of age) with refractory 
POS whether or not secondarily generalized. Subjects under 18 years of age may have 
been included only where legally permitted and ethically accepted. Subjects receiving 
concomitant levetiracetam (LEV) were excluded from this study. Furthermore, LEV use 
within 90 days prior to study entry (Visit 1) was not allowed. Subjects completed an 8-
week prospective Baseline Period, during which subjects remained on a stable dose of 
their present AEDs and maintained a seizure diary. This was followed by a 12-week 
double-blind Treatment Period. Subjects were randomized to receive PBO, 
brivaracetam 100mg/day, or brivaracetam 200mg/day (2 equally divided doses 
administered twice daily) without up-titration. 
 
Randomization: A 1:1:1 central randomization (random permuted blocks) with 
stratification for country, LEV status (never used LEV vs prior LEV use only), and 
number of AEDs previously used, but discontinued prior to study entry (≤2 vs >2 AEDs) 
was used to ensure the balance across treatment groups (PBO, brivaracetam 
100mg/day, and brivaracetam 200mg/day) within each combination of stratification 
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levels. Randomization was not stratified by study center due to the expected small 
number of randomized subjects per study center. 
 
Study Schematic  
 
Figure 11  N01358  Study Schematic13 

 
 
Sample Size: sample size is based on the standard deviation of 0.62 based on the 
observed SD from a pooled analysis of subjects not receiving concomitant levetiracetam 
from studies N01252 and N01253. Based on this SD a total of 194 analyzable subjects 
per treatment group will provide 90% power to detect a difference of 0,223 in lest 
squares means on the log-transformed scale at the 0.025 significance level. The overall 
study sample size will be based on the primary efficacy outcome for European 
authorities. This outcome is the 50% responder outcome which requires the larger 
sample size of 231 analyzable subjects per treatment group. Because some 
randomized subjects may not qualify for the primary analysis, 240 subjects will be 
randomized in each arm, for a total of 720 randomized subjects across all 3 treatment 
groups.   

                                            
13 Sponsor Protocol N01358, Amendment 1, Page 23 
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Primary Efficacy Variable:  

The primary efficacy variable was the log transformed POS (type I) frequency per 28 
days during the 12-week Treatment Period. 
 
Population: A total of 1045 subjects were screened and 277 of these subjects were 
screen failures. Overall, there were 760 subjects included in the ITT Population. Eight 
patients were excluded from the ITT population, explained in the following paragraph.   
 
Eight randomized subjects were excluded from the ITT Population. Four subjects 
randomized to PBO were excluded from the ITT Population: Subject 126-00737 and 
Subject 329-00875 were excluded from the ITT, the PP, and the Safety Populations 
(discontinued due to the reason of “Other” prior to study drug administration); Subject 
376-00506 and Subject 478-00194 were excluded from the ITT and the PP Populations 
(discontinued due to consent withdrawn and discontinued due to a TEAE, respectively. 
Two subjects randomized to brivaracetam 100mg/day were excluded from the ITT 
Population: Subject 101-00530 was excluded from the ITT, the PP, and the Safety 
Populations (discontinued due to the reason of “Other” prior to study drug 
administration) and Subject 110-01045 was excluded from the ITT and PP Populations 
(discontinued due to a TEAE). Two subjects randomized to brivaracetam 200mg/day 
were excluded from the ITT Population: Subject 602-00479 was excluded from the ITT, 
the PP, and the Safety Populations (discontinued due to the reason of “Other” prior to 
study drug administration), and Subject 506-00358 was excluded from the ITT and the 
PP Populations (lost to follow up) 

Key Inclusion / Exclusion Criteria 

Inclusion Criteria 
 

1. IRB approve written informed consent signed and dated 
2. Subjects, male or female, age 16 o 80 years inclusive, Subjects under age 18 

where legally permitted and ethically accepted. 
3. Female subjects with childbearing potential are eligible if they use a medically 

accepted contraceptive method. 
4. Well-characterized focal epilepsy/epileptic syndrome according to the 1989 

International League against Epilepsy (ILAE) classification. 
5. Presence of an EEG reading compatible with the clinical diagnosis of focal 

epilepsy within the last 5 years. 
6. Presence of a brain MRI/computed tomography (CT) scan performed within the 

last 2 years 
7. Subjects having at least 8 Type I seizures [POS; focal seizures (according to the 

1981 ILAE classification)] during the 8-week Baseline Period with at least 2 Type 
I seizures during each 4-week interval of the Baseline Period. 
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8. Subjects having at least 2 partial onset seizures whether or not secondarily 
generalized per month during the 3 months preceding visit 1. 

9. Subjects being uncontrolled while treated by 1 or 2 permitted concomitant 
AED(s). Vagal Nerve Stimulation (VNS) is allowed and will be counted as a 
concomitant AED. 

10.  Permitted concomitant AED(s) and VNS being stable and at optimal dosage for 
the subject from at least 1 month (3 months for phenobarbital, phenytoin, and 
primidone) before V1 and expected to be kept stable during the Baseline and 
Treatment Period. Benzodiazepine taken more than once a week (for any 
indication) will be considered as a concomitant AED. 

 
Exclusion Criteria 
 

1. Seizure type IA (1981 ILAE classification) non-motor as only seizure type. 
2. Currently treated with levetiracetam 
3. Taken levetiracetam within 90 days prior to visit 1 
4. Subject has obvious cognitive impairment or mental retardation as per 

Investigator assessment 
5. Subjects whose seizures could not be reliably counted on a regular basis due to 

their fast and repetitive occurrence (clusters or flurries) 
6. Subject has history or presence of status epilepticus during the year preceding 

V1 or during Baseline. 
7. Know psychogenic non-epileptic seizures 
8. Subject on felbamate with less than 18 months exposure before visit 1 
9. Subject currently on vigabatrin 
10.  Subject taking any drug with possible central nervous system (CNS) effects 

except if stable from at least 1 month before visit1 and expected to be kept stable 
during the Treatment Period. 

11. Subject taking any drug that may significantly influence the metabolism of 
brivaracetam cytochrome P450 (potent inducers) except if the dose has been 
kept stable at least 1 month before visit 1, and is expected to be kept stable 
during the Treatment Period 

12. Subject has history of cerebrovascular accident, including transient ischemic 
attack, in the last 6 months. Suffering severe cardiovascular or peripheral 
vascular disease. 

13. Rapidly progressing bran disorder 
14. Severe adverse hematologic reaction to any drug. 
15. Impaired hepatic  laboratory studies greater than 2 x ULN or GGT > 3 x ULN 
16. Lifetime history of suicide attempt 
17.  Psychiatric history other than mild controlled disorder 
18. Female pregnant  or lactating 
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Epilepsy Diagnosis and Concomitant AED Characteristics 
Examination of Epilepsy syndrome diagnosis for distribution of cryptogenic, idiopathic, 
and symptomatic epilepsy syndromes among study 1358 treatment arms reveals similar 
proportions of each diagnosis in across treatment groups14. The largest difference in 
frequency of epilepsy syndromes was seen in the distribution of idiopathic epilepsy 
where there was a maximum of 8% difference between the frequencies in the placebo 
group compared to the 100mg treatment arm, see appendix 9.6. 
 
Seizure Type 
Examination of the distribution of seizure type frequency across study treatment arms 
was performed. The examination reveals only small differences in seizure type 
frequency between treatment arms, see Table 40, Table 41.  

Concomitant Antiepilepsy Drugs (AEDs) 

The frequency of concomitant AED use (except levetiracetam) is examined across all 
Brivaracetam dose arms15. Carbamazepine is the most frequently used concomitant 
AED.  Any AED with a proportion of use greater than 5% in any dose arm is included, 
shown in Figure 36. Of interest is the uniformity of AED use across treatment arms. A 
homogenous distribution of concomitant AEDs across the dose groups is the ideal 
which would eliminate the potential influence of the AED on the outcome result. To 
explore the variation in concomitant AED usage among the treatment arms the 
difference between the maximum and minimum use of a given AED by treatment arm is 
computed. To appreciate the actual influence of the computed treatment group 
difference a measure of the proportionate use of the AED among the treatment groups 
is needed. In order to weight the treatment group difference by the frequency of AED 
use the maximum difference in AED use between the treatment arms is divided by the 
average percent use of that AED in all treatment arms. This is labeled the difference 
proportion in Table 42. For example, carbamazepine was a concomitant AED in 37% of 
the placebo arm and 37%, 38% of the 100mg and 200mg arms respectively. The 
average use of carbamazepine was 37.4% while the maximum difference between 
greatest use arm (200mg) and least use treatment arm (100mg) was 0.7%. This yields a 
difference proportion of 0.018. This same process is repeated for 12 concomitant AEDs. 
The greatest difference between treatment arms is seen for oxcarbazepine with a 
maximum percent difference between arms 7.37% and a difference proportion of 0.488. 
Overall there is acceptable symmetry in concomitant AED use across treatment arms.  
 
 
Demographics 
 

                                            
14 Study 1358 ADAM dataset “ADEPHIS” 
15  Study 1358 ADAM dataset “ADCM” 
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Sex distribution 
 
The distribution of males and females is examined in the ITT population. There is no 
notable difference in the proportion of males and females in the study as a whole or in 
the placebo and 200mg treatment arms examined individually. There is an imbalance in 
the 100mg treatment arm with an excess of female over male patients by 19%, see 
Table 43.  
 
Age 
The mean and median ages for the overall study are 39.5 and 39 respectively. There is 
no notable difference in mean and median ages for the individual treatment arms, see  
Table 44. 
 
Race 
In the overall study the racial composition was 77% caucasian, 12% Asian, 7% “other”, 
3.7% American Indian or Alaska native, 3.4% Black or African American and 1% with no 
racial designation.  Examination of the individual treatment arms revealed no notable 
imbalance in the distribution of the racial groups, see Table 45. 
 
Country 
There were participants from study sites in 27 countries.  The United States was the 
largest contributor of patients to study 1358 at 21%. The next largest contributor was 
Mexico with 8.6% of the study population. There was no notable disproportion of 
patients by country across treatment arms, see Figure 38. There was also no notable 
disproportion of country representation within each treatment arm, see Figure 39.  

Region 

The 27 Countries participating in study 1358 were also partitioned into 5 geographical 
regions for examination. These regions are Western Europe, Eastern Europe, North 
America, Asia/Pacific/other, and Latin America. The proportion of participants from each 
of these regions was 26%, 26%, 25%, 12%, and 11% respectively. The distribution of 
patients from each treatment arm within each region was examined and no notable 
disproportion was noted, see Figure 40. The distribution of country participants within 
each treatment arm was also examined and no notable difference in proportion of 
country participation among the treatment arms was noted, see Figure 41. 
 
Disposition 
 
Table 27  Study 1358 Disposition of Patients from Randomization 

 PBO 
 

brivaracetam 
100mg 

 

brivaracetam 
200mg 

 
All subjects 
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 N= Randomized Patients  

Group n (%) N= 263 N= 254 N= 251 N=768 

ITT Populationa 259 (98.5) 252 (99.2) 249 (99.2) 760 (99.0) 

PP Populationb 245 (93.2) 232 (91.3) 237 (94.4) 714 (93.0) 

Completed study 246 (93.5) 225 (88.6) 225 (89.6) 696 (90.6) 
Discontinued study 17 (6.5) 29 (11.4) 26 (10.4) 72 (9.4) 
Reason for 
discontinuation 

    

Adverse event 10 (3.8) 21 (8.3) 17 (6.8) 48 (6.3) 
Lack of efficacy 1 (0.4) 1 (0.4) 0 2 (0.3) 
Protocol violation 0 3 (1.2) 1 (0.4) 4 (0.5) 
Lost to follow up 0 1 (0.4) 3 (1.2) 4 (0.5) 
Consent withdrawn 2 (0.8) 2 (0.8) 4 (1.6) 8 (1.0) 
Other 4 (1.5) 1 (0.4) 1 (0.4) 6 (0.8) 

aThe ITT Population consisted of randomized subjects who received at least 1 dose of 
study drug and had at least 1 post-Baseline seizure diary day. 
bThe PP Population consisted of all subjects in the ITT Population who did not have an 
important protocol deviation impacting the primary efficacy variable. 
From study 1358 ADAM dataset, ADSL, randomization flag, ITT flag, PP flag and 
Termination reason variables used to compile results.  

 
Time to discontinuation 
The protocol directed method to handle missing data is last observation carried forward. 
“If a subject prematurely discontinues before the end of the Treatment Period, then the 
seizure information collected up until the time of discontinuation will be used to calculate 
seizure frequency over the Treatment Period.”16 The earlier study dropout or 
discontinuation will result in reduced accuracy of true treatment period seizure count. 
The time of dropout or discontinuation is presented in Table 28. The median point of 
study dropout was at 2.7, 3.9 and 4.1 weeks in the placebo, 100mg and 200mg 
treatment arm respectively. The shorter seizure diary reporting in the placebo group 
may be offset by the smaller proportion of patients in this group who discontinued.   
Overall the discontinuation rate is low. From among those who discontinued there was a 
mean and median close to 1 month (33%) participation before discontinuation.  
 
Table 28  Study Time Point of Dropout of Patients who discontinued from Study 1358 by 
Treatment arm 

Treatment Arm N Rows Mean Std Dev Min Max Range Median % of 12 week 
study 

Placebo 17 3.4 2.6 0.1 8.0 7.9 2.7 22.6 
brivaracetam100 29 4.2 3.1 0.1 13.0 12.9 3.9 32.1 
brivaracetam200 26 5.0 3.7 0.0 13.1 13.1 4.1 34.5 

                                            
16 N01358 Study Protocol amendment 1, section 13.6, page 59 
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c Calculated from ADSZPL dataset, ITT, N=760, type 1 seizures, “overall”. Variables: BASE 
(baseline) and AVAL (treatment period) using JMP fit model, with treatment period frequency 
as outcome and treatment arm, baseline seizure frequency, geographic region, number of 
previous AEDs, and prior levetiracetam use as effects.  

 
 
Reviewer Comment: No source of systematic bias is identified in the study. The 
efficacy endpoint is acceptable for an epilepsy trial. Based on the protocol predefined 
criteria there was significant separation of the 100mg and 200mg treatment arm from 
placebo both with and without multiplicity testing of treatment arms using a Hochberg 
multiple comparison procedure. There was no dose response seen across the 100mg 
and 200mg treatment arm.  The analysis plan and handling of missing data agree with 
the prespecified statistical analysis plan.   

Efficacy Subgroups18 

Sex 
An examination of the median percent seizure reduction in type 1 seizure frequency 
from baseline to treatment period in the ITT population by sex is performed. The 
reduction in seizure frequency for males is 15.4%, 42.6% and 42.5% in the placebo 
100mg and 200mg treatment arms respectively. The reduction in seizure frequency for 
females is 20.8%, 27.2% and 30.5% in the placebo, 100mg and 200mg treatment arms 
respectively.  In both the 100mg and 200mg treatment arm the male subset is seen to 
have a greater median % reduction in seizure frequency over female patients by 15.4% 
and 11.9% respectively, see Figure 42.  
 
In study 1358 patients on concomitant levetiracetam treatment were excluded, however 
patients previously treated with levetiracetam were allowed in the study. An analysis of 
seizure reduction by sex in patients never on levetiracetam was performed. Among 
females the percent of patients never previously on levetiracetam was 36% and 45% 
and 44% in the placebo, 100mg and 200mg treatment arm respectively. Among males 
the percent of patients never on levetiracetam was 50%, 47% and 48% respectively. 
The reduction in seizure frequency for males was 21.3%, 59.3% and 49.9% in the 
placebo, 100mg and 200mg treatment arms respectively while the females had a 
reduction of 32%, 46.3% and 33.3% in the placebo, 100mg and 200mg treatment arms 
respectively. In all Brivaracetam treatment arms the percent reduction from baseline is 
greater in the subset of patient with no prior levetiracetam treatment but the percent 
reduction in females remains less than males, see Figure 43. 
 
 
A modeling analysis is performed which reveals sex is a predictor of outcome, see 
Table 47. 
                                            
18 Derived from Sponsor Study ADAM Dataset ADSZP, Study Phase (SPHASE)- Treatment, AVISIT – 
OVERALL, Seizure Type (PARAMCD)- I,  
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Reviewer Comment: There is a trend toward a decreased treatment effect (as median 
percent reduction) in females compared to males that is likely driven by a notably larger 
placebo effect in females. Modeling analysis reveals sex as a predictive effect on 
outcome by a small margin of significance. These post hoc subset analyses do not have 
adequate strength of evidence to conclude there is a differential efficacy by sex.   

Age 
An examination of the median percent seizure reduction in type 1 seizure frequency in 
the ITT population by age strata is performed. Age is separated into five strata, <18, 18 
to <30, 30 to <50, 50 to <65, and ≥65. The numbers of subjects in the <18 and ≥65 
groups was small with 19 patients and 22 patients respectively. Each of these age 
strata had relative outlier values for median percent seizure reduction from baseline to 
treatment. In the <18 year old age band the 6 patients in the 100mg treatment arm had 
a 76% reduction in seizure frequency while in the >65 year old age band the 6 patients 
in the 200mg treatment arm had a 75% reduction in seizure frequency. The seizure 
reduction in the 200mg treatment arm of the <18 year old age band and the 100mg 
treatment arm of the >65 year old age band had values more typically seen in the study, 
these were 41% and 37% respectively.  
 
The 18 to <30 year strata is seen to have an 11%, 40%, and 33% median reduction in 
seizure frequency from baseline to treatment period in the placebo, 100mg and 200mg 
treatment arms respectively. In the 30 to <50 year strata there was a 21%, 27% and 
35% reduction in the placebo, 100mg and 200mg treatment arms respectively. In the 50 
to <65 age strata there was a 31%, 41% and 43% reduction in the placebo, 100mg and 
200mg treatment arms respectively, see  
 
Reviewer Comment: Overall there is no evidence of a serious differential in efficacy by 
age strata.  

US - Regional Differences 
Differences in median percent reduction in type 1 seizure frequency in the ITT 
population are examined Study sites are grouped into five regions, Asia/Pacific/Other, 
Eastern Europe,  Western Europe, Latin America, and North America. The national 
composition of each region is shown in demographics.  
 
The percent seizure reduction in the five regions is examined in the100mg and 200mg 
treatment arms. The reduction is similar in the Latin American, Eastern European, and 
Asia/Pacific regions in the two Brivaracetam treatment arms. The North American and 
Western European regions reveal greater separation from the seizure reduction seen in 
the former three regions. In the 100mg treatment arm the North American region had a 
24% median reduction in seizure frequency compared to an average of 43% reduction 
seen in the other four regions. In the 200mg treatment arm the Western European 

Reference ID: 3874001



Clinical Review 
Steven T. Dinsmore DO  
NDA 205836, 205837, 205838 
BRIVIACT/ Brivaracetam  
 

75 

region had a 15% median reduction in seizure frequency compared to an average of 
43% seen in the other four regions (including North America), see Region 
 
Table 48 
 
Unlike studies 1252 and 1253, concomitant treatment of levetiracetam was excluded at 
study entry. Prior use of levetiracetam was captured in the study dataset and it is seen 
that the greatest proportion of previous levetiracetam use was in North America and 
Western Europe, see Figure 45. To determine if previous levetiracetam treatment has 
any observable effect on seizure reduction a regional analysis of median percent 
seizure reduction is performed on the patient subset with no prior history of 
levetiracetam treatment and compared to the analysis in the subset of patients with a 
history of previous levetiracetam treatment. This analysis reveals a noticeable 
difference in the value of median percent seizure reduction in all regions in both 
treatment arms. In this analysis a greater than 10% positive difference in seizure 
reduction is seen in the 100mg treatment arm in the Asia/pacific, eastern European, 
North American, and Western European regions. In the 200mg treatment arm there is a 
greater than 10% positive difference in seizure reduction seen in the Latin American 
and Western European treatment arm. The largest positive change between the prior 
levetiracetam treatment group and the group with no previous levetiracetam treatment 
was seen in the 100mg treatment arm of the North American region and the 200mg 
treatment arm of the Western European region. Those are the regions with the highest 
proportion of previous levetiracetam treatment.  

Levetiracetam – Prior Treatment 
 
There may be overlap between the mechanism of action of Keppra (levetiracetam) and 
Brivaracetam. The Keppra label section 12.1 states “levetiracetam and related analogs 
showed a rank order of affinity for SV2A which correlated with the potency of their 
antiseizure activity in audiogenic seizure-prone mice. These findings suggest that the 
interaction of levetiracetam with the SV2A protein may contribute to the antiepileptic 
mechanism of action of the drug”, although the precise mechanism by which 
levetiracetam exerts its antiepileptic effect is unknown. The Brivaracetam product 
development rational in the NDA clinical overview indicates that “Brivaracetam displays 
a high and selective affinity for brain-specific binding site synaptic vesicle protein 2A 
(SV2A). This appears to be the primary target for its pharmacological activity.” This 
theoretical mechanistic overlap provides a rational that the two antiepileptic drugs may 
share a similar response population. Patients who have been previously treated with 
Keppra and failed treatment may be less likely to respond to Brivaracetam. This is 
speculative but some insight may be gained by comparing seizure reduction in the 
subsets of the study population who have been previously treated with levetiracetam 
and those who have not. 
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The proportion of patients in placebo and each treatment arm who were levetiracetam 
naïve and have had previous treatment is similar. There were 55%, 54%, and 54% of 
patients with prior levetiracetam treatment in the placebo, 100mg and 200mg treatment 
arms respectively. Those naïve to levetiracetam comprised 45%, 46%, and 46% of the 
placebo, 100mg and 200mg treatment arms respectively. This is shown in tabular 
format below, Table 50.  
 
Examination of the median percent reduction in seizure frequency from baseline to 
treatment in the “prior levetiracetam “ and “levetiracetam naïve” treatment subsets 
reveals a 14%, 24% and 32% reduction in the placebo, 100mg and 200mg treatment 
arm respectively for the “prior levetiracetam “ group. The “levetiracetam naïve” group 
had a 26%, 52% and 45% reduction in the placebo, 100mg and 200mg treatment arm 
respectively, Figure 46. 
 
The patient subset without prior levetiracetam treatment has a notably greater reduction 
in seizure frequency than those with prior exposure. The actual treatment effect was 
reduced by a larger seizure reduction in the placebo treatment arm of the levetiracetam 
naïve group (26%) compared to the placebo of those previously treated (14%), although 
taking the placebo values into account the 100mg treatment arm still retained an effect 
size that was 15% greater than in the patient subset with previous levetiracetam 
treatment.  
 
An examination of the median treatment period seizure frequency by treatment arm and 
levetiracetam status (prior / never) is performed. The findings reveal a lower median 
treatment period seizure frequency in the subset with no prior levetiracetam use with the 
greatest difference in the 100mg treatment arm, see Table 51. 
 
A modeling analysis is performed to examine the effect of prior levetiracetam use status 
on the efficacy outcome variable. The analysis outcome is the ln transformed treatment 
period seizure frequency with ln transformed baseline seizure frequency, treatment arm, 
region and levetiracetam use status as effects. The effect test reveals that prior 
levetiracetam use has an influence on treatment variable outcome, see Table 52. 
 
Reviewer Comment: The subset of patients with a history of prior levetiracetam use 
have a lower response to brivaracetam treatment when examined by median seizure 
frequency at treatment, median percent reduction from baseline to treatment period or a 
modeling analysis with prior levetiracetam use as an effect.   
 

6 Review of Efficacy 
 
Efficacy Summary 
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6.1 Indication 
 
Oral Dosage Form 
 
The proposed indication for the oral form of Brivaracetam is for use as an antiepileptic 
drug for adjunctive therapy in the treatment of partial onset seizures in patients 16 years 
of age and older with epilepsy.  
 
Intravenous Formulation 
 
The proposed indication for Brivaracetam injection is for use when oral administration is 
temporarily not feasible with a statement in dosing instructions (section 2.1) that the 
clinical study experience of intravenous Brivaracetam is limited to 4 days of consecutive 
treatment. 
 
6.1.1 Methods 
 
Individual studies are discussed in section 5.3. This section (6) will be directed at the 
discussion of characteristics and efficacy results of the pooled pivotal trial data, pooled 
analysis of important subgroups, and efficacy issues that may be addressed or refined 
by examination of the overall pooled study population. 
 
6.1.2 Demographics 
 

Demographics , Pivotal Trials 

The distribution of Age, BMI, Race, Region and US patients in the pooled pivotal trial 
population (5mg arm excluded) is presented in Table 31.  
 

Age 

The mean age of the Pivotal Trial population is close across dose groups with a 
minimum of 36 years in the 20mg treatment arm and a maximum of 39.7 years in the 
200mg dose arm with an overall mean age of 38.2 years.  
 

Sex 

There is some disproportion of sex distribution across the treatment arms. The 
maximum difference between sex composition is seen in the 20mg dose group with a 
14.1% excess of males over females while in the100mg dose group there is a 9.1% 
excess of females over males. Overall the difference between sex distributions is 1.9%. 

Reference ID: 3874001



Clinical Review 
Steven T. Dinsmore DO  
NDA 205836, 205837, 205838 
BRIVIACT/ Brivaracetam  
 

78 

 

 BMI 

The mean BMI across dose groups is very close with an overall mean BMI for the group 
of 26.4. Examination of the BMI by low to high strata again reveals similarity across the 
treatment arms. There is a majority of patients with greater than normal BMI (25 or 
higher) in all but the 200mg treatment arm where the proportion of patients with a 25 or 
greater BMI is 40%.  
 

Race 

Examination of racial distribution reveals the majority of patients are white with a range 
of 72.7 to 77% across the pooled treatment arms while the next greatest in proportion 
are Asian patients. Those entered as “other” are next in proportion, contributing 
approximately 10% while black patients comprise approximately 2.5%.   
 

Geographical Region 

Examination of the patient composition by geographical region reveals the largest 
proportion of patients is from Western Europe, ranging from 23.5% in the 50mg 
treatment arm to 31.5% in the 100mg treatment arm. The overall contribution is 26.7%. 
The region with the second largest contribution is patients from North America with a 
range from 18.2% in the 100mg treatment arm to 24.5% in the 200mg Treatment arm. 
The overall proportion of patients from North America is 22%. Third in overall proportion 
of the pivotal trial composition are patients from Eastern Europe ranging from 15% in 
the 50mg treatment arm to 27.3% in the 100mg treatment arm with an overall 
contribution of 21.9%.  The next in proportional contribution are patients from Latin 
America ranging from 7.7% in the 100mg treatment arm to 22.2% in the 20mg treatment 
arm with an overall contribution of 14.8%. The Geographical region with the smallest 
proportion of patient participants is the Asia/Pacific/other geographical group with a 
range of 11.2% in the 200mg treatment arm to 16.2% in the 20mg treatment arm.  

Country 

US patients comprise 19.8% of all pivotal trial patients, ranging from 15.9% in the 
100mg treatment arm to 22.5% in the 50mg treatment arm.  
 
Table 31 Demographic Characteristics, All Patients, Pivotal Trials Pooled, ITT 
population, 5mg treatment arm not included.  
Age PBO 20mg 50mg 100mg 200mg Overall 
Mean 38.1 36.0 38.3 38.6 39.7 38.2 
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Median 37.0 35.5 38.0 38.0 40.0 37.5 
              
Sex % of treatment arm PBO 20mg 50mg 100mg 200mg Overall 
F 49.5 42.9 47.5 54.5 46.6 49.0 
M 50.5 57.1 52.5 45.5 53.4 51.0 
Difference (M-F) 1.1 14.1 5.0 -9.1 6.8 1.9 
              
BMI PBO 20mg 50mg 100mg 200mg overall 
Mean 26.5 26.4 26.1 26.3 26.4 26.4 
min 15.3 15.6 14.2 14.7 16.4 14.2 
max 59.1 68.0 57.0 50.9 51.5 68.0 
              
BMI Strata % PBO % 20mg % 50mg % 100mg % 200mg Overall 
<18.5 2.9 4.0 4.5 2.6 2.0 3.0 
18.5-<25 44.4 43.4 42.5 44.6 48.2 44.7 
25-<30 27.9 27.3 33.0 28.4 28.5 28.7 
30-<40 20.7 22.7 17.0 20.2 16.9 19.7 
>=40 2.6 2.5 1.5 2.8 3.6 2.7 
% ≥ 25 51.2 52.5 51.5 51.4 49.0 51.1 
MISSING 1.5 0.0 1.5 1.4 0.8 1.2 
              
Race % PBO % 20mg % 50mg % 100mg % 200mg % Overall 
WHITE 72.7 73.2 77.0 73.3 72.7 73.5 
ASIAN 12.3 12.1 13.5 15.9 11.6 13.2 
OTHER 11.0 12.1 8.5 8.0 11.6 10.2 
BLACK 3.3 2.5 1.0 2.3 2.8 2.5 
MISSING 0.7 0.0 0.0 0.6 1.2 0.6 
              
Region % PBO % 20mg % 50mg % 100mg % 200mg % Overall 
Asia/Pacific/Other 14.7 16.2 16.0 15.3 11.2 14.6 
Eastern Europe 21.3 15.2 15.0 27.3 26.1 21.9 
Latin America 15.8 22.2 22.0 7.7 11.2 14.8 
North America 22.6 22.7 23.5 18.2 24.5 22.0 
Western Europe 25.5 23.7 23.5 31.5 26.9 26.7 
              
US Patients Placebo 20mg 50mg 100mg 200mg overall 
  20.9 19.2 22.5 15.9 21.7 19.8 
From ISE , ADSL (ITT) 
 
Reviewer Comment: there is no critical disproportion seen in the physical 
characteristics of age, sex and BMI across treatment arms. The majority of patients are 
overweight based on a normal BMI of less than 25. The racial composition is a majority 
of white patients with 13% Asian. The small proportion of black patients may reduce 
generalizability of effect. An examination of the effect size in the Asian and Black 
subsets will be presented in section 6.1.7. The proportion of US patients is 
approximately 20%.   
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concentration of carbamazepine epoxide by 37%, 62% and 98% respectively at doses 
of 50mg/day, 100mg/day and 200mg/day.19 The clinical pharmacology team identifies a 
Cmax increase of 164% and an AUC increase of 157%.20 This raises the possibility that 
concomitant carbamazepine may contribute to Brivaracetam efficacy and cause biased 
efficacy outcomes if unequally distributed across treatment arms. This issue is 
examined in detail in section 6.1.10.  
 
Examination of seizure type and concomitant AEDs in the studies across treatment 
arms reveals no serious inequality in distribution. Examination of patient disposition 
reveals a maximum study discontinuation of 9.4% in study 1358.    
 
The geographical distribution of studies 1253 and 1358 were composed of sites from 
North America including the United States. There were 326 patients from the United 
States that comprised 21% of the mITT-ITT patient group. Examination of the baseline 
to treatment median percent seizure reduction in for the total study population and US 
patients reveals a similar reduction across all treatment arms with a maximum 
difference seen in the 200mg treatment arm. In this treatment arm there was a 36% and 
53% reduction in total study population and US patient group respectively. This 
examination provides support that the overall study results will be generalizable to the 
United States population.  
 
The 20mg, 50mg and 100mg Brivaracetam doses were tested in two studies each. 
None had a positive efficacy outcome in more than a single study based on prespecified 
protocol criteria.  
 
None of the Brivaracetam doses tested in greater than a single study had a positive 
efficacy outcome based on prespecified study criteria. The results  for the 100mg dose 
did have a p value of 0.037 in study 1252 and <0.001 in study 1358, however study 
1252 type 1 error testing was performed in sequence beginning with the 50mg dose 
tested first with testing prespecified to stop if the 50mg arm was found to be non-
significant.   
 
Efficacy is well supported at the 100mg and 200mg dose. Although no dose had 
reproducible efficacy in two studies the 100mg dose had a significant treatment effect in 
study 1358 and was seen to have a significant separation from placebo in study 1252 
without a formal acceptance of significance due to prespecified sequential significance 
testing. The 50mg dose had a significant treatment effect in study 1253.  
 
Establishment of the dose range for brivaracetam may be based on dose and 
concentration response. Analysis of the pooled pivotal trial dataset reveals that dose 
response begins at 50mg and appears to plateau at 100mg with only modest additional 

                                            
19 ISE, page 15 
20 Clinical Pharmacology Review page 67.  
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Responder rate:  

 
The primary efficacy endpoint for the European regulatory agencies was the 
achievement of a 50% reduction from Baseline over the Treatment Period in POS 
(partial onset seizure) frequency (responder rate). This outcome serves as a secondary 
outcome measure for FDA. The results of the 50% responder rate analysis (Table 34) 
are parallel to the primary endpoint results of the percent reduction from placebo and 
support the primary outcome conclusions.  
  
Table 34  50% Responder Rate in Partial Onset Seizure (type 1) Frequency over the 
Treatment Period for the Primary Efficacy Analysis Sets in Studies 1252, 1253, 1358.* 

Study/comparison of  
brivaracetam to PBO 

50% Responder 
n/N (%) 

Odds Ratio 
(brivaracetam vs 

PBO)a 
95% CI P value 

N01252 (ITT 
Population)a     

PBO  20/100 (20.0) -- -- -- 
brivaracetam 20mg/day  27/99 (27.3) 1.39 0.71, 2.72 0.339 
brivaracetam 50mg/day  27/99 (27.3) 1.36 0.69, 2.66 0.372 
brivaracetam 
100mg/day  

36/100 (36.0) 2.13 1.11, 4.10 0.023 

N01253 (mITT Population)a  
PBO  16/96 (16.7) -- -- -- 
brivaracetam 5mg/day  21/96 (21.9) 1.41 0.68, 2.91 0.353 
brivaracetam 20mg/day  23/99 (23.2) 1.53 0.75, 3.13 0.239 
brivaracetam 50mg/day  33/101 (32.7) 2.51 1.27, 4.96 0.008 
N01358 (ITT Population)  
PBO  56/259 (21.6) -- -- -- 
brivaracetam 
100mg/day  

98/252 (38.9) 2.39 1.6, 3.6 <0.001c 

brivaracetam 
200mg/day  

94/249 (37.8) 2.19 1.5, 3.3 <0.001c 

*From Sponsor ISE,  Table 5-17, p 132  
AED=antiepileptic drug; ANCOVA=analysis of covariance; brivaracetam=Brivaracetam; CI=confidence interval; 
CSR=clinical study report; ITT=Intent-to-Treat; LEV=levetiracetam; mITT=modified Intent-to-Treat; 
PBO=placebo; POS=partial-onset seizure 
Note: Responder is defined as a subject with at least a 50% reduction from Baseline to Treatment Period in POS 
frequency. Subjects with zero seizure frequency per week at Baseline are considered as nonresponders. 
a Odds ratio, CI, and p-value for the treatment effect on percent responders based on a logistic regression model 
including treatment as factor and log-transformed Baseline partial seizure frequency as covariate. 
b Parametric effect estimates and treatment group comparisons were based on an ANCOVA with log-transformed 
(log[x+1]) Treatment Period 28-day adjusted POS frequency as the outcome and an effect for treatment, an effect 
for pooled country, and an effect for the 4 combinations of stratification levels for number of previous AEDs and LEV 
status, and log-transformed Baseline POS frequency as a continuous covariate. 
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results of the sensitivity analysis on all seizure types (Type I+II+III) was consistent with 
the results of the analysis on time to the first, fifth, and 10th POS.”22 
 
Study 1253 
 
Kaplan-Meier plots of the time to 5th and 10th seizures are presented in appendix 9.5, 
time to nth seizure. These analyses reveal a consistent separation between placebo and 
50mg treatment arm in the time to 5th seizure. Time to 10th seizure reveals a consistent 
separation beginning at approximately day 20 between placebo and the 20mg and 
50mg treatment arms. Time to 1st seizure is not shown; however there was only a short 
window between approximately day 6 and day 15 with notable separation between 
placebo and treatment arms.  
 
“Median time to the first, fifth, and 10th POS were generally similar between treatment 
groups. Statistically significant differences in the hazard ratios between all brivaracetam 
dose groups and the PBO group were observed in the time to the first or fifth POS. In 
the time to 10th POS, statistically significant differences in the hazard ratios between the 
brivaracetam 5mg/day and brivaracetam 50mg/day dose groups and the PBO group 
were observed. The results of the sensitivity analysis on all seizure types (Type I+II+III) 
were consistent with the results of the analysis on time to the first, fifth, and 10th 
POS.”23 
 
Study 1358 
 
Kaplan-Meier plots of the time to the 1st 5th and 10th seizures are presented in appendix 
9.6, time to nth seizure. The analysis of time to 1st and 5th seizure reveal that the 100mg 
and 200mg treatment arms track closely together with a clear separation from placebo 
over the treatment period. The analysis of time to 10 seizures reveals a clear separation 
of the 100mg and 200mg treatment arms from placebo beginning at approximately day 
5 and maintained throughout the treatment period. The separation between placebo and 
the 200mg treatment arm is greater than the 100mg treatment arm throughout the 
treatment period.  
 
“The median number of days to the first, fifth, and 10th POS were consistently higher in 
the brivaracetam groups compared with the PBO group. Statistically significant 
differences in the hazard ratios between the brivaracetam 100mg/day and 200mg/day 
groups compared with the PBO group were observed in the time to the first, fifth, and 
10th POS (p≤0.009).”24 
 

                                            
22 N01252 Study report section 8.2.6, page 102 
23 N01253, Study report, section 8.2.6, page 102 
24 N01358, Study report, section 8.3.5, page 111 
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Reviewer Comment: the data on time to 1st, 5th, and 10th, seizures are in alignment with 
the results seen in the primary efficacy outcome of the Brivaracetam pivotal trials. The 
stability of placebo to treatment separation in study 1358 is also supportive of durability 
of effect.  

QOLIE-31-P (Quality of Life in Epilepsy Inventory) 

“The QOLIE-31-P is an adaptation of the original QOLIE-31 instrument that includes 30 
items grouped into 7 multi-item subscales: Seizure Worry (5 items), Overall Quality of 
Life (2 items), Emotional Well-being (5 items), Energy/Fatigue (4 items), Cognitive 
Functioning (6 items), Medication Effects (3 items) and Daily Activities/Social 
Functioning (5 items), and a Health Status item. In addition to the 31 items of the 
QOLIE-31, the QOLIE-31-P contains 7 items asking the subjects to rate the degree of 
"distress" related to the topic of each subscale (ie, distress items). The QOLIE-31-P 
also contains an item asking about the relative importance of each subscale topic (ie, 
prioritization item). The subscale scores, the total score and the Health Status item 
score were calculated according to the scoring algorithm defined by the author with 
scores ranging from 0 to 100 and higher scores indicating better function.”25 
 
 
Study 1252 
 
“Examination of the QOLIE-31-P reveals mean baseline QOLIE-P-31 total score and 
subscale scores were similar across treatment groups. The mean change from Baseline 
to the last assessment in the Treatment Period for the Total score was similar between 
the PBO (2.29) and brivaracetam overall (3.18) groups. Minor variations between 
treatment groups were observed in the change from Baseline to the last assessment in 
the Treatment Period for the subscale scores and Health Status Item.”26 
 
Study 1253 
 
“Mean Baseline QOLIE-P-31 Total score and subscale scores were similar across 
treatment groups. The mean change from Baseline to the last assessment in the 
Treatment Period for the Total score was similar between the PBO group (3.88) and the 
brivaracetam overall group (4.03). Minor variations between treatment groups were 
observed in the change from Baseline to the last assessment in the Treatment Period 
for the subscale scores and Health Status Item.”27 
 
Study 1358 

                                            
25 N01252 Study Report, Section 4.7.2, page 36. This definition is constant across all pivotal trials, 1252, 
1253 and 1358.  
26 N01252 Study report, section 8.2.8.1, page 104.  
27 N01253 Study report, section 8.2.8.1, page 104 
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“Mean Baseline QOLIE-31-P total score and subscale scores were similar across 
groups. All groups showed mean improvements for the total score and all subscale 
scores. There was noteworthy mean improvement in changes from Baseline to the Last 
Visit in the seizure worry subscale for the brivaracetam 100mg/day and 200mg/day 
groups (7.1 and 8.8, respectively), compared with the PBO group (2.3). All 3 groups 
showed slight improvements in daily activity/social function and health status subscales. 
The brivaracetam groups showed a slightly larger improvement compared with the PBO 
group in the overall quality of life score and less improvement in cognitive functioning 
score compared with the PBO group. The total score, energy/fatigue, emotional well-
being, and medication effects subscales showed slight improvements with no difference 
between groups.”28 
 
Reviewer Comment: Overall examination of the QOLIE-31-P does not reveal notable 
differentiation between placebo and treatment arms in the instrument subscales across 
studies.  
 
 
6.1.7 Subpopulations 

Sex 

Examination of the median percent seizure reduction from baseline to treatment in the 
50mg, 100mg, and 200mg dose group by sex subgroups reveals asymmetric effect 
across studies. In study 1252 the 50mg treatment there is an 18% and 34% reduction in 
seizure frequency in the female and male subsets respectively while in the 100mg 
treatment arm there is a 32% median reduction in seizure frequency in both subsets. In 
study 1253, 50mg treatment arm, there is a 37% and 27% median reduction in seizure 
frequency in the female and male subsets respectively. In study 1358 there is a larger 
median percent reduction in seizure frequency seen in male in both the 100mg and 
200mg treatment arms. Overall in three of five instances where the sex subgroups are 
compared males showed a greater reduction in seizure frequency than females.  
 
An analysis of the baseline and treatment period seizure frequency as well as the 
median percent reduction in seizure frequency is performed on the sex subsets of the 
pooled pivotal trials (type 1 seizures).  
 
Examination of the pooled pivotal trial data reveal a 31%, 28%, and 31% median 
reduction in seizure frequency in the 50mg, 100mg and 200mg treatment arm 
respectively while in the male subset there was a 27%, 40% and 42% median reduction 
in seizure frequency in the 50mg 100mg and 200mg treatment arms respectively, 
Figure 48. Direct examination of the baseline and treatment period median seizure 
                                            
28 N01358 Study report, section 8.4.1, page 115 
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frequency across the treatment arms reveals there is a similar absolute reduction in 
median seizure frequency in the male and female subsets, Figure 49.   The median 
seizure frequency in the female subset declines from 9 to 6, 10 to 7 and 11 to 7 
seizures per 28 days in the 50mg, 100mg and 200mg treatment arms respectively. The 
median seizure frequency in the male subset declines from 8 to 6, 8 to 5 and 9 to 5 
seizure per 28 days in the 50mg, 100mg and 200mg treatment arms respectively.  
 
A modeling analysis is performed using ln transformed baseline and treatment seizure 
frequency. The treatment seizure frequency is the outcome measure with treatment 
arm, sex and baseline seizure frequency as model effects. The effect test and 
parameter estimates reveal that sex is not a variable with predictive effect on the 
outcome (treatment period seizure frequency)  
 
Reviewer Comment: Considering median percent reduction and absolute change in 
median seizure frequency from baseline to treatment there is no clear differential in the 
efficacy of Brivaracetam between males and females.  
 

Age 

Baseline and treatment median seizure frequency is examined for five age strata across 
the placebo, 50mg, 100mg and 200mg dose groups. The age strata are 18 or less, 18< 
to 30, 30< to 50, 50< to 65, and greater than 65. The largest baseline to treatment 
differences are seen in the ≤18 strata and 65< strata where n size is the lowest, Table 
35.  
 
Table 35  Median Seizure frequency at Baseline and Treatment Periods by Treatment 
arm and Age Strata.  
 PBO 50mg 100mg 200mg 
18 or less  
Baseline 10.2 14.7 5.6 21.0 
treatment 13.3 9.0 2.4 8.7 
18< to 30 
Baseline 11.5 11.2 11.8 11.2 
treatment 10.1 7.8 7.6 6.9 
30< to 50 
Baseline 10.2 8.0 8.5 9.2 
treatment 7.7 5.9 6.5 6.4 
50< to 65 
Baseline 7.5 7.1 7.9 7.1 
treatment 6.3 5.4 4.4 4.0 
>65 
Baseline 8.5 15.4 8.0 6.2 
treatment 8.8 6.1 5.2 1.2 
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The influence of age is tested using jmp fit modeling with natural log transformed 
baseline and treatment seizure frequency. Treatment period seizure frequency is 
entered in the analysis as the dependent outcome variable while baseline seizure 
frequency, treatment arm and age are added to model effects. The parameter estimates 
report indicates that age strata are not identified as significant predictors of treatment 
period seizure frequency.  
 
Reviewer Comment: Examination of age by five strata does not reveal evidence of a 
differential effect of these strata on treatment period seizure frequency.  
 

Role of Region – discussion of Western Europe Efficacy 

See Section 6.1.10, Concomitant Levetiracetam in Western Europe 
 
6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations 
 

Basis of dose selection 

The sponsor indicates that dose selection for studies 1252 and 1253 was based on 
dose response analysis performed on the data collected during the phase 2 program 
(studies 1114 and 1193) as well as the results of exploratory dose response studies, a 
population dose response analysis and other simulations that indicated a clinically 
relevant dose range to include in the primary studies should be 5mg to 100mg a day. 
The 100mg and 200mg doses of Brivaracetam used in study 1358 were based on the 
dose response modeling using the 5 completed phase 2/3 studies that suggested 
optimal seizure frequency reduction requires a Brivaracetam dose of 50mg/day with 
Brivaracetam 150mg/day providing some additional benefit.  
 
Study 1193 examined the lower end of the dose range, (Brivaracetam 
5mg/day [N=50], 20mg/day [N=52], and 50mg/day [N=52] vs PBO [N=54]). The percent 
reductions over placebo in the partial onset seizure frequency per 7 days were 9.8%, 
14.9% and 22.1% in the Brivaracetam 5mg/day, 20mg and 50mg groups respectively. 
The reduction over placebo for the 50mg dose was statistically significant (p=0.004, 
α=0.05) and the 20mg dose had a reduction which approached statistical significance.  
 
Study 1114 investigated the higher end of the dose range (BRV 50mg/day [N=53] and 
150mg/day [N=52]) versus PBO [N=52]).  Percent reduction over PBO in the partial-
onset seizure frequency per week over the Maintenance Period was 14.7% in the BRV 
50mg/day group and 13.6% in the BRV 150mg/day group. These reductions over PBO 
were not statistically significant.  
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The 50mg dose was significant in one of two pivotal studies (1253).  This inconsistency 
is similar to the findings in the phase 2 studies 1193 and 1114 where a significant 
reduction in the 50mg dose group was not reproduced. This suggests that 50mg is the 
beginning of therapeutic effect. A significant seizure reduction in the 100mg dose was 
not reproduced in part due to the pre-specified testing criteria of study 1252 where the 
50mg dose was tested first. Overall, the 100mg dose is bracketed by the 200mg dose 
significant response and the inconsistent response of the, lower, 50mg dose.  
 
Reviewer Comment: only the 50mg, 100mg and 200mg daily dose groups had 
significant reduction in seizure frequency in any of the three pivotal trials. The evidence 
supports a recommended dose range of 50mg, the beginning of therapeutic response, 
to 200mg daily, the plateau of therapeutic response.  
 
6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects 
 
An examination of the reduction is seizure frequency from baseline is performed for 
studies 1252 and 1253 pooled datasets and study 1358 alone as well as a modeling 
analysis. These analyses are performed to identify evidence of a notable change in 
treatment effect during the course of the 12 week Brivaracetam maintenance period.  
 
The unadjusted median percent reduction in seizure frequency from baseline to 
treatment in pooled datasets from studies 1252 and 1253 is examined at 4, 8, and 12 
weeks in the double blind treatment interval29. The 50mg treatment arm has a 29%, 
40% and 39% reduction at weeks 4, 8, and 12 respectively. The100mg treatment arm 
has a 35%, 49% and 64% reduction at weeks 4, 8, and 12 respectively. A modeling 
analysis is also performed on this pooled dataset with ln transformed treatment period 
seizure frequency as outcome (y) and ln transformed baseline seizure frequency, 
treatment arm, and week of study as model effects. The parameter estimates report 
indicates that week of study (4,8,12) is not identified as a significant predictor of seizure 
frequency outcome.  
 
The unadjusted median percent seizure reduction from baseline to treatment in study 
1358 is examined at months 1, 2 and 3 of the double blind treatment period.30 
The100mg treatment arm has a 38%, 39% and 39% reduction at months 1,2 and 3 
respectively. The200mg treatment arm has a 44%, 39% and 34% reduction at months 
1,2 and 3 respectively.  
 
Reviewer Comment: using the methodology of unadjusted median percent reduction in 
seizure frequency and an ANCOVA model with 4, 8 or 12 week epoch as effect, there is 
no evidence of loss of treatment effect during the 3 month maintenance period.  
 
                                            
29 Studies 1252 and 1253 EFFSZW dataset, mITT-ITT populations, type 1 seizures per 7 days.  
30 Study 1358, ADSZP dataset, ITT population, type 1 seizures per 28 days 

Reference ID: 3874001



Clinical Review 
Steven T. Dinsmore DO  
NDA 205836, 205837, 205838 
BRIVIACT/ Brivaracetam  
 

93 

6.1.10 Additional Efficacy Issues/Analyses 

Seizure Worsening 

The potential for seizure worsening is examined using the ISS, ADAE dataset.  The 
SOC “Nervous System Disorders” is examined for terms related to epilepsy or seizure. 
Eleven terms are identified from among patients in the ITT-mITT population. These 
include; Convulsion, Postictal headache, Partial seizures with secondary generalization, 
Simple partial seizures, Complex partial seizures, Epilepsy, Seizure cluster, Postictal 
state, Status epilepticus, Partial seizures, and Postictal paralysis. 
 
There were 57 patients from among placebo treatment and all dose groups who had an 
instance of occurrence of at least one of these terms. There were 77 instances of a 
seizure term among these 57 unique patients. There were 30 unique patients who 
experience an AE of the preferred term “convulsion”. There were 10 unique patients 
who had an AE of the preferred term “complex partial seizures” or “partial seizures with 
secondary generalization”.  
 
Examination of the proportion of patients who experienced any seizure related preferred 
term reveals that 4%, 3.1%, 3.0% 3.0%, 4.3% and 3.6% of patients in the placebo, 5mg, 
20mg, 50mg 100mg and 200mg treatment arms respectively had any seizure related 
adverse event preferred term. The same analysis was performed for the preferred term 
“convulsion” and the combined preferred terms “complex partial seizures” and “partial 
seizures with secondary generalization”. A histogram of these analyses is shown in 
Figure 15. 
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transformed baseline and treatment seizure frequencies. The model outcome variable is 
the treatment period seizure frequency with baseline frequency, treatment arm, 
geographical region and levetiracetam status (never / concomitant or prior) as effects. 
The effect test reveals that levetiracetam status is a predictor of treatment period 
outcome, Table 56.  
 
An additional analysis is performed to examine the cohorts never on levetiracetam and 
those on concomitant levetiracetam in studies 1252 and 1253. The median treatment 
period seizure frequency is lower in all treatment arms for those patients never on 
levetiracetam compared to those on concomitant levetiracetam. The placebo – 
treatment effect is larger in all treatment arms for patients never on levetiracetam 
compared to those on concomitant levetiracetam, Table 57.  
 
Examination of cohorts never on levetiracetam compared to those with a history of prior 
levetiracetam also reveals lower median seizure frequency in each of the treatment arm 
cohorts never on levetiracetam than in those with a history of prior levetiracetam, Table 
58.  
 
Reviewer Comment: Multiple examinations comparing the seizure frequency of 
patients influenced by levetiracetam treatment compared to those never on 
levetiracetam reveals consistently lower treatment period seizure frequency. These 
observations are concordant with those identified in analysis of the individual pivotal 
studies. This evidence indicates there is no benefit to the addition of brivaracetam in 
patients on current levetiracetam treatment. There may be diminished benefit in patients 
with a history of prior levetiracetam use, however the results of the explorations in the 
study datasets are of uncertain generalizability to “prior levetiracetam”  because the 
reason for discontinuation from prior treatment are not known.  
 
 
Concomitant Levetiracetam in Western Europe 
 
Countries with participating study sites in the three pivotal trials were assigned to five 
geographical regions see Geographical Region. In study 1252 the Western European 
cohort experience a diminished treatment effect compared to India and Eastern Europe 
in study 1252.  In study 1358 an examination of the median percent seizure reduction 
from baseline to treatment (unadjusted for baseline seizure frequency) in the Western 
European cohort comparing patients naive to levetiracetam and patients with a history 
of prior levetiracetam treatment reveals those who have no history of prior levetiracetam 
treatment have a 27%, 49% and 54% reduction in median percent seizure frequency in 
the placebo, 100mg and 200mg treatment arms respectively. Those with a history of 
prior levetiracetam treatment have a 21%, 38%, and 8% median percent reduction in 
seizure frequency in the placebo, 100mg and 200mg treatment arms respectively. 
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An examination of the median percent reduction, baseline to treatment in the pooled 
pivotal trial mITT-ITT dataset reveals the Western European geographical region has 
the smallest unadjusted baseline to treatment median percent reduction in seizure 
frequency at the 50mg and 200mg dose and a seizure reduction that ranks 4th of five at 
the 100mg dose group. This region also has the smallest patient group with no prior 
levetiracetam exposure and is comprised of the largest proportion of patients with prior 
or concomitant levetiracetam treatment, Figure 51.  
 
The treatment period seizure frequency by geographical region is examined. The 
Western European cohort has the highest median seizure frequency at the 100mg and 
200mg dose. The effect size (placebo – treatment) is similar to the other 4 regions due 
to the high placebo median seizure frequency, Table 59. 
 
Additional examination reveals that the Western European median % seizure reduction 
(Treatment to baseline) and median treatment period seizure frequency are in alignment 
with the other geographical regions when only patients with no prior history or current 
use of levetiracetam are included (n=800). 
 
A modeling analysis of ln transformed baseline and treatment seizure frequency is 
performed. Treatment seizure frequency is the outcome variable with baseline seizure 
frequency, treatment arm and geographical region as effects. The effects test does not 
identify geographical region as a predictor of treatment outcome.  
 
Reviewer Comment: A trend of lower treatment effect is noted in the Western 
European geographical region. An effect of levetiracetam is considered due to the high 
proportion of current or prior levetiracetam use (78%) in the Western European cohort.  
Overall, the data do not identify a consistent differentiation in treatment effect in the 
Western European geographical region.   
 

Concomitant Carbamazepine (CBZ) 

 
An increase in the active metabolite of carbamazepine was identified in Pk interaction 
study CL0178.31 In this study, Brivaracetam treated patients on concomitant 
carbamazepine had a 98% increase in the carbamazepine, active metabolite, 
carbamazepine-epoxide (CBZ-E). This raises the possibility that a portion of therapeutic 
effect of Brivaracetam in patients on carbamazepine may be exerted by the active 
metabolite of carbamazepine. This possibility is explored in this section.  
 

                                            
31 Study Report, CL0178, Assessment of Pharmacokinetic Interactions of Brivaracetam with Concomitant 
Antiepileptic Drugs in Adult Subjects with Partial onset Seizures. Study CL0178, Study report, page 4. 
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Patients with carbamazepine treatment > 30 days are identified. Examination of the 
placebo, 50mg, 100mg and 200mg treatment arms is performed. The treatment period 
median seizure frequency in the cohort with a positive CBZ status is greater than in the 
cohort not on CBZ at 100mg and 200mg dose. The 50mg dose cohort has a lower 
median seizure frequency than those not on CBZ, Figure 52. When median percent 
seizure reduction from baseline to treatment is examined it is found in the 100mg and 
200mg dose groups the reduction is greater in the cohort not treated with CBZ. In the 
50mg dose group the CBZ positive group has a larger median percent reduction, Figure 
53.    
 
A model analysis is performed with ln transformed treatment and baseline seizure 
frequency. The outcome variable is the treatment seizure frequency with baseline 
frequency, treatment arm, and geographical region and CBZ status as effects. The 
effect test does not identify CBZ status as a predictor of outcome, Table 60.  
 
Reviewer Comment: Although brivaracetam may increase the active metabolite of 
carbamazepine an analysis of the pooled pivotal trial dataset does not reveal an 
augmented treatment effect when compared to the cohort not on concomitant 
carbamazepine.  
 

7 Review of Safety 
Safety Summary 
 
See Safety Review of Medical Officer Dr. Doi 
 
 

8 Postmarket Experience 
 
 Brivaracetam is not marketed anywhere in the world at this time.
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9 Appendices 
 
9.1 Literature Review/References 
 
See individual footnotes 
 
9.2 Labeling Recommendations 
 
Section 2.1 Dosage Information: The recommended starting dosage is 50 mg twice 
daily (100 mg per day). Based on individual patient response, the dosage may be 
adjusted between 25 mg twice daily (50 mg per day) and 100 mg twice daily (200 mg 
per day) 
 
Section 14 
Removal of Table 4 that shows percent reductions from placebo based on 7 day seizure 
count interval 
 
Removal of  
 
Retain  percent reductions are expressed based on a 28 day seizure 
count. The percent reductions require corrections based on calculation from least 
square mean values with proper denominator (-1 correction factor).  
 
Figure 1, recalculate histogram based on entire mITT-ITT population  

  
 
 
9.3 Advisory Committee Meeting 
 
None scheduled 
 
9.4  Study 1252 Epilepsy Dx, Seizure Type, Concomitant AED, 

Demographics, Subgroup Effect Size 
 
Table 36  Epilepsy Diagnosis by Study Arm, Percent of Patients in Each Category. 
Cryptogenic, Idiopathic, Symptomatic 
Treatment Arm Epilepsy Diagnosis (N01252) % Patients 

Brivaracetam 100mg 

No Dx Provided 3 
Localization related - cryptogenic 37 
Localization related - idiopathic 8 
Localization related - symptomatic 53 

Brivaracetam 50mg No Dx Provided 3 
Localization related - cryptogenic 34 
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Localization related - idiopathic 9 
Localization related - symptomatic 53 

Brivaracetam 20mg 

No Dx Provided 9 
Generalized - symptomatic 1 
Localization related - cryptogenic 32 
Localization related - idiopathic 6 
Localization related - symptomatic 53 

Placebo 

No Dx Provided 7 
Localization related - cryptogenic 35 
Localization related - idiopathic 10 
Localization related - symptomatic 48 
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Figure 19  Study 1252, Placebo to Treatment Period Difference in Median Percent 
Reduction in Seizure Frequency by Treatment Arm, All Patients and Patients with 
levetiracetam Excluded, Constant PBO Values Across Analyses 
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Figure 26  Study 1252 Time to 10th Seizure (type 1), Survival Analysis 

 
 
9.5 Study 1253 Epilepsy Dx, Seizure Type, Concomitant AED, 

Demographics, Subgroup Effect Size 
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20mg 37.5 38.0 53 47   
50mg 38.9 39.1 50 50   
Overall 38.1 37.8 49.7 50.3   
Racial Distribution by Treatment Arm, % of patients  
Treatment 
Arm 

American 
Indian-Alaskan 
native 

Asian Black Caucasian Native 
Hawaiian-
pacific islander 

Other / mixed 
race 

Placebo 13.5 1.0 4.2 68.8 0.0 12.5 
5mg 8.3 0.0 5.2 75.0 1.0 10.4 
20mg 9.1 2.0 5.1 70.7 0.0 13.1 
50mg 7.9 3.0 2.0 76.2 1.0 9.9 
Maximum 
difference 
between dose 
groups in 
Percent of 
patients 

5.6 3.0 3.2 7.5 1.0 3.2 

Geographical Region by Treatment Arm, % of patients 
Treatment 
Arm 

Latin 
America 

North 
America/Australia 

 

Placebo 44.8 55.2 
5mg 45.8 54.2 
20mg 44.4 55.6 
50mg 43.6 56.4 
Overall 44.6 55.4 
Country Distribution by Treatment Arm, % of patients 
Treatment 
Arm 

AUS BRA CAN MEX USA 

Placebo 12.5 26.0 1.0 18.8 41.7 
5mg 11.5 31.3 3.1 14.6 39.6 
20mg 10.1 27.3 7.1 17.2 38.4 
50mg 9.9 31.7 2.0 11.9 44.6 
Overall 11.0 29.1 3.3 15.6 41.1 
Maximum 
difference 
between dose 
groups in 
Percent of 
patients 

2.6 5.6 6.0 6.9 6.2 
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Figure 30 Study 1253, Median Reduction in Seizure Frequency from Baseline to 
Treatment Period by Sex across Treatment Arms, All Patients and levetiracetam 
Patients Excluded 
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Figure 31 Study 1253 Median Percent Seizure Reduction from Baseline to Treatment 
Period by Age Strata Across Treatment Arms, All Patients and levetiracetam Patients 
Excluded.  
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Time to Nth Seizure 

Figure 34  Study 1253 Time to 5th Seizure (type 1), Survival Analysis 

 
 
Figure 35  Study 1253 Time to 10th Seizure (type 1), Survival Analysis 
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9.6 Study 1358 Epilepsy Dx, Seizure Type, Concomitant AED, 
Demographics, Protocol Deviations, Subgroup Effect Size 

Epilepsy Diagnosis and Concomitant AED Characteristics 

 
Table 39  Study 1358 Distribution of Epilepsy Syndrome Diagnosis by Treatment Arm 
Epilepsy syndrome Placebo brivaraceta

m 100mg 
brivaraceta
m 200mg 

Maximum group 
Difference 

Cryptogenic (%) 39 35 32 6 
Idiopathic (%) 11 19 15 8 
Symptomatic (%) 50 46 53 7 
 
Table 40  Distribution of Seizure Types Across Treatment Arms 
Seizure type % PBO % 100MG % 200MG Difference 
I 100.0 100.0 100.0 0.0 
IC 56.4 57.5 61.0 4.7 
IB2 46.7 45.6 49.4 3.8 
IB1 35.9 41.7 44.6 8.7 
IB 37.5 39.7 41.0 3.5 
IA 26.3 22.2 22.5 4.0 
IA1 27.0 23.4 20.9 6.1 
IA2 16.2 14.3 14.1 2.2 
IA3 6.9 6.7 9.2 2.5 
IV 3.1 5.6 8.0 4.9 
IA4 11.2 4.0 8.0 7.2 
II 4.6 7.5 5.6 2.9 
IIE 3.1 6.7 4.4 3.7 
IIB 0.0 0.0 0.8 0.8 
IID 0.0 0.8 0.4 0.8 
III 0.4 0.4 0.4 0.0 
IIF 0.0 0.4 0.4 0.4 
IIA 0.8 1.6 0.0 1.6 
IIC 1.2 0.0 0.0 1.2 
 
 
Table 41  Study 1358, Maximum Difference in Frequency of Seizure Types Across 
Treatment Arms in Types with Occurrence ≥ 5% 
Seizure type Difference 
IB1 8.7 
IA4 7.2 
IA1 6.1 
IV 4.9 
IC 4.7 
IA 4.0 
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TOPIRAMATE 8 15.081 0.509 
LACOSAMIDE 2 14.480 0.150 
PHENYTOIN 1 8.680 0.126 
ZONISAMIDE 2 6.326 0.328 
CLOBAZAM 1 5.526 0.228 
PHENOBARBITAL 3 5.142 0.561 
CLONAZEPAM 4 4.209 0.864 
PREGABALIN 2 3.940 0.495 
 

Demographics 

 
Sex distribution 
 
Table 43 Study 1358, Sex Distribution by Treatment arm and Total (ITT) 
treatment Arm SEX n in group total n  % of Total male – female, % 

difference 
between groups 

Placebo M 133 259 51.4 2.7 
Placebo F 126 259 48.6   
brivaracetam
100 

M 102 252 40.5 -19.0 

brivaracetam
100 

F 150 252 59.5   

brivaracetam
200 

M 133 249 53.4 6.8 

brivaracetam
200 

F 116 249 46.6   

Total M 368 760 48.4 -3.2 
  F 392 760 51.6   
 
Age 
  
Table 44, study 1358 Age Distribution, (ITT) 
Treatment Arm Mean(AGE) Median(AGE) 
Placebo 39.6 39.0 
brivaracetam100 39.1 39.0 
brivaracetam200 39.7 40.0 
overall  39.5 39.0 
 
Race 
 
Table 45  Distribution of Racial groups Between Treatment Arms (ITT) 
  Placebo brivaracetam100 brivaracetam200 
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9.7 Section 6, Pooled Analysis 

 
Demographics 
 
Table 53  Maximum Difference between any Region by Dose Group, Pool E1 
Treatment Arm Max 

difference 
between 
Regions  

Placebo 8.6 
brivaracetam20 9.3 
brivaracetam50 9.3 
brivaracetam100 20.2 
brivaracetam200 15.7 
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No seizures but 
noncompletera, n (%) 0 0 1 (1.0) 0 -- -- 

Not seizure free, 96 (100.0) 95 (99.0) 97 (98.0) 97 (96.0) -- -- 
n (%)       
p-valueb -- >0.999 >0.999 0.122 -- -- 

N01358 (ITT Population) 
n 259 -- -- -- 252 249 
Seizure free, n (%) 2 (0.8) -- -- -- 13 (5.2) 10 (4.0) 
No seizure but 
discontinueda, n (%) 1 (0.4) -- -- -- 3 (1.2) 3 (1.2) 

Not seizure free, n (%) 256 (98.8) -- -- -- 236 (93.7) 236 (94.8) 
p-value -- -- -- -- 0.003d 0.019 d 
*From Sponsor ISE,  Table 5-16, p 144 

brivaracetam=Brivaracetam; CSR=clinical study report; ITT= Intent-to-Treat; mITT=modified Intent-to-Treat; 
PBO=placebo 
Note: Subjects were considered seizure free if their seizure counts for every day over the entire Treatment Period 
was zero and if they completed the Treatment Period. Subjects with missing information during the Treatment Period 
were considered non seizure free. Subjects with missing information during both the Baseline and Treatment Periods 
were considered non evaluable. 
a Subjects had no seizures during the Treatment Period but did not complete it. 
b P-value from the Fisher’s exact test for comparison between the PBO and brivaracetam groups evaluated by 
pooling “No seizures but noncompleters” subjects with “Not seizure free” subjects. 
c Due to too few subjects being seizure free, the p-value cannot be calculated 
d Statistically significant at a nominal 0.050 significance level. 

 
 
Subgroup Analysis 
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Carbamazepine and Treatment Effect 

Figure 52  All Pivotal Trials, Median Sz Frequency by Treatment Arm and 
Carbamazepine Treatment Status (Placebo, 50mg, 100mg, 200mg). (n= 1256) (no 
CBZ=0, +CBZ=1) 

 
 
Figure 53  All Pivotal Trials, Median % Reduction Sz Frequency, Baseline to Treatment 
by Treatment Arm and Carbamazepine Treatment Status (Placebo, 50mg, 100mg, 
200mg), (n= 1256), (no CBZ=0, +CBZ=1) 
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Table 60  Model, Outcome Treatment Sz Frequency with Treatment Arm, Geographical 
Region and CBZ Status as Effects,  Effect test Result 
Source Nparm DF Sum of Squares F Ratio Prob > F 
ln BASELINE Sz FREQUENCY (X +1) 1 1 1467.625 3574.479 <.0001 
TREATMENT ARM, STUDY PD (TR01PG1) 5 5 20.4725 9.9724 <.0001 
FDA GEOGRAPHICAL REGION (REGGR1) 4 4 3.6999 2.2529 0.0613 
CBZ TREATMENT >30 days, 520 2 1 1 0.2432 0.5923 0.4416 
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Safety Team Leader Memo
NDA 205836, 205837, 205838

 Review and Evaluation of Clinical Data
Safety Team Leader Memorandum

________________________________________________________________
NDA: 205836, 205837, 205838
Drug: Brivaracetam (BRIVIACT)
Route: Oral table, oral solution, intravenous solution
Indication: Adjunctive therapy in the treatment of partial onset seizures in 

patients 16 years of age and older with epilepsy.  Injection when 
oral administration is temporarily not feasible.  

Sponsor: UCB, Inc.
Submission Date: November 19, 2014
Review Date: December 2, 2015
Reviewer: Sally Usdin Yasuda, Safety Team Leader

Division of Neurology Products
_______________________________________________________________

1. Background
The proposed indication for brivaracetam (BRV) .  
According to the sponsor, brivaracetam is pharmacologically similar to levetiracetam 
although brivaracetam displays higher selectivity and affinity for brain-specific binding 
site synaptic vesicle protein 2A (SV2A), the primary target for pharmacologic activity.  
According to the Sponsor, brivaracetam tablets, oral solution, and injection are 
bioequivalent. Tmax when taken without food is 0.25 to 3 hours (delayed when given 
with a high fat meal).  Brivaracetam is metabolized primarily by hydrolysis and 
secondarily by CYP2C19 to inactive metabolites.  The elimination half-life is 
approximately 9 hours.  The proposed dosing regimen is a starting dose of 50 mg twice 
daily, adjusted between 25 mg twice daily and 100 mg twice daily, depending on 
individual patient response.    

This memorandum primarily summarizes the findings of Dr. Mary Doi’s primary safety 
review for the oral routes of administration (NDAs 205837 and 205838) and Dr. Jerry 
Boehm’s primary safety review of the intravenous (IV) route of administration (NDA 
205836).1  Their reviews focus on data supporting safety of orally administered 
brivaracetam in subjects at least 16 years old with partial onset seizures and of 
intravenous administration of brivaracetam.   Please refer to their reviews for more detail.     

2. Summary of Findings from the Safety Review

2.1 Sources of Data, Exposure, and Demographics
The safety database supporting NDAs 205836, 205837, 205838 contains data from 3776  
subjects who were exposed to brivaracetam (BRV) including Phase 1 volunteers (n=754), 
subjects enrolled in adult epilepsy studies (n=2531 with partial-onset seizures; n=70 with 
other seizure types), subjects enrolled in pediatric epilepsy studies (n=173), and subjects 
with other  diagnoses (postherpetic neuralgia and    

1 Dr. Doi reviews deaths, serious adverse events, discontinuations, and significant safety concerns from the 
entire database.  

1
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Dr. Doi focuses on pooled data from Pool S1 that includes the three Phase 3 randomized, 
double-blind, placebo-controlled, fixed-dose clinical trials in subjects with partial onset 
seizures (Studies N01358, N01252, and N01253) evaluating efficacy and safety of BRV 
given as adjunctive therapy in subjects aged 16 years and older.  Pool S1 studies had a 12 
week Treatment Period during which subjects received study drug without up-titration of 
the dose.  Pool S2 includes Studies N01114 andN01193, Phase 2 studies in partial onset 
seizures.  Pool S3 includes Pools S1 and S2 and Study N01254 that is a study in focal and 
generalized epilepsy.  Pool 4 includes Pool 3 plus open label Study N01395.   Dr. Doi 
notes that the some of the exclusion criteria may have excluded patients that might be 
exposed to BRV in clinical practice (such as those with any medical or psychiatric 
condition that in the opinion of the investigator could have jeopardized or compromised 
the subjects ability to participate in the study) and I agree with her that this may limit the 
generalizability of the study data somewhat.  

As noted by Dr. Boehm, UCB pooled safety data from four clinical trials that 
administered BRV IV in doses of 10mg to 150 mg administered as a bolus or 15 minute 
infusion. The total number of subjects (177) exposed in these trials was small and the 
durations of exposure were brief. During clinical pharmacology trial EP0007 subjects 
received a single BRV IV dose, during clinical pharmacology trials N01256 A and 
N01256B subjects received 2 BRV IV doses, and during the Phase 3a open label trial 
N01258 subjects received 9 BRV IV doses over 4.5 days.  N01258 was the largest trial, 
enrolling 105 adults.  There was a Run-in Period (PBO or BRV tablet) followed by an 
Evaluation period (BRV) in which subjects were randomized to receive  placebo (PBO) 
tablets/BRV infusion, PBO tablets/BRV bolus, BRV tablets/BRV infusion, and BRV 
tablets/BRV bolus with IV doses of 100 mg/administration given twice daily (bolus 
administered over 2 minutes, infusion over 15 minutes).   As noted by Dr. Boehm, 
although there were run-in periods in N01258, none of the IV trials included placebo 
during the treatment periods that would allow for direct adverse event risk comparisons.  
The majority of IV subjects (135/177) received 100 mg doses.  The longest duration of 
exposure to the IV formulation was 4.5 days.

Supportive safety data in other indications comes from a Pediatric Pool (< 17 y.o.), a 
monotherapy pool, an Unverricht-Lundborg disease (ULD) pool, and “other”, as well as 
clinical pharmacology pools.  

As of the cutoff date for the ISS, a total of 3776 subjects had received at least one dose of 
BRV.  A total of 2207 subjects were exposed for at least 6 months and 1699 for 1 year 
and all long-term data (>6 months) came from open label extension studies.  In Pool S4, 
1929 subjects were exposed for at least 6 months and 1500 for at least 1 year, all within 
the proposed dosage range of 50 to 200 mg/day (by modal dose group)  The exposure 
exceeds ICH guidelines (1500 total, 300-600 for 6 months, 100 for 1 year,).      

As Dr. Doi notes in Section 3.1 of her review, there were several instances of inaccurate 
information provided in the initial submission or information that was missing from the 
initial submission that required correction and led to extension of the PDUFA goal date.     

2
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Demographics – In Pool S1, the mean age was approximately 38 years and the range was 
14-80 years, with >96% of  subjects in the range of 17-65 years.  Females accounted for 
50% of subjects.  Approximately 73% of patients were white, and approximately 12% 
Asian.  These characteristics were similar for BRV and for placebo.  

Approximately 67% of patients were taking an enzyme inducing antiepileptic drug 
(AED) at core study entry, and approximately 8% on placebo and 10% on BRV were 
taking levetiracetam at core study entry, although Dr. Doi notes that because of different 
inclusion criteria in Pool 1 studies, the use of levetiracetam differed among the BRV dose 
group, with up to 6% in the 100 mg and 200 mg dose groups taking levetiracetam vs 
approximately 19% in the lower dose groups.  

Dr. Doi notes that the demographic characteristics of Pool S2 were similar to Pool S1, 
although a higher percentage of subjects used levetiracetam at core study entry (18%).  
Dr. Doi notes that in the IV pool, a higher percentage of subjects were black (13% vs 3% 
in S1) and in IV study N01258, approximately 31-44% of subjects took concomitant 
levetiracetam.   

According to the Sponsor’s analysis by geographic region, in Pool S1 approximately 25% 
of subjects were from Western Europe, approximately 23% of subjects were from North 
America (approximately 21% from the United States and 2% from Canada), 
approximately 20% were from Eastern Europe, approximately 17% were from Latin 
America, and approximately 14% were from Asia/Pacific countries.  These demographics 
were generally similar for placebo and for BRV and generally similar across the study 
pools.     

2.3 Significant Safety Findings

2.3.1 Deaths  
Overall, through the 120 day Safety Update cutoff, the applicant reported 44 deaths 
among subjects exposed to BRV in the development program trials (as well as 2 deaths in 
a pre-treatment period and 1 death in a placebo-treated subject). Thirty-five of the deaths 
on BRV occurred in partial onset seizure (POS) studies and 9 occurred in other 
indications.    In the placebo-controlled POS studies five BRV deaths occurred (5/1717, 
0.29%) vs 1 placebo death (1/686, 0.154%), and Dr. Doi notes that this imbalance was 
driven by 3 deaths due to SUDEP in the BRV-treated subjects.  

Among the 35 deaths on BRV in the POS studies, the Sponsor classified 10 as due to 
SUDEP.  I agree with Dr. Doi that the 3 SUDEP cases in the controlled trials (listed in 
Table 38 of her review)  could be considered “definite”, resulting in an incidence rate in 
Pool S1 of 12 per 1000 subject years (3/249.9 subject years).  However, as Dr. Doi notes, 
2 of these subjects were reportedly not taking BRV at the time of the death and had been 
off of study drug for 9 and 14 days, generally long enough to eliminate the drug.  The 
incidence rate in Pool S3 is 7.4 per 1000 subject years (3/404 subject years) and that is 
within the rate of 3.5-9.3 per 1000 person years in patients with refractory epilepsy 
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reported in the literature.  Seven of the SUDEP deaths in POS occurred in the extension 
studies.  The incidence rate of SUDEP in BRV treated subjects in Pool S4 is 10/6257.1 
subject-years or 1.6 per 1000 subject years.  Including 3 SUDEP cases possible or 
probable cases from ULD and pediatric studies, the rate is 13/7195.6 subject-years (1.8 
per 1000 subject years), still lower than the rates reported in the literature. 

The other 2 deaths in the POS controlled trials were respiratory failure after a witnessed 
seizure (N01253-404-C332) and a death due to drowning after diving into a river 
(N01254-166-B301).

In addition to the 5 BRV deaths in the controlled trials in POS, there were 30 deaths in 
BRV-treated subjects in the POS open label extension studies.  In addition to the 7 
SUDEP deaths included in the discussion above, there were 7 neoplasms, 2 suicides, 2 
status epilepticus or seizure related events, and 4 while off BRV or due to other clear 
etiologies such as drowning, encephalitis due to ventriculoperitoneal shunt failure, or 
motor vehicle/train accidents.  In terms of neoplasms, there were 3 cases of lung cancers 
that occurred in older subjects (≥ 50 years of age) or in a subject with chronic tobacco 
use, and there were single cases of ovarian cancer, esophageal cancer (in a patient with 
Barrett’s esophagus and tobacco use), astrocytoma, and thymoma.  I agree with Dr. Doi 
that it is difficult to establish a causal role of BRV in the deaths caused by malignancies.  
There were 6 “other” causes of death including 3 myocardial infarctions in patients with 
risk factors, 1 fall in a 72 year old that led to hip fracture complicated by sepsis, and 1 GI 
hemorrhage in a subject with a history of GERD.  There was 1 multi-organ failure with 
non-ST elevation myocardial infarction (subject N01199-1078-003) in a 59 y.o. male 
who had taken BRV for approximately 33 months found slumped over in chair and 
unresponsive with agonal breathing who had been active several hours before the event 
attending daycare; there was no known cardiac medical history but there was a history of 
traumatic brain injury; infectious workup was negative and no autopsy was performed.  I 
agree with Dr. Doi that it is difficult to draw definitive conclusions about the causal role 
of BRV in these deaths.     

2.3.2    Other Serious Adverse Events
Dr. Doi shows that there was a similar incidence of SAEs in BRV subjects (2.5%; 
27/1099) compared to placebo subjects (2.8%; 13/459) during the placebo-controlled 
Phase 3 trials (Pool S1), although treatment emergent adverse events (TEAEs) leading to 
discontinuation were greater for BRV subjects (6.7%) than for placebo subjects (3.9%).  
In Pool S4, 19% (472/2437) of BRV subjects experienced a SAE and TEAEs led to 
discontinuation in 14% of subjects.  SAEs that were reported by at least 2 BRV subjects 
and more frequently than placebo in Pool S1 were fall that occurred in 3 subjects (0.3%, 
3/1099), humerus fracture, adjustment disorder, and psychotic disorder that each occurred 
in 2 BRV subjects (0.2% each); these SAEs were not reported in placebo subjects. In 
Pool S4, the SOCs with the most SAEs were Nervous system disorders (6.6%), Injury, 
poisoning, and procedural complications (4.4%), and Psychiatric disorders (2.9%).  The 
most frequently reported SAEs in Pool S4 were related to seizures (convulsion 2.7%, 
status epilepticus 0.9%, epilepsy 0.6%, grand mal convulsion 0.4%), suicide attempt and 
suicidal ideation (each 0.6%), and pneumonia and fall (each 0.5%).   There were also 
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SAEs of depression and psychotic disorder, each in 0.3%, and aggression in 0.2%, as 
well as  hyponatremia and myocardial infarction, each in 0.2%.  Dr. Doi notes that in 
Pool S4 there were no SAEs of hepatic failure, agranulocytosis, aplastic anemia, 
pancytopenia, drug reaction with eosinophilia and systemic symptoms (DRESS),  
rhabdomyolysis, Stevens Johnson Syndrome, or toxic epidermal necrolysis, torsades de 
pointes, ventricular fibrillation, ventricular tachyarrhythmia, or ventricular tachycardia.  
There was 1 case of septic shock in a patient with hip fracture.   In Pool S4 there was one 
case each of anaphylactic reaction and syncope, and one case each of acute pancreatitis, 
loss of consciousness, syncope, and 3 cases of renal failure or acute renal failure.  These, 
along with pertinent cases including rhabdomyolysis in other pooled groups, are 
discussed in Sections 7.3.4 and 7.3.5 of Dr. Doi’s review and in Section 2.3.4 of my 
memo.  

2.3.3    Dropouts   
Dr. Doi notes that in Pool S1, a higher percentage of BRV subjects (9.6%, 106/1099) 
discontinued compared to placebo subjects (6.1%, 28/459) and this was driven by 
discontinuations due to AEs occurring at a higher frequency in BRV subjects (6.6%) than 
in placebo subjects (3.5%), with no clear dose-response relationship.    In Pool S1, the 
largest risk difference between the total BRV group and placebo (and greater for BRV 
than for placebo) by SOC was for Nervous system disorders (risk difference 1.3%) and 
Psychiatric disorders (risk difference 0.7%). Discontinuations in BRV subjects that were 
more frequent than in placebo subjects were dizziness, convulsion, headache, depression, 
aggression, insomnia, irritability, ataxia, agitation, dyspnea, and fall.   

In Pool S4, in which studies are ongoing, 57% of BRV-treated subjects have withdrawn 
and Dr. Doi notes this is mostly due to lack of efficacy (24%), AEs (15%), and subject 
choice (9%).  In Pool S4 the MedDRA SOCs for which BRV subjects most frequently 
experienced a TEAE leading to discontinuation were also nervous System Disorders 
(4.8%) and Psychiatric disorders (4.1%), and the TEAEs most frequently leading to 
discontinuation in Pool S4 were convulsion (1.5%), pregnancy (1.1%), dizziness (0.9%), 
depression (0.9%), fatigue (0.7%), somnolence (0.7%), irritability (0.5%), and suicide 
attempt (0.5%) and suicidal ideation (0.6%).   There was 1 BRV case each in Pool S4 of 
dyspnea/bronchospasm, hypersensitivity, and erythema multiforme, acute pancreatitis, 
chronic pancreatitis, septic shock (hip fracture), and renal failure and acute renal failure 
resulting in discontinuation; these are discussed later in this memo.    

There were 2 discontinuations in the IV group.  Subject 777-02463 withdrew due to 
anxiety after 3 days of IV dosing. Subject 795-0297 who had elevated GGT at screening 
and on the day of randomization withdrew due to elevated GGT that was first reported on 
the last day of IV treatment (ALT was elevated at randomization and during the trial; the 
subject had normal bilirubin, alkaline phosphatase, and AST throughout the trial).   

In other pooled groups, subjects discontinued most commonly due to lack of efficacy and 
due to adverse events.   Dr. Doi notes that in the Pool Monotherapy TEAEs leading to 
discontinuation (23%) were driven by preferred terms in the SOC nervous system 
disorders (12.7%, mostly in the HLGT seizures) and psychiatric disorders (10.7%, mostly 
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in the HLGTs Anxiety disorders and symptoms, Depressed mood disorders and 
disturbances, Personality disorders and disturbances in behavior, and suicidal and self-
injurious behaviours  NEC).  In the Pediatric Pool Dr. Doi notes a higher percentage of 
TEAEs leading to discontinuation in BRV subjects that were related to behavioral 
changes (including 4 aggression and 1 homicidal ideation) and to respiratory failure and 
circulatory collapse compared to BRV subjects in the POS studies.

2.3.4 Significant Adverse Events/Submission-Specific Safety Concerns  

2.3.4.1 Neurologic reactions
BRV was associated with an increased risk of TEAEs in the SOC Nervous system 
disorders (35% in BRV < 50 mg/day, 39% in BRV ≥ 50 mg/day, 29% in placebo) in Pool 
S1. These were driven by somnolence (12% in BRV < 50 mg/day, 15% in BRV ≥ 50 
mg/day, 8% in placebo) and fatigue (7% in BRV < 50 mg/day, 9% in BRV ≥ 50 mg/day, 
4% in placebo).  In study N01358 that included both 100 mg/day and 200 mg/day BRV 
dose groups, somnolence did not show a dose response for BRV (19% in 100 mg/day vs 
17% for 200 mg/day), although fatigue did (8% for BRV 100 mg/day, 12% for BV 200 
mg/day vs 4% for placebo).  Dr. Doi shows a higher risk of somnolence and fatigue 
during the first 7 days of the study in Pool S1.  She also shows that there may be an 
increased risk in females (risk ratio 2.5 for Brv≥50 mg/day vs placebo) compared to 
males (risk ratio 1.3 for Brv≥50 mg/day vs placebo).  Dr. Doi notes 2 TEAEs of retinal 
detachment in BRV-treated patients, both with long latency after BRV initiation and in 
both cases BRV was continued.  Other risk factors for these subjects have not been 
reported except that they were both at least 50 y.o. and one patient had the AE at the 
same time as the AE fall, contusion, photopsia, and headache.   I agree it is difficult to 
know whether  retinal detachment could be attributed to BRV. 

TEAEs in the Dizziness/Gait disturbance group occurred more frequently for BRV (12% 
for < 50 mg/day, 16% for ≥50 mg/day) than for placebo (10%).  These were driven by 
dizziness (10%  in BRV < 50 mg/day, 11% in BRV ≥ 50 mg/day, 7% in placebo), vertigo 
(1%  in BRV < 50 mg/day, 3% in BRV ≥ 50 mg/day, 2% in placebo), and balance 
disorder (0.3%  in BRV < 50 mg/day, 1% in BRV ≥ 50 mg/day, 0.2% in placebo).  In 
study N01358 that included both 100 mg/day and 200 mg/day BRV dose groups, a dose 
response was observed for dizziness  (10% for BRV 100 mg/day, 14% for BRV 200 
mg/day, 5% for placebo), and for TEAEs in this group overall.  Dr. Doi notes a higher 
risk of dizziness and gait disturbance TEAEs during the first 7 days of the study in Pool 
S1.  She also notes a possible increased risk in Asians, although I agree the numbers are 
small for comparison.  

Dr. Doi discusses TEAEs in the SOC of Injury, poisoning, and procedural complications 
and the SMQ of Accidents and injuries and notes that a higher percentage in the BRV < 
50 mg/day than placebo had TEAEs in this group.  However, I note that subjects in the 
BRV ≥ 50 mg/day had frequencies generally similar to or less than in the placebo group. 
In Pool S1, Dr. Doi shows that falls occurred less frequently without concurrent seizures 
in the BRV group (50%) than in the placebo group (80%) but that injuries without 
concurrent seizures occurred more frequently in the BRV group (55%) than in the 

6

Reference ID: 3854937



Safety Team Leader Memo
NDA 205836, 205837, 205838

placebo group (47%).  The numbers of injuries and falls are small and it is difficult to 
know whether there is a relationship between BRV and injuries that are not confounded 
by seizures.

In other Pools, Dr. Doi also notes somnolence and dizziness.

I agree with Dr. Doi that somnolence/fatigue, dizziness/gait disturbance are significant 
adverse reactions with potentially serious downstream effects that could be mitigated 
through awareness of increased risk especially during the first 7 days of use I agree with 
including information about somnolence/fatigue and dizziness and gait disturbance issues 
in Warnings and Precautions in labeling.  

2.3.4.2  Psychiatric Reactions
Dr. Doi shows that in Pool S1 TEAEs in the SOC Psychiatric disorders were more 
common in BRV treated subjects (12% for < 50 mg/day, 12% for ≥50 mg/day) than 
placebo (8%).  These were driven by the differences in HLTs for Anxiety symptoms (4%  
in BRV < 50 mg/day, 3% in BRV ≥ 50 mg/day, 2% in placebo) and Depressive disorders 
(3%  in BRV < 50 mg/day, 2% in BRV ≥ 50 mg/day, 1% in placebo).  SMQs for 
Depression, suicide/self injury were greater in BRV subjects (3% in in BRV < 50 mg/day 
and in BRV ≥ 50 mg/day vs 2% in placebo) as was Hostility and aggression (Broad)  (6% 
in BRV < 50 mg/day, 5% in BRV ≥ 50 mg/day, and 2% in placebo).   In Pool S4, 
approximately 2% of BRV subjects had TEAEs in the SMQ Depression and suicide/self-
injury, approximately 0.5% had TEAEs in the SMQ Psychotic and Psychotic disorders, 
and 0.2% had TEAEs in the SMQ Hostility and Aggression.  Approximately 4% of BRV 
subjects discontinued due to TEAEs in the SOC Psychiatric disorders in Pool 4.  

Dr. Doi has reviewed notable cases of psychotic and hostility/aggression events in BRV 
subjects.  She notes that while some events developed after a long latency or were 
confounded by concomitant medications or previous history, at least 1 case had a 
temporal association with BRV initiation and positive dechallenge in patients without a 
prior history of psychiatric disease,  and no known exposure to other medications that are 
likely to cause these behavioral changes (e.g. N01252-071-D134 with concomitant 
medications of Lamictal and Zonegran).  I agree that information about hostility and 
aggression should be included in the Warnings and Precautions section of the labeling.

Suicidal ideation and behavior was assessed based on the Columbia-Suicide Severity 
Rating Scale (C-SSRS)  in open label IV studies , in the open label Phase 3b study in 
adult epilepsy (N01395), and in long term follow-up studies in adult epilepsy  and was 
added to controlled study N01358 when the study was ongoing.  Dr. Doi notes that in 
Pool S4 there were 2 completed suicides and 30 suicidal ideation/attempt/self-injurious 
ideation and she notes 2 other deaths that could have been suicides.  Dr. Doi finds that 
using the SMQ Suicide and self-injury, the incidence of suicidality in BRV subjects in 
Pool S1 is 2.7 per 10002.  This is similar to the incidence cited in class labeling for 
antiepileptic drugs (3.4 per 1000 patients)  although less than for placebo (6.5 per 1000) 
in the BRV Pool S1.  The antiepileptic drugs have class labeling language regarding 

2 In Dr. Doi’s review this was stated as 2.5/1000, but comes from 3 cases per 1099.
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suicidal behavior and ideation in the Warnings and Precautions section of labeling that 
should be included in the label for brivaracetam.  

2.3.4.3 Hypersensitivity Reactions
Hypersensitivity reactions occurred slightly more frequently in BRV treated subjects than 
in placebo treated subjects.  In Pool S1, 0 subjects taking BRV < 50 mg/day and 0.2% of 
subjects taking BRV ≥50 mg/day had TEAEs  of hypersensitivity (in the SOC Immune 
system disorders ) compared to 0 placebo subjects.  In the SOC of Skin and subcutaneous 
tissue disorders TEAEs occurred in approximately 8% of subjects taking BRV < 50 
mg/day, in 6% of subjects taking BRV ≥50 mg/day, and in 6% of placebo subjects.  
TEAEs in related  SMQs were greater in BRV treated subjects than in placebo treated 
subjects for the SMQs for Angioedema, narrow (1% for BRV < 50 mg/day, 0.4% for 
BRV ≥50 mg/day, and 0.2% for placebo), for Hypersensitivity, narrow (approximately 
5% for BRV < 50 mg/day, 3% for BRV ≥50 mg/day, and 2% for placebo), and for 
Anaphylaxis (approximately 1% of BRV < 50 mg/day, 0.1% of BRV ≥50 mg/day, and no 
placebo subjects). In Study N01358, TEAEs in the SMQ Hypersensitivity occurred with a 
dose response in approximately 4% of BRV 100 mg/day, 3% of 200 mg/day, and 2% of 
placebo subjects.  

In Pool S1, as noted by Dr. Doi, there were no SAEs or discontinuations due to TEAEs in 
BRV subjects in the SOC Immune system disorders; a similar percentage of BRV (0.5%) 
and placebo (0.7%) discontinued due to TEAEs in SOC Skin and subcutaneous tissue 
disorders (PTs for BRV were alopecia, pruritus, rash [N01253-386-A004 also with PT 
face oedema on day 7]).  In Pool S4, 0.2% of BRV subjects reported hypersensitivity 
related SAEs, although only 1 (sudden dyspnea/bronchospasm on Study day 2 and on 
Study Day 3 (after discontinuation of BRV) , 1 day after developing myalgia and asthenia 
and for which BRV was discontinued) seemed possibly related to BRV (N01253-326-
D119).3  In Pool S4, 0.5% discontinued treatment due to drug hypersensitivity, pruritus, 
rash, urticaria, eye swelling, and erythema multiforme (not likely related as lesions 
formed 2 months after BRV was discontinued; serology to rule out viral, bacterial, or 
fungal etiologies were not reported). 

Regarding Angioedema and Anaphylaxis, Dr. Doi notes that 1 BRV subject (N01358-
376-00789) discontinued BRV due to mild eye swelling and headache on Study Day 34 
which resolved 2 days after discontinuation; this was not an SAE.  The other preferred 
terms in these SMQs were all cough, pruritus, eye pruritus, and rash (none were SAEs)

3 That subject experienced dyspnea and myalgia 2 days after study drug initiation and 
received Diprona as treatment for dyspnea that the narrative also refers to as 
bronchospasm.  According to the narrative, the drugs was discontinued and the events 
resolved the following day.  Another event of bronchospasm occurred on that day (3 days 
after study drug continuation), having been off of study drug for 1 day.  The CIOMS 
report refers to only 1 event of dyspnea (with rhonchus and sibilant) with normal chest x-
ray, for which the subject received Fenoterol, Flebocortid, and ipratropium bromide for 
bronchospasm. (p. 88-89 of 684 in the narratives) 
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Dr. Doi reports that there were no BRV subjects identified with SJS or TEN in the entire 
BRV safety database.  I agree with Dr. Doi that there do not appear to be cases of DRESS 
related to BRV use in the clinical database.   

Although the hypersensitivity reactions were only slightly greater in BRV than in placebo 
subjects, there were cases of angioedema and dyspnea as well as rash occurring within 
days to weeks after beginning BRV that required treatment or discontinuation.    I agree 
with Dr. Doi that there should be a warning regarding hypersensitivity in the labeling.    

2.3.4.4 Hematologic disorders
Discussed under Laboratory Findings (Section 2.3.6 of my memo) and in Section 7.4.2 of 
Dr. Doi’s review.  

2.3.4.5 Cardiovascular Disorders
Dr. Doi notes that in Pool S1 a similar percentage of BRV and placebo subjects 
experienced TEAEs in the SOC cardiac disorders, with only sinus bradycardia, 
palpitations, and bradycardia preferred terms occurring more often in BRV subjects 
(0.4%, 0.4%, and 0.2%, respectively in the BRV ≥ 50 mg/day group and none in the < 50 
mg/day group) and none in placebo.     In the cardiac-related SMQs in Pool 1, only 
TEAEs in the SMQ for Torsades de points/QT prolongation occurred more frequently in 
BRV (0.2% in BRV ≥ 50 mg/day, none on < 50 mg/day, and none in placebo);  these 
were both QT prolonged and resolved without a change in BRV dose.  There was one 
SAE of myocardial infarction for which BRV was discontinued; it is not possible to 
determine the role of BRV in this case.  There was one SAE of syncope in which BRV 
was continued and the subject entered the long term follow-up study without recurrence.  

Dr. Doi also notes 2 deaths in BRV-treated subjects that she considers may be due to a 
cardiac etiology (discussed under deaths) :1) N01199-1078-003 who had multiorgan 
failure and non-ST elevation myocardial infarction after 33 months of exposure; it is not 
clear this death was related to a cardiac event and not clear what role BRV might have 
played and 2) N01253-404-C322, a 14 y.o. female that died of respiratory insufficiency 
after a witnessed seizure; of note this patient had an ECG post-BRV dose with sinus 
bradycardia and QTc 463 with cardiologist interpretation of the ECG reported as 
“congenital long QT syndrome”.  BRV is not noted to cause QT prolongation at the doses 
used in the clinical trials (section 2.3.8 of this memo).  Whether a cardiac event 
contributed to this death and whether BRV played a role is not clear.     

Dr. Doi notes that in Pool S4, 21 BRV subjects (0.9%) reported cardiac related SAEs or 
discontinuations, the majority with onset > 1 year after BRV initiation, resolving without 
change in BRV dose, or with other risk factors or coexisting conditions.  I believe that the 
same is true of cardiac SAEs and discontinuations reported in the other pooled groups.
I agree with Dr. Doi that BRV is unlikely associated with cardiac adverse events except 
for a slightly higher incidence of bradycardia than reported for placebo.
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2.3.4.6  Gastrointestinal disorders 
Dr. Doi shows that in Pool S1, a higher percentage of BRV subjects (15% in the BRV ≥ 
50 mg/day group) experienced TEAES in the SOC Gastrointestinal disorders than 
placebo subjects (11%).   She shows that the difference  was driven by TEAEs in the 
HLT Nausea and vomiting symptoms (approximately 5% for BRV < 50 mg/day, 6% for 
BRV ≥ 50 mg/day, and 3% for placebo) and by GI atonic and hypomotility disorders with 
the preferred term constipation (2% for either BRV group and 0.4% for placebo).  There 
were 2 SAEs in this SOC in Pool S1 in BRV ≥ 50 mg/day (gastritis erosive and inguinal 
hernia).  In Pool S4, SAEs in the SOC Gastrointestinal disorders occurred in 32 BRV 
subjects (1.3%).  Dr. Doi notes that these SAEs occurred at least 6 months after the first 
BRV dose, did not lead to discontinuation, or occurred in only 1 BRV subject.  SAEs and 
discontinuations related to gastrointestinal disorders in the other pooled groups were 
related mostly to nausea.

Dr. Doi discusses an SAE of pancreatitis in Pool S4 with hepatobiliary events, as will I 
(section 2.3.4.7, below).  

I agree with Dr. Doi that BRV is associated with nausea and vomiting symptoms and 
constipation.  I agree that since there were only rare cases of SAEs and discontinuations, 
these TEAEs can be included in the Adverse Reactions section of labeling.  

2.3.4.7 Hepatobiliary disorders
Dr. Doi shows that in Pool S1, only 2 BRV subjects (both in the BRV ≥ 50 mg/day 
group) and no placebo subjects had TEAEs in the SOC Hepatobiliary disorders: one with 
chronic cholecystitis and one with hypertransaminaseamia who had elevated AST/ALT 
without elevated bilirubin during an upper respiratory tract infection and who received 
paracetamol treatment.  There were no SAEs or discontinuations due to TEAEs in this 
SOC and no SAEs for hepatic laboratory parameters in the SOC Investigations. One 
subject with elevated ALT/AST at baseline discontinued due to the TEAE hepatic 
enzyme increased.    

In Pool S1 similar percentages of subjects in BRV and in placebo groups had TEAEs in 
the SMQ Drug related hepatic disorders.  There was only 1 preferred term reported under 
the SMQ Drug related hepatic disorders severe – and that was hemangioma of the liver.  

Dr. Doi notes that in Pool S1 two BRV subjects had ALT or AST > 3X ULN and these 
resolved while the patients continued on BRV.  One subject each had ALT or AST > 5X 
ULN or > 10X ULN on BRV.  In Pool S4, there were patients with AST or ALT > 3x 
ULN (1.3%), AST or ALT > 5X ULN (0.5%), AST or ALT > 10X ULN (0.2%), and 
AST or ALT > 20 X ULN ((< 0.1%), ≤ 0.5% with both ALT and AST > 3, 5, or 10X 
ULN, but no patients with treatment emergent ALT or AST elevations > 3X ULN and 
concomitant elevations in bilirubin.  Dr. Doi notes that most transaminase elevations 
occurred after months or years of BRV use and that some patients further continued on 
BRV.
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In Pool S4 Dr. Doi notes that there were 10 BRV subjects (0.4%) with hepatobiliary-
related SAEs and she notes that most developed after 1 year of BRV use, resolved despite 
continued BRV use, or were due to other drugs. These were cholelithiasis, acute and 
chronic cholecystitis, biliary colic, and “valproate induced hyperammoneamia”.   One 
patient had acute pancreatitis on Day 199; concomitant medications included valproic 
acid (with a boxed warning for pancreatitis) and lisinopril (pancreatitis listed in Adverse 
Reactions);  it is difficult to attribute this to BRV.   In Pool S4 5 patients discontinued for 
GGT increased, 1 with ALT/AST increased to > 3X ULN, 1 with ALT/AST increased to 
> 3X ULN with increased alkaline phosphatase and no increase in bilirubin, and 1 with 
exacerbation of chronic pancreatitis. 

Other Pools had similar SEAs and DCs in the SOC Hepatobiliary disorders as reported 
for Pools S1 and S4.  

I agree with Dr. Doi that BRV use is unlikely associated with serious liver injury or acute 
pancreatitis.  

2.3.4.8 Infectious disorders 
Dr. Doi shows that in Pool S1 a similar percentage of BRV ≥ 50 mg/day subjects and 
placebo subjects (16% in each) and a higher number in the BRV < 50 mg/day group 
(22%) had TEAEs in the SOC infections and infestations. The greater frequency in BRV 
< 50 mg/day was in the HLTs upper respiratory tract infections and influenza viral 
infections.   Dr. Doi notes that a similar percentage of BRV and placebo subjects 
developed SAEs due to infection related TEAEs (bronchitis, localized infections, and 
pneumonia in BRV subjects) and only 2 BRV subjects discontinued due to TEAEs 
(influenza and pneumonia).

Dr. Doi notes that in Pool S4, 2.4% of BRV subjects reported SAEs  in the SOC 
infections and infestation and she notes that all occurred at least 6 months after the first 
BRV dose, did not lead to discontinuation, or occurred as isolated cases in single BRV 
subjects.  She does note 10 BRV subjects (0.4%) with meningitis tuberculosis, 
disseminated tuberculosis, leprosy, pulmonary tuberculosis, and tuberculosis that all 
began at least 6 months after the first dose of BRV and notes that 8 of these subjects were 
from India (and 1 from Korea and 1 from Belgium).

SAEs in the other pooled groups occurred at the same or higher frequency (frequency up 
to 9%) than in Pools S1 and S4 but were similar in nature to those reported for Pools S1 
and S4.  One BRV subject discontinued due an infection related TEAE in the Pool 
Pediatric and none in the other pools.

I agree with Dr. Doi that BRV use is unlikely associated with infectious disorders in the 
proposed dose range.

2.3.4.9 Renal disorders
Dr. Doi shows that in Pool S1 a similar percentage of BRV and placebo subjects (1.4-
1.6%) experienced TEAEs in the SOC Renal and urinary disorders.  TEAEs that occurred 

11

Reference ID: 3854937



Safety Team Leader Memo
NDA 205836, 205837, 205838

more frequently than placebo were hematuria (0.5% in BRV ≥50 mg/day, none in 
placebo), nephrolithiasis in 0.7% in < 50 mg/day but less in BRV ≥ 50 mg/day (0.1%) 
than in placebo  (0.2%), and leukocyturia (0.2% in BRV ≥50 mg/day, none in placebo).  

In Pool S4, 0.4% of BRV subjects reported SAEs in the Renal SOC.  There were 2 cases 
of acute renal failure; in one of the cases BRV was continued and increased creatinine 
resolved and the other case occurred during hospitalization for status epilepticus and 
rhabdomyolysis and resolved when BRV was discontinued.  I agree with Dr. Doi that 
these were unlikely related to BRV use.  Subject N01254-266-K360/N01199-1266-0005 
had an SAE of renal failure on Study Day 1237 in which renal biopsy revealed chronic 
tubulointerstitial nephritis with nephrosclerosis.  BRV was discontinued and the event 
was not resolved.  The subject was also taking amlodipine, lamotrigine, and valproate and 
Dr. Doi notes that nephritis is included in lamotrigine and valproate labels in the context 
of DRESS.  I agree with Dr. Doi that the association of chronic interstitial nephritis with 
BRV use cannot be ruled out.  

Other SAEs in Pool S4 included 3 nephrolithiasis (1 also with renal colic), 2 calculus 
ureteric (1 also with hydronephrosis), 1 dysuria, and 1 urinary tract disorder.  There were 
no BRV subjects with SAEs or discontinuations for renal or electrolyte laboratory 
parameters in the SOC investigations.  Dr. Doi notes that 8 BRV subjects (0.3%) reported 
SAEs in the SOC Metabolism and nutrition disorders [8 hyponatremia, 1 hypokalemia, 
and 1 metabolic acidosis (that occurred in the setting of SAE status epilepticus and TEAE 
acute renal failure)].  These occurred at least 297 days after beginning BRV and resolved 
without a change in BRV dose.  There was 1 subject in the SMQ Rhabdomyolysis with 
rhabdomyolysis described under acute renal failure above and 2 other subjects with 
TEAES in the SMQ acute renal failure (renal failure/renal impairment, oliguria) that were 
not SAEs and did not lead to discontinuation.  

Renal-related AEs in other pools were similar to those described above.  

I agree with Dr. Doi that BRV use was unlikely associated with renal failure-related 
adverse events (or rhabdomyolysis) in this database.  I also agree with her 
recommendation for postmarketing surveillance regarding chronic interstitial nephritis.  

2.3.5 Common Adverse Events 

Overall, in Pool S1, 68% (751/1099) of BRV-treated subjects experienced one or more 
AEs compared to 62% (285/459) placebo subjects.    In Table 93 of her review, Dr. Doi 
lists the AEs ( for 50 mg, 100mg, and 200 mg/day) reported by at least 2% of BRV 
patients in any dose group and greater than placebo in Pool S1.  Of these, the most 
common ≥5% for BRV any dose group) are shown in the table below.     
 

BRV randomized dose/dayPreferred term Placebo 
(N=459)
% 50 mg 

(N=200)
%

100 mg
(N=353)
%

200 mg
(N=250)
%
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Somnolence 9 12 16 17
Dizziness 7 12 9 14
Fatigue 4 7 8 12
Nausea/vomiting 
symptoms 
(preferred terms 
nausea and 
vomiting)

3 8 5 4

Anxiety 
symptoms 
(anxiety, 
agitation, 
nervousness)

2 5 3 3

Irritability 1 5 3 3
Insomnia 2 5 2 2
Depression 1 5 1 1

In Pool S4,   the TEAEs that occurred most commonly  (≥5%) were headache (22%), 
dizziness (18%), somnolence (16%), nasopharyngitis (13%), fatigue (12%), convulsion 
(11%), nausea (8%), influenza (8%), diarrhea (8%), depression (8%), urinary tract 
infection (7%), back pain (7%), upper respiratory tract infection (7%), insomnia (7%), 
vomiting (6%), irritability (6%), and anxiety, arthralgia, fall, pyrexia, vertigo, and 
contusion (each 5%)4.  

Dr. Doi notes the differences in common AEs in other pools.  Pool monotherapy had 
higher percentage of TEAEs than BRV subjects in Pool S4 in HLTs seizure disorder, 
depressive disorders, anxiety symptoms, and non-site specific injuries that were at least 
15% -22% in Pool Monotherapy but 7-13% in Pool S4.  Pool ULD had a higher 
percentage of TEAEs in BRV subjects overall (94%), driven by the HLT Neurological 
signs and symptoms (primarily driven by the preferred term myoclonus) that was 19% in 
Pool S4; Dr. Doi notes the differences were likely due to differences in underlying 
disease characteristics.  Pool Pediatric had a higher percentage of TEAEs in the SOC 
infections (57%) primarily in HLTs of Upper respiratory tract infections (42%).  TEAEs 
in other pools were similar to those already described. 
 
Dr. Boehm shows that the most common TEAEs in the IV BRV pool were similar to 
those in pool S1.5     These included somnolence (28%), fatigue (15%), dizziness (14%), 
and headache (8%).  Other common TEAEs were dysgeusia (6%), euphoric mood (3%), 
feeling drunk (3%), infusion site pain (3%), AV block second degree (2%), hypertension 
(2%), injection site extravasation (2%), nausea (2%), orthostatic hypotension (2%), and 
orthostatic tachycardia syndrome (2%). As Dr. Boehm notes, there were AEs related to 
route of administration (none that was an SAE and none that led to discontinuation) but it 
is not possible to know if these were related to BRV without placebo comparator data.  

4 Rounded to even  number.
5 Dr. Boehm provides TEAE data based on updated tables from submission of 8/11/15.
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With respect to demographic differences, Dr. Boehm notes that common AE risks 
generally did not vary meaningfully by sex except for headache reported 7 times more 
frequently for females than for males (14% vs 2%).  Fatigue was reported more 
frequently in patients with BMI of 18.5 to < 25 than for subjects with higher BMI.  
Meaningful comparisons of demographic differences with respect to age and race could 
not be made due to the homogenous population: mostly 17 to < 65 y.o. (175/177) and 
White (145/177).  Dr. Boehm notes that the risk for common AEs were similar for North 
America and Eastern Europe, and generally lower than the risks reported for Western 
Europe.  Dr. Boehm notes no robust evidence of risk difference for IV bolus vs  IV 
infusion administration, and notes that comparisons are limited by small numbers of 
events.

2.3.6  Laboratory findings  
Hematology
Dr. Doi shows that in Pool S1 there were small differences in mean changes from 
baseline between the BRV and placebo groups for hematology parameters, and I agree 
with her that there were no clinically meaningful differences in mean changes from 
baseline.  Relevant shifts from normal to low values were observed for leukocytes and 
neutrophils for BRV greater than for placebo.  The shifts were slightly greater for females 
than for males but the significance of that is not known.6  Relevant shifts in hematology 
parameters and Incidence of Grade 2/3  National Cancer Institute Common Terminology 
(NCI CT) Criteria for hematology parameters for BRV subjects with a baseline  of Grade 
0 or 1 are shown in the table below. There were no hematology values that met criteria 
for Grade 4 (life-threatening) in Pool S1.    

Selected Hematology Laboratory Changes in Pool S1
PBO 
(N=459)

BRV 50 
mgday 
(N=200)

BRV 100 
mg/day 
(N=353

BRV 200 
mg/day 
(N=250)

BRV Overall
(N=1099)^

Hematology 
Laboratory 
Shift from 
Baseline to 
Last Value

n* Shift% n* Shift% n* Shift% n* Shift% n* Shift%

Leukocytes 
low

410 4.4% 172 4.7% 316 7.3% 221 5.0% 976 5.5%

Neutrophils 
low

399 3.5% 158 3.2% 320 5.6% 221 4.1% 926 4.0%

NCI CT 
Criteria

n** Grade 
%

n** Grade 
%

n** Grade 
%

n** Grade 
%

n** Grade 
%

Grade 2 455 1.1% 197 1.5% 347 1.7% 244 1.6% 1077 1.8%

6 E.g. leukocytes in females shifted from normal to low in 6.8% for BRV vs 4.4% for placebo, compared to 
males in whom leukocytes shifted from normal to low in 4.4% for either BRV or placebo. Neutrophils in 
females shifted from normal to low in 5% for BRV vs 3% for placebo compared to males in whom 
neutrophils shifted from normal to low in 3% for BRV vs 4% for placebo.  
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Leukocytes 
decreased
Grade 3 
Neutrophils 
decreased

427 0% 165 0% 342 0.6% 241 0.4% 979 0.3%

Grade 3 
Lymphocytes 
decreased

426 0% 165 0% 350 0.6% 241 0.4% 990 0.4%

Grade 3 
Hemoglobin 
decreased

454 0% 198 0% 347 0.3% 245 0% 1081 0.1%

*n=number of subjects with normal baseline values
**n=number of subjects with baseline result of Grade 0 or 1 and a non-missing post-
baseline result
^ BRV overall includes 5 mg/day 20 mg/day, 50 mg/day, 100 mg/day and 200 mg/day.

Results in other pooled groups showed similar results.  

In Pool S1, Dr. Doi shows that a similar percentage of BRV and placebo subjects had 
TEAEs in the SOC Blood and Lymphatic system disorders (1.6% for BRV ≥ 50 mg/day 
and 1.7% for placebo).  Neutropenia was greater in BRV than in placebo (0.7% in BRV < 
50 mg/day, 0.5% in BRV .≥ 50 mg/day, none for placebo). There were no subjects with 
TEAEs in the SMQ Agranulocytosis (narrow search).  There were no SAEs or 
discontinuations in this SOC or in the SOC Investigations related to hematologic TEAEs.  

In Pool S4 Dr. Doi notes that 5 BRV subjects (0.2%) had SAEs in the SOC Blood and 
lymphatic system disorders: neutropenia (Subject N01254-261-E253 with baseline 
leukopenia and in whom values did not return to normal after BRV discontinuation), 
anemia, anemia macrocytic, iron deficiency anemia/microcytic anemia, and 
lymphadenopathy.  Nine subjects discontinued due to TEAEs of leukopenia (1) 
neutrophil count decreased (1), neutropenia (6), leukopenia/neutropenia (1).  Forty-seven 
BRV subjects (1.9%) had TEAEs of neutropenia.  (Two BRV subjects reported 
pancytopenia but not a SAE and resolved while continuing on BRV).

In other pools there was one SAE of thrombocytopenia and vascular purpura for which 
BRV was discontinued and the patient was treated with steroids and the event resolved.  
The role of BRV is unknown.  Other events in other pools were present at baseline or 
resolved or fluctuated while on BRV.   I agree with Dr. Boehm that in the IV pool for the 
few results out of normal range, none appeared markedly abnormal.  

Dr. Doi notes that Keppra labeling describes an approximate 1% difference in possibly 
significant decreased WBC and neutrophil count in Keppra-treated vs placebo adult 
subjects and has a Warning regarding hematologic abnormalities including decreased 
WBC and neutrophil counts.    
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I agree with Dr. Doi that BRV use is associated with a slightly higher incidence of 
leukopenia, specifically neutropenia, than placebo subjects.  I recommend considering 
putting this information in section 6 of the label rather than Warnings and Precautions 
given the small difference between drug and placebo in Pool S1.

Chemistry – 
Dr. Doi shows no clinically meaningful changes in mean change from baseline to last 
value for Chemistry parameters.  She also show no shifts to abnormal values that were 
≥1% higher in both of the BRV dose groups of 100 mg or 200 mg than placebo and that 
showed a dose response between those 2 BRV dose groups.  I do note a shift in ALT 
high, AST high, and GGT high for the 200 mg/day dose group for greater than 1%.  Dr. 
Doi also shows an increased incidence of Grade 2/3/4 values for elevated GGT for BRV 
100 mg or 200 mg vs placebo.  However, as discussed in section 2.3.4.7 there does not 
appear to be an association between BRV use and hepatotoxicity.  There were also shifts 
from baseline to Na low that were greater for all dose groups than for placebo, but no 
dose response, as well as an increased incidence of NCI CT Grade 3 sodium decreased 
that was higher for 200 mg than for 100 mg but also higher in 20 mg than in any other 
dose group.  

In Pool S4 Dr. Doi notes that few BRV subjects shifted from normal values except for 
high GGT (6.7%), high cholesterol (7.3%), low urate (7%), low bicarbonate (6.2%), and 
high LDL (6.9%) and few BRV subjects met NCI CTG criteria except for Grade 2 
increased GGT, hypophosphatemia, hyponatremia, and hypertriglyceridemia.  

In the IV pool, BRV did not appear to be associated with meaningful laboratory test 
result changes, as shown by Dr. Boehm.  

I agree with Dr. Doi that the incidences of BRV subjects with clinically significant or 
meaningful abnormalities in chemistry parameters were overall low and generally similar 
to placebo subjects. 

Urinalysis – Dr. Doi notes no meaningful changes in qualitative urinalysis parameters 
(occult blood, leukocyte esterase, glucose protein, ketones, nitrite) for Pool S1.      

2.3.7 Vital Signs   
Dr. Doi shows mean changes from baseline to last value for vital sign parameters 
(systolic and diastolic blood pressure, pulse, orthostatic systolic and diastolic blood 
pressure, and weight) for Pool S1 and finds that the mean changes were small and 
clinically insignificant and, except for weight, without a dose-response relationship.  
There were similar percentages between BRV and placebo groups for potentially 
clinically significant values (PCST),  and similar percentages of increases and decreases 
in blood pressure measurements in BRV subjects;  a slightly higher percentage of BRV 
subjects (3.8% overall) than placebo (2.6%) had PCST low changes for weight.  There 
were few BRV subjects (0.2% in Pool S1, 0.2% in Pool S4) with TEAEs of hypotension 
or orthostatic hypotension, none of which were SAEs or led to discontinuation.  Changes 
in vital signs in other pools generally showed  some decrease in heart rate, decreases in 
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systolic and diastolic blood pressure, and decreases in weight that were greater than the 
increases observed, but few associated with TEAEs that were clinically relevant.  
Overall, I agree with Dr. Doi that BRV use is unlikely associated with changes in blood 
pressure or weight after oral administration.  Small decreases in heart rate are consistent 
with small increases in TEAEs of bradycardia (section 2.3.4.5 of my memo).

Similarly, based on limited available data, Dr. Boehm shows that administration of BRV 
IV did not appear to be associated with changes in blood pressure or heart rate.  Dr. 
Boehm notes that 3 subjects in Study N01258 reported TEAEs of orthostatic 
hypotension, all mild and resolved by the end of the study.  He notes that it is difficult to 
assess the role of BRV in orthostatic changes observed due to lack of a comparison 
group.  Performing a cross-study comparison for orthostatic changes in trial N01258 and 
placebo subjects in pool S1, Dr. Boehm shows that the incidence of orthostatic changes is 
generally similar.  

2.3.8 Electrocardiograms 
Dr. Doi notes that a thorough QT study, reviewed by the FDA Interdisciplinary Review 
TEAM (IRT) in a review dated March 5, 2009, found no significant prolongation of QT 
interval and no clinically relevant effects on the PR and QRS intervals.  Dr. Doi notes 
that for most Phase 2/3 studies, no quantitative ECG parameters were collected on the 
CRF and that integrated summaries only report evaluation of outcome based on 
investigator assessment.  With those assessments, in Pool 1 only the 200 mg dose at the 
last value showed clinical significant findings  that were greater in BRV  (1.6%) than in 
placebo (0.4%), but shifts from baseline from normal to abnormal were not different for 
BRV compared to placebo.  In Pool S4, 11.8% of BRV subjects shifted from normal to 
abnormal and 8 BRV subjects (0.3%) had clinically significant findings at the last value.  
Other pooled groups showed similar findings for orally administered BRV.   In the IV 
pool, Dr. Boehm notes several patients with Mobitz 1 heart block and 1 patient with a 6 
beat run of ventricular tachycardia.  I agree with him that given that these events can 
occur in the background, several occurred hours after administration, and the patient with 
2 episodes of Mobitz 1 had a similar event recorded on the post-trial Holter, that 
attribution to BRV is not possible.  Dr. Boehm notes that in IV study N01258 shifts from 
normal at baseline to abnormal during treatment were low and similar across treatment 
groups.  

 Based on the limited available data,  I agree with Drs. Boehm and Doi that BRV is 
unlikely associated with changes in ECG parameters.     

2.3.9 Immunogenicity
Not applicable. 

2.3.10 Dose-Dependency for Adverse Events
Dose response has been discussed in the relevant review sections. Interestingly, there was 
often a greater response for the < 50 mg/day dose than for the ≥50 mg/day doses 
(although there was sometimes a dose response seen for 100 mg vs 200 mg).  The greater 
response for < 50 mg/day may have been due in part to concomitant use of levetiracetam 
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Not applicable.  In Pool S1, 96% of subjects were in the range of 17-65 years old.  The 
intended population is 16 years of age and above.    

2.3.16 Overdose, Drug Abuse Potential, Withdrawal and Rebound
Dr. Doi notes that according to the Sponsor, there is no data on single intakes exceeding 
1400 mg where somnolence and dizziness were the most frequently reported AEs. Other 
adverse events reported in subjects reporting overdoses included vertigo, fatigue, nausea, 
diplopia, balance disorder, and anxiety.   Dr. Doi identified a suicide attempt with 
overdose of BRV (20 tablets of BRV and 8 tablets of clobazam) in which the subject 
became drowsy and developed angina with bradycardia at 48 bpm with other medications 
not associated with bradycardia or angina.  I agree with Dr. Doi that information 
regarding bradycardia in the setting of BRV overdose should be included in the overdose 
section of BRV labeling, and that other AEs reported with overdose should be included 
as well.  

The availability of BRV for injection and the common TEAEs in the IV pool of euphoric 
mood and feeling drunk may be a consideration regarding drug abuse potential.  

2.3.17 Postmarket Experience
Not applicable.  

2.3.18 Summary of Significant Safety Concerns:
As Drs. Doi and Boehm have shown, the most common adverse reactions associated with 
the BRV at any dose were somnolence, dizziness, headache, fatigue, nausea, irritability, 
and anxiety.  There were also small numbers of psychiatric adverse reactions such as 
hostility and aggression), hypersensitivity reactions including angioedema, and 
hematologic reactions (leukopenia and neutropenia) in Pool S1. I agree that there are no 
safety issues that would preclude approval of the oral formulations or the injectable 
formulation at the proposed dose range of 50 mg to 200 mg/day.   The availability of 
BRV for injection and the common TEAEs in the IV pool of euphoric mood and feeling 
drunk may be a consideration regarding drug abuse potential.  

2.3.19   Postmarketing Risk Management Plan  
I agree with Dr. Doi’s recommendation for postmarketing surveillance/enhanced 
pharmacovigilance for chronic interstitial nephritis.   

2.3.20 Conclusions
I agree that there are no safety issues that preclude approval of this NDA.  I agree that the 
safety concerns of somnolence and fatigue, dizziness and disturbance in gait and 
coordination, psychiatric adverse reactions, anaphylactic reactions and angioedema, 
hematologic reactions can be addressed by labeling, as well as including class labeling 
for suicidal behavior and ideation for the antiepileptic drugs, and language regarding 
withdrawal of antiepileptic drugs.  The availability of BRV for injection and the common 
TEAEs in the IV pool of euphoric mood and feeling drunk may be a consideration 
regarding drug abuse potential.  I recommend postmarketing surveillance for chronic 
interstitial nephritis  
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1 Recommendations/Risk Benefit Assessment 

1.1 Recommendation on Regulatory Action 

This is the safety review of NDAs 205-836, 205-837, 205-838 (brivaracetam) as of 
November 5, 2015.  The efficacy of brivaracetam in the adjunctive therapy of partial-
onset is being reviewed by Dr. Steven Dinsmore and the safety of the IV formulation of 
brivaracetam is being reviewed by Dr. Gerard Boehm (treatment emergent adverse 
events, vital sign data, ECG data, and laboratory data).  There are no safety issues for 
the oral formulations of brivaracetam that would preclude approval or that require risk 
mitigation strategies beyond labeling.  Final recommendations on approval of this 
application will be provided by Drs. Dinsmore and Hershkowitz (CDTL).   

1.2 Risk Benefit Assessment 

There are many FDA-approved medications for partial-onset seizures with or without 
secondary generalization, but none of these treatments are completely efficacious in all 
patients.  In addition, the adverse reactions (hepatic, hematologic, dermatologic, 
teratogenic, etc.) of these approved treatments can limit their use.  For these reasons, 
additional treatments are needed for partial-onset seizures.   
 
An important consideration in the evaluation of brivaracetam (BRV) is that, while similar 
to levetiracetam, it is a new chemical entity. 
 
The most common adverse reactions (≥3% in the BRV 200 mg dose group and 
>placebo) were somnolence (17%), dizziness (14%), fatigue (12%), nausea (4%), 
irritability (3%), and anxiety (3%).  The main safety issues that have been identified in 
this application include the following:  neurological (somnolence and dizziness) and 
psychiatric (suicidality and hostility/aggression) adverse reactions, anaphylactic 
reactions and angioedema, and hematologic reactions (leukopenia and neutropenia).   
Based on my review of the Applicant’s submission along with all of the safety 
amendments, I did not identify any safety issues that would preclude approval of the 
oral formulations (the reader is referred to the review by Dr. Gerard Boehm for safety 
issues regarding the IV formulation of brivaracetam).  The safety of brivaracetam 
appears to be acceptable once safety concerns are mitigated by the strategies outlined 
below. The proposed maintenance dose of 50 mg – 200 mg per day in patients aged 16 
years and older is acceptable from a safety point of view. 
 
I recommend that the following information be incorporated into the prescribing 
information for brivaracetam: 
• Warnings and Precautions for the following serious adverse reactions: 
o Neurological Adverse Reactions 
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 Somnolence and Fatigue 
 Dizziness and Disturbance in Gait and Coordination 

o Psychiatric Adverse Reactions 
o Anaphylactic Reactions and Angioedema 
o Hematologic Reactions 
o Suicidal Behavior and Ideation (required by the Division for all antiepileptic drugs) 
o Withdrawal of Antiepileptic Drugs (see Dr. Dinsmore’s review for further details) 

• Adverse Reactions section for nausea/vomiting, constipation, and falls 
• Medication Guide because of the Suicidality warning required by the Division for all 

antiepileptic medications 

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies 

None. 

1.4 Recommendations for Postmarket Requirements and Commitments 

None. 

2 Introduction and Regulatory Background 

2.1 Product Information 

The chemical name of brivaracetam (BRV) is (2S)-2-[(4R)-2-oxo-4-propyltetrahydro-1H-
pyrrol-1-yl] butanamide which is a 2-pyrrolidone derivative.  Brivaracetam has a high 
and selective affinity for the synaptic vesicle protein 2A (SV2A) in the brain.   The 
Applicant reports that binding to SV2A is considered to be the primary mechanism for 
brivaracetam’s anticonvulsant activity.  The precise mechanism by which brivaracetam 
exerts its antiepileptic effects has not yet been fully established.  The Applicant notes 
that in contrast to levetiracetam, the mode of action of BRV does not involve inhibition of 
high-voltage activated calcium currents and AMPA-gated currents.  

2.2 Tables of Currently Available Treatments for Proposed Indications 

There are many currently available drugs approved for the adjunctive therapy of partial-
onset seizures.  Please see the list provided in the efficacy review by Dr. Dinsmore.  

2.3 Availability of Proposed Active Ingredient in the United States 

BRV is a substituted analog of levetiracetam.  Levetiracetam is available in the US as 
Keppra® and as generic drugs. 
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2.4 Important Safety Issues With Consideration to Related Drugs 

The prescribing information for Keppra® includes the following information in the 
Warnings and Precautions section (of the last approved labeling dated March 2015): 
• Behavioral Abnormalities and Psychotic Symptoms  
• Suicidal Behavior and Ideation 
• Somnolence and Fatigue 
• Serious Dermatological Reactions 
• Coordination Difficulties 
• Withdrawal Seizures 
• Hematologic Abnormalities 
• Increase in Blood Pressure 
• Seizure Control During Pregnancy 

2.5 Summary of Presubmission Regulatory Activity Related to Submission 

For detailed presubmission regulatory activities related to this submission, the reader is 
referred to Dr. Dinsmore’s clinical review of efficacy.  The NDA application was 
submitted on November 19, 2014 by UCB Inc.  The original PDUFA goal date of 
November 20, 2015 was extended to February 20, 2016 by a major amendment. 

2.6 Other Relevant Background Information 

For additional background information, the reader is referred to Dr. Dinsmore’s clinical 
review of efficacy. 

3 Ethics and Good Clinical Practices 

3.1 Submission Quality and Integrity 

For detailed information on submission quality and integrity, the reader is referred to Dr. 
Dinsmore’s clinical review of efficacy.  While general information regarding the quality 
and integrity of the clinical safety portion of this NDA is included here, additional 
information regarding specific deficiencies and discrepancies are noted in appropriate 
sections throughout this review.  Overall, the submission was acceptable for review.  
However, there were several instances of inaccurate information provided in the initial 
submission (or information that was missing from the initial submission):  
• Incorrect algorithms for the variables in the integrated safety datasets which required 

the submission of multiple corrected datasets and extensive reanalyses 
• Coding omissions of important adverse events 
• Several important adverse events that occurred during hospitalizations were not 

flagged as serious adverse events 
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• Inaccurate information within multiple tables in the ISS (e.g., TEAE tables for Pool IV 
did not include all of the studies within that pooled group) and Safety Information 
Amendments (e.g., “error[s]” in the listing of pregnancies that resulted in 
spontaneous or missed abortions) 

• “Inadvertent” inclusion of 2 laboratory parameters in the lab summary tables without 
PCST (possibly clinically significant treatment-emergent) criteria 

• TEAEs (leading to discontinuation) that were missing from the ISS tables for Pool IV 
• Missed cases of subjects reporting overdose of brivaracetam 
• Errors in the ISS text regarding specific subject narratives 
• Lack of analysis for neoplasms 

3.2 Compliance with Good Clinical Practices 

For detailed information on compliance with good clinical practices, the reader is 
referred to Dr. Dinsmore’s clinical review of efficacy. 

3.3 Financial Disclosures 

For detailed information on financial disclosures, the reader is referred to Dr. Dinsmore’s 
clinical review of efficacy. 

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines 

4.1 Chemistry Manufacturing and Controls 

The reader is referred to the Chemistry, Manufacturing and Controls (CMC) review. 

4.2 Clinical Microbiology 

The reader is referred to the Clinical Microbiology review for NDA 205-837 (IV 
formulation). Not applicable for NDAs 205-836 (oral tablets) and 205-838 (oral solution). 

4.3 Preclinical Pharmacology/Toxicology 

The reader is referred to the Pharmacology/Toxicology review by Dr. Edward Fisher. 

4.4 Clinical Pharmacology 

For details on the Clinical Pharmacology of brivaracetam, the reader is referred to the 
Clinical Pharmacology review.  The following information has been excerpted from the 
applicant’s overview of clinical pharmacology in the ISS and from the initial proposed 
Prescribing Information.   
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The Applicant proposes treatment initiation with a dose of 50 mg twice daily.  Based on 
individual patient response, the Applicant proposes that the dose may be adjusted 
between 25 mg twice daily and 100 mg twice daily in patients aged 16 years and older.   

4.4.1 Mechanism of Action 

Please see Section 2.1 of this review. 

4.4.2 Pharmacodynamics 

The Applicant reports that in the confirmatory clinical trials in adjunctive treatment of 
partial-onset seizures, brivaracetam exposure has been correlated with efficacy in the 
reduction of seizure frequency from baseline. 
 
The Applicant also reported the following additional pharmacodynamic findings: 
• No prolongations of the QTc interval with daily doses of up to 800 mg/day in a 

double-blind, randomized, placebo- and moxifloxacin-controlled clinical 
pharmacology trial in 184 healthy subjects.  

• Co-administration of brivaracetam (single dose 200 mg) and ethanol increased the 
effect of alcohol on psychomotor function, attention and memory in a 
pharmacokinetic and pharmacodynamic interaction study in healthy subjects. 

• BRV 10 to 80mg was effective in attenuating or suppressing the photoparoxysmal 
electroencephalogram response evoked by intermittent photic stimulations (Study 
N01069, a study in 19 subjects with photosensitive epilepsy). 

4.4.3 Pharmacokinetics 

The Applicant reports that the brivaracetam tablets, oral solution, and injection are 
bioequivalent.  Brivaracetam exhibits linear and time-independent pharmacokinetics.  
The Applicant reported the following data regarding the absorption, distribution, 
metabolism, and excretion of brivaracetam. 
 
Absorption 
• Highly permeable and is rapidly and completely absorbed after oral administration.  
• Pharmacokinetics is dose proportional from 10 to 600 mg.  
• Median tmax for tablets taken without food is 1 hour (with tmax range: 0.25 to 3 h). 
• Coadministration with a high-fat meal slowed down the rate of absorption of 

brivaracetam (Cmax decreased by 37%, Tmax delayed by 3 hours) while the extent of 
absorption remained unchanged (AUC decreased by 5%). 

 
Distribution 
• Weakly bound to plasma proteins (≤20%) 
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• Volume of distribution equal to 0.5 L/kg. 
• Rapidly penetrates into the brain.  
• Rapidly and evenly distributed in most tissues.  
 
Metabolism  
• Primarily metabolized by hydrolysis of the amide (by hepatic and extra-hepatic 

amidases) to form the corresponding carboxylic acid, and secondarily by 
hydroxylation on the propyl side chain (secondary biotransformation pathway 
mediated by CYP2C19).  
o In vivo, in human subjects possessing ineffective mutations of CYP2C19, 

production of the hydroxy metabolite is decreased 10-fold while brivaracetam 
itself is increased by 22% or 42% in individuals with one or both nonfunctional 
alleles.  

• The 3 metabolites are not pharmacologically active. 
 
Elimination 
• Terminal plasma half-life (t1/2) is approximately 9 hours. 
• Eliminated primarily by metabolism and by excretion in the urine.  
• Greater than 95% of the dose, including metabolites, is excreted in the urine within 

72 hours after intake.  
• Less than 10% of the dose is excreted unchanged in the urine.  
• Fecal excretion accounts for less than 1% of the dose.  

5 Sources of Clinical Data 
NDAs 205-836, 205-837, and 205-838 were received by the Division on November 24, 
2014.  During the review cycle, the applicant responded diligently to multiple FDA 
informational requests.  The dates of the Safety Information Amendments are listed 
below.  Unless otherwise noted, this review covers information submitted to these NDAs 
up to September 30, 2015.  The 120-day Safety Update was submitted on March 17, 
2015 (Seq 0009, #10).  Safety Information Amendments were submitted by the 
Applicant on the following dates in 2015: 
 

March 20 (Seq 10, #11), March 26 (Seq 11, #12), April 9 (Seq 12, #13),  
May 15 (Seq 16, #17), June 5 (Seq 19, #20), June 12 (Seq 20, #21) 
June 19 (Seq 22, #23), June 26 (Seq 23, #24), June 29 (Seq 24, #25),  
July 1 (Seq 25, #26), July 9 (Seq 26, #27), July 17 (Seq 29, #30), 
July 24 (Seq 32, #33), July 31 (Seq 33, #34), August 7 (Seq 34, #35),  
August 11 (Seq 35, #36), August 12 (Seq 36, #37), August 13 (Seq 37, #38), 
August 14 (Seq 38, #39), August 19 (Seq 39, #40), August 31 (Seq 42, #43), 
September 2 (Seq 43, #44), September 8 (Seq 44, #45), Sept 16 (Seq 45, #46), 
September 18 (Seq 46, #47) 
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5.1 Tables of Studies/Clinical Trials 

The tables in Appendix 1 list all of the 53 BRV studies performed for focal and 
generalized epilepsy (n=12) and other indications and patient populations (n=9) along 
with the clinical pharmacology studies (n=32). 

5.2 Review Strategy 

This review focuses primarily on the safety of the oral formulation of BRV in subjects 
≥16 years of age with partial-onset seizures (POS).  The reader is referred to the review 
by Dr. Gerard Boehm for safety issues regarding the IV formulation of brivaracetam.  
The safety data from trials performed for other indications and other patient populations 
(e.g., pediatric) will also be reviewed but in less detail.  Safety will be presented for 
deaths, serious AEs, discontinuations due to AEs, AEs of interest, common AEs, 
laboratory and ECG evaluations, and vital signs. The efficacy of BRV as adjunctive 
therapy in the treatment of partial-onset seizures was evaluated by Dr. Dinsmore.   

5.3 Discussion of Individual Studies/Clinical Trials 

The following 12 adjunctive Phase 2 and 3 trials were performed for BRV in subjects 
≥16 years of age with focal and generalized epilepsies: 
• 4 Double-blind, placebo-controlled Phase 3 studies  

o 3 for Partial-onset seizures:  N01252, N01253, N01358 
o 1 for focal and generalized epilepsy:  N01254 

• 2 Phase 2 studies for POS:  N01114, N01193 
• 5 Open-label or LTFU studies:  N01395, N01125, N01199, N01372, N01379 
• 1 study performed for the intravenous (IV) formulation:  N01258 
 
The following 9 trials were performed for other indications and populations: 
• 3 Conversion to monotherapy studies:  N01276, N01306, N01315 
• 2 Unverricht-Lundborg Disease (ULD):  N01187, N01236 
• 2 Pediatric studies:  N01263, N01266 
•
• 1 Postherpetic neuralgia (PHN):  N01162 
 
The following figure provides an overview of the Phase 2 and 3 program in subjects ≥16 
years of age. 
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Comment:  The Applicant did not include the 31 male and 29 female subjects who had 
renal impairment (N01109), had hepatic impairment (N01111), or who participated in the 
study of elderly subjects (N01118) in any of the integrated safety analysis pools due to 
the inherent differences in these study populations.  However, safety results for subjects 
in the pediatric study (N01263) were included in Pool Pediatric in the ISS. 
 
Of note, an exploratory Phase 2 study (N01394) was added to the BRV development 
program and was ongoing as of the original ISS.  N01394 was designed to evaluate the 
safety, tolerability, and efficacy of the iv formulation in the treatment of nonconvulsive 
electrographic seizures (NCES).  In the 120-day Safety Update, the Applicant reported 
that 1 subject had enrolled subsequent to the original NDA clinical cutoff date, but 
discontinued from the study prematurely due to lack of efficacy. No serious adverse 
events were reported.  The Applicant also reported that N01394 had been stopped due 
to low enrollment (termination date Nov 17, 2014).  This study was not included in the 
integrated safety analysis pools and this subject was not discussed further in the 120-
day Safety Update. 

6 Review of Efficacy 
The reader is referred to Dr. Steven Dinsmore’s review of efficacy. 

7 Review of Safety 
Safety Summary 
The BRV NDA submission summarizes the safety data of 3776 BRV-exposed subjects 
from 53 completed trials conducted in Phase 1 volunteers (n=754), subjects enrolled in 
adult epilepsy studies (n=2531 with partial-onset seizures; n=70 with other seizure 
types), subjects enrolled in pediatric epilepsy studies (n=173), and in subjects with other 
indications (n=248). 
 
The Applicant reported a total of 44 deaths in BRV-exposed subjects in the epilepsy 
studies (n=35) and studies for other indications (n=9).  When all of the POS controlled 
studies were pooled together, there was a slightly higher mortality rate in the BRV-
treated subjects (0.29%) than in placebo subjects (0.15%).  The deaths were either 
related to seizures, confounded by significant comorbidities or underlying risk factors, or 
were due to disparate events to preclude any definitive conclusions regarding the causal 
role of BRV.  Although the incidence rate of sudden, unexplained death in epilepsy 
(SUDEP) cases in the controlled portion of the epilepsy trials appeared higher than 
historical rates of 3.5-9.3 per 1000 person-years  reported in the literature (for subjects 
with refractory epilepsy)1, some of the BRV subjects were not taking BRV at the time of 

                                            
1 Tomson T, Nashef L, Ryvlin P. Sudden unexpected death in epilepsy: current knowledge and future directions. 
Lancet Neurol. 2008; 7: 1021–31. 
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death.  Additionally, the rate in the BRV long term follow up studies was lower than 
these historical rates.  Therefore, BRV is unlikely associated with an increased risk for 
SUDEP. 
 
The Applicant proposed a Warnings and Precautions statement for the BRV prescribing 
information for the following adverse reactions: 
• Suicidal Behavior and Ideation (as required by the Division for all antiepileptic drugs) 
• Withdrawal of Antiepileptic Drugs 
 
There are no safety issues for the oral formulations of brivaracetam that would preclude 
approval.  However, I have identified several areas of safety concerns with BRV in this 
review.  I agree with the Applicant’s list of adverse reactions listed above.  Additionally, I 
recommend that the following adverse reactions also be added to the prescribing 
information for BRV.  There was reasonable evidence of a causal association between 
BRV and these adverse reactions.  Furthermore, all of these safety issues resulted in 
serious (or otherwise clinically significant) outcomes or led to discontinuation of 
brivaracetam therapy. 
 
• Neurological adverse reactions 
o Somnolence and Fatigue 

A dose-response relationship was present for BRV use and the following TEAEs 
grouped together:  somnolence, fatigue, asthenia, hypersomnia, sedation, lethargy, 
and malaise.  An increased risk was identified during the first 7 days of BRV use in 
the pivotal trials. 

o Dizziness and disturbance in gait and coordination 
o A dose-response relationship was present for BRV use and the following TEAEs 

grouped together:  dizziness, vertigo, nystagmus, ataxia, gait disturbance, balance 
disorder, coordination abnormal, and cerebellar syndrome.  An increased risk was 
identified during the first 7 days of BRV use in the pivotal trials. 

• Psychiatric adverse reactions 
BRV use was associated with suicidality and other psychiatric events including 
psychotic and hostility/aggression events that included rare events of physical assault 
to family members.  These psychiatric adverse reactions involved close temporal 
association with BRV use along with positive dechallenge in subjects without prior 
history of psychiatric disease or aggression).   

• Anaphylactic reactions and Angioedema 
BRV subjects experienced hypersensitivity-related TEAEs (in the Hypersensitivity 
SMQ) more often than placebo subjects.  Furthermore, there were a small percentage 
of BRV subjects with anaphylactic SAEs (acute onset of dyspnea/rhonchi) or 
discontinued due to angioedema TEAEs (face oedema/rash) with close temporal 
association with BRV use and positive dechallenge.   

• Hematologic reactions 
BRV use was associated with a higher incidence of leukopenia, specifically 
neutropenia, than placebo subjects based on the laboratory (treatment emergent NCI 
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CT Criteria and shifts from normal values at baseline to low values) and adverse 
event data.  This relationship between BRV use and neutropenia was similar to the 
current information in Keppra® labeling (Warnings and Precautions section).  
Additionally, there appears to be a higher incidence in females than males. 

 
Additionally, there were other adverse reactions of concern.  I recommend that the 
following adverse drug reactions be included in the Adverse Reactions section of 
labeling:  nausea/vomiting, constipation, and falls/injuries.  Additionally, I recommend 
postmarketing surveillance to further investigate the potential safety issue of chronic 
interstitial nephritis. 
 
Finally, there was no definitive evidence of any BRV-related cases of acute pancreatitis, 
agranulocytosis, aplastic anemia, hepatic failure (or Hy’s Law cases), rhabdomyolysis, 
Stevens-Johnson syndrome/toxic epidermal necrolysis, or torsade de pointes.  An 
association between BRV use and malignant neoplasms or congenital malformations 
was not identified in this database. The FDA Interdisciplinary Review Team (IRT) for QT 
studies reviewed the Applicant’s formal QT study, N01233, and did not find evidence of 
significant QT prolongation in subjects exposed to BRV (IRT review dated 3/5/09). 

7.1 Methods 

7.1.1 Studies/Clinical Trials Used to Evaluate Safety 

In their ISS, the Applicant summarized safety data from 53 BRV clinical trials.  The 
safety data from these trials were divided into the following categories:  12 studies 
performed for focal and generalized epilepsy, 9 studies for other indications and patient 
populations, and 32 clinical pharmacology studies. These trials are described in Section 
5 and listed in Appendix 1 of this review.   
 
The focus of this safety review is pooled data from the three Phase 3 double-blind 
clinical trials performed in subjects with partial-onset seizures (Studies N01358, 
N01252, and N01253).  These studies were randomized, double-blind, placebo-
controlled, fixed-dose studies that evaluated the efficacy and safety of BRV given as 
adjunctive therapy in subjects with refractory partial seizures aged 16 years and older.  
The following table summarizes the differences among these three Phase 3 controlled 
trials in the dose of BRV studied. 
 
Table 1.  BRV doses administered in Studies N01252, N01253, and N01358 
 BRV dose (administered bid) 
Study number 5mg/day 20mg/day 50mg/day 100mg/day 200mg/day 
N01252  X X X  

N01253 X X X   

N01358    X X 
Source: ISS Table 2-4 
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Additionally, the Applicant conducted Study N01254, a Phase 3, placebo-controlled, 
flexible dose study in focal and generalized epilepsy in support of the POS program.   
The safety data from trials performed for other indications and other patient populations 
(e.g., pediatric) will also be reviewed but in less detail.   
 
The key inclusion and exclusion criteria for the Phase 3 POS DB studies are listed 
below (Source: CSR Section 3.3 for Studies N01358, N01252, and N01253). 
 
Key Inclusion Criteria 
• Written informed consent signed by subject or by the parent(s) or legal representative. 
• Aged 16 to 80 years of age (16 to 70 years of age for Studies N01252 and N01253).  
• Females of nonchildbearing potential or of childbearing potential who remain 

abstinent or use a medically accepted contraceptive method. 
• Well-characterized focal epilepsy/epileptic syndrome according to the 1989 ILAE 

classification (Commission on Classification and Terminology of the ILAE, 1989). 
• Presence of an EEG reading compatible with the clinical diagnosis of focal epilepsy 

within the last 2 years (within last 5 years for N01252 and N01253). 
• At least 8 Type I seizures (1981 ILAE classification) during the 8-wk Baseline Period 

with ≥2 Type I seizure during each 4-wk interval of the Baseline Period. 
• At least 2 partial-onset seizures whether or not secondarily generalized per month 

during the 3 months preceding Visit 1. 
• Seizures uncontrolled while treated by 1 or 2 permitted concomitant AED(s) in a 

stable dose regimen for ≥ 1 month (3 months for phenobarbital, phenytoin, and 
primidone) before Visit 1.  Vagal nerve stimulation (VNS) and benzodiazepines taken 
more than once a week were considered concomitant AEDs (VNS not counted as a 
concomitant AED in N01252 and N01253).  Doses expected to be kept stable during 
the Baseline Period and Treatment Period. 

• Body weight ≥40 kg (≥45 kg for N01252 and N01253). 
 
Key Exclusion Criteria 
• Previous randomization to BRV treatment within this study or any other prior study. 
• Pregnant or lactating. 
• Seizure Type IA (1981 ILAE classification) nonmotor as only seizure type. 
• Status epilepticus (within 1 year prior to Visit 1) or cluster seizures. 
• Seizures of non-epileptic origin or of psychogenic origin. 
• Current treatment with levetiracetam (or within 90 days before Visit 1) in Study 

N01358 (levetiracetam was allowed in Studies N01252 and N01253). 
• Treatment with felbamate with <18 months exposure before Visit 1, with any drug 

with possible CNS effects or are potent inducers, (except if stable from ≥1 month 
before Visit 1 and kept stable during the Treatment Period) or with vigabatrin. 

• Hypersensitivity to any components of investigational medicinal product, allergic 
reaction to pyrrolidine derivatives, or multiple (or severe) drug allergies. 
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• Any medical or psychiatric condition that, in the opinion of the Investigator, could 
have jeopardized or compromised the subject’s ability to participate in this study. 

• Any clinical conditions (e.g., bone marrow suppression, chronic hepatic 
disease, and/or severe renal impairment) which impaired reliable participation in 
the study or necessitated the use of medication not allowed by protocol.   

• Obvious cognitive impairment or mental retardation per Investigator assessment. 
• Any sign (clinical or via imaging) of rapidly progressing brain disorder or tumor. 
• Cerebrovascular accident (including TIA) in the last 6 months. 
• Terminal illness. 
• Serious infection. 
• Alcohol or drug addiction or abuse within the last 2 years. 
• Ongoing psychiatric disease other than mild controlled disorder. 
• Suicide attempt (or suicidal ideation for Study N01358) in the past 6 months. 
• Severe cardiovascular disease or peripheral vascular disease. 
• Clinically significant ECG abnormalities according to the Investigator. 
• Severe “disturbance” of hemostasis or severe adverse hematologic reaction to 

any drug. 
• Following clinical laboratory abnormalities: calculated CrCl <30mL/min (<50mL/min 

for N01252/N01253), platelets <100,000/µL, neutrophils <1800/µL, ALT/AST/alkaline 
phosphatase >2 times upper limit of normal (or >3 times ULN for N01252/N01253), or 
GGT >3 times upper limit of normal 

 
Comment: The inclusion and exclusion criteria may limit the generalizability of the safety 
data, as subjects with some of the excluded conditions would likely receive BRV in 
clinical practice (e.g., patients needed to be without “any medical or psychiatric 
condition that, in the opinion of the Investigator, could have jeopardized or compromised 
the subject’s ability to participate in this study”).   
 
Data Cutoff Dates 
The Applicant’s ISS included data from all completed studies as well as data from 
clinical study visits conducted for ongoing studies through January 17, 2014 (and June 
25, 2014 for deaths, SAEs, and permanent discontinuations due to AEs).  The data 
cutoff date for the Applicant’s 120-day Safety Update was October 1, 2014. The 120-
day Safety Update included data in the original NDA and additional data between the 
original NDA (January 17, 2014) and the 120-day Safety Update.  

7.1.2 Categorization of Adverse Events 

The Applicant defined the safety population as randomized subjects who received at 
least one dose of study drug (CSR Study 01358). 
 
For all Phase 2 and Phase 3 studies (along with the clinical pharmacology studies), an 
adverse event (AE) was defined as any untoward medical occurrence in a clinical 
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investigation subject administered a pharmaceutical product.  An AE could be any 
unfavorable and unintended sign (including an abnormal laboratory finding), symptom, 
or disease temporally associated with the use of the investigational product, whether or 
not related to the product.  Signs or symptoms of the condition/disease for which the 
investigational product was being studied were recorded as AEs only if their nature 
changed considerably or their frequency or intensity increased in a clinically significant 
manner as compared to the subject’s history or clinical profile in the Baseline Period.   
 
Adverse events were collected as spontaneous reports or ascertained at each visit by 
direct inquiry by the Investigator (e.g., “Did you notice anything unusual about your [or 
your child’s (for pediatric studies)] health [since your last visit]?”).  In studies that used 
subject diaries as source data, the Investigator also reviewed these for AEs.  
Investigators were instructed to report any AE that was experienced by a subject during 
all phases of study participation and to follow the AE until it had resolved, stabilized, or 
for 30 days after discontinuation of study drug. 
 
For the 3 pivotal Phase 3 studies in adults with POS, treatment-emergent adverse 
events (TEAEs) were defined as AEs that had onset on or after the date of first dose of 
study drug.  However, TEAEs were defined differently in other studies in the clinical 
BRV program.  For the Phase 2 POS studies (N01114, N01193) and Phase 3 ULD 
studies (N01187, N01236), TEAEs were defined as AEs that had onset on or after the 
date of randomization.  In the LTFU studies N01125, N01199, and N01315, the 
Investigator was to record all AEs that were ongoing from the previous core studies at 
the Entry Visit.  Conversely, in LTFU studies N01372 and N01379, Investigators were 
instructed to not record AEs that were previously reported in the core studies and 
TEAEs were defined as any AEs that occurred on or after the day of first dose of BRV in 
the LTFU study. 
 
The adverse event verbatim terms from the 53 trials were originally coded using 
different versions of the Medical Dictionary for Regulatory Activities (MedDRA) from 
version 3.1 to 15.0 (ISS Table 3-1).  To allow pooling of the adverse event data and 
integrated analyses for the ISS, the Applicant recoded all of the adverse events to 
MedDRA Version 15.0.   
 
Comment:  After reviewing the AE datasets for the 3 pivotal Phase 3 studies in adults 
with POS to assess the coding of the verbatim terms to the MedDRA preferred terms, 
the coding process overall seemed appropriate and allowed for reliable estimates of AE 
risks.  However, there were rare cases that appeared to be coding omissions and 
miscoding.  For example, the verbatim term of “broken brace after fall” was only coded 
to the PT device breakage (and not also to fall), “pre. syncope” was coded to the PT 
dizziness, and “increase energy” was coded to the PT asthenia.  Additionally, there 
were multiple verbatim terms such as “tingeling and mumbness in her feet” that were 
coded to the PT unevaluable event (full list and Applicant’s explanation provided in 
Section 7.4.1 of this review).  Furthermore, there were also instances where the coding 
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process resulted in splitting likely related AEs into separate SOCs leading to an 
underestimation of the true incidence for a particular event or syndrome.  Therefore, in 
order to account for the splitting of the preferred terms into different system organ 
classes in this NDA, additional analyses were performed by the reviewer (in Section 7.3) 
to group these preferred terms across SOCs to provide more accurate estimates of 
adverse event syndromes. 
 
In the ISS and the following clinical studies with CSRs completed after 2011, AEs were 
coded using the MedDRA classification hierarchy without any modifications:  clinical 
pharmacology studies EP0007 and EP0041; Phase 2 study N01263; and Phase 3 
studies N01258, N01358, and N01395; and LTFU studies N01125, N01199, N01315, 
N01372, N01379, and pediatric long-term study N01266. 
 
Comment:  However, in studies with CSRs completed prior to 2011, the Applicant 
performed some modifications to the MedDRA classification before the lock and 
unblinding of the database. These modifications (presented in the individual CSRs) 
included the remapping of some PTs to a different SOC (named “UCB SOC”) than the 
automatically assigned primary MedDRA SOC, to “more appropriately grouped PTs to 
allow easier assessment of a particular safety concern” (e.g., PT Abnormal ECG was 
moved from the SOC Investigations to the SOC Cardiac disorders). Furthermore, 
MedDRA PTs were assigned to “UCB grouping terms” (e.g., the UCB SOC of “Eye 
disorders” was further classified into the UCB grouping terms of “Other eye disorders” 
and “Vision disorders”). 

7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence 

Safety data in the epilepsy population were pooled into 5 different groups (Pools S1, S2, 
S3, S4, and IV).  Safety data in the studies performed for other indications and 
populations were pooled into 4 different groups (Pediatric, Monotherapy, Unverricht-
Lundborg Disease, and other).  Safety data in the clinical pharmacology studies were 
pooled into the following groups:  all Phase 1 studies, single-dose studies (SD), 
multiple-dose studies (MD), subjects with epilepsy (EP), oral study drug, and iv study 
drug.  With few exceptions, the Applicant reported that all subjects receiving study drug 
are included in at least 1 study pool.  The following 2 tables summarize the integrated 
analysis pools.  
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Table 3.  Overview of integrated safety pools for clinical pharmacology studies 
 Clinical pharmacology safety analysis pool 

Study Phase 1b Phase 1 SD Phase 1 MD Phase 1 EP Phase 1 Oral Phase 1 iv 
EP0007 X X   X X 
EP0041 X X   X  
N01066 X X   X  
N01067 X  X  X  
N01068 X X   X  
N01069a X   X X  
N01075 X X   X  
N01079 X  X  X  
N01080 X  X  X  
N01081 X  X  X  
N01082 X  X  X  
N01133 X   X X  
N01135 X   X X  
N01170 X  X  X  
N01171 X  X  X  
N01172 X   X X  
N01185 X X   X  
N01209A X X   X  
N01209B X  X  X  
N01233 X  X  X  
N01256A X X   X X 
N01256B X     X 
N01259 X X   X  
N01261 X  X  X  
N01282 X  X  X  
N01287 X X   X  
N01295 X X   X  
N01296 X X   X  
N01297 X  X  X  

iv=intravenous; MD=multiple-dose; SD=single-dose; EP=epilepsy 
a  N01069 is a Phase 2a study that was included in Pool Phase 1 integration due its single-dose administration design 
being similar to a clinical pharmacology study design. 
b Subjects from N01118 (elderly), N01109 (renal impairment), and N01111 (hepatic impairment) were excluded due 
to expected inherent differences in these study populations. 
Source:  ISS Table 4-2 
 
Pool S4, the All-treated Epilepsy Pool, included all subjects ≥16 years of age with focal 
or generalized epilepsy who received BRV in a Phase 2 or Phase 3 adult study 
(N01114, N01193, N01252, N01253, N01254, N01358, and N01395 and LTFU studies 
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N01125, N01199, N01372, and N01379).  Subjects from N01258 (the iv study) are 
included in Pool S4 only if they received BRV in N01379 (1 subject received oral PBO 
only during the single-blind Oral Run-In Period during N01258 and is excluded from all 
study pools).  All subjects who received BRV during the Conversion Period of N01114 
(prior to enrollment in LTFU N01125) are included in Pool S4. Pool S4 excludes 
subjects from the conversion to monotherapy studies.  Subjects receiving PBO in 
N01358 who entered N01379 were excluded from Pool S4 if it could not be confirmed 
that they received BRV based on available data in the clinical database for N01379 
(clinical cutoff for data from LTFU studies occurred prior to completion of N01358). 
 
All subjects included in the integrated safety analysis pools have a unique subject 
identification number.  However, if a subject was in 1 of the core studies and then 
continued into an LTFU study, the subject was given 2 subject numbers (1 core study 
number and 1 LTFU study number). For purposes of data integration, the Applicant 
assigned subjects 1 of the 2 subject numbers as the submission subject number.  The 
Applicant provided listings of subjects by submission subject numbers and 
corresponding study subject numbers in the following ISS Tables:  ISS Table 5.10.1.1 
for subjects in Pools S1 through S4; Tables 5.10.1.2.1 to 5.10.1.2.5 for Pool iv, Pool 
Pediatric, Pool Monotherapy, Pool ULD, and Pool Other, respectively; Table 5.10.1.3 for 
Pool Phase 1.  The Applicant used submission subject numbers to identify subjects in 
the integrated safety analysis pools while for safety narratives used study subject 
numbers from the clinical study in which the AEs, SAEs, deaths were reported. 
 
The following tables summarize the number of subjects (in the safety population) from 
each study in the POS controlled pooled groups by randomized dose group.   
 
Table 4.  Subjects by Study and Randomized Dose Group, Pool S1 

Study Placebo 
Brivaracetam 

5 mg 20 mg 50 mg 100 mg 200 mg Total 
N01252 100 0 99 99 100 0 298 
N01253 98 97 100 101 0 0 298 
N01358 261 0 0 0 253 250 503 

Total 459 97 199 200 353 250 1099 
Number of subject-yrs 105.8 20.8 46.7 46.0 80.2 56.2 249.9 
Source:  ISS Tables 2-3 and 5-4 
 
Table 5.  Subjects by Study and Randomized Dose Group, Pool S2 

Study Placebo 
Brivaracetam 

5 mg 20 mg 50 mg 150 mg Total 
N01114 52  0 0 53 52 105 
N01193 54 50 52 52 0  154 

Total 106 50 52 105 52 259 
Number of subject-yrs 16.7 6.6 7.1 19.8 11.9 45.4 
Source:  ISS Tables 2-3 and 5-5 
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Table 6.  Subjects by Study and Dose Group, Pool S3 
Study Placebo 

Brivaracetam 
5 -20 mg 50 mg 100 mg 150 mg 200 mg Total 

N01252 100 99 99 100 0 0 298 
N01253 98 197 101 0 0 0 298 
N01358 261 0 0 253 0 250 503 
N01254* 121 48 55 87 169 0 359 
N01114 52 0 53 0 52 0 105 
N01193 54 102 52 0 0 0 154 

Total 686 446 360 440 221 250 1717 
Number of subject-yrs 159.3 91.1 82.8 108.1 65.8 56.2 404.0 
Source:  ISS Tables 2-3 and 5-6 
*modal dose groups 
 
The following tables summarize the study pooling of Pool IV, Pool Pediatric, Pool 
Monotherapy, Pool ULD, Pool Other, and the clinical pharmacology pools.   
 
Table 7.  Summary of Study Pooling, Pool IV 

 
Brivaracetam (planned individual dose) 

10 mg 25 mg 50 mg 100 mg 150 mg Total 
By core study       
   EP0007 0 0 0 25 0 25 
   N01256A 24 0 0 0 0 24 
   N01256B 0 6 6 6 6 24 
   N01258 0 0 0 104 0 104 
By seizure type       
   Healthy volunteer 24 6 6 31 6 73 
   Subjects with POS 0 0 0 90 0 90 
   Other seizure types 0 0 0 14 0 14 
Total 24 6 6 135 6 177 
Source:  ISS Table 1.2.1 
 
Table 8.  Summary of Study Pooling, Pool Monotherapy 

 BRV Overall 
 n % 

All subjects  150 100 
By core study   
   N01276 88 58.7 
   N01306 62 41.3 
By follow-up study   
   N01315 108 72.0 
   Did not received BRV in follow up study 42 28.0 
Source:  ISS Table 1.2.3 
 
Table 9.  Summary of Study Pooling, Pool ULD 

 BRV Overall 
 n % 

All subjects  102 100 
By core study   
   N01187 49 48.0 
   N01236 53 52.0 
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By follow-up study   
   N01125 94 92.2 
   Did not received BRV in follow up study 8 7.8 
Source:  ISS Table 1.2.4 
 
Table 10.  Summary of Study Pooling, Pool Pediatric 

 BRV Overall 
 n % 

All subjects  205 100 
   Subjects enrolled in pediatric studies 173 84.4 
   Subjects from adult studies <17 years of age 32 15.6 
By core study1   
   POS Phase 2 (N01114, N01193) 9 4.4 
   POS Phase 3 – Pool S1 (N01252, N01253, N01358) 16 7.8 
   POS Phase 3 – Pool S3 (N01254) 4 2.0 
   ULD (N01187, N01236) 3 1.5 
   Pediatric studies (N01263, N012662) 173 84.4 
By follow-up study   
   N01125 5 2.4 
   N01199 16 7.8 
   N01266 160 78.0 
   N01379 8 3.9 
   Did not received BRV in follow up study 16 7.8 
By seizure type   
   Subjects with POS 151 73.7 
   Subjects with other seizure types 54 26.3 
Source: 120-day Safety Update Table 1.2.2 
1 Counting all subjects who were <17 years of age at entry into the core study and included in Pool Pediatric. 
2 N01266 also allowed direct enrollment of subjects >=4 to <17 years of age with partial onset seizures. 
Note: Pool Pediatric consists of subjects who received BRV in core study N01263 and follow-up study N01266 and 
subjects who received BRV and were <17 years of age at the time of entry into any Phase 2/3 core study. 
 
Table 11.  Summary of Study Pooling, Pool Other 

 Placebo 
Brivaracetam 

200 mg 400 mg 800 mg Total 
By core study      
    43 0 37 7 44 
   N01162 50 51 51 0 102 
Total 93 51 88 7 146 
Source:  ISS Table 1.2.5 
 
Table 12.  Summary of Study Pooling, Clinical Pharmacology Study Pools 

Pool Placebo 
Planned Brivaracetam Dose (mg) 

<50 50-<100 100-<200 200-<400 400-<600 ≥600 Total 
Phase 1 220 173 262 163 218 63 59 694 

Phase 1 SD 76 91 129 105 71 0 59 299 
Phase 1 MD 125 61 86 9 110 63 0 315 
Phase 1 EP 19 15 41 37 37 0 0 56 
Phase 1 Oral 220 167 256 151 218 63 59 670 
Phase 1 IV 0 55 31 37 0 0 0 73 

Source:  ISS Tables 1.3.1 – 1.3.6 
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7.2 Adequacy of Safety Assessments 

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of 
Target Populations 

Overall Exposure 
The exposure to BRV in the entire clinical development program meets the minimum 
ICH guidance recommendations (minimum 1500 total, 300 subjects for 6 months and 
100 for one year at clinically relevant doses).  As of the cutoff date for the ISS, the 
Applicant reports that a total of 3776 subjects had received at least one dose of BRV.  A 
total of 2207 subjects and 1699 subjects were exposed for greater than 6 months and 1 
year, respectively.  All of the long-term safety data (>6 months of exposure) was 
collected from the open-label extension studies.  The following table summarizes the 
number of subjects who were exposed to BRV in the different pooled groups. 
 
Table 13.  BRV Exposure: Pools S1-S4 and Pool IV 
Exposure to 

BRV 
Primary and supportive safety pools in POS 

Pool S1 Pool S2 Pool S3 Pool IV Pool S4 
≥ 1 dose 1099 259 1717 177 2437 

≥ 6 months 0 0 0 0 1929 
≥ 12 months 0 0 0 0 1500 

Subject-yrs 249.9 45.4 404.0 1.8 6257.1 
Source:  Safety Information Amendment 6/5/15 Table 1 
 
Table 14.  BRV Exposure: Pools Pediatric, Monotherapy, ULD, and Other 
Exposure to 

BRV 
Other Pooled Groups 

Pediatric Monotherapy ULD Other (Tremor, PHN) 
≥ 1 dose 205 150 102 146 

≥ 6 months 122 97 87 0 
≥ 12 months 86 77 70 0 
Subject-yrs 253.1 332.2 395.5 17.1 
Source:  120-day Safety Update Tables 5-3, 4.2.2.2 and Safety Information Amendment 6/5/15 Table 4 
 
Table 15.  BRV Exposure, Clinical Pharmacology Pools 

Pool 
Clinical pharmacology pools^ 

Placebo Subject-Years BRV  Subject-Years 
Phase 1 220 3.9 694 22.3 

Phase 1 SD 76 0.2 299 1.9 
Phase 1 MD 125 3.6 315 15.0 
Phase 1 EP 19 0.1 56 5.1 
Phase 1 Oral 220 3.9 670 22.0 
Phase 1 IV 0 0 73 0.3 

Source:  Safety Information Amendment 6/5/15 Table 5 
^Excludes N01118 (elderly), N01109 (renal impairment), and N01111 (hepatic impairment) studies 
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The following table summarizes the number of unique BRV-exposed subjects. 
 
Table 16.  Overall summary of unique BRV exposures 

  

Exposure to BRV 
≥ 1 

dose 
≥ 6 

months 
≥ 12 

months 
Subject-

years 
Total number of BRV exposuresa 3776 2207 1699 7195.6 

Adult Phase 2/3 epilepsy studies 2601 2022 1564 6591.1 
  Subjects with partial-onset seizures 2531 1967 1517 6417 
     Adjunctive treatment studies (from Pool S4) 2368 1870 1440 6084.6 
     Conversion to monotherapy studies (Pool Monotherapy) 150 97 77 332.2 

     Subjects in iv study (N01258) not in N01379b 13 0 0 0.2 

  Subjects with other seizure types 70 55 47 174.2 
     Adjunctive studies (from Pool S4) 69 55 47 174.2 

     Subjects in iv study (N01258) not in N01379b 1 0 0 0 

Phase 1 exposures (Pool Phase 1 studies plus N01109, 
N01111, and N01118)c 

754 0 0 23.3 

Pediatric epilepsy studies (N01263 and N01266) 173 98 66 168.6 
Subjects with ULD (Pool ULD) 102 87 69 395.5 
Subjects with PHN 102 0 0 13.6 
Subjects with  44 0 0 3.5 
a Does not include subjects from N01394 (exploratory Phase 2 iv study without subjects at time of 
clinical cutoff, 17 Jan 2014). 
b Subjects from N01258 who did continue into N01379 are included in Pool S4 exposures. 
c Phase 1 pool includes N01069, which was a Phase 2a study that had a single-dose administration 
design more similar to a clinical pharmacology (Phase 1) study. Pool Phase 1 does not include 
N01109, N0111, and N01118 due to the inherent differences in these study populations. 
Source:  Safety Information Amendment 6/5/15 Table 4 
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The following table summarizes the BRV exposure in the entire database categorized by 
formulation.   
 
Table 17.  Number of subjects exposed to study drug in BRV development by 
formulation 
Formulation/ 

Phase and/or Population 
BRV 

Solid oral dosage forms (tablet, capsule)  

Subjects in adult studies who received oral tablet/capsule 3643 
Clinical pharmacology studies 754 
Phase 2/3 studies 2745 

Solution for iv injection                     177 

Clinical pharmacology studies—iv only arms of EP0007 and N01256 73 
Phase 3 study (N01258) 104 

Oral solution                    176 

Clinical pharmacology studies (N01287 and N01296) 49 
Phase 2a study (N01263 pediatric) 99 
Phase 3 long-term safety study (N01266 pediatric)—subjects who 
enrolled directly in N01266; excludes subjects from N01263a 

74 

Both solid oral dosage forms (tablet, capsule) and oral soln 74 

Both solid oral dosage forms (tablet, capsule) and iv injection                      146 

Total                  3776 
a Subjects in N01266 may have received oral solution or oral tablet. N01266 included 21 directly enrolled 
subjects and 86 subjects who enrolled after completing N01263. 
Source: Safety Information Amendment 6/5/15 Table 3 
 
The following table summarizes the overall exposure to BRV by duration and subject 
years in Pool S1.  Most of the subjects (in these trials with a 12 week treatment period 
and a 1 week, 2 week, or 4 week down-titration period) discontinued in either the >10 to 
12 week or >12 to 14 week time periods in similar percentages in BRV and placebo 
subjects (87% and 88.9%, respectively). 
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Table 18.  Overall study drug exposure by randomized dose group, Pool S1 

Extent of Exposure 
Placebo 

n (%) 
Brivaracetam, n (%) 

5 mg 20 mg 50 mg 100 mg 200 mg Total 
Any exposure, n (%) 459 97 199 200 353 250 1099 
  1-7 days 5 (1.1) 7 (7.2) 2 (1.0) 0 5 (1.4) 4 (1.6) 18 (1.6) 
  > 1 to 2 weeks 2 (0.4) 1 (1.0) 1 (0.5) 1 (0.5) 1 (0.3) 1 (0.4) 5 (0.5) 
  > 2 to 4 weeks 5 (1.1) 1 (1.0) 2 (1.0) 7 (3.5) 4 (1.1) 2 (0.8) 16 (1.5) 
  > 4 to 6 weeks 5 (1.1) 2 (2.1) 1 (0.5) 5 (2.5) 5 (1.4) 6 (2.4) 19 (1.7) 
  > 6 to 8 weeks 7 (1.5) 1 (1.0) 0 0 9 (2.5) 4 (1.6) 14 (1.3) 
  > 8 to 10 weeks 2 (0.4) 3 (3.1) 3 (1.5) 3 (1.5) 5 (1.4) 4 (1.6) 18 (1.6) 
  > 10 to 12 weeks 122 (26.6) 14 (14.4) 39 (19.6) 31 (15.5) 80 (22.7) 51 (20) 215 (20) 
  > 12 to 14 weeks 286 (62.3) 63 (64.9) 138 (69) 137 (69) 223 (63) 172 (69) 733 (67) 
  > 14 to 16 weeks 17 (3.7) 4 (4.1) 12 (6.0) 13 (6.5) 14 (4.0) 3 (1.2) 46 (4.2) 
  > 16 to 18 weeks 6 (1.3) 0 0 3 (1.5) 6 (1.7) 3 (1.2) 12 (1.1) 
  > 18 to 20 weeks 0 1 (1.0) 1 (0.5) 0 0 0 2 (0.2) 
  > 20 to <26 weeks 2 (0.4) 0 0 0 1 (0.3) 0 1 (<0.1) 
  ≥ 26 to <52 weeks 0 0 0 0 0 0 0 
Duration of exposure (wks) 
  n 459 97 199 200 353 250 1099 
  Mean 84.2 78.2 85.8 84.1 83.0 82.1 83.1 
  Median 85.0 85.0 85.0 85.0 85.0 85.0 85.0 
# of subject-yrs 105.8 20.8 46.7 46.0 80.2 56.2 249.9 
Source:  ISS Table 4.1.1 and Safety Information Amendment 6/5/15 Table 2 
 

The following table summarizes the overall exposure to BRV by duration and subject 
years in Pool S4.  A total of 1929 subjects were exposed to BRV for ≥ 6 months and a 
total of 1500 subjects were exposed for ≥ 12 months.  In the BRV clinical development 
program, 86.6% of eligible subjects chose to enroll in a LTFU study after completing a 
core study based on the updated 120-day SU data (120-day SU Table 1.4.2). 
 
Table 19.  Extent of Exposure by Modal Dose Group, Pool S4 

Extent of Exposure 
BRV n (%), Modal Dose Group 

50 mg 100 mg 150 mg 200 mg Total 
Number of subject-years  836.1 1434.4 2942.9 815.2 6257.1 
Number of subjects, n (%) 318 (13.0) 493 (20.2) 899 (36.9) 526 (21.6) 2437 (100) 
      

≥1 month 305 (12.9) 480 (20.4) 895 (38.0) 516 (21.9) 2358 (96.8) 
≥6 months 225 (11.7) 378 (19.6) 810 (42.0) 438 (22.7) 1929 (79.2) 
≥12 months 182 (12.1) 311 (20.7) 669 (44.6) 295 (19.7) 1500 (61.6) 
≥24 months 144 (13.6) 226 (21.4) 495 (46.9) 160 (15.2) 1056 (43.3) 
≥36 months 117 (15.4) 186 (24.5) 389 (51.3) 41 (5.4) 758 (31.1) 
≥48 months 96 (14.9) 166 (25.7) 339 (52.6) 21 (3.3) 645 (26.5) 
≥60 months 82 (14.3) 150 (26.2) 301 (52.6) 21 (3.7) 572 (23.5) 
≥72 months 63 (13.6) 125 (26.9) 242 (52.2) 19 (4.1) 464 (19.0) 
≥84 months 11 (10.0) 36 (32.7) 55 (50.0) 2 (1.8) 110 (4.5) 
≥96 months 10 (9.8) 35 (34.3) 49 (48.0) 2 (2.0) 102 (4.2) 
≥102 months 8 (10.4) 30 (39.0) 36 (46.8) 1 (1.3) 77 (3.2) 
≥108 months 0 2 (25.0) 6 (75.0) 0 8 (0.3) 

Source:  120-day Safety Update Table 5-2 
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The following table summarizes the overall exposure to BRV by number of infusions and 
subject days in the IV Study N01258.   
 
Table 20.  Study drug exposure, IV Study N01258 
 Descriptive 

statistic 
PBO/BRV 

bolus 
 

N=26 

PBO/BRV 
infusion 

 

N=26 

BRV/BRV 
bolus 

 

N=27 

BRV/BRV 
infusion 

 

N=26 

All subjects 
 

N=105 

Oral Run-In Period exposure duration (days) 
1 to <7 days n (%) 3 (11.5) 4 (15.4) 2 (7.4) 3 (11.5) 12 (11.4) 
≥7 days n (%) 23 (88.5) 22 (84.6) 25 (92.6) 23 (88.5) 93 (88.6) 

Number of infusions received during Evaluation Period 
1 infusion n (%) 25 (96.2) 26 (100) 27 (100) 26 (100) 104 (99.0) 
2 infusions n (%) 25 (96.2) 26 (100) 27 (100) 26 (100) 104 (99.0) 
3 infusions n (%) 25 (96.2) 26 (100) 27 (100) 26 (100) 104 (99.0) 
4 infusions n (%) 25 (96.2) 26 (100) 27 (100) 26 (100) 104 (99.0) 
5 infusions n (%) 25 (96.2) 26 (100) 27 (100) 26 (100) 104 (99.0) 
6 infusions n (%) 25 (96.2) 26 (100) 27 (100) 26 (100) 104 (99.0) 
7 infusions n (%) 25 (96.2) 25 (96.2) 27 (100) 26 (100) 103 (98.1) 
8 infusions n (%) 25 (96.2) 25 (96.2) 27 (100) 26 (100) 103 (98.1) 
9 infusions n (%) 25 (96.2) 25 (96.2) 27 (100) 26 (100) 103 (98.1) 

Overall study exposure 
duration (days) 

n 26 26 27 26 105 
Mean (SD) 14.2 (7.4) 17.3 (10.9) 15.3 (8.9) 15.3 (9.2) 15.5 (9.1) 
Min, Max 10, 39 10, 40 11, 42 10, 42 10, 42 

Source: N01258 CSR Table 10-1 
 
The following tables summarize the overall exposure to BRV by duration and subject 
years in Pool Monotherapy, Pool ULD, and Pool Pediatric.   
 
Table 21.  Extent of Exposure by Modal Dose Group, Pool Monotherapy 

 
Brivaracetam Modal Dose/day 

20 mg 50 mg 100 mg 150 mg 200 mg Total 
Subject yrs of exposure 0.5 26.0 137.4 142.4 25.9 332.2 
Number of subjects, n (%) 1 (0.7) 49 (32.7) 57 (38.0) 38 (25.3) 5 (3.3) 150 
Source: 120-day Safety Update Table 4.2.2.2 
 
Table 22.  Extent of Exposure by Modal Dose Group, Pool ULD 

 
Brivaracetam Modal Dose/day 

5 mg 20 mg 50 mg 100 mg 150 mg Total 
Subject yrs of exposure 3.0 8.2 47.5 135.7 201.1 395.5 
Number of subjects, n (%) 6 (5.9) 2 (2.0) 13 (12.7) 35 (34.3) 46 (45.1) 102 
Source: 120-day Safety Update Table 4.2.2.3 
 

Reference ID: 3843450



Clinical Safety Review 
Mary Doi, MD, MS 
NDAs 205836, 205837, 205838 
Brivaracetam (trade name pending) 
 

34 

Table 23.  Overall exposure to BRV, Pool Pediatric 
 BRV Overall 

(N=205) 
Subject years of exposure 253.1 
Number of subjects exposed, n (%) 205 (100) 

≥1 month, n (%) 191 (93.2) 
≥3 months, n (%) 163 (79.5) 
≥6 months, n (%) 122 (59.5) 
≥12 months, n (%) 86 (42.0) 
≥18 months, n (%) 71 (34.6) 
≥24 months, n (%) 56 (27.3) 
≥36 months, n (%) 13 (6.3) 
≥48 months, n (%) 9 (4.4) 
≥60 months, n (%) 8 (3.9) 
≥72 months, n (%) 6 (2.9) 
≥84 months, n (%) 2 (1.0) 
≥90 months, n (%) 1 (0.5) 
≥102 months, n (%)b 1 (0.5) 

Note: Pool Pediatric includes subjects from N01263 and N01266 and subjects <17 years of age who participated 
in other BRV clinical studies. 
Source: ISS Table 4.2.2.1, 120-day SU Table 4.2.2.1 
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Demographics 
The following table summarizes the subgroup analyses performed by the Applicant for 
TEAEs for the Phase 2 and 3 study safety pools. 
 
Table 24.  TEAE subgroup analyses for Phase 2/3 study safety pools 
 ISS Phase 2/3 Study Pool 

Subgroup S1 S2 S3 S4 iv Ped Mono ULD Other 
Gender X X X X X X X X X 
Age categorya X X X X X  X X X 
Ped age categoryb      X    
Racec X X X X X X X X X 
Region (FDA)d X X X X X X X X X 
Region (CHMP)e X X X X X X X X X 
BMI categoryf X X X X X X X X X 
LEV statusg X X X X   X   
AED inducer statush X X X X  X X   

CHMP=Committee for Medicinal Products for Human Use 
a  <17, 17 to <65, and ≥65 years of age 
b  <2, 2 to <4, 4 to <12, ≥12 years of age; For Pool Pediatric, the age group ≥12 years of age will include subjects 
from nonpediatric studies who were <17 years of age. 
c  White, Black, Asian, Other 
d  FDA regions: North America, Latin America, Western Europe, Eastern Europe, Asia/Pacific/Other 
e  CHMP regions: North America, Latin America, Europe (EU member states), Europe (non-EU member states), 
Asia/Pacific/Other 
f   <18.5, 18.5 to <25, 25 to <30, ≥30 to <40, ≥40kg/m2 
g  Use of LEV at core study entry versus no use of LEV at core study entry 
h  Use of an AED inducer at core study entry versus no use of an AED inducer at core study entry.  
Source: ISS Table 4-6 
 
The Applicant collapsed the categories for racial group (recorded differently on the CRF 
due to differences in data format across the clinical studies) to the following overall 
racial groups in the ISS.   
 
Table 25.  Classification of overall racial group used in subject demographic 
summaries 
Demographic parameter ISS categories CRF category 
Overall racial group White White, Caucasian, Hispanic 

 Black Black, African-American 
 Asian Asian, Asian/Pacific Islander, Indian/Pakistani, 

Native Hawaiian, or Other Pacific Islander 
 Other American Indian/Alaskan Native, 

  Other/Mixed, Mixed race,Other 
 Missing Missing race (for some subjects from France in N01358)a 
a  Per French National Data Protection Commission, racial group was not collected for N01358 in France. 
Source:  ISS Table 4-5 
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The following table summarizes the Applicant’s list of AEDs included as AED inducers. 
 
Table 26.  AED Inducers 

AED Inducers OXCARBAZEPINE 
ALEPSAL PHENOBARBITAL 
ANTISACER COMPOSITUM PHENOBARBITAL SODIUM 
APYDAN PHENYTOIN Products: 
BARBEXACLONE    ANIRRIT 
CAFFEINE W/PHENOBARB/PHENYTOIN/SODIUM BENZOAT    HYDANTAL 
CAFFEINE W/PHENOBARBITAL    HYDANTOIN DERIVATIVES 
CAFFEINE W/PHENOBARBITAL/PHENYTOIN    HYDANTOL D 
CARBAMAZEPINE    DINTOINALE 
CARBAMAZEPINE W/PHENOBARBITAL    ETHOTOIN 
COMITAL-L    FOSPHENYTOIN 
DINTOSPINA    FOSPHENYTOIN SODIUM 
DISFIL    PHELANTIN 
EPANAL    PHENYTOIN CALCIUM 
EPANUTIN AND PHENOBARBITONE    PHENYTOIN SODIUM 
EPICRISINE    MEPHENYTOIN 
EPIPROPANE    ZENTRONAL 
EQUIDAN    METETOIN 
FALI-LEPSIN    ALBUTOIN 
GAROIN PRIMIDONE 
KANEURON PROPAIN FORTE 
MATHOINE REDUTONA 
METHARBITAL SINERGINA 
METHYLPHENOBARBITAL TRINURIDE 
MYSOLINE WITH PHENYTOIN VETHOINE 

Source: ISS Table 12-4 
 
The demographic characteristics of Pool S1 are summarized in the following table.  The 
subjects were young (mean age 38.3 years old), predominantly white (73.6%) with 
mean BMI in the overweight category (26.4 kg/m2) and equally distributed between male 
(50.7%) and female (49.3%).  There were only a few subjects in the pediatric (1.0%, <17 
year old) or elderly (2.4%, ≥65 year old) age categories.  The majority of the subjects 
(66.8%) were taking an AED inducer at study entry (see list above).  These 
demographic characteristics were similar between the BRV and placebo groups.  
However, the percentage of subjects taking levetiracetam at study entry was different 
among the BRV dose groups (0 to 5.7% in the 100 mg and 200 mg dose groups vs 18.6 
to 19.5% in the 5 mg, 20 mg, and 50 mg dose groups) due to the different inclusion and 
exclusion criteria of the studies included in Pool S1 (N01252 and N01253 restricted 
enrollment of subjects using LEV to ≤20% and N01358 excluded all LEV use).   
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Table 27.  Demographic and baseline characteristics by dose, Pool S1 

Parameter Statistic PBO 

BRV dose/day (randomized dose) BRV 
Overall  

All 
subjects 

 
5mg 20mg 50mg 100mg 200mg 

Age (years) 

n 459 97 199 200 353 250 1099 1558 
Mean 38.2 38.3 35.9 38.3 38.6 39.8 38.3 38.3 
Median 37.0 38.0 35.0 38.0 38.0 40.0 38.0 38.0 
min-max 16-77 18-69 14-69 16-70 16-80 16-73 14-80 14-80 

Age category (years) 
<17 % 1.3% 0 1.5% 1.0% 0.6% 1.2% 0.9% 1.0% 

17-<65 % 96.9% 97.9% 96.5% 97.0% 95.5% 96.4% 96.4% 96.5% 
≥65 % 1.7% 2.1% 2.0% 2.0% 4.0% 2.4% 2.7% 2.4% 

Gender 
Male % 50.1% 50.5% 56.8% 52.5% 45.3% 53.2% 51.0% 50.7% 

Female % 49.9% 49.5% 43.2% 47.5% 54.7% 46.8% 49.0% 49.3% 
Overall racial group 

White % 72.5% 76.3% 72.9% 77.0% 73.1% 72.8% 74.0% 73.6% 
Black % 3.3% 4.1% 2.5% 1.0% 2.3% 2.8% 2.4% 2.6% 
Asian % 12.2% 0 12.1% 13.5% 15.9% 11.6% 12.4% 12.3% 
Other % 11.3% 19.6% 12.6% 8.5% 8.2% 11.6% 10.8% 11.0% 

Missing % 0.7% 0 0 0 0.6% 1.2% 0.5% 0.5% 
 

BMI (kg/m2) 

n 451 97 198 197 348 248 1088 1539 
Mean 26.5 27.5 26.4 26.1 26.3 26.4 26.4 26.4 

Median 25.6 26.6 25.2 25.1 25.2 24.9 25.4 25.4 
min-max 15-59 15-47 16-68 14-57 15-51 16-52 14-68 14-68 

Levetiracetam status at core study entry 
No LEV % 91.9% 81.4% 80.9% 80.5% 94.3% 100% 89.5% 90.2% 

LEV % 8.1% 18.6% 19.1% 19.5% 5.7% 0 10.5% 9.8% 
AED inducer status at core study entry 

Inducer % 65.1% 70.1% 75.4% 69.0% 63.5% 64.8% 67.5% 66.8% 
No inducer % 34.9% 29.9% 24.6% 31.0% 36.5% 35.2% 32.5% 33.2% 

Source: ISS Table 5-23 
 
The demographic characteristics of Pool S2 were similar to Pool S1.  The subjects were 
slightly younger (mean age 34.4 years old), predominantly white (78.4%), used AED 
inducers at core study entry (69%), and equally distributed between male (49.3%) and 
female (50.7%).  However, a higher percentage of subjects used LEV at core study 
entry (18.4%) (LEV use was not restricted in N01114 or N01193).  
 
The following table summarizes the demographic and baseline characteristics for 
subjects in the other Pooled Groups (Pool S4, IV, Monotherapy, ULD, Pediatric, other 
indications, Phase 1).  The demographic characteristics of the BRV subjects in these 
other pooled groups were similar to Pool S1 except for the following differences: 
• Pool IV:  A higher percentage of subjects were black (13%).   
• Pool Monotherapy:  A higher percentage of subjects were white (89%) and were 

taking LEV at core study entry (29%).  Mean BMI (27.9 kg/m2) was higher.  A lower 
percentage of subjects were taking AED inducers at core study entry (47.3%). 

• Pool ULD:  A higher percentage of subjects were white (93.1%). 
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• Pool Pediatric:  BRV subjects were in the following age categories:  14.1% <2 years, 
4.4% 2 to <4 years, 44.9% 4 to <12 years, and 36.6% ≥12 years old. 

• Pool Other:  Subjects were older adults (mean age 64.1 years old) and all white. 
• Pool Phase 1:  Healthy volunteers were slightly younger adults (mean age 31.3 

years old) and mostly males (71.3%) with lower mean BMI (23.6 kg/m2). 
 
Table 28.  Demographics and baseline characteristics by Pooled Group 

Parameter Brivaracetam Overall 

 
Statistic Pool S4 Pool IV Pool Mono ULD  Pediatric Other Pool Phase 1 

Age (years) 

n 2437 177 150 102 205 146 694 
Mean 37.1 38.2 39.6 36.3 8.8 64.1 31.3 

Median 36.0 36.0 39.0 35.5 9.0 65 28.5 
min-max 14-80 19-69 17-73 16-58 0-16 21-83 18-63 

Age category (years) 
<17 % 1.2% 0 0 2.9% 100% 0 0 

17-<65 % 97% 99% 95% 97.1% 0 45.9% 100% 
≥65 % 1.8% 1.1% 4.7% 0 0 54.1% 0 

Gender   
Male % 51.% 48.% 47.3% 49% 51.7% 47.9% 71.3% 

Female % 49% 52% 52.7% 51% 48.3% 52.1% 28.7% 
Overall racial group 

White % 71% 82% 89% 93.1% 70.2% 100% 79.8% 
Black % 2.5% 13% 6.7% 2% 2% 0 7.3% 
Asian % 19% 2.3% 1.3% 0 5.4% 0 10.8% 
Other % 7.2% 2.8% 2.7% 4.9% 22.4% 0 2% 

Missing % 0.5%  0 0 0 0 0 0 
 

Weight (kg) 

n 2435 177 150 102 204 146 694 
Mean 73.0 76.9 81.3 75.7 33.7 74.6 71.3 

Median 70.0 73.8 78 74.5 30.0 75.3 70.5 
min-max 24-184 46-184 46-214 45-132 4-89 48-109 46-126 

BMI (kg/m2) 

n 2419 177 150 101 204 146 694 
Mean 25.9 26.1 27.9 26 18.2 27.3 23.6 

Median 24.9 25.1 25.7 25.3 17.6 26.6 23.3 
min-max 11-68 18-57 17-55 16-42 9-34 17-44 15-43 

Levetiracetam status at core study entry         
No LEV % 85%   71%         

LEV % 15%   29%         
AED inducer status at core study entry     

Inducer % 67%   47.3%   36.6%     
No inducer % 33%   52.7%   63.4%     

Source: ISS Tables 3.1.2.1-3.1.3.1, 120-day Safety Update Tables 5-5 and 5-6 
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Baseline Disease characteristics 
For details about the epilepsy disease characteristics the reader is referred to Dr. 
Dinsmore’s review of efficacy.   
 
Medical history 
The Applicant summarized the number and percentage of subjects with a medical 
history disease or condition at the time of core study entry overall (including diseases 
and conditions that resolved prior to study entry or were ongoing at study entry) and by 
MedDRA Version 15.0 (primary SOC and PT) for Pool S1, Pool S2, Pool S3, Pool S4, 
Pool IV, Pool Pediatric, Pool Monotherapy, Pool ULD, and Pool Other.   
 
Comment:  The Applicant noted that medical and surgical procedures were not 
consistently collected as part of medical history across all studies (e.g., more recently 
conducted studies collected medical or surgical procedures separately from medical 
history). This resulted in an undercounting of medical procedures for the MedDRA SOC 
of surgical and medical procedures in the ISS (for the higher BRV doses, as these were 
in the more recent clinical studies).  However, the Applicant noted that all subjects with 
a medical or surgical procedure were to have the disease or condition associated with 
the procedure recorded as part of their medical history.    
 
In Pool S1, pre-existing conditions or diseases were reported as medical history by 
937 (85.3%) BRV subjects and 379 (82.6%) placebo subjects.  The reported medical 
history was typical of subjects with epilepsy and was generally similar across dose 
groups.  The most frequently reported conditions/diseases in BRV and placebo subjects 
were headache (18.5% and 17.2%, respectively), depression (13.7% and 15.0%), and 
hypertension (10.6% and 11.8%). I performed additional analyses to identify the medical 
diseases and conditions (that resolved prior to study entry or were ongoing at study 
entry) with the largest differences between the total BRV and placebo groups by SOC 
and PT (see figures below).  The medical history was in general similar between the 
total BRV and placebo group with <5% difference in all of the SOCs. 
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Figure 2.  Medical History with ≥1% Difference (Total BRV-Placebo), Pool S1 

 
Source:  Created by reviewer using JReview and 120-day Safety Update datasets: ADMH (MHBODSYS, 
MHDECOD) and ADSL (PS1FL=Y, TR01PG3N) 
 
Figure 3.  Medical History with ≥1% Difference (Placebo-Total BRV), Pool S1 

 
Source:  Created by reviewer using JReview and 120-day Safety Update datasets: ADMH (MHBODSYS, 
MHDECOD) and ADSL (PS1FL=Y, TR01PG3N) 
 
The following medical history was reported in the other Pooled Groups (Monotherapy, 
ULD, Pediatric, IV, other indications, Phase 1): 
• Pool IV:  A slightly higher percentage of BRV subjects reported pre-existing 

conditions or diseases (94.4%) particularly in the BRV 100mg group (nervous 
system and psychiatric disorders as well as injuries) who were subjects with epilepsy 
from study N01258.  The most frequently reported conditions/diseases were 
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depression (22.6%), headache (22.0%), hypertension (16.9%), seasonal allergy 
(14.7%), memory impairment (13.6%), migraine (13.6%), drug hypersensitivity 
(12.4%), tonsillitis (11.9%), anxiety (11.9%), appendicitis (11.3%), myopia (10.7%), 
tonsillectomy (10.2%), and hypercholesterolaemia (10.2%). 

• Pool Monotherapy:  A slightly higher percentage of BRV subjects reported pre-
existing conditions or diseases (94.0%).  The most frequently reported 
conditions/diseases were headache (28.7%), depression (22.0%), 
hypercholesterolaemia (16.7%), hypertension (16.0%), migraine (14.0%), insomnia 
(13.3%), seasonal allergy (12.7%), drug hypersensitivity (11.3%), head injury 
(11.3%), and anxiety (10.7%). 

• Pool ULD:  Pre-existing conditions or diseases were reported as medical history by 
84 subjects (82.4%) receiving BRV.  The reported medical history was typical 
of subjects with ULD with the following most frequently reported conditions/diseases: 
cerebellar syndrome (17.6%), cognitive disorder (10.8%), and depression (13.7%). 

• Pool Pediatric:  Pre-existing conditions or diseases were reported as medical history 
by 132 subjects (86.8%) receiving BRV.  The most frequently reported 
conditions/diseases were gastroesophogeal reflux disease (10.5%), constipation 
(9.2%), and developmental delay (15.8%). 

• Pool Other:  A slightly higher percentage of BRV subjects reported pre-existing 
conditions or diseases (93.8%) that were typical in this older population with the 
following most frequently reported conditions/diseases:  hypercholesterolaemia 
(18.5%), menopause (18.5%), and hypertension (45.2%).   

 
Concomitant Medications  
The Applicant coded medications using the World Health Organization Drug Reference 
List (WHO-DRL) dictionary Version Q2 2012.  Each medication was assigned to 1 ATC 
code based on indication, formulation, and route of administration.  If a subject reported 
using a drug that was not approved for epilepsy, the name of that drug was coded to a 
high-level, generic ATC code, such as Antiepileptic.  For non-AED medications, the 
Applicant summarized the number and percentage of subjects taking these medications 
at the time of core study entry overall and by anatomical main group (ATC classification 
level 1), therapeutic subgroup (ATC classification level 2), and preferred drug name for 
Pool S1, Pool S2, Pool S3, Pool S4, Pool iv, Pool Pediatric, Pool Monotherapy, Pool 
ULD, and Pool Other.  For AEDs, the Applicant summarized the number and 
percentage of subjects taking an AED (either at the time of core study entry or as a 
concomitant AED) by WHO-DRL preferred drug name for Pool S1, Pool S2, Pool S3, 
and Pool S4, Pool iv, Pool Pediatric, Pool Monotherapy, and Pool ULD.  The Applicant 
defined concomitant AEDs as AEDs taken during administration of study drug, 
regardless of the start and stop date of the AED.  This approach was acceptable to the 
reviewer.   
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The following table summarizes the AEDs taken at study entry by ≥10% of the total BRV 
group in Pool S1.  The results were similar for AEDs taken concomitantly during the 
study by >10% of the total BRV group in Pool S1 (ISS Table 3.4.1.1.2). 
 
Table 29.  AEDs taken at study entry by ≥10% of Total BRV Group, Pool S1 
 
WHO-DRL  
Preferred drug name 

 
PBO  
n (%) 

 
BRV 

Overall  
n (%) 

At least 1 medication 459 (100) 1099 (100) 
Carbamazepine 184 (40.1) 449 (40.9) 
Lamotrigine 120 (26.1) 273 (24.8) 
Valproate 93 (20.3) 226 (20.6) 
Oxcarbazepine 64 (13.9) 186 (16.9) 
Topiramate 84 (18.3) 126 (11.5) 
Phenytoin 47 (10.2) 112 (10.2) 
Levetiracetam 37 (8.1) 115 (10.5) 

Note: Valproate includes valproate sodium, valproate semisodium, valproate bismuth, valproate 
magnesium, valpromide, ergenyl chrono, valproic acid; Phenytoin includes phenytoin sodium, phenytoin 
calcium, mephenytoin, zentronal, metetoin, ethotoin, albutoin, hydantal, phelantin, hydantol D, anirrit, 
dintoinale, fosphenytoin sodium, phenytoin, fosphenytoin, hydantoin derivatives, hydantoin 
Source: ISS Table 3.4.1.1.1 
 
In Pool S1, all subjects reported taking at least 1 AED at study entry and concomitantly 
during the study.  The most frequently taken AEDs in both the total BRV and placebo 
groups were carbamazepine (40.9% vs 40.1%, respectively), lamotrigine (24.8% vs 
26.1%), and valproic acid (20.6% vs 20.3%).  The percentages of subjects taking AEDs 
at study entry or concomitantly during the study were similar across all BRV dose 
groups and similar to the placebo group, except for the BRV 200mg dose group for LEV 
use (due to the design of N01358, which excluded subjects taking LEV from entering).   
AEDs taken at study entry and concomitantly during the study were similar for Pool S2 
(ISS Tables 3.4.1.2.1 and 3.4.1.2.2). 
 
For non-AED medications in Pool S1, 850 subjects (54.6%) took at least 1 concomitant 
non-AED medication.  The most frequently used non-AED medications by all subjects in 
Pool S1 were analgesics (16.2%), anti-inflammatory and antirheumatic products 
(11.4%), psychoanaleptics (11.0%), vitamins (9.9%), and lipid modifying agents (6.2%).  
Non-AED medication use was similar for BRV (54.0%) and placebo subjects (56.0%).  I 
performed additional analyses to identify concomitant non-AED medication usage with 
the largest differences between the total BRV and placebo groups by ATC classification 
level 1/2 and preferred drug name (see figures below).  The concomitant non-AED used 
was in general similar between the total BRV and placebo group with <5% difference 
(most <2%) at all of the ATC classification level 1 and preferred drug name. 
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Figure 4.  Concomitant Non-AED Medications by ATC Class with >0.5% Difference 
(Total BRV-Placebo), Pool S1 

 
Source:  Created by reviewer using JReview and 120-day Safety Update datasets: ADCM (ATC1, ATC2, 
CMDECOD, ATC_L with ENTRYFL=Y, AEDMEDFL=N) and ADSL (PS1FL=Y, TR01PG3N) 
 
Figure 5.  Concomitant Non-AED Medications with >0.5% Difference (Total BRV-
Placebo), Pool S1 

 
Source:  Created by reviewer using JReview and 120-day Safety Update datasets: ADCM (ATC1, ATC2, 
CMDECOD, ATC_L with ENTRYFL=Y, AEDMEDFL=N) and ADSL (PS1FL=Y, TR01PG3N) 
 
Figure 6.  Concomitant Non-AED Medications by ATC Class with >0.5% Difference 
(Placebo-Total BRV), Pool S1 

 
Source:  Created by reviewer using JReview and 120-day Safety Update datasets: ADCM (ATC1, ATC2, 
CMDECOD, ATC_L with ENTRYFL=Y, AEDMEDFL=N) and ADSL (PS1FL=Y, TR01PG3N) 
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Figure 7.  Concomitant Non-AED Medications with >0.5% Difference (Placebo-
Total BRV), Pool S1 

 
Source:  Created by reviewer using JReview and 120-day Safety Update datasets: ADCM (ATC1, ATC2, 
CMDECOD, ATC_L with ENTRYFL=Y, AEDMEDFL=N) and ADSL (PS1FL=Y, TR01PG3N) 
 
Concomitant non-AED medication usage for Pool S2 was similar to that observed in 
Pool S1 (ISS Table 3.3.1.2).  The following concomitant medications (or medications 
taken at study entry) were reported in the other Pooled Groups (Monotherapy, ULD, 
Pediatric, IV, Other, Phase 1): 
• Pool IV:  In Study N01258, all subjects were taking at least 1 concomitant AED. The 

most frequently used concomitant AEDs (see table below) were LEV (36.2%), CBZ 
(33.3%), LTG (26.7%), and LCM (21.0%). In Pool IV, 76 (42.9%) BRV-treated 
subjects took at least 1 concomitant non-AED medication.  The most frequently used 
non-AED medications by BRV subjects were psychoanaleptics (12.4%) and 
analgesics (10.2%). 

 
Table 30.  Concomitant AEDs taken by ≥ 5% of all subjects, N01258 
WHO-DRL (Version 
Jun 2012) preferred 
drug name 

PBO/BRV 
bolus 
(N=26) 
n (%) 

PBO/BRV 
infusion 
(N=26) 
n (%) 

BRV/BRV 
bolus 
(N=27) 
n (%) 

BRV/BRV 
infusion 
(N=26) 
n (%) 

All 
subjects 
(N=105) 

n (%) 
At least 1 concomitant 
AED medication 

26 (100) 26 (100) 27 (100) 26 (100) 105 (100) 

Levetiracetam 10 (38.5) 8 (30.8) 12 (44.4) 8 (30.8) 38 (36.2) 
Carbamazepine 7 (26.9) 7 (26.9) 12 (44.4) 9 (34.6) 35 (33.3) 
Lamotrigine 6 (23.1) 10 (38.5) 7 (25.9) 5 (19.2) 28 (26.7) 

Reference ID: 3843450



Clinical Safety Review 
Mary Doi, MD, MS 
NDAs 205836, 205837, 205838 
Brivaracetam (trade name pending) 
 

45 

Lacosamide 10 (38.5) 2 (7.7) 5 (18.5) 5 (19.2) 22 (21.0) 
Valproic acid 3 (11.5) 7 (26.9) 5 (18.5) 4 (15.4) 19 (18.1) 
Phenytoin 4 (15.4) 4 (15.4) 4 (14.8) 4 (15.4) 16 (15.2) 
Oxcarbazepine 1 (3.8) 5 (19.2) 2 (7.4) 4 (15.4) 12 (11.4) 
Topiramate 4 (15.4) 5 (19.2) 1 (3.7) 2 (7.7) 12 (11.4) 
Phenobarbital 2 (7.7) 3 (11.5) 2 (7.4) 2 (7.7) 9 (8.6) 
Clonazepam 1 (3.8) 3 (11.5) 1 (3.7) 3 (11.5) 8 (7.6) 
Zonisamide 4 (15.4) 2 (7.7) 2 (7.4) 0 8 (7.6) 

Source: ISS Table 5-35 
 
• Pool Monotherapy:  While the monotherapy core studies N01276 and N01306 did 

not allow concomitant use of AEDs, the LTFU study N01315 evaluated BRV as an 
adjunctive therapy and 96 (64.0%) BRV-treated subjects reported taking 
concomitant AEDs.  The most frequently taken concomitant AEDs were CBZ 
(18.0%), LCM (18.0%), LTG (16.0%), and LEV (12.7%) (ISS Table 3.4.2.3.2).  There 
were 61 (40.7%) BRV-treated subjects who took at least 1 concomitant non-AED 
medication. The most frequently used non-AED medications were analgesics 
(12.0%) and lipid modifying agents (10.0%). 

• Pool ULD:  All 102 BRV subjects in Pool ULD reported taking at least 1 AED at study 
entry or concomitantly during the study.  The most frequent concomitant AEDs taken 
during administration of study drug were VPA (95.1%), clonazepam (93.1%), LEV 
(52.9%), ZNS (33.3%), diazepam (24.5%), TPM (24.5%), PB (20.6%), lorazepam 
(16.7%), and acetazolamide (11.8%).  There were 77 (75.5%) BRV subjects who 
took at least 1 concomitant non-AED medication. The most frequently used non-AED 
medications were psychoanaleptics (30.4%), analgesics (16.7%), anti-inflammatory 
and antirheumatic products (13.7%), and psycholeptics (11.8%). 

• Pool Pediatric:  There were 141 subjects (92.8%) taking at least 1 AED at study 
entry and concomitant AEDs were taken by 139 subjects (91.4%). The most 
frequently taken concomitant AEDs were VPA (40.8%), benzodiazepine (30.3%), 
CBZ (25.7%), TPM (25.7%), LTG (19.1%), clobazam (17.8%), OXC (14.5%), and PB 
(11.8%).  There were 68 (44.7%) BRV subjects who took at least 1 concomitant non-
AED medication (most frequently used non-AED medications were vitamins, 11.8%). 

• Pool Other:  There were 3 subjects (1.5%) who reported taking an AED 
(benzodiazepines) at study entry.  Concomitant AEDs were taken by 9 (4.6%) 
subjects (benzodiazepines and gabapentin).   There were 32 subjects (16.3%) who 
took at least 1 concomitant non-AED medication.  A lower rate of non-AED use was 
reported by BRV subjects (11.6%) than placebo subjects (24.7%).  The most 
frequently used non-AED medications by all subjects were analgesics (6.6%). 
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7.2.2 Explorations for Dose Response 

The reader is referred to Dr. Dinsmore’s review of efficacy for explorations of dose-
response with respect to efficacy.  Safety analyses stratified by BRV dose were 
performed and are discussed in this review. 

7.2.3 Special Animal and/or In Vitro Testing 

The reader is referred to the Pharmacology/Toxicology Review by Dr. Edward Fisher. 

7.2.4 Routine Clinical Testing 

In the Phase 2/3 studies, blood and urine specimens for routine hematology, clinical 
chemistry, and urinalysis testing were collected on an outpatient basis with sample 
collection visits specified in the individual study protocol and reported in the CSR.  For 
the IV Study N01258, which included the option for inpatient evaluation, sampling was 
performed at the Screening, Randomization, and Evaluation Period Day 1 visits and 
then at the Discharge visit.  A central laboratory was used to analyze most of the 
samples. The laboratory assessments that were conducted across most of the Phase 
2/3 studies are summarized in the following table.  
 
Table 31.  Laboratory parameters, Phase 2 and 3 studies 
 

Hematology Clinical chemistry Urinalysis 
White blood cells (WBC) 
Red blood cells (RBC) 
Hemoglobin 
Hematocrit 
Mean corpuscular volume 
(MCV) 
Mean corpuscular hemoglobin 
(MCH) 
Mean corpuscular hemoglobin 
concentration (MCHC) 
Platelet count 
Lymphocytes 
Monocytes 
Neutrophils 
Eosinophils 
Basophils 

Glucose 
Sodium 
Potassium 
Calcium 
Chloride 
Bicarbonate 
Phosphorus (inorganic) 
Total protein 
Albumin 
Total bilirubin 
Alkaline phosphatase 
Aspartate aminotransferase (AST/SGOT) 
Alanine aminotransferase (ALT/SGPT) 
Gamma-glutamyltransferase (GGT) 
Uric acid 
Urea 
Creatinine 
Triglycerides 
Cholesterol (total, high-density lipoprotein 
and low-density lipoprotein) 

Glucose 
Ketones 
Occult blood 
Protein 
Nitrites 
Leukocytes 
Microscopic examination 
including bacteria, cells, 
casts, and crystals 

Source:  ISS Table 3-2 
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Exceptions are noted below (per ISS): 
• Phase 2 studies (N01114 and N01193) did not assess chloride and bicarbonate but 

did also perform the urinalysis assessments of specific gravity, pH, and bilirubin.  
• Phase 3b study N01395 did not assess triglycerides and cholesterol.  
• LTFU studies (N01125, N01199, N01372, and N01379) assessed all hematology 

parameters, all clinical chemistry parameters with the exception of triglycerides in 
N01372 and N01379, and all urinalysis parameters with the addition of specific 
gravity, pH, and bilirubin in N01125 and N01199. In N01379, an endocrinology 
assessment of thyroid stimulating hormone (TSH) was added. 

• Monotherapy core studies (N01276 and N01306) included a thyroid profile analysis 
for subjects in the age range of 16 to 18 years (TSH, T3, and T4) and an analysis of 
C-reactive protein (CRP) for all subjects. Monotherapy LTFU study N01315 also 
assessed specific gravity, pH, and bilirubin in urinalysis.   
Comment:  In response to the Division's information request, the Applicant (on 
8/19/15) reported that routine endocrine testing in N01276 and N01306 was 
performed in <10 subjects per study with post-screening endocrine lab values (and 
therefore not integrated due to small numbers). 

• ULD studies (N01187 and N01236) included the same assessments above, with the 
exception of chloride, bicarbonate, phosphorous, triglycerides, and cholesterol and 
addition of urinalysis assessments of specific gravity, pH, and bilirubin. 

• Pediatric studies (N01263 and N01266) also performed the endocrinology 
assessments of follicle-stimulating hormone, luteinizing hormone, TSH, T3, and T4. 
Comment:  In response to the Division's information request, the Applicant (on 
8/19/15) reported that routine endocrine testing in N01263 was performed at 
baseline only (with periodic testing performed in N01266). 

• Other indications:  Study  included the same assessments above with the 
exception of bicarbonate and with the additional assessments of prothrombin time, 
activated partial thromboplastin time, and fibrinogen and the immunology 
assessments of Hepatitis B surface antigen (HBs Ag), Hepatitis C Virus (HCV) 
antibodies, and Human Immunodeficiency Virus (HIV) 1&2 antibodies. N01162 
(PHN) did not assess chloride and bicarbonate but did also perform additional 
urinalysis assessments of specific gravity, pH, and bilirubin. 

 
Comment:  Integrated analyses of endocrine assessments were not provided by the 
Applicant in the ISS or the 120-day Safety Update.   In response to the Division’s 
information request to provide an integrated analysis of endocrine laboratory 
assessments, the Applicant (on 8//15) submitted analyses for Studies N01379 and 
N01266 (both open label .  I reviewed Tables 15.8.4.2.1-15.8.4.2.7 and found no 
clinically meaningful changes from baseline (definitive conclusions were limited by small 
numbers and the open label nature of these LTFU studies). 
 
In response to the Division’s information request dated May 28, 2015, the Applicant 
stated that there were no clinical studies that collected the laboratory parameter 
magnesium.  In addition, the Applicant stated that the following clinical pharmacology 
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studies collected the laboratory parameters creatine phosphokinase and lactate 
dehydrogenase (which were not reported by the Applicant in the list of exceptions above 
in the ISS): N01066, N01067, N01068, N01075, N01079, N01080, N01081, N01082, 
N01109, N01111, N01118, N01170, N01171, N01185, and N01209 A/B.  Clinical 
pharmacology studies N01069 and EP0041 collected lactate dehydrogenase.  Phase 2 
study  collected creatine phosphokinase and lactate dehydrogenase.  The 
Applicant reported that there were no Phase 3 studies that collected the laboratory 
parameters of magnesium, creatine phosphokinase, or lactate dehydrogenase.   
 
In response to the Division's information request, the Applicant submitted (on June 30, 
2015) analyses for CPK and LDH.  I reviewed the Applicant’s tables for shift analyses, 
mean changes, and incidence of treatment-emergent NCI CT criteria (for CPK).  No 
clinically significant changes were identified (Safety Information Amendment 6/30/15 
Tables 1.1, 1.2, 1.3, 2.1). 
 
In each Phase 2/3 study (with the exception of N01258), the Applicant analyzed 
laboratory data for each visit (actual data and change from Baseline).  Normal ranges 
for laboratory values were presented in the respective study CSRs in Module 5.  The 
following table summarizes the schedule of safety assessments performed for Study 
N01358. 
 
Table 32.  Schedule of safety assessments, Study N01358 
 

Phase Baseline DB Treatment Period (12 weeks) Down-
titration 

Drug 
free 

Visit  Visits 1 to 3 4 5 6 7 EDVa 8b Safetyc 
Week Weeks -8 to 0 2 4 8 12  16 18 

Visit windows (days)  ±3 ±3 ±3 ±3 ±3   
Assessment         
Medications X X X X X X  X 
Adverse event reporting X X X X X X X X 
Vitals signsd X X X X X X X X 
Laboratory testse X X X X X X  X 
BRV plasma level X X X X X X   
Serum β-hCG X        
Urine pregnancy  X X X X X  X 
12-lead ECGf X X X  X X  X 
Physical examination X    X X  X 
C-SSRS X X X X X X X X 
a Early discontinuation visit 
b Down-titration period (visit after 4 weeks for N01358 and only phone call after 2 weeks for N01252) 
c Study drug-free period (2 weeks) for subjects not entering the LTFU study 
d Vital signs (supine or sitting pulse rate and blood pressure after 5 minutes rest).  Height was recorded at Visit 1 only. 
e “Preferred that the subject be fasting” but could not cause delay in study drug intake (CSR 1358) 
f Baseline ECG had to be scheduled and results received before Visit 3. An ECG at the Safety Visit was performed 
only if abnormal at Visit 7/EDV. 
Source: CSR Study N01358 Table 3-3 
 

Reference ID: 3843450

(b) (4)



Clinical Safety Review 
Mary Doi, MD, MS 
NDAs 205836, 205837, 205838 
Brivaracetam (trade name pending) 
 

49 

For all Phase 2/3 studies, the Applicant summarized the number and percentage of 
subjects with a possibly clinically significant treatment-emergent (PCST) laboratory 
values. The Applicant stated that the PCST criteria were based on FDA Division of 
Neuropharmacologic Drug Products guidelines with some UCB-defined additions. The 
following tables summarize the PCST criteria for hematology and chemistry parameters. 
 
Table 33.  PCST criteria for hematology laboratory parameters 

Parameter Conventional Units 
Hematocrit For 1 m to < 6 m:   ≤ 25% 

For 6 m to < 2 y:    ≤ 27% 
For 2 y to < 4 y:     ≤ 29% 
For 4 y to < 12 y:   ≤ 32% (F); ≤ 35% (M) 
For ≥ 12 y:             ≤ 32% (F); ≤ 37% (M) 

Hemoglobin For < 6 m:              ≤ 9.7 g/dL 
For 6 m to < 12 y:  ≤ 10.0 g/dL 
For ≥ 12 y:             ≤ 9.5 g/dL (F); ≤ 11.5 g/dL (M) 

Platelets ≤ 75 x 109/L or ≥ 700 x 109/L 
WBC For < 17 y:             < 3.0 x 109/L or > 20 x 109/L; 

For ≥ 17 y:             < 2.8 x 109/L or > 16 x 109/L; 
RBC For < 17 y:             < 2.5 x 106/mm3

 

For ≥ 17 y:             < 2.0 x 106/mm3 (F); < 2.5 x 106/mm3 (M) 
Eosinophils ≥ 10% or ≥ 0.7 x 109/L 
Neutrophils ≤ 15% or ≤ 1.0 x 109/L 
Basophils ≥ 5% or ≥ 0.4 x 109/L 
Monocytes ≥ 20% or ≥ 1.5 x 109/L 
Lymphocytes For 1 m to < 6 m:   ≤ 22% or ≥ 80% 

≤ 2.1 x 109/L or ≥ 8.5 x 109/L 
For 6 m to < 2 y:    ≤ 15% or ≥ 80% 

≤ 1.5 x 109/L or ≥7.5 x 109/L 
For 2 y to < 12 y:   ≤ 12% or ≥ 80% 

≤ 1.0 x 109/L or ≥ 7.5 x 109/L 
For 12 y to < 17 y: ≤ 10% or ≥ 80% 

≤ 0.5 x 109/L or ≥ 5.5 x 109/L 
For ≥ 17 y:             ≤ 10% or ≥ 80% 

≤ 0.5 x 109/L or ≥ 4.5 x 109/L 
Source: ISAP Appendix 5.1.1 
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Table 34.  PCST criteria for chemistry laboratory parameters 
Parameter Conventional Units CF 

AST (SGOT) > 3 times of ULN N/A 
ALT (SGPT) > 3 times of ULN N/A 
ALP For < 17 y:                 > 2 times of ULN, if normal range 

adjusted to the age range; 
For ≥ 17 y:                 > 3 times of ULN 

N/A 

GGT > 3 times of ULN, if baseline value < 3 times of ULN N/A 
BUN > 30 mg/dL 0.357 
Urea > 60 mg/dL 0.167 
Creatinine For < 17 y:                 > 1.5 mg/dL; 

For ≥ 17 y:                  > 2.0 mg/dL 
88.4 

Creatinine 
clearance (calc) 

For < 12 y:                  < 70 ml/min (Schwartz)(a)
 

For ≥ 12 y:                 < 70 ml/min (Cockroft)(b) 
N/A 

Total bilirubin > 2.0 mg/dL 17.1 
Glucose ≤ 50 mg/dL or ≥ 180 mg/dL 0.0555 
Total Protein For ≥ 1 m to < 6 m:    ≤ 3.6 g/dL or ≥ 7.8 g/dL 

For ≥ 6 m to < 17 y:   ≤ 4.7 g/dL or ≥ 9.5 g/dL 
For ≥ 17 y:                 ≤ 4.5 g/dL or ≥ 9.0 g/dL 

10 

Albumin For < 17 y:                 ≤ 2.4 g/dL or ≥ 6.5 g/dL 
For ≥ 17 y:                 ≤ 2.5 g/dL or ≥ 6.5 g/dL 

10 

Globulin For < 17 y:                 ≤ 1.2 g/dL or ≥ 5.0 g/dL 
For ≥ 17 y:                 ≤ 1.5 g/dL or ≥ 5.0 g/dL 

10 

Sodium For < 17 y:                 ≤ 120 mEq/L or ≥ 155 mEq/L 
For ≥ 17 y:                 ≤ 115 mEq/L or ≥ 155 mEq/L 

1 

Potassium For < 17 y:                 ≤ 3.0 mEq/L or ≥ 6.5 mEq/L 
For ≥ 17 y:                 ≤ 3.0 mEq/L or ≥ 5.8 mEq/L 

1 

Calcium For < 17 y:                 ≤ 7 mg/dL or ≥ 11.5 mg/dL 
For ≥ 17 y:                 ≤ 7 mg/dL or ≥ 15.5 mg/dL 

0.25 

Uric Acid For < 12 y:                 ≥ 8 mg/dL 

For ≥ 12 y:                 ≥ 8 mg/dL (F); ≥ 9.5 mg/dL (M) 
≥ 300 mg/dL 
≤ 25 mg/dL 
≥ 200 mg/dL 
≥ 300 mg/dL 

59.48 

Cholesterol 0.0259 
0.0259 
0.0259 
0.0114 

HDL 
LDL 
Triglycerides 

Source: ISAP Appendix 5.1.2 
(a) Schwartz equation (patients <12): Cr Cl ml/min = [Height (cm) * 0.55] / serum creatinine 
(b) Cockroft equation (patients >12): Male: Cr Cl ml/min = [(140-age) x body weight (kg)] / (72 x serum creatinine), 
Female: Cr Cl ml/min = [(140-age) x body weight (kg)] / (72 x serum creatinine)] x 0.85 
 
Qualitative urine parameters were generally reported by a descriptive score, which 
differed among laboratories. For data analysis purposes, the Applicant collapsed the 
five-point, 6-point, or 7-point scales into a 4-point scale (negative/none, 
trace/1+/rare/mild/a few, 2+/moderate, and 3+/severe).  A value was considered PCST 
abnormal if an upward shift of at least 2 points from the baseline occurred under 
investigational treatment.  
 
For the BRV pediatric studies (N01263 and N01266), the PCST criteria were revised to 
include criteria appropriate for pediatric subjects (ISAP Appendix 5.2.1, 5.2.2, 5.2.3). 
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Comment:  I compared the PCST criteria used by the Applicant for adults with Grade 2 
toxicity as defined in the Common Terminology Criteria for Adverse Events (CTCAE) 
Version 4.03 (published June 14, 2010 by the NCI).2  The values were similar.  
However, the following differences were noted between the Applicant’s PCS criteria and 
CTCAE Grade 2 toxicity:   
• PCST criteria for calcium≥ 15.5 mg/dL identifies more severe cases of 

hypercalcemia than the CTCAE Grade 2 toxicity of Ca >11.5-12.5 mg/dL (although 
this specifies for corrected serum calcium values).  Additionally, the criteria for 
calcium ≤ 7 mg/dL identifies more severe cases of hypocalcemia than the CTCAE 
Grade 2 toxicity of Ca <8.0-7.0 mg/dL (although this specifies for corrected serum 
calcium values).   

• PCST criteria for sodium≥ 155 mEq/L identifies more severe cases of hypernatremia 
than the CTCAE Grade 2 toxicity of Na >150-155 mmol/L (Grade 3 toxicity is >155-
160 mmol/L).  Additionally, the criteria for sodium≤115 mEq/L identifies much more 
severe cases of hyponatremia as this represents the CTCAE Grade 4 toxicity of Na 
<120 mmol/L.  

• PCST criteria for Hgb ≤ 9.5 g/dL for females (and 11.5 g/dL for males) identifies 
milder cases of anemia than the CTCAE Grade 2 toxicity of Hgb <8.0 (to<10.0 g/dL). 

• PCST criteria for lymphocyte count ≤ 0.5 x109/L identifies more severe cases of 
lymphopenia as this represents the CTCAE Grade 3 toxicity of < 0.5-0.2 x109/L. 

• PCST criteria for neutrophil count ≤ 1.0 x109/L identifies more severe cases of 
neutropenia as this represents the CTCAE Grade 3 toxicity of < 1.0-0.5 x109/L. 

• PCST criteria for CrCl <70 ml/min identifies milder cases of kidney disease than the 
CTCAE Grade 2 toxicity of CrCl 59-30 ml/min/1.73 m2. 

• PCST criteria for creatinine were in absolute values instead of multiples of the upper 
limit of normal or baseline (CTCAE Grade 2 toxicity >1.5-3.0 x baseline or xULN). 

 
The Applicant has also provided the numbers and percentages of subjects meeting the 
NCI’s CT criteria for laboratory parameters.  I will review these analyses for the 
incidences of subjects with clinical chemistry parameters criteria for Grade 2, Grade 3, 
and Grade 4 who had criteria Grade 0 or Grade 1 at Baseline – particularly for sodium, 
calcium, lymphocyte count, and neutrophil counts. 
 
Additionally, in response to the Division's information request to provide PCST criteria 
for chloride and phosphorous (phosphate) which were not provided in Section 5.1 of the 
ISAP, the Applicant reported that “there are, in fact, no PCST criteria for these 
parameters based on UCB’s original PCST criteria for use in adult studies, and the 
inclusion of chloride and phosphate in the PCST summaries was inadvertent for the 
adult integrated analysis pools.”  
 

                                            
2 Common Terminology Criteria for Adverse Events (CTCAE) Version 4.03.  Published June 14, 2010.  U.S. 
Department of Health and Human Services.  National Institutes of Health.  National Cancer Institute.  Accessed May 
27, 2015.  http://www.acrin.org/Portals/0/Administration/Regulatory/CTCAE_4.02_2009-09-
15_QuickReference_5x7.pdf 
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Vital signs were collected at each visit in all of the studies. While supine or sitting pulse 
rate and blood pressure were measured after a short rest period, standing heart rate 
was not uniformly collected across Phase 2/3 studies, so orthostatic changes in systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) were not assessed in all 
studies.  In general, body weight was measured at Baseline and at all study visits. In 
studies with subjects ≥16 years of age, height was measured at an early study visit only 
(while height was measured at most study visits in pediatric studies).  In each Phase 2/3 
study, the Applicant analyzed vital signs and body measurements for each visit (actual 
data and change from Baseline).  Normal ranges for vital signs and body measurements 
are presented in the respective study CSRs in Module 5. 
 
For all Phase 2/3 studies, the Applicant summarized the number and percentage of 
subjects with PCST vital signs or body weight, PCST low value, and PCST high value. 
The Applicant reported that the PCST criteria were based on FDA Division of 
Neuropharmacologic Drug Products guidelines with some UCB-defined additions. The 
following table summarizes the PCST criteria for vital signs and body weight. 
 
Table 35.  PCST Criteria for Vital Sign Parameters 

Parameter Name / Age Category Low Decrease from Baseline High Increase from Baseline 
Systolic BP 

6 to <13 years 
13 to <17 years 
≥17 years 

 
<70 mm Hg 
<90 mm Hg 
<90 mm Hg 

 
>20 mm Hg 
>20 mm Hg 
>30 mm Hg 

 
>130 mm Hg 
>140 mm Hg 
>180 mm Hg 

 
>30 mm Hg 
>30 mm Hg 
>40 mm Hg 

Diastolic BP 
6 to <13 years 
13 to <17 years 
≥17 years 

 
<50 mm Hg 
<55 mm Hg 
<50 mm Hg 

 
>15 mm Hg 
>20 mm Hg 
>20 mm Hg 

 
>85 mm Hg 
>90 mm Hg 
>105 mm Hg 

 
>20 mm Hg 
>30 mm Hg 
>30 mm Hg 

Pulse Rate 
3 to <12 years 
12 to <17 years 
≥17 years 

 
≤65 bpm 
≤60 bpm 
≤50 bpm 

 
≥20 bpm 
≥20 bpm 
≥30 bpm 

 
≥130 bpm 
≥120 bpm 
≥120 bpm 

 
≥20 bpm 
≥20 bpm 
≥30 bpm 

Weight 
<17 years 
≥17 years 

 
<3%* 
N/A 

 
N/A 
≥7% 

 
>97% 
N/A 

 
N/A 
≥7% 

bpm = beats per minute;  mm Hg = millimeters of mercury 
*of the normal body weight growth curve ranges for the age at date of weight assessment and gender 

Source:  ISAP Appendix 5.1.4 
 
Comment:  The PCS criteria are extreme (e.g., systolic BP > 180 is in the category of 
hypertensive crisis).  I will look more granularly at BP changes in Section 7.4.3. 
 
ECGs were collected throughout each study in the clinical pharmacology and Phase 2 
studies (at a minimum performed at beginning and end of the study) and monitored for 
safety signals. Any abnormal ECG findings were flagged for further assessment. In 
addition to this safety monitoring, a thorough QT study (N01233) was conducted by the 
Applicant. In all studies, the original ECG tracing was retained as part of the source data 
and copies of all ECG tracings were retrieved for any subjects presenting treatment-
emergent clinically significant abnormalities during any of the clinical studies. 
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In the Phase 2 studies and all Phase 3 studies with BRV solid oral dosage forms, a 
standard 12-lead ECG was performed at Baseline, at a study visit during the Evaluation 
Period, and at the final study visit (and performed at a Follow-up or Safety Visit if 
abnormal ECG result at the final study visit). The Investigator determined whether the 
ECGs were normal or abnormal and assessed the clinical significance of any 
abnormalities.   ECGs were locally read. 
 
However, in the Phase 3 iv study (N01258), ECGs were centrally read. The Investigator 
or cardiologist determined whether the results of the ECG were normal or abnormal and 
assessed the clinical significance of any abnormality. If a clinically significant abnormal 
finding was observed during the additional cardiac telemetry monitoring, an ECG strip 
was printed and sent to the central reader. If the abnormality was confirmed by the 
central reader, then the abnormality was documented as an adverse event.  The 
following table summarizes the PCST criteria for ECG parameters. 
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Table 36.  PCST Criteria for ECG Parameters 

 
Source:  ISAP Appendix 5.1.5 

7.2.5 Metabolic, Clearance, and Interaction Workup 

The reader is referred to the Clinical Pharmacology Review. 

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class 

The Applicant evaluated the database for TEAEs of interest listed in the following table. 
This approach was acceptable to the reviewer.  
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Table 37.  Summary of TEAE of interest categories 
 

Categories of AEs of 
interest 

Reason for selection as AE of interest category 

Rare (likely 
drug induced) 

Anticipated 
events for 

subjects with 
epilepsy 

Predicted 
events for 

AEDs 

Expected 
events 

appearing in 
BRV IB 

Psychiatric disordersa  Y Y Y 

Cognitive impairment  Y   

Seizure worsening  Y Y  

Hepatotoxicity Y  Y  

Abuse potentialb   Y Y 

Falls and injuries  Y   

HSS/DRESS Y  Y  

Blood dyscrasias Y  Y Y 

SCARs Y  Y  

Acute pancreatitis Y    

Renal impairment Y    

Torsade de pointes Y    

Anaphylaxis Y  Y  

Postural hypotension    Y 
HSS/DRESS= hypersensitivity syndrome/drug reaction with eosinophilia and systemic symptoms; IB=Investigator 
Brochure; SCAR=severe cutaneous adverse reaction; 
a  Psychiatric disorders includes suicidality, behavioral disorders, hostility/aggression, psychosis, anxiety, 
and depression 
b  Abuse potential AEs are summarized and discussed in a separate report, N01337 Drug Abuse Liability Evaluation 
Source:  ISS Table 4-7 

7.3 Major Safety Results 

7.3.1 Deaths 

A total of 44 fatal cases have been reported in BRV-treated subjects in the entire BRV 
program as of the safety cutoff of October 1, 2014 for the 120-day safety update (along 
with 2 deaths that occurred during a Pretreatment Period and 1 death in PBO-treated 
subject N01252-270-F390).  Out of these 44 deaths in BRV-treated subjects, 35 deaths 
occurred in POS studies and 9 deaths occurred in studies for other indications 
(pediatric, monotherapy, ULD).  Five deaths occurred during the double-blind studies 
(all were in the POS studies), and 39 deaths occurred during the open-label LTFU 
studies (including 3 deaths in the pediatric LTFU study N01266).  The following table 
summarizes the 35 deaths in the POS studies.   
 
Comment:  I categorized all of the 35 deaths by etiology for the table below.  For the 
etiology, I used the terminal event that lead to the death (e.g., fall) rather than the final 
cause of death (e.g., septic shock due to complications of hip fracture due to the fall).  I 
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also classified the cases of sudden, unexplained death in epilepsy (SUDEP) as definite, 
probable, or possible using the latest definitions of SUDEP (in which cases can be 
definite SUDEP if death occurred in water and autopsy does not show submersion and 
possible SUDEP if unwitnessed death occurred in water without autopsy to document 
evidence of submersion).3  The resulting categorizations of some of these SUDEP 
cases were different from the Applicant.  Of note, in the table below, there is a column in 
which the treatment is reported at the time of death by the Applicant.  I verified this 
information using the narratives provided by the Applicant and classified deaths 
occurring while off BRV (so not treatment-emergent) only if the terminal event (that led 
to the death) occurred while off BRV. 
 
Of note, in response to the request by the Division for the Applicant to submit all 
autopsy reports, the Applicant provided the autopsy reports for 5 of the deaths (in a 
Safety Information Amendment dated March 20, 2015).  The following information was 
provided by the Applicant:   

“When an event with a fatal outcome is reported to UCB, it is standard practice 
for a query to be sent to the reporting Investigator to ask if an autopsy has been 
performed and to request the report if available. For the majority of deaths 
reported in the BRV program (20/44), autopsies were not performed. In 10 cases, 
it is not known if an autopsy was performed. In 9 cases, autopsies were 
performed but the Investigators were not able to access the reports. Five autopsy 
reports are available.” 

 
Table 38.  Deaths in BRV-treated subjects, POS studies – due to SUDEP 
Age(at 
time of 
death)/ 
Gender 

Subject Number 

Treatment 
(daily dose 

in mg) at the 
time of 
death 

Cause of death per Drug 
Safety 

Database (Clinical 
Database) 

Causality 
per 

Investigator 
Company 
Causality 

Duration of 
exposure to 

BRV 

 Deaths due to SUDEP (definite, probable, possible): 

21/F N01253-422-B063 BRV 50 Brain hypoxia (definite)^ Possible Not related 2.7 months 

Subject felt unwell at school camp and she went to bed.  When someone went back to check on her, she 
was found unresponsive and face down in her pillow.  Autopsy revealed cerebral hypoxia and terminal 
cerebral swelling due to epilepsy. 
Subject reportedly “was not taking study drug and had been off study drug for 14 days” per narrative. 

19/M N01358-051-00847 BRV 200 SUDEP (definite)^ Not related Not related 2.1 months 

Subject was found by his father unresponsive with face down position in bed.  Autopsy reported no evidence 
of intracranial hemorrhage or other significant abnormality of the brain.  Cause of death was “probable 
smothering due to obstruction of nose and mouth due to face-down position in bedding following epileptic 
seizure.”   

                                            
3 Nashef L et al.  Unifying the definitions of sudden unexpected death in epilepsy.  Epilepsia. 2012; 53(2): 
227-233. 

Reference ID: 3843450



Clinical Safety Review 
Mary Doi, MD, MS 
NDAs 205836, 205837, 205838 
Brivaracetam (trade name pending) 
 

57 

34/M N01358-064-00877 BRV 200 (?) Death (definite) Not related Not related 1 month 

Subject experienced a “typical seizure” at 00:30 and at 05:30, the subject’s father found the subject 
unresponsive.  CPR was unsuccessful.  Autopsy reported no significant findings.   
Subject reportedly stopped taking BRV 9 days prior to his death.  Plasma level of concomitant AED (valproic 
acid) was subtherapeutic. 

30/F N01253-366-B033 
N01199-1366-0003 BRV 50 SUDEP (definite)^ Possible Not related 8.2 months 

Subject was found dead in her bed lying face down on the pillow.  Autopsy reported cause of death as 
seizure disorder.  Other findings included pulmonary edema and congestion, old craniectomy, “small 
hippocamp, brain,” without any lethal injuries.  The investigator reported that there were recent plans for the 
subject to be coming out of the study due to poor seizure control. 

51/M N01253-316-B302 
N01199-1316-0001 

10 days post-
treatment SUDEP (definite) Unlikely Not related 6.0 months 

Subject was found dead by sister-in-law (subject likely died 2 weeks earlier per coroner).  Autopsy reported 
a diagnosis of possible nocturnal seizure or sudden unexpected death in epilepsy, with a secondary 
diagnosis of atherosclerosis and coronary artery disease. 

21/F N01252-143-B250 
N01125-741-2011 BRV 100 Sudden death (probable) Unlikely Not related 13.1 months 

Subject died suddenly probably during “seizure while she was asleep.”  The Applicant reported that no 
further details were available. 

50/F N01252-204-D251 
N01125-608-2001 BRV 50 SUDEP (probable) Possible Not related 42.2 months 

After returning home from work, the subject was in her room and about 1 hour later, someone found the 
subject lying dead on the floor.  No fracture or wounds were noted.  No explainable reason for death noted 
(no evidence of homicide or suicide). Autopsy was not performed.  

37/F N01253-314-B094 
N01199-1314-0001 BRV 150 Epilepsy - Pulmonary 

congestion (possible) Unlikely Not related 8.8 months 

Subject was found dead at her home.  Earlier in the night, the son heard the subject moaning and suspected 
seizure activity.  He opened the door of her room and saw that she was no longer experiencing seizures and 
went back to sleep.  Autopsy revealed post-encephalitis refractory epilepsy and bilateral pulmonary 
congestion. 

48/F N01193-286-0418 
N01199-1086-0004 BRV 100 Hypertensive heart 

disease (possible) Unlikely Not related 13.4 months 

Subject with a history of HTN (ventricular hypertrophy seen on EKG), DM, obstructive sleep apnea, 
hypercholesterolemia, obesity who was found dead early in the morning.  Autopsy reported final cause of 
death was natural due to hypertensive cardiovascular disease and obesity. 

34/M N01253-325-D224 
N01199-1325-0005 BRV 150 Drowning, Mechanical 

asphyxia (possible) Unlikely Not related 17.4 months 

Subject was found dead in a river, face down.  Death certificate reported mechanical asphyxia and drowning 
as cause of death.  Applicant reported that no further details were available.  Could also be a suicide. 
 

Source:  ISS Tables 6-27, 6-28, 6-30 and narratives provided by the Applicant (along with CIOMS forms 
provided by the Applicant on 3/26/15 in response to Division’s information request) 
^Autopsy report provided by the Applicant 
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Table 39.  Deaths in BRV-treated subjects, POS studies – due to Psychiatric or 
Neurologic Events 
Age(at 
time of 
death)/ 
Gender 

Subject Number 

Treatment 
(daily dose 

in mg) at the 
time of 
death 

Cause of death per Drug 
Safety 

Database (Clinical 
Database) 

Causality 
per 

Investigator 
Company 
Causality 

Duration of 
exposure to 

BRV 

 Deaths due to suicide: 

20/M N01252-256-F169 
N01199-1256-0014 BRV 150 Completed suicide^ Possible Not related 24.8 months 

Subject complained of poor seizure control (without any complaints of mood/behavior).  One month later, 
subject consumed poison phosphide and died.  No prior psychiatric history.  Autopsy reported no external 
injuries. 

22/M N01193-242-0343 
N01199-1042-0007 BRV 100 Completed suicide Unlikely Not related 10.6 months 

Subject ingested pesticide after he did not get good scores on an exam and had a major argument and 
“altercation” with his father.  He was found unconscious and frothing.  Subject died.  No prior psychiatric 
history with normal psychiatric evaluations during the study.   

 Deaths due to status epilepticus or events related to seizures: 

43/M N01114-107-0427 
N01125-628-0001 BRV 100 Status epilepticus after 

CVA (history of glioma) Not related Not related 82.8 months 

51/M N01114-014-0536 
N01125-544-0002 BRV 150 Accident (metro train)  Unlikely Not related 26.3 months 

Pictures from underground metro camera showed the subject walking to the end of platform, cleared the 
fence, and entered the underground tunnel.  Subject was then run over by the metro train and died.  
According to the investigator, subject’s behavior prior to the accident was compatible with subject’s behavior 
during a seizure (with automatisms).   

14/F N01253-404-C332* BRV 20 Respiratory failure after 
witnessed seizure Possible Not related 3.3 months 

Soon after taking nighttime dose of BRV, subject had a widespread feeling of anxiety.  Soon afterwards, the 
father heard a groan which was typical of subject’s onset of seizures.  Then however, the subject had 
difficulty breathing and lost her pulse.  CPR was initiated.  Subject died.  Cause of death was listed as 
respiratory insufficiency and bronchoaspiration.  No autopsy was performed.   
From information in CIOMS:  EKG (post-BRV dose) revealed sinus bradycardia and mildly prolonged QTc 
(463).  Interpretation of the EKG by the cardiologist was reported as “congenital long QT syndrome.” 

Source:  ISS Tables 6-27, 6-28, 6-30 and narratives provided by the Applicant (along with CIOMS forms 
provided by the Applicant on 3/26/15 in response to Division’s information request) 
*Subject included in this table (instead of next table) because subject participated in POS Study N01253 
even though subject <16 years of age 
^Autopsy report provided by the Applicant 
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Table 40.  Deaths in BRV-treated subjects, POS studies – due to Neoplasms 
Age(at 
time of 
death)/ 
Gender 

Subject Number 

Treatment 
(daily dose 

in mg) at the 
time of 
cancer 

diagnosis 

Cause of death per Drug 
Safety 

Database (Clinical 
Database) 

Causality 
per 

Investigator 
Company 
Causality 

Duration of 
exposure to 

BRV until 
cancer 

diagnosis 

 Deaths due to neoplasms: 

64/M N01253-350-B390 
N01199-1050-0032 

2 months post-
treatment 

Non-small cell lung cancer 
(metastatic) Unlikely Not 

related 16.6 months 

50/F N01253-410-D183 
N01199-1010-0008 BRV 50 to 200 Lung adenocarcinoma 

metastatic 
Not 

related 
Not 

related 45.1 months 

45/M N01193-240-0319 
N01199-1040-0002 BRV 140 

Metastatic bronchial 
carcinoma  

(history of tobacco use per 
CIOMS form) 

Unlikely Not 
related 60.8 months 

59/F N01253-350-B150 
N01199-1050-0022 BRV 50 

Ovarian cancer metastatic 
(history of tobacco use per 

CIOMS form) 

Not 
related 

Not 
related 10.1 months 

68/M N01253-359-B373 
N01199-1359-0002 BRV 150 

Oesophageal cancer 
metastatic (history of  

Barrett’s esophagus and 
tobacco use per CIOMS) 

Not 
related 

Not 
related 36.9 months 

34/M N01252-258-F103 
N01199-1258-0003 BRV 150 

Astrocytoma malignant 
(PT=Intra cranial space 

occupying lesion) 
Unlikely Not 

related 16.4months 

27/M N01358-729-00105 
N01379-729-00105 BRV 150 Thymoma,  

Cardio respiratory arrest 
Not 

related 
Not 

related 3.5 months 

Subject was diagnosed with thymoma ~3 months after BRV initiation.  Treated with chemotherapy.  BRV 
was continued until 4 months later.  Eleven weeks afterwards during the post-treatment phase, subject 
developed exertional dyspnea and died from cardio respiratory arrest. 
Source:  ISS Tables 6-27, 6-28, 6-30 and narratives provided by the Applicant (along with CIOMS forms 
provided by the Applicant on 3/26/15 in response to Division’s information request) 
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Table 41.  Deaths in BRV-treated subjects, POS studies – Other deaths 
Age(at 
time of 
death)/ 
Gender 

Subject Number 

Treatment 
(daily dose 

in mg) at the 
time of 
death 

Cause of death per Drug 
Safety 

Database (Clinical 
Database) 

Causality 
per 

Investigator 
Company 
Causality 

Duration of 
exposure to 

BRV 

 Other deaths (all in open label extension periods): 

53/M N01252-153-B384 
N01125-978-2002 BRV 50 

Circulatory collapse due 
to GI hemorrhage  
(history of GERD) 

Not related Not related 9.0 months 

59/M N01193-278-0059 
N01199-1078-0003 BRV 100 Multi-organ failure  Unlikely Not related 32.9 months 

From information in CIOMS:  Subject was found slumped over in the chair, unresponsive with agonal 
breathing.  Had been active several hours before, attending daycare.  Subject was admitted to ICU with 
fever, hypotension, respiratory failure, renal failure, liver injury, non-ST elevation MI, and wide-complex 
tachycardia.  Subject died from “multi-organ failure.”  Infectious w/u negative.  No autopsy was performed.  
No known cardiac medical history.  History of traumatic brain injury. 

54/M N01254-260-F055 
N01199-1042-0033 BRV 70 Myocardial infarction Unlikely Not related 12.7 months 

Subject experienced sudden chest pain and collapsed while doing his routine work.  He was taken to the 
hospital where he was declared dead.  Autopsy was not performed.  Cause of death was myocardial 
infarction.  Subject had a history of HTN and diabetes mellitus. 

51/M N01358-376-00259 
N01379-376-00259 BRV 200 Myocardial infarction Not related Not related 11.8 months 

Subject was found dead at home due to “heart attack.” Subject complained of left arm pain for 3 days prior 
to the event.  Autopsy was not performed.  Subject had a history of HTN and obesity. 

63/M N01193-250-0063 
N01199-1050-0005 BRV 150 Myocardial infarction Not related Not related 61.2 months 

Subject experienced a suspected myocardial infarction and died the same day (per spouse).  Autopsy was 
not performed.  Subject had a history of tobacco use and hyperlipidemia. 

72/M N01252-094-B078 
N01125-547-2001 

4 weeks post-
treatment 

Septic shock after hip 
fracture due to fall Not related Not related 17.7 months 

Hip fracture and fall occurred while on BRV.  Fall was not seizure-related.  Subject had a history of 
progressive paralysis. 
Source:  ISS Tables 6-27, 6-28, 6-30 and narratives provided by the Applicant (along with CIOMS forms 
provided by the Applicant on 3/26/15 in response to Division’s information request) 
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Table 42.  Deaths in BRV-treated subjects, POS studies – due to other etiologies 
Age(at 
time of 
death)/ 
Gender 

Subject Number 

Treatment 
(daily dose 

in mg) at the 
time of 
death 

Cause of death per Drug 
Safety 

Database (Clinical 
Database) 

Causality 
per 

Investigator 
Company 
Causality 

Duration of 
exposure to 

BRV 

 Deaths likely due to other etiologies or occurred while off BRV: 

35/F N01254-023-A145 
N01125-518-2003 

3 weeks post-
treatment 

Encephalitis due to  
failure of VP shunt Unlikely Related# 19.9 months 

23/M N01254-166-B301 BRV 50 Drowning Unlikely Not related 2.0 months 

Subject was swimming in a river with his parents.  He dove into the water but did not come back up. Body 
was found the next day.  Autopsy revealed asphyxia due to drowning without signs of alcohol intoxication. 

25/M N01254-265-F197 
N01199-1265-0005 BRV 150 Drowning^ Not 

related 
Not 

related 33.5 months 

Subject “accidentally” fell in a well and died (details unknown).  Autopsy reported cause of death due to 
drowning (poor quality of faxed copy of autopsy report provided by Applicant precluded any other 
information to be obtained from report).  Could also be a suicide. 

20/M N01254-236-B267 
N01125-643-2012 BRV 150 Drowning Not 

related 
Not 

related 26.6 months 

Subject died by drowning.  Autopsy reported main cause of death was drowning. 

43/M N01254-282-F293 
N01125-654-2008 

3 months post-
treatment 

Head injury after slip on 
bathroom floor  

(no autopsy performed) 

Not 
related 

Not 
related 40.2 months 

40/F N01193-243-0273 
N01199-1043-0007 BRV 100 Accident while crossing 

railway track  Unlikely Not 
related 28.6 months 

From information in CIOMS:  Subject was returning home from office at her usual time and died while 
crossing the railway track.  Cause of death reported to be shock due to hemorrhage due to multiple 
fractures and injuries.  There was no eyewitness.  No autopsy was performed.  No abnormality in her 
behavior prior to the event – no recent change in her family situation.  No prior history of psychiatric 
disorder, depression, or suicidal tendency.   Could be suicide or SUDEP (possible). 

36/M N01358-803-00660 
N01379-803-00660 BRV 150 Head injury  

(during MVA without seizure) 
Not 

related 
Not 

related 6.0 months 

Source:  ISS Tables 6-27, 6-28, 6-30 and narratives provided by the Applicant (along with CIOMS forms 
provided by the Applicant on 3/26/15 in response to Division’s information request) 
^Autopsy report provided by the Applicant 
#Categorized as “related” by the Applicant due to mapping convention used at the time of reporting of the 
death in which the investigator causality of “unlikely related” was mapped to “related” using an Empirica 
Trace causality assessment (per Safety Information Amendment submitted by the Applicant dated March 
26, 2015 in response to the Division’s information request).  It was reported by the Applicant that since 
February 2012, the mapping convention was changed so that “unlikely” mapped to “not related.” 
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The following table summarizes the mortality rate between BRV- and placebo-treated 
subjects by POS pooled group. 
 
Table 43.  Mortality Rate by Treatment Group in the Controlled POS Studies 

POS Controlled Studies 
Placebo BRV 

n Deaths (%) n Deaths (%) 
Pool S1 - Phase 3 DB Studies 
(N01252, N01253, N01358)  

459 1 (0.22%) 1099 4 (0.36%)* 

Pool S2 - Phase 2 DB Studies  
(N01114 and N01193)   

106 0 259 0 

Pool S3 - Phase 2 and 3 DB Studies 
(N01252, N01253, N01358, N01114, 
N01193, N01254) 

686 1 (0.15%) 1717 5 (0.29%)^ 

*Includes subject N01253-404-C332 who was <16 years of age 
^Includes subject N01254-166-B301 who participated in Study N01254 
 
There was a higher percentage of deaths in BRV-treated subjects (0.36%) compared to 
placebo-treated subjects (0.22%) in the controlled POS Phase 3 studies.  After including 
an additional death in Study N01254 for Pool S3, the percentage of deaths in BRV-
treated subjects (0.29%) was almost double that of the placebo subjects (0.15%).   
 
Comment:  This result in the POS controlled studies was mainly driven by 3 deaths due 
to SUDEP only in BRV-treated subjects.  I categorized the following subjects as deaths 
due to SUDEP in the POS controlled studies:  N01253-422-B063, N01358-051-00847, 
and N01358-064-00877.   Of note, the Applicant also categorized all 3 of these subjects 
as definite cases of SUDEP.   
 
I calculated the incidence rates of SUDEP in BRV-treated subjects in the different 
pooled groups:  3/249.9 subject-years of exposure or 12.0 per 1000 subject-years in 
Pool S1 and 3/404.0 subject-years of exposure or 7.4 per 1000 subject-years in Pool 
S3.  Notably, while the incidence rate for Pool S3 is within the rates reported in the 
literature of 3.5-9.3 per 1000 person-years in subjects with refractory epilepsy,4 the 
incidence rate for Pool S1 is higher than these rates reported in the literature. However, 
2 of these subjects were reportedly not taking BRV at the time of death (off study drug 
for 9 and 14 days for subjects N01358-064-00877 and N01253-422-B063, respectively).  
Of note, the elimination half-life for BRV is reported to be 9 hours which makes 4 to 5 
elimination half-lives for BRV equal to 36 to 45 hours. 
 
Of note, the cause of death in the placebo-treated subject was coded as sepsis by the 
Applicant.  I reviewed the CIOMS form submitted on 3/26/15 by the Applicant in 
response to the Division’s information request: 
 

N01252-270-F390:  69 yo AM was found dead on Study Day 91 approximately 30km from his 
home. The subject had absconded from his home 1 week prior.  An autopsy reported the cause of 

                                            
4 Tomson T, Nashef L, Ryvlin P. Sudden unexpected death in epilepsy: current knowledge and future directions. 
Lancet Neurol. 2008; 7: 1021–31. 
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death as septicemia. Subject had no suicidal or psychiatric history, but had a history of “aimless 
wandering around his home.”  On the last site visit, the subject was generally in good physical 
health without depression or suicidal tendencies.   
In response to the Division's information request, the Applicant (on 7/1/15) submitted a death 
certificate which reported that the probable cause of death was “septicemia.”  The Applicant was 
not able to obtain the autopsy report. 

 
Additionally, in the POS open-label extension studies, there were 30 deaths in BRV-
treated subjects:   
• 7 SUDEP (definite, probable, and possible cases) – discussed below 
• 7 neoplasms 

o 1 case of malignant astrocytoma 
o 3 cases of lung cancers in subjects ≥50 years old (n=2) or with a history of 

tobacco use (n=1) 
o 2 cases of other cancers in subjects with risk factors:  ovarian (59 yo with history 

of tobacco use) and esophageal (history of Barrett’s and tobacco use) 
o 1 case of thymoma that was diagnosed soon after BRV initiation (~3 months) 

• 6 other causes 
o 3 cardiovascular (myocardial infarction in subjects with cardiac risk factors: male, 

≥50 years old, HTN, tobacco use, diabetes mellitus, hyperlipidemia) 
o 1 fall (in a 72 year-old that led to hip fracture complicated by sepsis) 
o 1 GI hemorrhage (in a subject with a history of GERD) 
o 1 multi-organ failure (with wide complex tachycardia in LTFU study after receiving 

BRV for almost 3 years) – discussed further in Section 7.3.5 
• 2 suicides 

o This safety issue is already required by the Division to be included in labeling for 
all anticonvulsants 

• 2 status epilepticus or seizure-related events 
o Please refer to Dr. Dinsmore’s review of efficacy for a detailed analysis of status 

epilepticus or worsening of seizures with BRV use 
• 4 while off BRV or due to other clear etiologies (e.g., drowning, encephalitis due to 

VP shunt failure, or motor vehicle/train accidents) 
 
Comment:  In terms of deaths due to SUDEP, there were a total of 10 cases of SUDEP 
(definite, probable, and possible) in the POS studies (combining the POS controlled and 
open-label extension studies).  I calculated the incidence rate of SUDEP in BRV-treated 
subjects in Pool S4 to be 1.6 per 1000 subject-years (10/6257.1 subject-years of 
exposure).  After including the 3 cases from the ULD and pediatric studies of treatment-
emergent possible (N01125-943-1003, N01266-401-07703) and probable (N01125-950-
1006) SUDEP (listed below), the rate is 1.8 per 1000 subject-years (13/7195.6 subject-
years of exposure).  These incidence rates are lower than the rates reported in the 
literature of 3.5-9.3 per 1000 person-years in subjects with refractory epilepsy.5   

                                            
5 Tomson T, Nashef L, Ryvlin P. Sudden unexpected death in epilepsy: current knowledge and future directions. 
Lancet Neurol. 2008; 7: 1021–31. 
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Of note, the Applicant categorized and reported a total of 17 cases of SUDEP (definite, 
probable, and possible) in the epilepsy all treated pool including the 120-day safety 
update (or 2.3 per 1000 subject-years) which is still lower than the rates reported in the 
literature.  The Applicant and I differed in the subjects that we considered as SUDEP 
cases.  The Applicant included 5 cases in this total (that I did not include in my SUDEP 
count) using a “conservative approach.”  I did not include these as cases of SUDEP 
because there were other etiologies stated in the narrative (chest pain/left arm pain prior 
to MI) or were not unexpected (subject with Baltic Myoclonic Epilepsy felt unwell days 
prior to death) or occurred while off BRV >4 weeks (N01315-231-0002).  However, I 
included subjects (coded to drowning or suicide) in my SUDEP total which the Applicant 
did not include.  Finally, despite these differences in SUDEP cases, even if I had 
included the 5 additional treatment-emergent cases from the Applicant, the rate of 
SUDEP in the epilepsy all treated pool is still slightly lower to the rates in the literature 
(for refractory epilepsy) at 2.5 per 1000 subject-years (18/7195.6 subject-years).  
 
Finally, for SUDEP, there appeared to be a higher risk of developing SUDEP in BRV-
treated subjects compared to placebo-treated subjects in the POS controlled studies 
and, the incidence rate in BRV-treated subjects in Pool S1 appeared to be higher than 
those reported in the literature for refractory epilepsy patients.  However, some of the 
subjects were not taking BRV at the time of death and there were a small number of 
cases of SUDEP (even 1 case of SUDEP in the placebo-treated group would even out 
the SUDEP percentages in the treatment groups in Pool S1:  0.22% or 1/459 vs 0.27% 
or 3/1099).  Additionally, the incidence rates of SUDEP in the BRV all-treated pool (Pool 
S4) were lower than the rates reported in the literature for refractory epilepsy patients.  
A variety of risk factors for SUDEP have been proposed including increased seizure 
frequency (primary generalized tonic-clonic seizures) and subtherapeutic dose of AEDs. 
Therefore, BRV is unlikely associated with an increased risk for SUDEP. 
 
In response to the Division’s information request for an analysis and discussion of the 
SUDEP risk in this NDA (with particular emphasis on Pool S1), the Applicant submitted 
the following conclusion: 

“Although there is a disparity in the SUDEP rate in Pool S1, this appears to be 
due to the low numbers of subjects [with wide and overlapping 95% confidence 
intervals] and brief period of exposure in those studies. Furthermore, thorough 
review of the individual cases in Pool S1 suggests that the subjects had 
significant risk factors [Type 1C seizures, in the 20-40 year age group, long 
history of epilepsy] which increased their vulnerability and of note, 1 was not 
taking BRV in the days leading up to his death. Cases reported in the long term 
studies also had significant additional risk factors. UCB considers the SUDEP 
rate for Pool S4 a more reliable estimate of risk, given the longer exposure [and 
similarity to the population in the Tomson et al review article] .  The rate for BRV 
in Pool S4 is comparable with other AED development programs and the benefit 
risk balance of BRV remains positive.” 
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In terms of deaths due to neoplasms, it is difficult to establish a pattern to these 
neoplasms with only single cases of ovarian cancer, esophageal cancer, astrocytoma, 
and thymoma (and most of these subjects had underlying risk factors or in one case the 
cancer developed less than 4 months after the initial BRV dose).  There were 3 cases of 
lung cancers that occurred in older subjects (≥50 years of age) or in a subject with risk 
factors (chronic tobacco use – verified by CIOMS report submitted by Applicant on 
March 26, 2015 in response to the Division’s information request).  In conclusion, with 
only a few cases of malignant neoplasms, it is difficult to establish a causal role of BRV 
in these deaths caused by malignancies. 
 
In terms of deaths due to other causes, after reviewing the available clinical details, it is 
difficult to draw any definitive conclusions about the causal role of BRV in these deaths 
due to confounders (other risk factors) or lack of temporal association (in LTFU studies). 
 
Of note, in a 7-day fax notification for UCB Serious Unexpected Suspected Adverse 
Report for brivaracetam dated March 23, 2015, the Applicant reported a case (Mfr. 
Report # 2015009013 or subject ID N01372-07151) of a 27 year-old female in Study 
N01372 who was found unresponsive, bent over the bathtub with her head underwater, 
fully clothed, 5 months after starting brivaracetam.  Per the subject’s mother, the subject 
was previously healthy and in good spirits (without suicidal thoughts or history of 
suicidal thoughts or ideation).  In response to the Division's information request, the 
Applicant (on September 2, 2015) submitted an autopsy report that listed the cause of 
death as  “drowning by submersion in bathtub water due to seizure” and the manner of 
death as “accident:  had a seizure, fell forward then became submerged in the bathtub 
water.”  Hemorrhagic pulmonary edema was seen on autopsy. 
 
Other Indications 
The deaths in the BRV studies performed for other indications are discussed below 
separately from the deaths which occurred in the POS studies due to the possibility of 
differential risk factors due to the underlying differences in the subject populations.  
There were a total of 9 deaths in studies performed for other indications (pediatric 
studies, monotherapy studies, and ULD studies).  The following table summarizes these 
deaths. 
 
Comment:  Of note, the Applicant includes 1 additional pediatric subject in their 
Pediatric Pool (subject #N01253-404-C332).  However, this 14 year-old female was 
enrolled in POS Study N01253 and, therefore, I have included this subject in the POS 
table above. 
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Table 44.  Deaths in BRV-treated subjects, Studies for Other Indications 
Age(at 
time of 
death)/ 
Gender 

Subject Number 

Treatment 
(daily dose 

in mg) at the 
time of 
death 

Cause of death per Drug 
Safety 

Database (Clinical 
Database) 

Causality 
per 

Investigator 
Company 
Causality 

Duration of 
exposure to 

BRV 

  Pediatric Studies 

1/F N01263-603-02029 
N01266-603-02029 BRV 24 Pneumonia (history of 

cerebral palsy) Not related Not related 5.5 months 

2/M N01263-403-01706 
N01266-403-01706 BRV 51 Aspiration (of food without 

seizure) Not related Not related 12.7 months 

14/M N01266-401-07703 BRV 200 Circulatory collapse Not related Not related 6.3 months 

Subject with a recent diagnosis of moderate aortic stenosis (and ventricular hypertrophy) who collapsed 
suddenly while with his family on an outdoor walk.  When EMS arrived, ECG showed ventricular fibrillation – 
then pulseless electrical activity and asystole.  Cause of death was circulatory arrest.  Autopsy was not 
performed.  Categorized as possible or probable SUDEP by the Applicant in the 120-day safety update.  
ECGs during the study were evaluated by a cardiologist and reported as “normal” during screening and 
“abnormal, not clinically significant” during subsequent visits (titration V2:  Q wave in I and avL, titration V3: 
LV hypertrophy, visit 1: LV hypertrophy) during the study (per CRF). 

 Monotherapy Studies 

32/F N01306-231-E021 
N01315-231-0002 

>4 weeks post-
treatment SUDEP Not related Not related 18.2 months 

 ULD Studies 

45/F N01236-180-0368 
N01125-861-1003 

6 weeks post-
treatment Lung disorder Possible Not related 38.1 months 

Subject developed fever and pyelonephritis and treated with cefotaxime and gentamycin.  BRV was 
discontinued.  Three weeks later, the subject experienced “pneumopathy” and hospitalized in the intensive 
care unit.  Subject died due to septic shock 3 weeks later.  Autopsy was not performed. 

47/M N01187-050-0086 
N01125-850-1003 BRV 100 Baltic myoclonic 

epilepsy Not related Not related 65.5 months 

Subject was “very sick with Unverricht-Lundborg and had been confined to bed for a long time and had been 
having difficulty eating” and started coughing.  The next day, the subject was found dead in his bed. 

23/M N01236-150-0059 
N01125-950-1006 BRV 100 Death (probable 

SUDEP by Applicant) Unlikely Not related 10.6 months 

Subject died suddenly.  The subject’s brother related that the coroner commented that the subject probably 
died during a generalized tonic-clonic seizure.   Recent increase in myoclonus and seizure associated with 
decreased ambulation due to withdrawal of valproic acid due to increased LFTs.  EKGs (for the past year) 
revealed SI, QIII pattern with T wave abnormalities in I and aVL. 

22/F N01286-143-0289 
N01125-943-1003 BRV 150 Completed suicide Unlikely Not related 26.2 months 

Subject fell down out of a window and died.  The event was reported as a “voluntary suicidal gesture.”  
However, the subject did not have any prior suicidal behavior or thoughts. Subject had ULD and had 2 tonic-
clonic seizures days prior to this event.  This could also be SUDEP (possible). 

46/M N01187-040-0028 
N01125-821-1028 

8 months post-
treatment Status epilepticus Unlikely Not related 24.6 months 

Source:  ISS Tables 6-30, 6-32, 6-34 and narratives provided by the Applicant 
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Comment:  After reviewing the available clinical details for these 9 deaths, it is difficult to 
draw any definitive conclusions about the causal role of BRV in these deaths.  Most of 
these deaths in the studies performed for other indications occurred either off of BRV 
treatment for >4 weeks or were a result of events related to the underlying disease or 
patient population (e.g., Baltic Myoclonic Epilepsy, aspiration of food in toddler, status 
epilepticus, suicide).  There were also 3 cases of possible or probable SUDEP in the 
ULD studies and pediatric studies (SUDEP discussed in detail above).  Of note, I have 
classified the pediatric case of circulatory arrest as possible SUDEP (in a broad 
approach to SUDEP even though this death was likely due to the subject’s significant 
cardiac history).  Additionally, there was an isolated death due to pneumonia after 5 
months of exposure to BRV in a one year old subject (with cerebral palsy). 

7.3.2 Nonfatal Serious Adverse Events 

The Applicant defined serious adverse events (SAEs) as any adverse event that 
resulted in death, was life-threatening, required inpatient hospitalization (excluding 
admissions for preplanned/elective surgery or emergency room visits without inpatient 
admissions) or prolongation of existing hospitalization, resulted in persistent or 
significant disability/incapacity, or was a congenital anomaly/birth defect.  Additionally, 
other important medical events that could jeopardize the subject or required intervention 
to prevent one of the serious outcomes were also considered to be SAEs by the 
Applicant.  All SAEs were followed by the investigators until resolution or stabilization.  
This approach was acceptable to the reviewer. 
 
The following tables provide an overview of TEAEs, SAEs, and TEAEs leading to 
discontinuation for subjects in the controlled pooled groups:  Pool S1, Pool S2, Pool S3, 
and Pool S4.  While the incidence of TEAEs was similar or slightly higher in the total 
BRV group compared to the placebo group, the incidence of SAEs was lower in the total 
BRV group than the placebo group in Pools S1, S2, and S3.  TEAEs leading to 
discontinuations occurred more frequently in the total BRV group than the placebo 
group.  However, there was no dose response relationship observed.  In general, the 
incidences of TEAEs, SAEs, and TEAEs leading to discontinuation were higher in the 
Phase 3 trials (Pool S1) than in the Phase 2 trials (Pool S2). 
 
Table 45.  Overview of TEAEs for Subjects in Pool S1 

Category 
Placebo 

n (%) 
Brivaracetam, n (%) 

5 mg 20 mg 50 mg 100 mg 200 mg Total 
Pool S1 total 459 97 199 200 353 250 1099 
 TEAEs 285 (62) 69 (71.1) 136 (68) 142 (71) 236 (67) 168 (67) 751 (68) 
 Serious TEAEs 13 (2.8) 1 (1.0) 2 (1.0) 6 (3.0) 9 (2.5) 9 (3.6) 27 (2.5) 
 TEAE leading to DC 18 (3.9) 9 (9.3) 11 (5.5) 10 (5.0) 27 (7.6) 17 (6.8) 74 (6.7) 
Source:  ISS Table 6-1 , Safety Information Amendment 8/11/15 Table 5.1.1.1 
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Table 46.  Overview of TEAEs for Subjects in Pool S2 
Category 

Placebo 
n (%) 

Brivaracetam, n (%) 
5 mg 20 mg 50 mg 100 mg 150 mg Total 

Pool S2 total 106 50 52 105 NA 52 259 
 TEAEs 65 (61) 27 (54.0) 30 (57.7) 65 (61.9) NA 35 (67.3) 157 (61) 
 Serious TEAEs 4 (3.8) 0 1 (1.9) 2 (1.9) NA  2 (3.8) 5 (1.9) 
 TEAE leading to DC 3 (2.8) 3 (6.0) 3 (5.8) 6 (5.7) NA 2 (3.8) 14 (5.4) 
Source:  ISS Table 6-2, Safety Information Amendment 8/11/15 Table 5.1.1.2 
 
Table 47.  Overview of TEAEs for Subjects in Pool S3 

Category 
Placebo 

n (%) 
Brivaracetam, n (%) 

5 -20 mg 50 mg 100 mg 150 mg 200 mg Total 
Pool S3 total 686 446 360 440 221 250 1717 
 TEAEs 431 (63) 299 (67) 247 (69) 302 (69) 133 (60) 168 (67) 1149 (67) 
 Serious TEAEs 26 (3.8) 12 (2.7) 10 (2.8) 14 (3.2) 6 (2.7) 9 (3.6) 51 (3.0) 
 TEAE leading to DC 30 (4.4) 40 (9.0) 19 (5.3) 30 (6.8) 6 (2.7) 17 (6.8) 112 (6.5) 
Source:  ISS Table 6-3, Safety Information Amendment 8/11/15 Table 5.1.1.3 
 
The following table provides an overview of TEAEs, SAEs, and TEAEs leading to 
discontinuation for subjects in Pool S4.  There was no dose response observed in the 
modal dose groups for Pool S4 (a possible reverse dose response seen for TEAEs 
leading to discontinuations).  The incidences of adverse events in Pool S4 were higher 
than those for controlled pools given the much longer exposure in Pool S4 (6257 
subject-years in the total BRV group) compared to Pool S3 (with 404 subject-years in 
the total BRV group). 
 
Table 48.  Overview of TEAEs for Subjects in Pool S4 

Category 
Brivaracetam modal dose groups n (%) 

5 -20 mg 50 mg 100 mg 150 mg 200 mg Total 
Pool S4 totals 201 318 493 899 526 2437 
 TEAEs 178 (89) 280 (88) 437 (89) 785 (87) 440 (84) 2120 (87) 
 Serious TEAEs 32 (15.9) 67 (21.1) 113 (22.9) 180 (20) 80 (15.2) 472 (19.4) 
 TEAE leading to DC 73 (36.3) 72 (22.6) 80 (16.2) 77 (8.6) 49 (9.3) 351 (14.4) 
Source:  120-day Safety Update Table 6-1, Safety Information Amendment 8/31/15 Table 5.1.1.4 
 
The following table summarizes the treatment-emergent SAEs which occurred in 
MedDRA SOCs with at least 2 BRV subjects and more frequent than placebo subjects 
in Pool S1.  SAEs of falls and injuries along with psychiatric disorders occurred more 
frequently in BRV-treated subjects than placebo subjects in Pool S1. 
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Table 49.  SAEs in SOCs with ≥2 BRV subjects and greater than placebo in the 
SOC, Pool S1 

MedDRA SOC and PT 
Placebo  
n = 459 

BRV 
n = 1099 

Any SAE 13 (2.8) 27 (2.5) 
SOC Gastrointestinal disorders  0 2 (0.2) 
   Gastritis erosive 0 1 (<0.1) 
   Inguinal hernia 0 1 (<0.1) 
SOC General disorders 0 3 (0.3) 
   Chest pain 0 1 (<0.1) 
   Death 0 1 (<0.1) 
   SUDEP 0 1 (<0.1) 
SOC Infections and infestations  1 (0.2)  3 (0.3) 
   Bronchitis 0 1 (<0.1) 
   Localised infection 0 1 (<0.1) 
   Pneumonia 1 (0.2) 1 (<0.1) 
SOC Injury, poisoning, procedural 2 (0.4) 5 (0.5) 
   Fall 0 3 (0.3) 
   Humerus fracture 0 2 (0.2) 
   Craniocerebral injury 0 1 (<0.1) 
   Jaw fracture 0 1 (<0.1) 
   Rib fracture 0 1 (<0.1) 
   Traumatic renal injury 0 1 (<0.1) 
   Clavicle fracture 1 (0.2) 0 
   Joint dislocation 1 (0.2) 0 
SOC Psychiatric disorders  0 5 (0.5) 
   Adjustment disorder  0 2 (0.2) 
   Psychotic disorder  0 2 (0.2) 
   Conversion disorder 0 1 (<0.1) 
Source:  ISS Table 6-36, Safety Information Amendment 8/11/15 Table 5.5.1.1 
 
In Pool S2, the following SAEs were more frequently experienced in the total BRV group 
than placebo (0):  convulsion (1), cystitis (1), neurotoxicity (1), pregnancy (1), and 
patella fracture (1).   
 
The following tables summarize the treatment-emergent SAEs reported by SOC, HLGT, 
and HLT in Pool S4.  The MedDRA SOC for which BRV subjects most frequently 
reported a SAE was Nervous System Disorders (6.6%), followed by Injury, poisoning 
and procedural complications (4.4%), Psychiatric disorders (2.9%), and Infections and 
infestations (2.5%).   
 
Comment:  Of note, there were a total of 20 BRV-treated subjects who experienced 
SAEs in the MedDRA SOC of Pregnancy, Puerperium, and perinatal conditions (to be 
discussed further in Section 7.6.2 of this review).  Surprisingly, there were 3 uncoded 
SAEs.  In order to further evaluate these events, the verbatim terms were reviewed:  
“balance disorder (qualified as TIA)” (subject N01258-795-02929), “jaw fracture from 
seizure related fall” (subject N01358-383-00583), and “worsening of myeloneuropathy” 
(subject N01358-608-00774).  These verbatim terms should have been coded to 
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“cervico-vestibular syndrome,” “severe anaemia due to menorrhagia,” “spells of 
unknown etiology,” “fluid in lungs (hospitalization),” and “pacemaker.”  Of note, these 
verbatim terms should have been coded to MedDRA preferred terms.   
See Applicant’s response to the Division’s information request for an explanation earlier 
in this Section. 
 
In Pool S4, there were no BRV subjects who developed treatment-emergent SAEs of 
acute hepatic failure (or hepatic failure), agranulocytosis, aplastic anemia, drug reaction 
with eosinophilia and systemic symptoms, pancytopenia, rhabdomyolysis, Stevens 
Johnson syndrome, toxic epidermal necrolysis, torsade de pointes, ventricular 
fibrillation, ventricular tachyarrhythmia, or ventricular tachycardia. 
 
However, there was 1 BRV case each of acute pancreatitis (N01358-476-00255), 
anaphylactic reaction (N01254-086-D162 on study day ~100 but BRV was continued 
without recurrence), angioedema (N01254-168-B124), loss of consciousness (N01358-
607-00408), syncope (BRV continued without recurrence), septic shock (hip fracture), 
and renal failure (N01254-266-K360) along with 2 acute renal failures (N01252-052-
D297 and N01253-356-B058).   Pertinent cases will be discussed in more detail in 
Sections 7.3.4 and 7.3.5 of this review. 
 
In the other Pooled Groups (Monotherapy, ULD, Pediatric, IV, other indications, Phase 
1), the SAEs that were experienced by BRV-treated subjects were, in general, similarly 
distributed among the MedDRA SOCs, HLGT, HLTs, and PTs (as in the POS studies) 
except for the following differences: 
• Pool IV:  There were no SAEs reported by the Applicant for these studies. 
• Pool Monotherapy:  There was a higher percentage of SAEs experienced by BRV-

treated subjects in the SOC Cardiac disorders (n=5 or 3.3%) driven by the PT angina 
pectoris (2) along with the SOC Hepatobiliary disorders (n=3 or 2%) due to the PTs 
cholecystitis (1) and cholelithiasis (2).  There was also a higher percentage of SAEs 
in the HLT generalised tonic-clonic seizures (n=3 or 2%) driven by grand mal 
convulsion (3) and status epilepticus (2).  There were also the following rare SAEs:  
2 pneumonia, 1 loss of consciousness, and 1 renal failure acute. 

• Pool ULD: There was a higher percentage of SAEs experienced by BRV-treated 
subjects overall (n=42 or 41%) driven by the following seizure-related PTs due to 
differences in the underlying disease characteristics in the study population (ULD):  
myoclonus (7.8%), myoclonic epilepsy (5.9%), grand mal convulsion (4.9%), 
convulsion (4.9%), and status epilepticus (2.9%).  There were also the following rare 
SAEs:  1 each of acute cholecystitis, gallbladder operation, pancreatitis, and 
rhabdomyolysis (N01187-010-0228 during episode of severe progressive myoclonic 
epilepsy 5 years after starting BRV when subject could not stand and was lying on 
top of his extremities). 

• Pool Pediatric:  There was a higher percentage of SAEs experienced by BRV-
treated subjects related to infections (gastroenteritis 1.5%, pneumonia 1%, urinary 
tract infection 1%, pyrexia 2%, and dehydration 2%).  There was also the following 
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significant SAE:  1 case coded to the PT “homicidal ideation” (subject N01263-114-
01837 with prior history of psychiatric disorders, aggression, and physical assault).   

• Pool Other:  There was 1 subject with PHN who experienced SAEs of vascular 
purpura and thrombocytopenia 

• Pool Phase 1:  A total of 3 BRV-treated subjects (0.4%) reported the following SAEs 
(compared to 0 placebo subjects): epilepsy, postictal state, abnormal behaviour, and 
aggression. 

Pertinent cases (hepatobiliary disorders, renal failure, loss of consciousness/syncope, 
cardiac disorders, psychiatric disorders, rhabdomyolysis, and infections) will be 
discussed in more detail in Sections 7.3.4 and 7.3.5 of this review. 

7.3.3 Dropouts and/or Discontinuations 

In Pool S1, a higher percentage of BRV subjects (9.6%, 106/1099) discontinued 
compared to placebo subjects (6.1%, 28/459).  This result is mainly driven by 
discontinuations due to adverse events occurring at a higher frequency in BRV subjects 
(6.6%) than in placebo subjects (3.5%).  No clear dose-response relationship is 
identified.  Discontinuations due to lack of efficacy, lost to follow-up, subject choice, and 
other occurred in BRV subjects at approximately the same frequency as placebo 
subjects (all occurred at low rates).  The following table summarizes the 
discontinuations for Pool S1. 
 
Table 54.  Summary of subject disposition, Pool S1 

Category 
Placebo 

n (%) 
Brivaracetam, n (%) 

5 mg 20 mg 50 mg 100 mg 200 mg Total 
n 459 97 199 200 353 250 1099 
Completed 431 (94) 82 (85) 186 (94) 181 (91) 319 (90) 225 (90) 993 (90) 
Discontinued 28 (6.1) 15 (15.5) 13 (6.5) 19 (9.5) 34 (9.6) 25 (10) 106 (9.6) 
Reason for DC        
  Adverse event 16 (3.5) 8 (8.2) 9 (4.5) 12 (6.0) 26 (7.4) 17 (6.8) 72 (6.6) 
  Lack of efficacy 2 (0.4) 0 0 0 1 (0.3) 0 1 (<0.1) 
  Lost to follow-up 2 (0.4) 4 (4.1) 0 2 (1.0) 1 (0.3) 3 (1.2) 10 (0.9) 
  Subject choice 4 (0.9) 2 (2.1) 2 (1.0) 2 (1.0) 2 (0.6) 4 (1.6) 12 (1.1) 
  Other 4 (0.9) 1 (1.0) 2 (1.0) 3 (1.5) 4 (1.1) 1 (0.4) 11 (1.0) 
Source:  ISS Table 5-20 
 
In Pool S4, approximately 40% of the subjects are still continuing currently in the LTFU 
studies.  Over half of the BRV-treated subjects (56.8%) have withdrawn from the studies 
mostly due to lack of efficacy (23.9%), adverse events (14.7%), and subject choice 
(9.2%).  An inverse dose response relationship was identified for discontinuation from 
therapy (e.g., due to adverse event, lost to follow-up, subject choice).  The following 
table summarizes the discontinuations by BRV modal dose group for Pool S4. 
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Table 55.  Summary of subject disposition, Pool S4 

Category 
Brivaracetam modal dose groups n (%) 

5 -20 mg 50 mg 100 mg 150 mg 200 mg Total 
n 201 318 493 899 526 2437 
Ongoing subjects 13 (6.5) 77 (24.2) 159 (32.3) 407 (45) 336 (63.9) 992 (40.7) 
Completed core, 
did not enter LTFU 

17 (8.5) 17 (5.3) 18 (3.7) 5 (0.6) 5 (1.0) 62 (2.5) 

Discontinued LTFU 171 (85.1) 224 (70) 316 (64.1) 487 (54) 185 (35.2) 1383 (56.8) 
Reason for DC       
  Adverse event 71 (35.3) 76 (23.9) 82 (16.6) 78 (8.7) 52 (9.9) 359 (14.7) 
  Lack of efficacy 45 (22.4) 66 (20.8) 136 (27.6) 260 (29) 76 (14.4) 583 (23.9) 
  Lost to follow-up 18 (9.0) 19 (6.0) 20 (4.1) 22 (2.4) 9 (1.7) 88 (3.6) 
  Subject choice 24 (11.9) 38 (11.9) 49 (9.9) 80 (8.9) 32 (6.1) 223 (9.2) 
  Other 13 (6.5) 25 (7.9) 27 (5.5) 41 (4.6) 10 (1.9) 116 (4.8) 
  Missing 0 0 2 (0.4) 6 (0.7) 6 (1.1) 14 (0.6) 
Source:  120-day Safety Update Table 2.1.1.4 
 
 

The following table summarizes subject disposition in the other Pooled Groups 
(Monotherapy, ULD, Pediatric, IV, other indications, Phase 1) for the total BRV group. 
 
Table 56.  Summary of subject disposition, Other Pooled Groups 

Category 
Total Brivaracetam Group, n (%) 

Monotherapy ULD Pediatric IV Other Phase 1 
n 150 102 205 177 146 694 
Ongoing subjects 40 (26.7) 40 (39.2) 118 (57.6) NA NA NA 
Completed 2 (1.3)* 5 (4.9)* 5 (2.4)* 176 (99) 136 (93) 671 (97) 
Discontinued 108 (72.0) 57 (55.9) 82 (40.0) 1 (0.6) 10 (6.8) 23 (3.3) 
Reason for DC       
  Adverse event 27 (18.0) 16 (15.7) 27 (13.0) 1 (0.6) 5 (3.4) 2 (0.9) 
  Lack of efficacy 46 (30.7) 28 (27.5) 27 (13.2) 0 1 (0.7) 0 
  Lost to follow-up 4 (2.7) 0 3 (1.5) 0 1 (0.7) 0 
  Subject choice 14 (9.3) 8 (7.8) 19 (9.3) 0 1 (0.7) 4 (1.8) 
  Other 17 (11.3) 3 (2.9) 6 (2.9) 0 2 (1.0) 3 (1.4) 
  Missing 1 (0.7) 2 (2.0) 0 0 0 0 
Source:  120-day Safety Update Tables 2.1.2.3, 2.1.2.4, 2.1.2.2 and ISS Tables 5-22, 2.1.2.5, 2.1.3.1 
*subjects who completed core study but did not enter LTFU study 
 
Discontinuations Due to TEAEs 
The following section further analyzes the TEAEs leading to treatment discontinuation.   
 
In the Pool S1, the incidence of developing TEAEs that resulted in drug discontinuation 
was higher in the BRV subjects (6.7%) than in the placebo subjects (3.9%).  The 
following forest plot summarizes the TEAEs leading to discontinuation sorted by SOC by 
risk difference between the total BRV group (denoted by 1) and placebo (denoted by “.” 
in the graph).  The largest risk difference for these TEAEs between BRV and placebo 
subjects was identified for the SOC Nervous system disorders (RD=1.3%) and SOC 
Psychiatric disorders (RD=0.7%).  Notably, a negative risk difference was identified 
between BRV and placebo subjects (or a lower risk for BRV subjects than placebo 
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subjects) for TEAEs leading to discontinuation for the following SOCs: Cardiac 
disorders, Gastrointestinal disorders, and Skin disorders.   BRV subjects reported 
TEAEs leading to discontinuation more frequently than placebo subjects for the 
following PTs:  dizziness, convulsion, headache, depression, aggression, insomnia, 
irritability, ataxia, agitation, dyspnoea, and fall (in descending order of risk difference).  
 
Figure 8.  TEAEs leading to discontinuation by SOC and Risk Difference (Total 
BRV-Placebo), Pool S1 

 
Source:  Created by reviewer using JReview and Safety Information Amendment datasets (8/11/15): 
ADAE (TRTEMFL=Y, AEBODSYS, AEACN=DRUG WITHDRAWN or MULTIPLE and AEDROP=Y) and 
ADSL (PS1FL=Y, TR01PG3N) 
 
For more detailed evaluation, the following graph stratifies the TEAEs by HLGTs for the 
SOC Nervous system disorders and Psychiatric disorders. 
 
Figure 9.  TEAEs leading to discontinuation with SOC >0.5% Risk Difference 
(Total BRV-Placebo), Pool S1 

 
Source:  Created by reviewer using JReview and Safety Information Amendment datasets (8/11/15): 
ADAE (TRTEMFL=Y, AEBODSYS, AEHLGT, AEACN=DRUG WITHDRAWN or MULTIPLE and 
AEDROP=Y) and ADSL (PS1FL=Y, TR01PG3N) 
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Figure 10.  TEAEs leading to discontinuation with PT >0.1% Risk Difference (Total 
BRV-Placebo), Pool S1 

 
Source:  Created by reviewer using JReview and Safety Information Amendment datasets (8/11/15): 
ADAE (TRTEMFL=Y, AEDECOD, AEACN=DRUG WITHDRAWN or MULTIPLE and AEDROP=Y) and 
ADSL (PS1FL=Y, TR01PG3N) 
 
In Pool S2, the only TEAE leading to discontinuation in ≥2 subjects and greater than 
placebo in the total BRV group was due to the PT pregnancy. 
 
In Study N01254, the following additional TEAEs leading to discontinuation in ≥2 
subjects and greater than placebo in the total BRV were identified:  vertigo (3 vs 0), 
vision blurred (2 vs 0). 
 
The following tables summarize the TEAEs leading to discontinuation experienced by 
BRV-treated subjects by SOC, HLGT, and HLT in Pool S4.  The MedDRA SOC for 
which BRV subjects most frequently experienced a TEAE leading to discontinuation was 
Nervous System Disorders (4.8%), followed by Psychiatric disorders (4.1%), General 
disorders (1.9%), and Pregnancy, Puerperium, and perinatal conditions (1.2%).   
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acute pancreatitis (N01358-476-00255), chronic pancreatitis (N01254-161-A113), septic 
shock (hip fracture), and renal failure (N01254-266-K360) along with 1 acute renal 
failure (N01253-356-B058).  Pertinent cases will be discussed in more detail in Sections 
7.3.4 - 7.3.5 of this review. 
 
Comment:  Of note, there was 1 uncoded TEAE leading to discontinuation (verbatim 
term “subject threatened to hurt himself w/o intention to cause harm”) and 1 TEAE 
coded to PT unevaluable event (verbatim term “depression with aggression”).  See 
Applicant’s response to the Division’s information request for an explanation earlier in 
this Section. 
 
In the other Pooled Groups (Monotherapy, ULD, Pediatric, IV, other indications, Phase 
1), the TEAEs leading to discontinuation that were experienced by BRV-treated subjects 
were, in general, similarly distributed among the MedDRA SOCs, HLGT, HLTs, and PTs 
(as in the POS studies) except for the following differences: 
• Pool IV:  There was only 1 TEAE leading to discontinuation in BRV-treated subjects 

reported by the Applicant for these studies: gamma-glutamyltransferase increased 
(in the 100 mg dose group).   
Comment:  I identified an additional subject in CSR for N01258 who was reported as 
permanently discontinuing study drug due to anxiety.  In response to the Division's 
information request, the Applicant submitted new ISS tables (on 6/19/15) that 
included this TEAE. 

• Pool Monotherapy:  There was a higher percentage of TEAEs leading to 
discontinuation experienced by BRV-treated subjects overall (n=35 or 23%) driven 
by PTs in the SOCs Nervous system disorders (12.7%, mostly in the HLGT Seizures 
[incl subtypes]) and Psychiatric disorders (10.7%, mostly in the HLGTs Anxiety 
disorders and symptoms, Depressed mood disorders and disturbances, Personality 
disorders and disturbances in behaviour, and Suicidal and self-injurious behaviours 
NEC).  There was 1 TEAE leading to discontinuation coded to the PT violence-
related symptom (N01276-004-L016/N01315-004-0001 – a 55 year-old male who 
experienced violence-related symptom and suicidal ideation almost 3 years after 
starting BRV).  Of note, the Applicant provided the following reasoning for the higher 
percentage of BRV-treated subjects discontinuing due to seizure-related TEAEs: 
“subjects in Pool Monotherapy were evaluated in the conversion to monotherapy 
studies for meeting predefined exit criteria reflective of seizure worsening. By 
protocol, subjects meeting exit criteria in the monotherapy core studies may have 
been considered as also having a TEAE regardless of whether or not a seizure-
related TEAE was reported by the investigator.”   

• Pool ULD: There was a higher percentage of TEAEs leading to discontinuation 
experienced by BRV-treated subjects overall (n=15 or 15%) driven by the following 
neurologic PTs due to differences in the underlying disease characteristics in the 
study population (ULD):  myoclonus (3.9%), myoclonic epilepsy (1.0%), and status 
epilepticus (1.0%).   
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• Pool Pediatric:  There was a higher percentage of TEAEs leading to discontinuation 
experienced by BRV-treated subjects related to behavioral changes (aggression n=4 
and homicidal ideation n=1) and respiratory failure and circulatory collapse (1 acute 
respiratory failure, 1 respiratory failure, and 2 circulatory collapse).  Of note, the case 
coded to the PT “homicidal ideation” was also coded as a SAE (see earlier 
discussion of subject N01263-114-01837 with prior history of psychiatric disorders, 
aggression, and physical assault).   

• Pool Other:  TEAEs leading to discontinuation occurred in BRV-treated subjects 
(3.4%) at a slightly lower frequency than placebo subjects (4.3%).  No significant 
PTs were noted.  

• Pool Phase 1:  TEAEs leading to discontinuation occurred in BRV-treated subjects 
(0.7%) at a similar frequency as placebo subjects (0.9%).  The 5 BRV-treated 
subjects reported the following TEAEs leading to discontinuation: 1 asthenia, 2 
dizziness, 1 pruritus, 1 urticaria, 1 rash erythematous, and 1 rash. 

Pertinent cases will be discussed in more detail in Sections 7.3.4 - 7.3.5 of this review. 

7.3.4 Significant Adverse Events 

In this section, I will discuss my analyses along with the Applicant’s analyses of the 
following major safety issues:  neurologic reactions, psychiatric reactions, and 
hypersensitivity reactions.  These safety issues should be incorporated into the 
Warnings and Precautions section of brivaracetam labeling. 
 
Neurologic reactions 
In Pool S1, a higher percentage of BRV subjects experienced TEAEs in the SOC 
Nervous system disorders than placebo subjects.  This result was mainly driven by PTs 
in the following HLTs:  Disturbances in consciousness (PT somnolence) and 
Neurological signs/symptoms (PT dizziness).  BRV subjects also reported a higher 
frequency of PTs than placebo subjects in the HLT Asthenic conditions (PT fatigue) in 
SOC General disorders and administration site conditions.  Even though, a similar 
percentage of BRV and placebo subjects experienced SAEs (mostly seizure-related 
PTs), a higher percentage of BRV subjects than placebo subjects discontinued due to 
TEAEs (mostly PTs related to seizures, dizziness/ataxia, somnolence along with 
headache, mental/memory impairment, psychomotor hyperactivity, dysaesthesia) in 
SOC Nervous system disorders.  The following table summarizes the TEAEs, SAEs, 
and TEAEs leading to discontinuation in the neurological SOCs and SMQs in Pool S1.   
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Table 61.  Overview of TEAEs, SAEs, DCs in Neurologic SOC and SMQs, Pool S1 
  Placebo BRV <50mg/day BRV ≥50mg/day 

Total # subjects  459 (100.0%) 296 (100.0%) 803 (100.0%) 
SOC Nervous system disorders* 
   TEAEs 133 (29%) 104 (35.1%) 315 (39.2%) 
     HLT Disturbances in consciousness  44 (9.6%)    41 (13.9%)   130 (16.2%) 
     HLT Headaches   48 (10.5%)    34 (11.5%)    80 (10.0%) 
     HLT Neurological signs and symptoms   37 (8.1%)    31 (10.5%)    91 (11.3%) 
     HLT Cerebellar coordination/balance     
            disturbances 6 (1.3%) 3 (1.0%) 21 (2.6%) 
     HLT Paraesthesias and dysaesthesias 6 (1.3%) 5 (1.7%) 11 (1.4%) 
     HLT Mental impairment (excl dementia) 2 (0.4%) 2 (0.7%) 12 (1.5%) 
     HLT Dyskinesias & movement disorders  1 (0.2%) 2 (0.7%) 6 (0.7%) 
     HLT Speech & language abnormalities 2 (0.4%) 2 (0.7%) 5 (0.6%) 
     HLT Partial simple seizures  0 0 5 (0.6%) 
     HLT Narcolepsy & hypersomnia 0 1 (0.3%) 4 (0.5%) 
   SAEs 6 (1.3%) 1 (0.3%)^ 6 (0.7%)^ 
   TEAEs leading to DC 8 (1.7%) 6 (2.0%) 27 (3.4%) 
SOC General disorders and administration site conditions 
   HLT Asthenic conditions 24 (5.2%) 24 (8.1%) 84 (10.5%) 
SMQ Convulsions, Narrow Search 22 (4.8%) 10 (3.4%) 36 (4.5%) 
SMQ Vestibular disorders, Narrow 10 (2.2%) 3 (1.0%) 22 (2.7%) 

Source:  Created by reviewer using JReview and MAED tool with Safety Information Amendment 
datasets (8/11/15): ADAE (TRTEMFL=Y) and ADSL (PS1FL=Y, TR01PG2) 
*HLTs included in table occurred in ≥1% BRV-treated subjects and greater than placebo 
^PTs:  convulsion/amnesia (1), grand mal convulsion (2), seizure cluster (1), status epilepticus (2), 
syncope (1 subject discussed later in this section of this review in Cardiovascular disorders) 
 
In Pool S1, while a slightly higher percentage of BRV subjects reported TEAEs in the 
SMQ Vestibular disorders, narrow search (driven by the PT vertigo), a similar 
percentage of BRV and placebo subjects experienced TEAEs in SMQ Convulsions, 
narrow search.    
 
In Pool S4, 160 BRV subjects (6.6%) experienced the SAEs in the SOC Nervous 
system disorders (driven mostly by PTs in the HLGT Seizures including subtypes –
[n=114 or 4.7%]) along with 4 BRV subjects in the HLT Asthenic conditions.  There were 
117 BRV subjects (4.8%) who discontinued due to TEAEs in the SOC Nervous system 
disorders (driven equally by HLGTs Seizures including subtypes [n=46, 1.9%] and 
Neurological disorders NEC [n=46, 1.9% driven by PTs dizziness and somnolence]).   
 
Comment: Of note, there were 2 BRV subjects with TEAEs coded to the PT retinal 
detachment (which were not SAEs) in which BRV was continued.  It is difficult to 
attribute these cases to BRV use due to the long latency of these TEAEs after BRV 
initiation (N01358-127-00320 on Study Day 674; N01253-354-A284 on Day 2081). 
 
Please refer to Dr. Dinsmore’s review of efficacy for details regarding worsening 
seizures, status epilepticus, and rebound epilepsy.  To address the issue of the splitting 
of potentially similar neurological events into multiple preferred terms, I performed 
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additional analyses in order to pool together related events (please see Section 7.1.2 of 
this review for a detailed discussion regarding splitting).  I reanalyzed the AEs in the 
following main groups: Somnolence and fatigue along with Dizziness and gait 
disturbance. 
 
Somnolence and Fatigue 
The following table summarizes the percentages of subjects who reported the following 
TEAEs:  somnolence, hypersomnia, sedation, along with PTs in the HLT Asthenic 
conditions (fatigue, asthenia, lethargy, and malaise).  Subjects treated with BRV 
experienced these TEAEs (grouped together) at a higher frequency than placebo 
subjects.  A clear dose-response relationship was observed.  There were no SAEs 
reported for this group (although subject with SAE coded to neurotoxicity was noted to 
have increasing somnolence – see details after table).  However, TEAEs leading to 
discontinuation were slightly higher in BRV subjects than placebo. 
 
Table 62.  Somnolence and Fatigue Group, Pool S1 

MedDRA PT 
Placebo 

n (%) 
BRV n (%) 

<50mg/day ≥50mg/day 
 459 296 803 
Somnolence 39 (8.5%) 35 (11.8%) 122 (15.2%) 
Fatigue 17 (3.7%) 20 (6.8%) 70 (8.7%) 
Asthenia 7 (1.5%) 3 (1.0%) 12 (1.5%) 
Malaise 0 1 (0.3%) 5 (0.6%) 
Hypersomnia 0 1 (0.3%) 4 (0.5%) 
Sedation 0 1 (0.3%) 4 (0.5%) 
Lethargy 1 (0.2%) 0 2 (0.2%) 
Total TEAEs 63 (13.7%) 59 (19.9%) 199 (24.8%) 
SAEs 0 0 0 
Discontinuations 4 (0.9%) 2 (0.7%) 8 (1.0%) 
Source:  Created by the reviewer using JReview with Safety Information Amendment datasets (8/11/15): 
ADAE (TRTEMFL=Y) and ADSL (PS1FL=Y, TR01PG2) 
 
Subject N01193-230-0706, 22 yo WM, developed SAE neurotoxicity 5.5 days after 
starting BRV 20 mg/day.  Events included increasing somnolence, inappetence, 
nausea/vomiting, and CNS toxicity.  BRV was discontinued with immediate 
improvement of events.  Subject did not enter N01199.  Concomitant medications 
included oxcarbazepine and valproic acid. 
 
The following table reflects the TEAEs in Study N01358 only (which is the only study 
that includes both the 100 mg and 200 mg BRV dose groups).   
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Table 63.  Somnolence and Fatigue Group, Study N01358 

MedDRA PT 
Placebo 

n (%) 
BRV n (%) 

100 mg/day 200 mg/day 
 261 253 250 
Somnolence 20 (7.7%) 49 (19.4%) 42 (16.8%) 
Fatigue 10 (3.8%) 19 (7.5%) 29 (11.6%) 
Asthenia 1 (0.4%) 4 (1.6%) 2 (0.8%) 
Malaise 0 2 (0.8%) 1 (0.4%) 
Hypersomnia 0 1 (0.4%) 2 (0.8%) 
Sedation 0 0 4 (1.6%) 
Lethargy 0 1 (0.4%) 1 (0.4%) 
Total TEAEs 31 (11.9%) 72 (28.5%) 68 (27.2%) 
SAEs 0 0 0 
Discontinuations 0 3 (1.2%) 2 (0.8%) 
Source:  Created by the reviewer using JReview with Study N01358 datasets: ADAE (TRTEMFL=Y, 
AEDECOD) and ADSL (SAFFL=Y, TRT01P) 
 
The following table summarizes the incidence and risk ratio of somnolence & fatigue 
TEAEs by demographics and period of the study for Pool S1.  There is a higher risk of 
these TEAEs during the first 7 days of the study.  There may also be a trend towards a 
higher risk of these TEAEs for females (vs males).  However, due to small numbers, it is 
difficult to draw any definitive conclusions regarding these demographic characteristics 
as risk factors for the development of these adverse events with BRV use (≥50 mg/day 
compared to placebo). 
 
Table 64.  Risk Factors, Somnolence Group, Pool S1 

Category 
Placebo BRV (≥50 mg/day) Risk 

Ratio 
95% CI 

n total n total LL UL 
Any Somnolence TEAEs  63 459 199 803 1.8 1.4 2.3 
Sex:        
  Male 37 230 84 398 1.3 0.9 1.9 
  Female 26 229 115 405 2.5 1.7 3.7 
Age:        
  Adolescents (<17 years) 0 6 4 7 7.8 0.5 119.2 
  Adults (17-< 65 years) 58 445 190 772 1.9 1.4 2.5 
  Elderly (≥ 65 years) 5 8 5 24 0.3 0.1 0.9 
Race:        
   White 47 333 161 594 1.9 1.4 2.6 
   Asian 6 56 17 112 1.4 0.6 3.4 
   Black 4 15 3 17 0.7 0.2 2.5 
   Other 6 52 17 75 2.0 0.8 4.6 
   Missing  0 3 1 5 1.9 0.1 34.9 
Period/week of study:        
   First 7 days 28 459 139 803 2.8 1.9 4.2 
LEV status at core entry:        
   No levetiracetam use 59 422 186 744 1.8 1.4 2.3 
   Levetiracetam use 4 37 13 59 2.0 0.7 5.8 
CBZ status at core entry:        
   No carbamazepine  use 34 275 129 488 2.1 1.5 3.0 
   Carbamazepine use 29 184 70 315 1.4 1.0 2.1 
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Source:  Created by the reviewer using JReview with Safety Information Amendment datasets (8/11/15): 
(TRTEMFL=Y, TRT7DYFL), ADSL (PS1FL=Y, TR01PG2, SEX, AGEGR2, RACEGR1, LEVGR2), ADCM 
(ENTRYFL=Y, ACODE=carbamazepine) 
*Zero event correction 0.5 used 
 
Dizziness and Gait disturbance 
The following table summarizes the percentages of subjects who reported the following 
TEAEs (in the HLTs Gait disturbances, Coordination/balance disturbances, Vertigos 
NEC):  dizziness, vertigo, nystagmus, ataxia, gait disturbance, balance disorder, 
coordination abnormal, and cerebellar syndrome.  Subjects treated with BRV 
experienced these TEAEs (grouped together) at a higher frequency than placebo 
subjects.   A clear dose-response relationship was observed.  There were no SAEs 
reported for this group.  However, TEAEs leading to discontinuation were slightly higher 
in BRV subjects than placebo. 
 
Table 65.  Dizziness/Gait disturbance Group, Pool S1 

MedDRA PT 
Placebo 

n (%) 
BRV n (%) 

<50mg/day ≥50mg/day 
 459 296 803 
Dizziness 33 (7.2%) 31 (10.5%) 90 (11.2%) 
Vertigo 10 (2.2%) 3 (1.0%) 22 (2.7%) 
Ataxia 3 (0.7%) 2 (0.7%) 6 (0.7%) 
Balance disorder 1 (0.2%) 1 (0.3%) 8 (1.0%) 
Gait disturbance 4 (0.9%) 0 4 (0.5%) 
Nystagmus 1 (0.2%) 0 4 (0.5%) 
Coordination abnormal  0 0 3 (0.4%) 
Cerebellar syndrome 1 (0.2%) 0 0 
Total TEAEs 45 (9.8%) 35 (11.8%) 125 (15.6%) 
SAEs 0 0 0 
Discontinuations 3 (0.7%) 3 (1.0%) 10 (1.2%) 
Source:  Created by the reviewer using JReview with Safety Information Amendment datasets (8/11/15): 
ADAE (TRTEMFL=Y) and ADSL (PS1FL=Y, TR01PG2) 
 
The following table reflects the TEAEs in Study N01358 only (which is the only study 
that includes both the 100 mg and 200 mg BRV dose groups).   
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Table 66.  Dizziness/Gait disturbance Group, Study N01358 

MedDRA PT 
Placebo 

n (%) 
BRV n (%) 

100 mg/day 200 mg/day 
 261 253 250 
Dizziness 13 (5.0%) 26 (10.3%) 36 (14.4%) 
Vertigo 4 (1.5%) 4 (1.6%) 6 (2.4%) 
Balance disorder 0 1 (0.4%) 3 (1.2%) 
Ataxia 1 (0.4%) 0 2 (0.8%) 
Nystagmus 0 1 (0.4%) 2 (0.8%) 
Gait disturbance 1 (0.4%) 1 (0.4%) 1 (0.4%) 
Coordination abnormal 0 3 (1.2%) 0 
Total TEAEs 18 (6.9%) 35 (13.8%) 45 (18.0%) 
SAEs 0 0 0 
Discontinuations 1 (0.4%) 4 (1.6%) 5 (2.0%) 
Source:  Created by the reviewer using JReview with Study N01358 datasets: ADAE (TRTEMFL=Y, 
AEDECOD) and ADSL (SAFFL=Y, TRT01P) 
 
The following table summarizes the incidence and risk ratio of dizziness and gait 
disturbance TEAEs by demographics and period of the study for Pool S1.  There is a 
higher risk of these TEAEs during the first 7 days of the study.  There may also be a 
trend towards a higher risk of these TEAEs for adolescents (vs adults), and Asians..  
However, due to small numbers, it is difficult to draw any definitive conclusions 
regarding these demographic characteristics as risk factors for the development of 
these adverse events with BRV use (≥50 mg/day compared to placebo). 
 
Table 67.  Risk Factors, Dizziness Group, Pool S1 

Category 
Placebo BRV (≥50 mg/day) Risk  

Ratio 
95% CI 

n total n total LL UL 
Any Dizziness TEAEs  45 459 125 803 1.6 1.2 2.2 
Sex:        
  Male 19 230 56 398 1.7 1.0 2.8 
  Female 26 229 69 405 1.5 1.0 2.3 
Age:        
  Adolescents (<17 years) 0 6 2 7 4.3 0.3 74.8 
  Adults (17-< 65 years) 44 445 119 772 1.6 1.1 2.2 
  Elderly (≥ 65 years) 1 8 4 24 1.3 0.2 10.3 
Race:        
   White 37 333 96 594 1.5 1.0 2.1 
   Asian 1 56 12 112 6.0 0.8 45.0 
   Black 2 15 3 17 1.3 0.3 6.9 
   Other 5 52 13 75 1.8 0.7 4.8 
   Missing  0 3 1 5 1.9 0.1 34.9 
Period/week of study:        
   First 7 days 16 459 87 803 3.1 1.8 5.2 
LEV status at core entry:        
   No levetiracetam use 39 422 112 744 1.6 1.2 2.3 
   Levetiracetam use 6 37 13 59 1.4 0.6 3.3 
CBZ status at core entry:        
   No carbamazepine  use 30 275 77 488 1.4 1.0 2.1 
   Carbamazepine use 15 184 48 315 1.9 1.1 3.2 
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Source:  Created by the reviewer using JReview with Safety Information Amendment datasets (8/11/15):  
ADAE (TRTEMFL=Y, TRT7DYFL), ADSL (PS1FL=Y, TR01PG2, SEX, AGEGR2, RACEGR1, LEVGR2), 
ADCM (ENTRYFL=Y, ACODE=carbamazepine) 
*Zero event correction 0.5 used 
 
Falls and injuries 
In Pool S1, a higher percentage of BRV subjects (<50mg/day dose group) experienced 
TEAEs in the SOC Injury, poisoning and procedural complications (along with the SMQ 
Accidents and injuries) than placebo subjects.  Even though a similar percentage of 
BRV and placebo subjects experienced SAEs, only a slightly higher percentage of BRV 
subjects than placebo subjects discontinued due to TEAEs (fall, craniocerebral injury)  
in SOC Injury, poisoning and procedural complications.  The following table summarizes 
the TEAEs, SAEs, and TEAEs leading to discontinuation in the injury SOC and SMQ in 
Pool S1.   
 
Table 68.  Overview of TEAEs, SAEs, DCs in Injury SOC and SMQs, Pool S1 

  Placebo BRV <50mg/day BRV ≥50mg/day 
Total # subjects  459 (100.0%) 296 (100.0%) 803 (100.0%) 
SOC Injury, poisoning and procedural complications* 
   TEAEs 38 (8.3%) 30 (10.1%) 59 (7.3%) 
     HLT Non-site specific injuries 10 (2.2%) 8 (2.7%) 19 (2.4%) 
     HLT Site specific injuries 6 (1.3%) 5 (1.7%) 8 (1.0%) 
     HLT Muscle, tendon and ligament 1 (0.2%) 7 (2.4%) 6 (0.7%) 
     HLT Upper limb fractures/dislocations 2 (0.4%) 1 (0.3%) 4 (0.5%) 
     HLT Thermal burns 2 (0.4%) 2 (0.7%) 2 (0.2%) 
   SAEs 2 (0.4%) 1 (0.3%) 4 (0.5%) 
   TEAEs leading to DC 0 0 2 (0.2%) 
SMQ Accidents and injuries, Narrow 32 (7.0%) 25 (8.4%) 47 (5.9%) 

Source:  Created by reviewer using JReview and MAED tool with Safety Information Amendment 
datasets (8/11/15): ADAE (TRTEMFL=Y) and ADSL (PS1FL=Y, TR01PG2) 
*HLTs included in table occurred in ≥1% BRV-treated subjects and greater than placebo 
 
To assess whether these falls and injuries were occurring with seizures, the Applicant 
submitted (on 8/7/15) further analyses in response to the Division’s request (see table 
below).  Falls were more likely to occur without concurrent seizure events in placebo 
than in BRV subjects (80% vs 50%), although the numbers of events were small.   
However, there were more injuries in BRV subjects than placebo (55.1% vs 47.4%) that 
occurred without seizure events.   There may be an association between BRV use and 
injuries that are not confounded by seizures although the numbers of events were small. 
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Table 69.  Falls and injuries with and without concurrent seizures, Pool S1 

 
Placebo Total BRV 

n (%) total n (%) total 
# subjects with fallsa 5 (1.1) 459 14 (1.3) 1099 
Falls with concurrent seizureb  2 (40) 5 7 (50) 14 
Falls without concurrent seizure 4 (80) 5 7 (50) 14 
     
# subjects with injuriesc 38 (8.3) 459 89 (8.1) 1099 
Injuries with concurrent seizure  22 (57.9) 38 44 (49.4) 89 
Injuries without concurrent seizure 18 (47.4) 38 49 (55.1) 89 
Source:  Safety Information Amendment 8/7/15 Table 1 
a Includes TEAEs coded to PT fall and also verbatim terms with “fell” or “fall” not coded to PT fall 
b seizure concurrency (Type IB and IC seizures reported on the same day as the injury or fall) 
c TEAEs coded to PTs in the SOC Injury, poisoning and procedural complications or included in SMQ 
Accidents and Injuries or TEAEs with verbatim term containing “fell” or “fall” 
 
In the other pooled groups, the following neurological SAEs and DCs were reported by 
BRV subjects: 
• Pool Monotherapy:  17 BRV subjects (11.3%) developed SAEs in the SOC Nervous 

system disorders (driven mainly by PTs in the HLGT seizures [incl subtypes] n=12, 
8%).  There were 19 BRV subjects (12.7%) who discontinued due to these TEAEs. 
There were 5 BRV subjects who developed injury-related SAEs in the SOC Injury, 
poisoning and procedural complications.   

• Pool ULD: 18 BRV subjects (17.7%) developed SAEs in the SOC Nervous system 
disorders (driven mainly by PTs in the HLGT seizures [incl subtypes] n=12, 11.8%).  
There were 7 BRV subjects (6.9%) who discontinued due to these TEAEs. There 
were 14 BRV subjects (13.7%) with SAEs in the SOC Injury, poisoning and 
procedural complications with 1 leading to discontinuation (fall).   

• Pool Pediatric:  17 BRV subjects (8.3%) developed SAEs in the SOC Nervous 
system disorders (driven mainly by PTs in the HLGT seizures [incl subtypes] n=15, 
7.3%).  There were 9 BRV subjects (4.4%) who discontinued due to these TEAEs. 
There were 3 BRV subjects (1.5%) with SAEs in the SOC Injury, poisoning and 
procedural complications.   

• Pool Other:  1 BRV subject discontinued due to headache.  The following neurologic 
TEAEs occurred in BRV subjects greater than placebo (with a dose response in the 
200 mg/day, 400 mg/day, and 800 mg/day dose groups):  somnolence (placebo 
9.7% vs 13.7%, 22.7%, 57.1%, respectively) and dizziness (4.3% vs 9.8%, 12.5%, 
42.9%, respectively).  The higher percentages of these TEAEs in BRV subjects (in 
Pool Other than seen in Pool S1) is due to the higher dose groups (e.g., >200 
mg/day) studied. 

• Pool Phase 1: The following TEAEs led to discontinuation in BRV subjects: asthenia 
(1), dizziness (2).  The following neurologic TEAEs occurred in >5.0% of BRV 
subjects (and >placebo):  fatigue (21.3% vs 2.7%), asthenia (6.1% vs 1.4%), 
somnolence (32.9 vs 6.4), dizziness (40.1 vs 2.7), and headache (14.0 vs 5.9).    
The higher percentages of these TEAEs in BRV subjects (in Pool Phase 1 than in 
Pool S1) is due to the higher dose groups (e.g., >200 mg/day) studied. 
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In conclusion, there is reasonable evidence of a causal relationship between BRV use 
and somnolence/fatigue, dizziness/gait disturbance, and falls/injuries.  These are all 
clinically significant adverse reactions associated with SAEs and/or discontinuations) 
and could be mitigated through the appropriate use of the drug (closer monitoring and 
awareness during the first 7 days of drug use during the period of increased risk).  
Therefore, I recommend that these adverse reactions be included in BRV labeling 
(Warnings and Precautions section for somnolence/fatigue and dizziness/gait 
disturbance; Adverse Reactions section for falls/injuries). 
 
Psychiatric reactions  
In Pool S1, a higher percentage of BRV subjects than placebo subjects reported TEAEs 
in the SOC Psychiatric disorders.  This result was mainly driven by PTs in the following 
HLTs:  Anxiety symptoms and Depressive disorders.  Furthermore, a higher percentage 
of BRV subjects than placebo reported SAEs and TEAEs leading to discontinuations in 
SOC Psychiatric disorders.  The following table summarizes the TEAEs, SAEs, and 
TEAEs leading to discontinuation in the psychiatric SOC and SMQs in Pool S1.   
 
Table 70.  Overview of TEAEs, SAEs, DCs in Psychiatric SOC and SMQs, Pool S1 

  Placebo BRV <50mg/day BRV ≥50mg/day 
Total # subjects  459 (100.0%) 296 (100.0%) 803 (100.0%) 
SOC Psychiatric disorders* 
   TEAEs 35 (7.6%) 35 (11.8%) 100 (12.5%) 
     HLT Anxiety symptoms  9 (2.0%) 11 (3.7%) 26 (3.2%) 
     HLT Disturbances in maintaining sleep 7 (1.5%) 8 (2.7%) 24 (3.0%) 
     HLT Depressive disorders  5 (1.1%) 8 (2.7%) 16 (2.0%) 
     HLT Emotional & mood disturbances 5 (1.1%) 3 (1.0%) 6 (0.7%) 
     HLT Behaviour & socialisation disturbances 2 (0.4%) 4 (1.4%) 4 (0.5%) 
     HLT Mood alterations with depressive sx 1 (0.2%) 1 (0.3%) 7 (0.9%) 
     HLT Sleep disorders NEC 1 (0.2%) 2 (0.7%) 5 (0.6%) 
     HLT Mood disorders NEC 1 (0.2%) 2 (0.7%) 3 (0.4%) 
     HLT Fluctuating mood symptoms  0 1 (0.3%) 4 (0.5%) 
     HLT Increased physical activity levels 0 0 4 (0.5%) 
   SAEs 0 0 5 (0.6%)^ 
   TEAEs leading to DC 6 (1.3%) 8 (2.7%) 14 (1.7%) 
    
SMQ Depression,suicide/self-injury, Narrow 9 (2.0%) 10 (3.4%) 22 (2.7%) 
   SMQ Depression (excl suicide/self-injury) 6 (1.3%) 9 (3.0%) 20 (2.5%) 
   SMQ Suicide and self-injury, Narrow 3 (0.7%) 1 (0.3%) 2 (0.2%) 
SMQ Hostility & aggression, Narrow 4 (0.9%) 4 (1.4%) 5 (0.6%) 
SMQ Hostility & aggression, Broad 10 (2.2%) 18 (6.1%) 41 (5.1%) 
SMQ Psychosis & psychotic d/os, Narrow 2 (0.4%) 0 3 (0.4%) 
SMQ Psychosis & psychotic d/os, Broad 6 (1.3%) 4 (1.4%) 11 (1.4%) 

Source:  Created by reviewer using JReview and MAED tool with Safety Information Amendment 
datasets (8/11/15): ADAE (TRTEMFL=Y) and ADSL (PS1FL=Y, TR01PG2) 
*HLTs included in table occurred in ≥1% BRV-treated subjects and greater than placebo 
^PTs adjustment disorder (2), conversion disorder (1), and psychotic disorder (2) 
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In Pool S1, a higher percentage of BRV subjects than placebo subjects reported TEAEs 
in the SMQs Depression, suicide/self-injury (driven by PTs in the SMQ Depression 
excluding suicide and self-injury).  While a similar percentage of BRV and placebo 
subjects experienced TEAEs in the narrow searches of SMQs Psychosis/psychotic 
disorders and Hostility/aggression, a much higher percentage of BRV subjects than 
placebo reported TEAEs in the broad search of the SMQ Hostility and aggression.   (Of 
note, in Study N01358, the following percentages of BRV subjects in the 100 mg and 
200 mg dose groups vs placebo reported TEAEs in the broad search of the SMQ 
Hostility/aggression:  5.1% and 3.6% vs 1.9%). 
 
In Pool S4, 63 additional BRV subjects (2.7%) reported SAEs in SOC Psychiatric 
disorders with the following distribution among the SMQs:  
• 38 BRV subjects (1.6%) with TEAEs in the SMQ Depression and suicide/self-injury 

o 30 BRV subjects (1.2%) in SMQ Suicide and self-injury 
• 13 BRV subjects (0.5%) with TEAEs in the SMQ Psychotic and Psychotic disorders 

(PTs psychotic disorder/behaviour, acute psychosis, epileptic psychosis, paranoia, 
hallucination) 

• 5 BRV subjects (0.2%) with TEAEs in the SMQ Hostility and Aggression 
 
In Pool S4, there were 100 BRV subjects (4.1%) who discontinued due to TEAEs in the 
SOC Psychiatric disorders with the following distribution among the SMQs:  
• 49 BRV subjects (2.0%) with TEAEs in the SMQ Depression and suicide/self-injury 

o 27 BRV subjects (1.1%) in SMQ Suicide and self-injury 
• 6 BRV subjects (0.2%) with TEAEs in the SMQ Psychotic and Psychotic disorders  
• 12 BRV subjects (0.5%) with TEAEs in the SMQ Hostility and Aggression 
 
Suicidality 
The Applicant provided an assessment of suicidal ideation and suicidal behavior based 
on the Columbia-Suicide Severity Rating Scale(C-SSRS) in the following studies: 
N01258, N01358, N01125, N01199, N01315, N01379, N01263, N01266, N01394, 
N01395 and N01372. 
 
In Pool S4, there were BRV subjects who experienced 2 completed suicides and 30 
suicidal ideation/attempt/self-injurious ideation.  Additionally, the following deaths that 
were coded to other PTs that may be due to suicides: 
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Table 71.  Deaths in BRV-treated subjects – possible suicides 

34/M N01253-325-D224 
N01199-1325-0005 BRV 150 Drowning, Mechanical 

asphyxia (possible) Unlikely Not related 17.4 months 

Subject was found dead in a river, face down.  Death certificate mentioned mechanical asphyxia and 
drowning as cause of death.  The Applicant reported that no further details were available.  Could also be a 
suicide. 

25/M N01254-265-F197 
N01199-1265-0005 BRV 150 Drowning^ Not related Not related 33.5 months 

Subject “accidentally” fell in a well and died (details unknown).  Autopsy reported cause of death due to 
drowning (poor quality of faxed copy of autopsy report provided by Applicant precluded any other 
information to be obtained from report).  Could also be a suicide. 
 
Comment:  The Warning for Suicidal Behavior and Ideation required by the Division for 
all antiepileptic medications summarizes the risk of suicidal thoughts or behavior by 
indication for antiepileptic drugs (3.4 per 1000 for drug patients in trials for epilepsy).  
Using the SMQ Suicide and self-injury, the incidence of suicidality in BRV subjects in 
Pool S1 (2.5 per 1000) was less than in these meta-analysis results (and < placebo). 
 
Notable cases for other nonfatal suicidality SAEs in BRV subjects are described below: 
 
N01254-270-F408: on Study Day 50, subject was hospitalized with suicidal ideation.  Main reason of 
being depressed was the "difficulty in finding an employment even after training."  Given haloperidol.  No 
hallucination or delusions.  BRV discontinued and events resolved.  PMH adjustment disorder. 
N01358-482-00964: on Study Day 5, subject developed adjustment disorder and was hospitalized with 
bad mood and tearfulness.  Treated with alprazolam.  Recurrence when continued on BRV (treated with 
venlafaxine).  No medical history reported for this subject.  Concomitant AED included lamotrigine. 
N01199-1263-0001:  on Study Day 160, 23 yo AF (no medical history reported) developed depression 
and suicide attempt by consuming organophosphorus pesticide.  Treated with escitalopram and 
lorazepam.  BRV discontinued.  Events resolved. 
N01379-042-00499: on Study Day 109 psychotic disorder and agitation.  On Study Day 274 suicidal 
ideation with plan to overdose, stab self, or place plastic bag over head.  Subject’s spouse reported that 
subject exhibited extreme irritability, argumentative dialogues, and agitation for at least 3 months.  “a few 
days ago, the subject held a knife to her chest.”  Diagnosed with metabolic encephalopathy from urinary 
tract infection (UTI) and possible psychiatric disorder.  Treated for UTI and with quetiapine fumarate and 
olanzapine.  BRV discontinued.  Events resolved. 
N01379-056-00689: on Study Day 140, acute suicidal ideation with intent and several plans that 
included stabbing herself with a knife, shoot herself with a gun, or use her husband's insulin to 
kill herself. She had depression and anxiety for “quite some time, and she frequently felt suicidal” but 
recently she had been under an increasing amount of stress due to the possibility of being scammed by a 
business.  BRV was discontinued and events resolved. 
N01379-729-00240 on Study Day 174, suicide attempt in a subject without prior history (had taken 4 
diazepam tablets in an attempt to end his life).  Subject was unemployed and was worried about his 
father’s debts.  BRV was discontinued and events resolved. 
N01379-775-02406 on Study Day 141, subject was hospitalized due to increased depression for 10 
months (since the initiation of study drug). Subject had no increased psychosocial stressors or no 
previous psychiatric history. She had recently discontinued the study drug, but continued to have 
increased depressive symptoms (insomnia, anhedonia, hopelessness, decreased energy, poor 
concentration, and suicidal ideation). She also had increased anxiety symptoms but no psychotic 
symptoms, manic symptoms, or manic history.  BRV was discontinued and events resolved. 
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N01395-203-07231:  on Study Day 19, subject with history of depression on levetiracetam, developed 
suicidal ideation concerning her epileptic disease, loneliness, and difficult family life. Following suicidal 
ideation, she stood on the rails to commit suicide, and suddenly she regained her control and came back 
home. BRV was discontinued and events resolved. 
 
Psychotic and Hostility/Aggression Events 
Notable cases of psychotic and hostility/aggression events in BRV subjects are 
described below.  While some events developed after a long latency or were 
confounded by concomitant medications (levetiracetam) or previous history, there were 
several cases with temporal association with BRV initiation and positive dechallenge 
without prior history of psychiatric disease.  
 
N01358-110-01045: after taking BRV for 2 days (discontinued for severe pruritus) and when off BRV for 6 
days, subject was hospitalized for “agitated mental state.”  Events resolved 2 days later.  Concomitant 
AED included topiramate.  CIOMS form provided by the Applicant on 6/19/15 in response to the Division's 
information request provided no additional details regarding agitation. These events may still be due to 
BRV use as it is unclear when the agitation started (may have started while still on BRV). 
N01252-071-D134:  on Study Day 35, subject was hospitalized for psychotic disorder: hearing voices 
telling her to be aggressive against her parents.  Also had sexual psychotic ideas. Treated with 
olanzapine, clobazam (and later risperidone).  BRV discontinued and events ongoing.  No prior history of 
psychiatric disease.  Concomitant AEDs included Lamictal and Zonegran (both taken for >3 years). 
N01358-101-00488:  on Study Day 22, subject was hospitalized with psychotic disorder:  became 
agitated, euphoric (would laugh at everything), confused (with incoherent speech), and delusional 
(thought that people would hurt her and that she was another person [her sister]).  Treated with Haldol in 
ER.  BRV discontinued and events resolved.  Concomitant medications included clobazam, 
oxcarbazepine, domperidone, and escitalopram. 
N01125-742-0008: on Study Day 110, subject was hospitalized for aggression and suicidal ideation.  BRV 
was discontinued and events resolved.  Concomitant AEDs included carbamazepine and gabapentin. 
N01358-501-00317:  on Study Day 65, subject was hospitalized for “epileptic psychosis:” fearful of a gas 
explosion in her kitchen and repeatedly attempted to turn off the gas even if it was already off.  In another 
episode, subject got lost and was eventually found at the cemetery.  BRV discontinued and events 
resolved.  Concomitant AED included valproic acid. 
N01125-505-5016:  on Study Day 680, subject was hospitalized for becoming more aggressive towards 
parents, relatives, and colleagues which resulted in “unbearable conflicts at home and work.”  Treated 
with lorazepam and clotiapine.  BRV continued and events ongoing.  Concomitant medications included 
phenytoin, clobazam, pregabalin. 
N01125-573-2004: on Study Day 1322, subject was hospitalized for “low spirits, sadness, low activity, 
disinterest, irritability, vehemence, mood lability, worsening of memory and concentration, sleep 
disturbances.”  BRV was continued and events resolved about 2 months later. 
N01125-573-2006: on Study Day 597, subject experienced abnormal behaviour (distressed, aggressive 
with her mother, and stayed at home for the previous 10 days).  BRV continued and events resolved. 
N01125-583-0005: on Study Day 2766 subject started feeling “numbness or unpleasant sensations” in 
the left lower extremities and subjective sensations of difficulty speaking, psychic restlessness, and 
anxiety with mood alterations. On an unspecified date, the subject was hospitalized for observation. 
Electroencephalogram and labs were normal.  BRV continued.  Events resolved. 
N01125-650-2002: on Study Day 1745 subject with history of mental retardation, developed increased 
irritability, episodes of talking to himself, and delusional thoughts.  Treated with haloperidol, lorazepam, 
quetiapine fumarate, risperidone.  BRV interrupted but restarted.  Events ongoing. 
N01125-748-2001: on Study Day 441 subject developed behavioral disorder, psychomotor agitation, and 
hallucinations. BRV interrupted but restarted.  Events resolved.  Subject with history of abnormal behavior 
and mental retardation. 
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N01125-823-1003: on Study Day 999 acute psychosis (behavioral changes, aggression).  BRV 
discontinued.  Events resolved.  Subject with history of Unverricht-Lundborg Disease. 
N01199-1029-0004: on Study Day 428 subject developed abnormal behavior (aggression and “dismal”).  
BRV was discontinued and events resolved. 
N01199-1051-0002: on Study Day 1891 subject developed “morbid thoughts.”  BRV was discontinued 
and events reported as ongoing at the discontinuation visit.  In response to the Division's information 
request, the Applicant reported on 6/19/15 that “details regarding this TEAE are limited.” 
N01199-1084-0010: on Study Day 324 subject developed psychotic disorder (paranoid thoughts, agitated 
behavior towards husband and daughter, acted violently, hallucinated about “her dead father talking to 
her” and about “distant friends visiting her”).  Events began after series of seizures.  Subject had been 
confused prior to the new medication and it had “worsened after new medication.”  Subject developed 
pressured and hyperverbal speech with poor insight and judgment.  EEG negative for seizures.  Possibly 
postictal.  Treated with quetiapine.  Concomitant medication was zonisamide.  BRV was continued and 
events resolved.  
N01199-1087-0007: on Study Day 249 subject developed paranoia, self-injurious ideation after 
discontinuing all AEDs and having increased seizure activity. 
N01199-1332-0005: on Study Day 2335 subject developed psychotic behavior (aggressiveness against 
his relatives). He believed that “all his relatives were talking about him and he could listen to it” (auditory 
hallucination). The subject had no medical history of any psychiatric condition. Hospitalizes and treated 
with risperidone.  BRV was continued and events resolved. 
N01199-1360-0001: on Study Day 101, subject developed hallucinations after having grand mal seizures 
and evidence of head trauma (thought he had “bubbles in the IV” and tried to suck it out using mouth).  
Mother found place of residence in disarray with furniture upside down.  Subject disorientated, irritable.  
BRV was discontinued.  Events resolved. 
N01199-1261-0003: on Study Day 457, subject developed increased aggressive behavior. Subject with 
history of abnormal behavior.  Because of increased frequency of seizures, his day-to-day activities were 
restricted and family members very apprehensive due to increase in fall and “violent behavior in the form 
of physical assault to family members.”  Concomitant medication included carbamazepine, clonazepam, 
lamotrigine, topiramate, antipsychotics.  BRV was discontinued and events resolved.  CIOMS form 
provided by the Applicant on 6/19/15 in response to the Division's information request provided no 
additional details regarding the violent behavior. 
N01379-099-01050: on Study Day 215 subject acted aggressively towards others and involved in 
“altercation with brother” and sustained head injury.  No previous history of aggressive behavior. 
BRV discontinued and events resolved.  Of note, this was a coding omission by the Applicant as this 
event was only coded to the SAE of head injury.   
N01379-383-00589: on Study Day 269, subject developed acute psychosis (sudden onset of delirium, 
visual hallucination, and “temporospatial disorientation”). She was hospitalized with acute 
psychosis. Subject had no previous history of psychiatric disease, alcohol, or drug abuse.  BRV was 
discontinued and events resolved. 
 
In the other pooled groups, the following psychiatric SAEs and DCs were reported by 
BRV subjects: 
• Pool Monotherapy:  6 BRV subjects (4%) developed the following SAEs: intentional 

overdose/suicide attempt (2), psychotic disorder (1), factitious disorder (1), and 
anxiety (2).  There were 16 BRV subjects (10.7%) with psychiatric TEAEs leading to 
discontinuation with 1 coded to the PT violence-related symptom (N01276-004-
L016/N01315-004-0001, 55 year-old male who experienced violence-related 
symptom and suicidal ideation almost 3 years after starting BRV). 

• Pool ULD: 1 BRV subject (N01286-143-0289/N01125-943-1003) with completed 
suicide 26.2 months after starting BRV (see additional details in Section 7.3.1 of this 
review).  There were 4 BRV subjects (3.9%) with the following additional SAEs:  
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depression/suicidal behaviour (1), suicidal ideation/agitation/attention-seeking 
behaviour (1), depression (1), acute psychosis (1).  There were 3 BRV subjects who 
discontinued due to these TEAEs. 

• Pool Pediatric:  6 BRV subjects (2.9%) developed SAEs in SOC Psychiatric 
disorders (notable cases described further below):  aggression/depression/suicidal 
ideation (1), homicidal ideation (1), depression (1), suicide attempt (1), suicidal 
ideation (1), psychotic behaviour (1).  There were 10 BRV subjects (4.9%) who 
discontinued due to psychiatric TEAEs. 
N01266-103-07511: subject with history of developmental delay developed aggression, suicidal 
ideation, and depression on Study Day 64.  Aggressive outburst: subject attacked his mother and 
sister.  Psychiatric examination revealed that the subject was anxious, having homicidal ideation, 
abnormal judgment, and abnormal insight.  Started on bupropion.  Subject later experienced 
depression with suicidal ideation and was hospitalized with a complaint of suicidal ideation and 
homicidal ideation. The subject reportedly made threats to his caregiver, was acting out in school 
(and wanted to kill himself), and wanted “to kill his mother.”  Concomitant medications included 
oxcarbazepine, clobazam, diazepam, lacosamide.  BRV was discontinued.  Events resolved with 
sequelae (sequelae not specified). 
Of note, this was a coding omission by the Applicant as homicidal ideation should have been coded 
as both a SAE and TEAE leading to discontinuation. 
N01266-113-07601:  subject reported depression with suicidal ideation on Study Day 66.  BRV was 
discontinued.  Ten days later, the subject attempted suicide:  at school, subject became upset about 
a friend and stood up yelling “get me a knife” and tried to cut her wrist with a plastic knife.  Subject 
was hospitalized.  Events ongoing. 
N01263/N01266-114-01837: 12 year-old male with history of aggression, abnormal/impulsive 
behaviour, affective disorder, ADHD, who experienced aggression and then homicidal ideation 6 
weeks after starting BRV.  Subject was hospitalized in a psychiatric hospital due to hitting his sibling 
and mother (with a metal rod).  The subject’s mother reported multiple episodes over the last 2 
weeks, the subject “directed his grandmother to drive the car off the road and to kill him.” He was 
extremely verbally abusive to family and threatened to jump out of his third story window. BRV was 
discontinued and events resolved.  Concomitant medications included diazepam, lorazepam, and 
zonisamide. 

• Pool Other:  None 
• Pool Phase 1: There were 3 BRV subjects (0.4%) who reported the following SAEs 

(vs 0 placebo subjects): epilepsy, abnormal behaviour (likely due to seizure), 
aggression/postictal state. 

 
In conclusion, BRV use is associated with suicidality and other psychiatric events 
including psychotic and hostility/aggression events.  These psychiatric adverse 
reactions were likely attributable to BRV use   due to the close temporal association in 
these cases along with positive dechallenge in subjects without prior history of 
psychiatric disease (or aggression).  Because these adverse reactions were in some 
cases SAEs and led to discontinuation and included physical assault to family 
members, this information should be incorporated into the Warnings and Precautions 
section of BRV labeling.  (Of note, risk factor analysis was not performed for these 
adverse reactions due to small numbers; there was a smaller percentage of these 
reactions compared to the neurologic disorders adverse reactions in the previous 
section above.) 
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Hypersensitivity Reactions 
In Pool S1, a slightly higher percentage of BRV subjects than placebo experienced 
TEAEs in the SOC Immune system disorders and SOC Skin and subcutaneous tissue 
disorders.  The TEAE of hypersensitivity occurred more often in BRV subjects (n=2, 
0.2%) than placebo (0).  There were no SAEs or discontinuations due to TEAEs in BRV 
subjects in the SOC Immune system disorders while there were similar percentage of 
BRV and placebo subjects who discontinued due to TEAEs in SOC Skin and 
subcutaneous tissue disorders (PTs alopecia, pruritus, rash [N01253-386-A004 also 
with PT face oedema on day 7]).  The following table summarizes the TEAEs, SAEs, 
and TEAEs leading to discontinuation in hypersensitivity SOCs and SMQs in Pool S1. 
 
Table 72.  Overview of TEAEs, SAEs, DCs in Immune and Skin SOC and SMQs, 
Pool S1 

  Placebo BRV <50mg/day BRV ≥50mg/day 
Total # subjects  459 (100.0%) 296 (100.0%) 803 (100.0%) 
SOC Immune system disorders1 
   TEAEs 1 (0.2%) 2 (0.7%) 4 (0.5%) 
      PT Hypersensitivity 0 0 2 (0.2%) 
   SAEs 0 0 0 
   TEAEs leading to DC 0 0 0 
SOC Skin and subcutaneous tissue disorders2 
   TEAEs 28 (6.1%) 23 (7.8%) 49 (6.1%) 
     HLT Pruritus NEC 5 (1.1%) 5 (1.7%) 13 (1.6%) 
     HLT Rashes, eruptions, exanthems 6 (1.3%) 5 (1.7%) 11 (1.4%) 
     HLT Dermatitis & eczema 2 (0.4%) 4 (1.4%) 7 (0.9%) 
     HLT Dermal & epidermal conditions 0 0 7 (0.9%) 
   SAEs 0 0 0 
   TEAEs leading to DC 3 (0.7%) 0 4 (0.5%) 
SMQ Angioedema, Narrow 1 (0.2%) 3 (1.0%) 3 (0.4%) 
SMQ Anaphylaxis, Algorithmic 0 4 (1.4%) 1 (0.1%) 
SMQ Severe cutaneous adverse 
          reactions, Narrow 0 0 0 
SMQ Hypersensitivity, Narrow3 10 (2.2%) 14 (4.7%) 23 (2.9%) 

Source:  Created by reviewer using JReview and MAED tool with Safety Information Amendment 
datasets (8/11/15): ADAE (TRTEMFL=Y) and ADSL (PS1FL=Y, TR01PG2) 
1PTs included in table occurred in ≥2 BRV-treated subjects and greater than placebo 
2HLTs included in table occurred in ≥1% BRV-treated subjects and greater than placebo 
3SMQ Hypersensitivity (v16.0) was converted by the reviewer to v15.0 
 
In Pool S1, a higher number of BRV subjects experienced TEAEs in the SMQs 
Hypersensitivity (narrow) and Angioedema (narrow) than placebo subjects.  None were 
SAEs but 1 BRV subject (N01358-376-00789) discontinued BRV due to mild eye 
swelling and headache on Study Day 34 which resolved 2 days after discontinuation.  A 
slightly higher number of BRV subjects experienced TEAEs in the SMQ Anaphylaxis 
(algorithmic) than placebo subjects but the PTs were all cough, pruritus, eye pruritus, 
and rash (none were SAEs).  However, there were no subjects who reported TEAEs in 
the SMQ Severe cutaneous adverse reactions (narrow search).  (Of note, in Study 
N01358, the following percentages of BRV subjects in the 100 mg and 200 mg dose 
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groups vs placebo reported TEAEs in the narrow search of the SMQ Hypersensitivity:  
3.6% and 3.2% vs 1.9%). 
 
In Pool S4, 6 BRV subjects (0.2%) reported the following hypersensitivity-related SAEs: 

N01253-326-D119:  41 yo WF on Study Day 2 on BRV 20 mg developed sudden dyspnea one 
day after developing myalgia and asthenia.  Examination revealed rhonchi.  Treated with 
Fenoterol, Flebocortid, and ipratropium bromide for bronchospasm.  BRV was discontinued and 
the events resolved.  Concomitant AED included carbamazepine.  
N01252-053-D197/N01125-624-2003: 31 yo WF on Study Day 1904 diagnosed with 
dermatomyositis (on Study Day 1880 PT cytolytic hepatitis).  History of autoimmune diseases 
(type 1 DM, renal vessel disorder, and dermatitis allergic).  BRV discontinued.   
N01254-086-D162/N01125-537-2003:  anaphylactic reaction on Study Day 705 (verbatim term 
“anaphylactic reaction after application of clindamycin”) 
N01254-168-B124:  angioedema on Study Day 239.  BRV continued and events resolved. 
N01379-479-02379: rash on Study Day 905 (on trunk and extremities). Dermatologist diagnosed 
rash as scabies. No additional diagnostic testing performed (no biopsy). Treated with crotamiton 
10% and BRV was discontinued.  Events resolved.  
N01252-153-B384/N01125-978-2002:  circulatory collapse (after gastrointestinal haemorrhage). 

 
In Pool S4, there were 9 additional BRV subjects (0.4%) who discontinued treatment 
due to the following hypersensitivity TEAEs:  drug hypersensitivity (N01358-128-00862 
on Study Day 146), pruritus (on Study Day 6), rash (n=4), urticaria (on Study Day 16), 
eye swelling (N01358-376-00789), and erythema multiforme (described below). 
 

N01254-304-F473: on Study Day 30, subject was hospitalized with acute central nervous system 
dysfunction (dizziness, diplopia, unstable gate, and visual illusion) attributed to antihistamine, 
along with a rash (itchy papulo-pustular eruption) and an isolated mucosal lesion.  Shortness of 
breath and chest tightness were also noted. No fever.  No epithelial detachment.  No signs of 
organ failure (complete blood count, liver function, renal function, cardiac tests, and glucose level 
were normal).  A biopsy was not performed.  Treated with desloratadine, dexamethasone, 
erythromycin, and mequitazine. BRV was discontinued. Skin rash and oral ulcer improved but 
persistent small crusts and hyperpigmentation on trunk and extremities. New migratory red 
macules followed by tiny papules were still noted during 2 months later. Erythema multiforme 
resolved by the end of 3 months.  Concomitant AEDs included vigabatrin (started the day of 
symptom onset), carbamazepine (5 months), lamotrigine (8 mos), and phenobarbital (8 mos).  
Comment:  This is unlikely related to BRV use because of the recurrence of new lesions long 
after BRV discontinuation (negative dechallenge).  Furthermore, serology tests (to rule out viral, 
bacterial, and other fungal etiologies) were not reported in the narrative. 

 
In Pool S4, the following additional TEAEs were reported: 7 drug hypersensitivity (all 
reported as due to other drugs) and 1 Drug rash with eosinophilia and systemic 
symptoms (N01253-387-A049/N01199-1087-0004 on Study Day 2024).  There were no 
TEAEs coded to the PTs Stevens Johnson syndrome or toxic epidermal necrolysis. 
 
Comment:  This subject with TEAE coded to the PT DRESS was not discussed in the 
Applicant’s ISS.  In response to the Division's information request, the Applicant (on 
8/12/15) provided the subject’s narrative with details regarding this TEAE.  The 
Applicant stated that this event was not discussed in the ISS and a narrative was not 
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included in the original application because the “safety data for this event was received 
by UCB on 07 Aug 2014, which was after the 17 Jan 2014 clinical data cutoff date.” 

N01253-387-A049/N01199-1087-0004:  on Study Day 2024, while taking BRV 150 mg/day, the 
subject developed “visceral hypersensitivity syndrome.”  Other symptoms not reported.  Treated 
with amitriptyline hydrochloride and BRV was continued.  Events resolved 52 days later.   
Comment:  This is unlikely a case of DRESS and unlikely related to BRV exposure. 

 
The Applicant searched the clinical database for relevant MedDRA PTs (per FDA 
request as detailed in ISS Section 4.3.2.6) for drug reaction with eosinophilia and 
systemic symptoms (DRESS).  Subjects who met the algorithmic criteria then 
underwent medical review by the Applicant (based on TEAEs and laboratory data in 
relation to time of subject exposure to the drug).  Of note, laboratory data and TEAEs 
were not analyzed with regards to potential HSS/DRESS in the short-term iv studies 
N01256, EP0007, and N01258 by the Applicant “since HSS/DRESS does not usually 
occur prior to 2 to 8 weeks of exposure to an investigational product.”  Although the 
Applicant identified subjects who met the algorithmic criteria, the Applicant did not 
consider any of these potential cases as treatment-emergent cases of HSS/DRESS in 
the entire BRV clinical safety database. 
 
Comment:  The Applicant reported that there were 20 BRV subjects who met the 
algorithmic criteria in Pool S4.  I reviewed the 120-day Safety Update Table 5.11.15.1 
provided by the Applicant which listed the subjects potentially meeting criteria for 
HSS/DRESS.  The subjects (except for the subject coded to the PT DRESS – 
discussed above) either did not meet enough of the RegiSCAR criteria for DRESS or 
the symptoms/signs were out of the 30-day window.  Furthermore, none of the subjects 
who met the algorithmic criteria in Pool Pediatric, Monotherapy, or Unverricht-Lundborg 
Disease were cases of DRESS.  In response to the Division's information request, the 
Applicant (on 8/12/15) provided a similar analysis of DRESS for Pool Other.  One 
subject experienced thrombocytopenia, abnormal lymphocyte count, and pyrexia 
(without rash or lymphadenopathy). 
 
In response to the Division's information request, the Applicant (on 8/12/15) provided an 
analysis of HSS/DRESS using actual relevant laboratory data and the vital sign of fever 
(rather than the MedDRA PT pyrexia) for BRV-treated subjects who discontinued due to 
TEAEs of pruritus, rash, urticaria, and drug hypersensitivity in Pool S4 with a 
categorization of the subjects as definite, probable, or possible DRESS.6  A similar 
analysis was provided for SAEs and discontinuations due to TEAEs (in the SOC Skin 
and subcutaneous tissue disorders and SOC Immune system disorders) for all other 
pooled groups.  The Applicant reported that there were no BRV-treated subjects (with 
TEAEs leading to discontinuation or SAEs in the SOC Immune system disorders and 
SOC Skin and subcutaneous tissue disorders) who fulfilled the inclusion criteria in the 
article by Kardaun et al.  The Applicant stated that “overall, the additional analyses and 

                                            
6 Kardaun SH et al.  Br J Dermatol. 2007; 156(3): 609-11. 
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medical review further support the conclusion within the initial ISS that no cases of 
HSS/DRESS were identified within the BRV clinical development program.” 
 
In the other pooled groups, the following hypersensitivity SAEs and DCs were reported 
by BRV subjects: 
• Pool Monotherapy:  None 
• Pool ULD:  1 BRV subject with SAE hidradenitis and 1 BRV subject with TEAE 

hypersensitivity and rash (N01236-100-0046). 
• Pool Pediatric:  1 BRV subject with SAE bronchospasm on Study Day 540. 
• Pool Other:  1 BRV subject with SAE vascular purpura (see below) and 1 BRV 

subject with rash that led to discontinuation. 
N01162-073-0850:  62 yo WF with history of hepatitis C who on Study Day 27 developed SAEs of 
thrombocytopenia and vascular purpura in setting of fever and “virus-like clinical picture.”  Evaluated 
by a hematologist and treated with steroids. BRV was discontinued and 5 days later, subject was 
hospitalized because of worsening of rash and thrombocytopenia.  Steroids were continued.  No 
serology or immunological tests were performed.  Events resolved 9 days later. 

• Pool Phase 1: The following TEAEs leading to discontinuation were reported in 
BRV-treated subjects: 1 pruritus, 1 urticaria, 1 rash erythematous, and 1 rash. 

 
In conclusion, there were no BRV subjects identified with SJS or TEN in the entire BRV 
safety database.  While there were BRV subjects with TEAEs coded to PTs of DRESS 
and erythema multiforme, these events were unlikely related to BRV use (DRESS 
occurred after 5 years of BRV use and erythema multiforme case with negative 
dechallenge).  However, BRV subjects experienced hypersensitivity-related TEAEs (in 
the Hypersensitivity SMQ) more often than placebo subjects.  Furthermore, there were a 
small percentage of BRV subjects with hypersensitivity-related SAEs (N01253-326-
D119 with acute onset of dyspnea/rhonchi requiring treatment on day 2 of BRV) or 
discontinued (N01253-386-A004 with PT face oedema/rash on day 7 of BRV) due to 
these TEAEs with close temporal association with BRV use and positive dechallenge.  
Therefore, I recommend that information regarding anaphylaxis and angioedema be 
included in the Warnings and Precautions section of BRV labeling. 
 
Hematologic disorders 
The reader is referred to Section 7.4.2 of this review. 
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7.3.5 Submission Specific Primary Safety Concerns 

In this section, I will discuss my analyses along with the Applicant’s analyses of the 
following organ systems:  cardiovascular disorders, gastrointestinal disorders, 
hepatobiliary disorders, infectious disorders, and renal disorders. 
 
Cardiovascular disorders  
In Pool S1, a similar percentage of BRV and placebo subjects experienced TEAEs in 
the SOC Cardiac disorders.  Only the TEAEs of sinus bradycardia, bradycardia, and 
palpitations occurred more often in BRV subjects than placebo.  Furthermore, a similar 
percentage of BRV and placebo subjects experienced SAEs and TEAEs leading to 
discontinuations in SOC Cardiac disorders.  The following table summarizes the TEAEs, 
SAEs, and TEAEs leading to discontinuation in the cardiac SOC and SMQs in Pool S1.   
 
Table 73.  Overview of TEAEs, SAEs, DCs in Cardiac SOC and SMQs, Pool S1 

  Placebo BRV <50mg/day BRV ≥50mg/day 
Total # subjects  459 (100.0%) 296 (100.0%) 803 (100.0%) 
SOC Cardiac disorders* 
   TEAEs 9 (2.0%) 1 (0.3%) 19 (2.4%) 
      PT Sinus bradycardia 0 0 3 (0.4%) 
      PT Palpitations 0 0 3 (0.4%) 
      PT Bradycardia 0 0 2 (0.2%) 
   SAEs 3 (0.7%) 0 1 (0.1%) 
   TEAEs leading to DC 2 (0.4%) 0 3 (0.4%)# 
SMQ Cardiac arrhythmias, Narrow Search  
   SMQ Cardiac arrhythmia terms 3 (0.7%) 0 8 (1.0%) 
      SMQ Bradyarrhythmias 3 (0.7%) 0 8 (1.0%) 
         SMQ Conduction defects 3 (0.7%) 0 5 (0.6%) 
         SMQ Disorders of sinus node function 0 0 3 (0.4%)^ 
SMQ Ischaemic heart disease, Narrow 3 (0.7%) 0 2 (0.2%) 
SMQ Torsade/QT prolongation, Narrow 0 0 2 (0.2%) 
SMQ Hypertension, Narrow Search 8 (1.7%) 1 (0.3%) 6 (0.7%) 
SMQ Dyslipidemia, Narrow Search 14 (3.1%) 7 (2.4%) 26 (3.2%) 

Source:  Created by reviewer using JReview and MAED tool with Safety Information Amendment 
datasets (8/11/15): ADAE (TRTEMFL=Y) and ADSL (PS1FL=Y, TR01PG2) 
*PTs included in table occurred in ≥2 BRV-treated subjects and greater than placebo 
^PT Sinus bradycardia 
#PTs Tachycardia (2 with 1 subject with ongoing autoimmune thyroiditis) and acute myocardial infarction 
(1 also a SAE – see description below) 
 
In Pool S1, a similar percentage of BRV and placebo subjects experienced TEAEs in 
the cardiac-related SMQs except for the SMQ Torsade de pointes/QT prolongation (2 
electrocardiogram QT prolonged: N01358-608-00774 on Study Day 92/118 and 
N01358-801-00508 on Study Day 15, both reported as resolved without change in BRV 
dose). 
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In Pool S1, the following cardiac-related SAEs were reported in 2 BRV subjects:   
N01358-506-00426:  55 yo WF on Study Day 23 developed retrosternal pain on BRV 100 mg.  
During a study visit 1 week later, an ECG revealed sinus rhythm with signs of an acute non-Q-
wave anteroinferior MI and subject was admitted to the ICU and treated only medically (no 
information regarding cardiac catheterization was included in the narrative).  BRV was 
discontinued.  Subject recovered and was discharged from the hospital in “satisfactory condition.”  
Concomitant medications included carbamazepine and valproic acid.  Past medical history 
included menopause. 
N01253-355-B320: 66 yo WM on Study Day 24 developed syncope while on BRV 20 mg and fell 
forward and experienced head laceration.  Taken to the ER and discharged the next day 
(reported that no discharge summary was received as hospitalization was <48 hours).  BRV dose 
was continued – subject completed study and entered in LTFU study without recurrence.  CIOMS 
form provided by the Applicant on 6/19/15 in response to the Division's information request 
provided no additional details regarding the event of syncope.  This event could have also been 
due to dizziness rather than a cardiac etiology. 

 
The following deaths coded to cardiac PTs occurred in BRV subjects and are described 
in Section 7.3.1 of this review:  hypertensive cardiovascular disease (1), circulatory 
collapse (1), myocardial infarction (3), and cardio-respiratory arrest (1).  Additionally, the 
following deaths that were coded to other PTs that may be due to a cardiac etiology: 
 
Table 74.  Deaths in BRV-treated subjects – possible cardiac etiology 

59/M N01193-278-0059 
N01199-1078-0003 BRV 100 Multi-organ failure  Unlikely Not related 32.9 months 

From information in CIOMS:  Subject was found slumped over in the chair, unresponsive with agonal 
breathing.  Had been active several hours before, attending daycare.  Subject was admitted to ICU with 
fever, hypotension, respiratory failure, renal failure, liver injury, non-ST elevation MI, and wide-complex 
tachycardia.  Subject died from “multi-organ failure.”  Infectious w/u negative.  No autopsy was performed.  
No known cardiac medical history.  History of traumatic brain injury. 
Comment:  The lack of close temporal relationship to BRV initiation (almost 3 years later) makes these 
events and the subsequent death difficult to attribute to BRV use. 

14/F N01253-404-C332* BRV 20 Respiratory failure after 
witnessed seizure Possible Not related 3.3 months 

Soon after taking nighttime dose of BRV, subject had a widespread feeling of anxiety.  Soon afterwards, the 
father heard a groan which was typical of subject’s onset of seizures.  Then however, the subject had 
difficulty breathing and lost her pulse.  CPR was initiated.  Subject died.  Cause of death was listed as 
respiratory insufficiency and bronchoaspiration.  No autopsy was performed.   
Of note, EKG (post-BRV dose) revealed sinus bradycardia and mildly prolonged QTc (463).  Interpretation 
of the EKG by the cardiologist was reported as “congenital long QT syndrome.” 
 
In Pool S4, 21 BRV subjects (0.9%) reported additional cardiac-related SAEs: 
hypertension (2), hypertensive crisis/myocardial infarction/angina pectoris (1), acute 
coronary syndrome (1), angina unstable (1), atrial flutter (1), cardiac arrest (1), cardiac 
disorder (1), myocardial infarction (2), myocardial ischemia (2), loss of consciousness 
(1), sinus tachycardia (1), chest pain (5), and supraventricular tachycardia (2). The 
majority of these subjects developed SAEs that resolved without change in BRV dose 
with onset >1 year after BRV initiation or with other risk factors or co-existing conditions.  
Notable narratives are described below: 
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N01199-1360-0002: 58 yo WF on Study Day 86 developed chest pain, palpitations, headache, and 
hypertension.  Prior to events had increased seizures and took extra dose of Dilantin.  ECG revealed 
sinus tachycardia with mild QTc prolongation in setting of hypokalemia. BRV continued. 
N01125-537-2003:  40 yo WM on Study Day 225 (angina pectoris and hypertensive crisis during episode 
of tonic-clonic seizure, MI ruled out, medical management with metoprolol for diagnosis of “unknown 
hypertension”) and on Study Day 1482, off BRV for 11 days (myocardial infarction with coronary stent 
placement).  +h/o smoking  
N01199-1030-0004:  48 yo WF on Study Day 512 developed myocardial ischemia and on Study Day 
1998 (along with unstable angina).  Angiogram performed.  RCA occlusion identified.  BRV continued 
after brief interruption.  History of hypercholesterolemia. 
N01125-606-2002: 66 yo WM on Study Day 641 developed atrial flutter – treated with catheter ablation 
and metoprolol.  BRV continued. 
N01379-607-00408: 60 wo WF on Study Day 632 developed loss of consciousness along with unilateral 
weakness.  Thought likely due to convulsive seizure with subsequent Todd’s paresis. 
N01379-777-02453: 54 yo WF history of HTN and hypercholesterolemia, hypothyroidism.  On Study Day 
295, developed brief intermittent moments of loss of consciousness and heart monitor revealed asystole.  
Pacemaker implanted.  BRV continued. 
N01199-1251-0006:  38 AM (no medical history reported) on Study Day 1169 myocardial infarction.  Labs 
revealed high cholesterol, LDL, and triglycerides.  Troponins were increased and diagnosed with acute 
anterior wall MI.  Cath revealed triple vessel disease.  Angioplasty performed to LAD.  BRV continued. 
N01379-017-00043:  43 yo WM with history of hyperlipidemia and antiphospholipid syndrome, on Study 
Day 82, ECG revealed old inferior infarct (likely occurred during previous hospitalization for pneumonia – 
of note, pneumonia was not recorded as an SAE in the dataset).  Cath revealed nonobstructive CAD.  
BRV was continued.   
N01254-231-G259:  47 yo WF with history of hypertension who on Study Day 49 developed high blood 
pressure and was hospitalized.  BP readings at prior study visits ≤140/80 mmHg and normal ECGs.  ECG 
revealed sinus tachycardia. Unknown whether taking BRV (started on 10 mg).  BRV was discontinued.  
Subject discharged from hospital 7 days later after medical management (antihypertensives, metoprolol).  
Concomitant medication included lamotrigine. No other meds reported. 
N01199-1373-0002: 42 yo WF on Study Day 329 developed supraventricular tachycardia – given 
potassium for hypokalemia.  BRV continued.  Events resolved. 
N01253-373-A256:  53 yo WF on Study Day 31 developed chest pain and dyspnea while on BRV 25 mg.  
BP 148/88, ECG NSR.  Myocardial perfusion scan negative for reversible ischemia.  Troponins were 
negative.  Subject was discharged from the hospital.  Study investigator stated that about 2 weeks prior to 
hospitalization, subject incurred a leg injury and subsequently experienced chest pain.  Subject 
completed the study and entered LTFU. 
N01254-086-D162:  40 yo WM on Study Day 16 developed chest pain (thoracic pain on the left) in setting 
of series of seizures.  ECG was negative.  BRV continued and subject entered LTFU. 
N01125-583-0003:  60 yo WF on Study Day 125 developed nausea and fatigue after recent increase of 
BRV to 150 mg, found to have BP=200/105.  ECG and lab tests all negative.  BP returned to 120/70.  
BRV dose reduced to 125 mg and events resolved.  BRV discontinued 1 month later.  Concomitant 
medication included carbamazepine, kliogest, and tiagabine. 
N01199-1393-0001:  48 yo BM history of sinus bradycardia worsening (sinus node dysfunction) on Study 
Day 2212 required pacemaker placement.  Of note, this SAE was coded to PT unevaluable event. 
 
In Pool S4, there were 5 additional BRV subjects who discontinued due to hypertension 
(2), atrial flutter (on Study Day 937), atrioventricular block second degree (on Study Day 
358), and blood pressure increased (N01253-363-B026 in the setting of the SAE of 
bronchitis).  There were 3 additional BRV subjects with TEAEs coded to PT 
electrocardiogram QT prolonged (N01114-061-1082 on Study Day 2654, N01253-360-
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B018 on Study Day 288, N01254-015-D100 on Study Day 664) in which BRV dose was 
continued and not changed. 
 
In the other pooled groups, the following cardiac SAEs and DCs were reported by BRV 
subjects: 
• Pool Monotherapy:  5 BRV subjects (3.3%) developed the following SAEs:  cardiac 

failure congestive (1), angina pectoris (2), mitral valve prolapse (1), atrial fibrillation 
(1).  There were no discontinuations due to these TEAEs. 
N01315-231-0003: 64 WF (history of coronary artery disease) developed chest pain on Study Day 
789 with cath that revealed occluded graft to left circumflex.  BRV continued.  Events resolved.  QT 
prolonged on day 1239. 
N01315-265-0003: 69 yo WF on Study Day 672 with atrial fibrillation and bradycardia with prolonged 
pauses in heart rate.  Pacemaker insertion. BRV continued.  Events resolved.  Subject with history of 
hypercholesterolemia, hypothyroidism, and mitral valve prolapse. 
N01315-297-0001: 58 yo BF on Study Day 334 with CHF exacerbation in setting of COPD. 
N01315-268-0001: 60 yo WM on Study Day 152 with chest pain.  BRV discontinued due to renal 
impairment.  Subject with history of antiphospholipid syndrome and CAD. 

• Pool ULD:  None 
• Pool Pediatric:  None 
• Pool Other:  None 
• Pool Phase 1:  

N01118-001-0002:  78 yo WM without any prior cardiac history experienced SAE of atrial fibrillation.   
Subject experienced an event of feeling drunk 40 minutes after study drug initiation (BRV 200 mg bid) 
and an event of somnolence, 2 days later.  Nine days after first BRV dose, subject developed atrial 
fibrillation (normal ECG at the selection visit and after initial doses of BRV).  Subject hospitalized and 
echo revealed normal ejection fraction with “somewhat dilated left atrium and mitral insufficiency.”  
Spontaneously converted to sinus rhythm.  No concomitant medications.  BRV discontinued. 
 
Comment:  Atrial fibrillation in the subject was likely due to the subject’s underlying dilated left atrium 
from mitral insufficiency rather than BRV use.  Of note, the following SAE was not reported by the 
Applicant for any of the Phase 1 pooled groups as it was reported in Study 1118 in healthy elderly 
subjects (which was excluded from Pool Phase 1 by the Applicant due to “expected inherent 
differences in these study populations.”) 
 

In conclusion, BRV use is unlikely associated with cardiac adverse events except for a 
small (<0.5%) but slightly higher incidence of bradycardia than placebo.  However, in 
Pool S1, BRV subjects developed TEAEs overall in the Cardiac SOC and SMQs at very 
low rates (<2.5%) and similar to placebo subjects.  There were rare cases in which BRV 
subjects developed SAEs of arrhythmias and cardiac ischemic events.  However, these 
event rates (along with discontinuations) were similar to placebo subjects.  Furthermore, 
the events resolved with BRV continuation, lacked a close temporal relationship with 
BRV initiation, or were in subjects who had either underlying cardiac risk factors or co-
existing conditions. 
 
Gastrointestinal disorders 
In Pool S1, a higher percentage of BRV subjects (14.9% in the BRV ≥50 mg/day group) 
experienced TEAEs in the SOC Gastrointestinal disorders than placebo subjects 
(11.3%).  This difference was driven by TEAEs in the HLTs Nausea and vomiting 
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symptoms and GI atonic and hypomotility disorders (PT constipation).  There were  only 
2 BRV subjects with SAEs (PTs gastritis erosive and inguinal hernia) and a similar 
percentage of BRV and placebo subjects discontinued due to GI TEAEs (PTs nausea, 
vomiting, abdominal discomfort in BRV subjects).  The following table summarizes the 
TEAEs, SAEs, and TEAEs leading to discontinuation in the SOC Gastrointestinal 
disorders in Pool S1. 
 
Table 75.  TEAEs, SAEs, DCs in Gastrointestinal SOC, Pool S1 

  Placebo BRV <50mg/day BRV ≥50mg/day 
Total # subjects  459 (100.0%) 296 (100.0%) 803 (100.0%) 
SOC Gastrointestinal disorders* 
   TEAEs 52 (11.3%) 48 (16.2%) 120 (14.9%) 
     HLT Nausea & vomiting symptoms  13 (2.8%) 16 (5.4%) 44 (5.5%) 
     HLT GI atonic & hypomotility disorders  2 (0.4%) 6 (2.0%) 16 (2.0%) 
     HLT Dyspeptic signs & symptoms  2 (0.4%) 5 (1.7%) 4 (0.5%) 
     HLT GI signs and symptoms  1 (0.2%) 1 (0.3%) 5 (0.6%) 
     HLT Flatulence, bloating & distension 1 (0.2%) 2 (0.7%) 0 
     HLT Gingival pains 0 2 (0.7%) 0 
   SAEs 0 0 2 (0.2%) 
   TEAEs leading to DC 2 (0.4%) 1 (0.3%) 2 (0.2%) 

Source:  Created by reviewer using JReview and MAED tool with Safety Information Amendment 
datasets (8/11/15): ADAE (TRTEMFL=Y) and ADSL (PS1FL=Y, TR01PG2) 
*HLTs included in table occurred in ≥1% BRV-treated subjects and greater than placebo 
 
In Pool S4, 32 additional BRV subjects (1.3%) reported SAEs in the SOC 
Gastrointestinal disorders (SAE of pancreatitis will be discussed with the hepatobiliary 
events).  All of these SAEs occurred much later in the trial (≥ 6 months after the first 
BRV dose), did not lead to BRV discontinuation, or occurred in only 1 BRV subject. 
 
In the other pooled groups, the following SAEs and DCs in the SOC Gastrointestinal 
disorders were reported by BRV subjects: 
• Pool Monotherapy:  There was 1 BRV subject (0.7%) with the SAE of vomiting (on 

Study Day 328) and 1 BRV subject (0.7%) who discontinued due to nausea. 
• Pool ULD:  There were 6 BRV subjects (5.9%) with SAEs (2 abdominal pain, 1 

diarrhoea, 1 abdominal hernia, 1 colitis ulcerative, 1 dysphagia, 1 ileus,1 vomiting) 
while there were no discontinuations due to GI TEAEs. 

• Pool Pediatric:  There were 4 BRV subjects (2%) with SAEs (1 diarrhoea, 2 GERD, 1 
vomiting). 

• Pool Other:  There were 2 BRV subjects (1.4%) who discontinued due to abdominal 
pain upper/diarrhoea and nausea/fatigue. 

• Pool Phase 1:  none 
 
In conclusion, BRV is associated with nausea/ vomiting symptoms and constipation.  
While some of these adverse reactions led to discontinuation of BRV treatment, there 
were only rare cases of SAEs.  Therefore, these TEAEs should be included in the 
Adverse Reactions section of BRV labeling instead of Warnings and Precautions. 
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Hepatobiliary disorders 
In Pool S1, only 2 BRV subjects (both in the BRV ≥50 mg/day group) experienced the 
following TEAEs in the SOC Hepatobiliary disorders:  chronic cholecystitis and 
hypertransaminasaemia (subject N01358-528-00819 with elevated AST/ALT without 
elevated bilirubin during an upper respiratory tract infection and paracetamol treatment).  
There were no SAEs or discontinuations due to TEAEs in any subjects in the SOC 
Hepatobiliary disorders.  Furthermore, there were no subjects who reported SAEs for 
hepatic laboratory parameters in the SOC Investigations.  However, there was 1 BRV 
subject who discontinued due to the TEAE  hepatic enzyme increased (N01358-227-
00185 who had elevated ALT/AST at baseline). The following table summarizes the 
TEAEs, SAEs, and TEAEs leading to discontinuation in the SOC and SMQs with 
hepatobiliary PTs in Pool S1. 
 
Table 76.  Overview of TEAEs, SAEs, DCs in Hepatobiliary SOC & SMQs, Pool S1 

  Placebo BRV <50mg/day BRV ≥50mg/day 
Total # subjects  459 (100.0%) 296 (100.0%) 803 (100.0%) 
SOC Hepatobiliary disorders 
   TEAEs 0 0 2 (0.2%) 
      PT Cholecystitis chronic 0 0 1 (0.1%) 
      PT Hypertransaminasaemia 0 0 1 (0.1%) 
   SAEs 0 0 0 
   TEAEs leading to DC 0 0 0 
SMQ Hepatic disorders, Narrow Search  
   SMQ Drug related hepatic disorders – all 7 (1.5%) 5 (1.7%) 15 (1.9%) 
      SMQ Drug related hepatic disorders - severe 0 0 1 (0.1%) 
         SMQ Liver neoplasms, benign 0 0 1 (0.1%)* 
      SMQ Liver investigations, signs, symptoms 7 (1.5%) 5 (1.7%) 14 (1.7%) 
      SMQ Liver coagulation/bleeding disturbances 1 (0.2%) 0 0 
SMQ Acute pancreatitis, Narrow 0 0 0 

Source:  Created by reviewer using JReview and MAED tool with Safety Information Amendment 
datasets (8/11/15): ADAE (TRTEMFL=Y) and ADSL (PS1FL=Y, TR01PG2) 
*haemangioma of liver 
 
In Pool S1, a similar percentage of BRV and placebo subjects experienced TEAEs in 
the SMQ Drug related hepatic disorders comprehensive search (narrow search).  The 
only PT reported by BRV subjects in the SMQ Drug related hepatic disorders severe 
(narrow search) was haemangioma of liver.  Furthermore, there were no subjects who 
reported TEAEs in the SMQ Acute pancreatitis (narrow search).  The following table 
summarizes the subjects who met the various hepatic laboratory cut-offs in Pool S1.  
The 2 BRV subjects with increases in AST and/or ALT >3xULN (N01253-361-A135 and 
N01358-508-00675) had resolution of these increases while continued on BRV.  
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Table 77.  Hepatic laboratory parameters, Pool S1 

Test/Cutoff threshold 
Placebo 
n=459 

BRV 
n=1099 

AST and ALT >3xULN 0 1 (<0.1) 
AST and ALT >5xULN 0 0 
AST or ALT >3xULN 0 2 (0.2) 
AST or ALT >5xULN 0 1 (<0.1) 
AST or ALT >10xULN 0 1 (<0.1) 
AST or ALT >20xULN 0 0 
ALT or AST >3xULN, total bilirubin ≥1.5ULN 0 0 
ALT or AST >3xULN, total bilirubin ≥2xULN 0 0 
ALT or AST >3xULN, total bilirubin >2xULN 
and ALP <2xULN 

0 0 

Source:  ISS Table 5.11.10.1.1, 6-80 
 
In Pool S4, 10 BRV subjects (0.4%) reported hepatobiliary-related SAEs.  Most of these 
cases developed after 1 year of BRV use, resolved despite continued BRV use, or were 
due to other drugs:    cholelithiasis (4), cholecystitis acute (1), cholelithiasis/cholecystitis 
(1), biliary colic (1), cholecystitis chronic (1), and hyperammonaemia (verbatim term 
“valproate induced hyperammonemia” for subject N1252-251-F313).    There was 1 
case of acute pancreatitis:  N01358-476-00255/N01379-476-00255 on Study Day 199 in 
a subject without history of alcohol use or cholelithiasis.  Concomitant medications 
included alfacalcidol, calcium, lisinopril, and valproic acid.  BRV was discontinued and 
the events resolved. (Of note, pancreatitis is a boxed warning for valproic acid and listed 
in the Adverse Reactions section of lisinopril labeling) 
 
In Pool S4, there were 8 additional BRV subjects who discontinued due to hepatobiliary-
related TEAEs:  pancreatitis chronic (verbatim “exacerbation of chronic pancreatitis”), 
liver function test abnormal (N01114-041-0471 – case described below), hepatic 
enzyme increased (N01358-250-00115- case described below), GGT increased (5).   
 

N01114-041-0471 on Study Day ~133 of BRV 100mg/day, AST/ALT increased to >3x ULN with 
elevation in alkaline phosphatase (without increase in bilirubin).  BRV was discontinued and the 
events resolved 1 week later (except for GGT which had improved).  AST/ALT were within normal 
limits at baseline while alkaline phosphatase was elevated at baseline. 
N01358-250-00115 on Study Day ~180 of BRV 150 mg/day, AST/ALT increased to >3xULN 
(without increase in bilirubin). Parameters started to improve prior to dose reduction.  BRV was 
discontinued and the events resolved. 

 
I performed an additional search in Pool S4 for TEAEs in the SMQs (narrow search) 
Drug related hepatic disorders severe & Acute pancreatitis and identified the following 
additional PTs reported in 13 BRV subjects:  hepatic steatosis (7), liver disorder (2), 
cytolytic hepatitis (N01252-053-D197 on day 1880 along with PT dermatomyositis), 
drug-induced liver injury (N01193-240-0315/N01199-1040-0001 due to antituberculous 
treatment), portal HTN/hepatic cirrhosis/hepatic encephalopathy (N01379-011-00077 on 
Study Day 836 in subject with history of obesity, hypertension, and diabetes mellitus), 
and pancreatitis (N01258-001-02526/N01379-001-02526 with history of chronic 
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pancreatitis).  The following table summarizes the subjects who met the hepatic lab cut-
offs in Pool S4. 
 
Table 78.  Hepatic laboratory parameters, Pool S4 

Test/Cutoff threshold 
BRV 

n=2437 
AST and ALT >3xULN 12 (0.5) 
AST and ALT >5xULN 4 (0.2) 
AST and ALT >10xULN 1 (<0.1) 
AST or ALT >3xULN 31 (1.3) 
AST or ALT >5xULN 13 (0.5) 
AST or ALT >10xULN 5 (0.2) 
AST or ALT >20xULN 1 (<0.1) 
ALT or AST >3xULN, total bilirubin ≥1.5ULN 0 
ALT or AST >3xULN, total bilirubin ≥2xULN 0 
ALT or AST >3xULN, total bilirubin >2xULN 
and ALP <2xULN 

0 

Source:  120-day Safety Update Tables 5.11.10.1.4 and 6-81 
 
The Applicant reported that most of these BRV subjects with increases in AST and/or 
ALT >3xULN in Pool S4 developed events of AST or ALT >3xULN (some isolated 
events) after months or years of BRV use (with some further continued on BRV).  There 
were 2 subjects who discontinued BRV treatment due to these increases (cases 
described above).  There were 6 subjects who developed elevations of AST or ALT 
>3xULN between study day 50 and 180 of BRV (without elevation in bilirubin).  In the 
ISS and the 120-day Safety Update, the Applicant reported that there were no subjects 
meeting Hy’s Law in the entire BRV safety database.   
 
Comment: I performed a search of the integrated laboratory datasets and identified 2 
subjects who potentially met Hy’s Law lab criteria.  In additional to one placebo subject 
(N1254-133-D436), 1 BRV subject had elevations of >3xULN for ALT/AST and >2xULN 
for total bilirubin (at different time points – so not a true case of Hy’s Law) without an 
elevation of alkaline phosphatase (see patient profile below):  subject N01193-246-1093 
developed an elevation of ALT and AST about 20 days after discontinuing BRV (and 
about 10 days after taking paracetamol).  The subject had an elevated bilirubin at 
baseline which fluctuated during the study.   
 

Reference ID: 3843450



Clinical Safety Review 
Mary Doi, MD, MS 
NDAs 205836, 205837, 205838 
Brivaracetam (trade name pending) 
 

108 

Figure 11.  Patient profile of Subject N01193-246-1093 

 
Source:  Created by reviewer using JReview (Graphical Patient Profile) 
 
In response to the Division's information request, the Applicant (on 8/12/15) confirmed 
that there were no subjects who met Hy’s Law laboratory criteria (AST or ALT >3xULN 
with concurrent alk phos <2xULN and concurrent total bilirubin ≥2xULN) in Pool S4, 
Pool Monotherapy, Pool ULD, Pool Pediatric, Pool IV, and Pool Other.  However, the 
Applicant reported that in the Phase 1 studies, three subjects (N01111-001-0011, 
N01111-001-0013, and N01111-001-0026) in study N01111 (designed to study the 
effects of liver impairment on the pharmacokinetics of BRV) potentially met Hy’s Law 
criteria (but met Hy’s Law criteria prior to BRV exposure so not treatment-emergent 
cases).   
 
In the other pooled groups, the following SAEs and DCs in the SOC Hepatobiliary 
disorders were reported by BRV subjects: 
• Pool Monotherapy:  3 BRV subjects (2%) developed the following SAEs:  

cholecystitis (1 on Study Day 2031), cholelithiasis (1 on Study Day 990 and the other 
on Study Day 1715).  Few BRV subjects (1.5%) developed AST or ALT elevations 
>3xULN (120-day Safety Update Table 5.11.10.2.2).  There were no 
discontinuations due to these TEAEs. 

• Pool ULD: 1 BRV subject each experienced acute cholecystitis, gallbladder 
operation, and pancreatitis (N01236-135-0237/N01125-935-1002 also taking 
valproic acid with symptoms of pancreatitis prior to initiation of BRV). 
Few BRV subjects developed AST or ALT elevations: 4.9% >3xULN, 2.0% >5xULN, 
and 1.0% >10xULN (n=1) (120-day Safety Update Table 5.11.10.2.3).  There were 
no discontinuations due to these TEAEs. 
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• Pool Pediatric:  0 BRV subjects developed SAEs.  Two BRV subjects (1%) 
discontinued due to ALT/AST/GGT increased (1) and hepatic enzyme increased (1). 

• 2% of BRV overall with AST or ALT >3xULN, 1.5% >5xULN (120-day Safety Update 
Table 5.11.10.2.1).  

• Pool Other:  None 
• Pool Phase 1: None 
 
In conclusion, the Applicant reported that there were no subjects meeting Hy’s Law in 
the entire BRV program.  I agree that there were no subjects in the BRV safety 
database who met Hy’s Law laboratory criteria.  There were cases in which BRV was 
associated with elevations in ALT or AST (without elevations in total bilirubin) within the 
first 6 months of treatment with positive dechallenge.  However, these were rare and did 
not result in SAEs.  There were also rare cases of pancreatitis (but confounded by prior 
history or concomitant medications).  BRV use is unlikely associated with serious liver 
injury or acute pancreatitis. 
 
Infectious disorders  
In Pool S1, a similar percentage of BRV (≥50 mg/day group) and placebo subjects 
experienced TEAEs in the SOC Infections and infestations (although a higher 
percentage of BRV subjects in the lower dose groups [22% in the BRV <50 mg/day 
group] experienced TEAEs than placebo subjects [16.6%]).  This difference was driven 
by TEAEs in the HLTs Upper respiratory tract infections and Influenza viral infections.  
There was a similar percentage of BRV and placebo subjects who developed SAEs due 
to infection-related TEAEs (PTs bronchitis, localised infection, and pneumonia in BRV 
subjects) and only 2 BRV subjects discontinued due to TEAEs (PTs influenza and 
pneumonia).  The following table summarizes the TEAEs, SAEs, and TEAEs leading to 
discontinuation in the SOC and SMQs with infection-related PTs in Pool S1.   
 
Table 79.  TEAEs, SAEs, DCs in SOC Infections and infestations, Pool S1 

  Placebo BRV <50mg/day BRV ≥50mg/day 
Total # subjects  459 (100.0%) 296 (100.0%) 803 (100.0%) 
SOC Infections and infestations* 
   TEAEs 76 (16.6%) 65 (22.0%) 130 (16.2%) 
     HLT Upper respiratory tract infections 39 (8.5%) 34 (11.5%) 53 (6.6%) 
     HLT Influenza viral infections 6 (1.3%) 17 (5.7%) 12 (1.5%) 
     HLT Lower respiratory tract infections 2 (0.4%) 3 (1.0%) 9 (1.1%) 
     HLT Viral infections NEC 2 (0.4%) 1 (0.3%) 8 (1.0%) 
     HLT Abdominal and GI infections 1 (0.2%) 5 (1.7%) 4 (0.5%) 
     HLT Dental and oral soft tissue 2 (0.4%) 0 6 (0.7%) 
     HLT Ear infections 0 1 (0.3%) 5 (0.6%) 
     HLT Herpes viral infections 0 0 5 (0.6%) 
   SAEs 1 (0.2%) 1 (0.3%) 2 (0.2%) 
   TEAEs leading to DC 0 2 (0.7%) 0 

Source:  Created by reviewer using JReview and MAED tool with Safety Information Amendment 
datasets (8/11/15): ADAE (TRTEMFL=Y) and ADSL (PS1FL=Y, TR01PG2) 
*HLTs included in table occurred in ≥1% BRV-treated subjects and greater than placebo 
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In Pool S4, 59 additional BRV subjects (2.4%) reported SAEs in the SOC Infections and 
infestations.  All of these SAEs occurred much later in the trial (≥ 6 months after the first 
BRV dose), did not lead to BRV discontinuation, or occurred as isolated cases in single 
BRV subjects.  Of note, there were 10 BRV subjects (0.4%) with meningitis tuberculous 
(1 subject on days 1997 and 2108), disseminated tuberculosis (day 2785), leprosy (on 
day 898), pulmonary tuberculosis (5 on days 186 - 2249), and tuberculosis (2 on day 
258 and day 1233).  However, 8 of these BRV subjects were from India (the other 2 
were from Korea and Belgium). 
 
In the other pooled groups, the following SAEs and DCs in the SOC Infections and 
infestations were reported by BRV subjects: 
• Pool Monotherapy:  There were 3 BRV subjects (2%) with SAEs (2 pneumonia and 

1 urinary tract infection) while there were no discontinuations. 
• Pool ULD: There were 9 BRV subjects (8.8%) with SAEs (1 pyelonephritis/septic 

shock, 2 UTI, 2 appendicitis, 1 ear infection, 1 bronchopneumonia, 1 
pneumonia/localised infection, 1 sepsis). 

• Pool Pediatric:  There were 11 BRV subjects (5.4%) with SAEs while there was only 
1 BRV subject who discontinued due to an infection-related TEAE. 

• Pool Other:  none 
• Pool Phase 1: none 
 

 
Comment:  It is true that a higher percentage of BRV subjects in the <50 mg/day dose 
groups (11.5%) experienced TEAEs in the HLT Upper respiratory tract infections than 
placebo subjects (8.5%).  However, the reverse was reported for the ≥50 mg/day dose 
group:  a lower percentage of BRV subjects in the ≥50 mg/day dose groups (6.6%) 
experienced TEAEs in the HLT Upper respiratory tract infections than placebo subjects 
(8.5%).  Furthermore, after stratifying by study, in Study N01358, fewer BRV subjects in 
both the 100 mg/day and 200 mg/day dose groups (7.9% and 7.6%, respectively) 
reported TEAEs in the HLT Upper respiratory tract infections than placebo (9.2%).   
 
In conclusion, BRV use is unlikely associated with infectious disorders in the dose range 
of ≥50 mg/day.  The frequency of SAEs in Pool S4 was low (2.4%) and did not lead to 
BRV discontinuation.   
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Renal disorders  
In Pool S1, a similar percentage of BRV and placebo subjects experienced TEAEs in 
the SOC Renal and urinary disorders.  The TEAEs in BRV subjects (greater than 
placebo) were non-renal failure related PTs (nephrolithiasis, haematuria, dysuria, 
leukocyturia).  While there were no SAEs in the Renal SOC, only 1 BRV subject 
discontinued due to the TEAE of micturition disorder.  Furthermore, there were no 
subjects who reported SAEs or TEAEs leading to discontinuation for renal or electrolyte 
laboratory parameters in either the SOC Investigations or SOC Metabolism and nutrition 
disorders.  The following table summarizes the TEAEs, SAEs, and TEAEs leading to 
discontinuation in the SOC and SMQs with renal-related PTs in Pool S1. 
 
Table 80.  TEAEs, SAEs, DCs in Renal-related SOC and SMQs, Pool S1 

  Placebo BRV <50mg/day BRV ≥50mg/day 
Total # subjects  459 (100.0%) 296 (100.0%) 803 (100.0%) 
SOC Renal and urinary disorders* 
   TEAEs    7 (1.5%)     4 (1.4%)    13 (1.6%) 
      Haematuria 0 0     4 (0.5%) 
      Nephrolithiasis   1 (0.2%)     2 (0.7%)     1 (0.1%) 
      Dysuria 0     1 (0.3%)     2 (0.2%) 
      Leukocyturia 0 0     2 (0.2%) 
   SAEs 0 0 0 
   TEAEs leading to DC 0 1 (0.3%) 0 
SMQ Acute renal failure, Narrow search 1 (0.2%) 0 0 
SMQ Rhabdomyolysis/myopathy, Narrow 0 0 0 
SMQ Hyponatremia/SIADH, Narrow 3 (0.7%)     1 (0.3%)     9 (1.1%) 

Source:  Created by reviewer using JReview and MAED tool with Safety Information Amendment 
datasets (8/11/15): ADAE (TRTEMFL=Y) and ADSL (PS1FL=Y, TR01PG2) 
*PTs included in table occurred in ≥2 BRV-treated subjects and greater than placebo 
 
In Pool S1, no subjects in the BRV groups reported TEAEs in the narrow search of the 
SMQ Acute renal failure (while there was 1 placebo subject who reported azotemia).  
Furthermore, there were no subjects who reported TEAEs in the SMQ Rhabdomyolysis 
(narrow search).  TEAEs in the SMQ Hyponatremia were reported at a similar frequency 
in BRV subjects and placebo subjects. 
 
In Pool S4, 10 BRV subjects (0.4%) reported the following SAEs in the Renal SOC:  2 
renal failure acute, 1 renal failure along with 3 nephrolithiasis (1 also with renal colic), 2 
calculus ureteric (1 also with hydronephrosis), 1 dysuria, 1 urinary tract disorder.  The 3 
cases of renal failure and acute renal failure are described below: 
 

N01252-052-D297/N01125-623-2010: SAE of acute renal failure (increased creatinine and 
potassium) on ~Study day 1377.  BRV was continued for 100 more days with resolution of 
increased creatinine.  Subject had a history of nephrolithiasis. 
N01253-356-B058/N01199-1356-0001: SAE of acute renal failure was diagnosed during a 
hospitalization for status epilepticus, rhabdomyolysis, and aspiration on Study Day 516.  BRV 
was discontinued and events resolved.  Of note, rhabdomyolysis was not flagged as a SAE by 
the Applicant even though it was diagnosed during the hospitalization. 
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N01254-266-K360/N01199-1266-0005:  26 yo Asian male developed the SAE of renal failure on 
Study Day 1237.  Renal biopsy revealed chronic tubulointerstitial nephritis with nephrosclerosis.  
BRV was discontinued.  Event not resolved.  AV fistula was placed for hemodialysis.  
Concomitant medications included amlodipine, lamotrigine, and valproate sodium.   
Comment:  The investigator reported that this event was “possibly related” to BRV.  However, no 
other labs or details regarding further work up for alternative etiologies were reported in the 
narrative.  Nephritis is not included in Keppra labeling (and is only included in lamotrigine and 
valproate sodium labeling in the context of DRESS).  I performed a PubMed literature search of 
brivaracetam and nephritis but did not identify any reports or articles.  A search of levetiracetam 
and nephritis identified 3 case reports of acute nephritis (without any reports of chronic nephritis) 
associated with BRV use.7,8,9 

 

Comment:  The first 2 cases were unlikely related to BRV use (co-existing status 
epilepticus/rhabdomyolysis, or resolution with continued use of BRV). However, the 
association of the last case of chronic interstitial nephritis with BRV use is unlikely but 
cannot be ruled out.   
 
While there were no BRV subjects who reported SAEs (or DCs) for renal or electrolyte 
laboratory parameters in the SOC Investigations, there were 8 BRV subjects (0.3%) 
who reported SAEs in the SOC Metabolism and nutrition disorders: hyponatremia (6), 
hypokalaemia (1), and metabolic acidosis (1 subject N01358-800-00344/N01379-800-
00344 in the setting of SAE status epilepticus and TEAE acute renal failure – of note 
acute renal failure was not flagged as a SAE by the Applicant even though it was 
diagnosed during a hospitalization).  These SAEs occurred mostly after 1 year of BRV 
use (study day of AE onset range of 297 days to 1684 days) and resolved without 
change in BRV dose. 
 
In Pool S4, in terms of SMQs, there was 1 BRV subject who reported a TEAE in the 
SMQ Rhabdomyolysis/myopathy (narrow search) (subject N01253-356-B058/N01199-
1356-0001 with PT rhabdomyolysis described earlier with acute renal failure) and only 2 
additional BRV subjects who reported TEAEs (which were neither categorized as 
serious adverse events nor led to discontinuation) in the SMQ Acute renal failure 
(narrow search):  1 renal failure/renal impairment and 1 oliguria.   
 
In the other pooled groups, the following renal failure-related SAEs and DCs were 
experienced by BRV subjects: 
• Pool Monotherapy:  There were 2 BRV subjects (1.3%) who experienced SAEs (1 

renal failure acute and 1 nephrolithiasis) and 1 BRV subject (0.7%) who 
discontinued due to renal impairment. 
N01306-090-K033: SAE of renal failure acute after a convulsion “of an intensity not experience in the 
past 7 years” associated with vomiting  Treated with sodium chloride (BRV was continued) and renal 

                                            
7 Chau K et al.  Levetiracetam-induced severe acute granulomatous interstitial nephritis.  Clin Kidney J. 2012 Jun; 
5(3): 234-6. 
8 Mahta A et al.  Levetiracetam-induced interstitial nephritis in a patient with glioma.  J Clin Neurosci. 2012 Jan; 
19(1): 177-8. 
9 Hurwitz KA et al.  Levetiracetam-induced interstitial nephritis and renal failure.  Pediatr Neurol. 2009 Jul; 
41(1):57-8. 
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failure resolved 4 days later.  (In response to the Division's information request, the Applicant clarified 
[on 8/14/15] that they made an error in the ISS when they reported that a biopsy revealed “chronic 
tubule-interstitial disease which nephrologist considered unlikely related to BRV.”  This information 
was “meant to be included in the text about subject N01254-266-K360/N01199-1266-0005” 
[described above]).   

• Pool ULD:  There were 4 BRV subjects (3.9%) with SAEs in the SOC Renal and 
urinary disorders (1 bladder pain, 2 nephrolithiasis, 1 calculus bladder) while no 
subjects discontinued due to renal TEAEs.  There was 1 BRV subject with the SAE 
of rhabdomyolysis which was related to the underlying disease process and unlikely 
to BRV treatment (N01187-010-0228/N01125-581-1005 during episode of severe 
progressive myoclonic epilepsy 5 years after starting BRV when subject could not 
stand and was lying on top of his extremities). 

• Pool Pediatric:  There was 1 BRV subject (0.5%) with the SAE of renal tubular 
acidosis (N01266-611-01511 - also present at baseline) 

• Pool Other:  none 
• Pool Phase 1:  none 
 
In conclusion, BRV use was unlikely associated with renal failure-related adverse 
events (or rhabdomyolysis) in this database.  There were only rare cases after long 
latency periods that were confounded or resolved with continued use of BRV.  
Furthermore, BRV use was not associated with an increase in renal laboratory 
parameters (creatinine PCST changes, mean changes, or shifts to high values) (see 
Section 7.4.2).  Please see Section 7.4.2 for additional discussion regarding 
hyponatremia.  However, due to the isolated case of chronic interstitial nephritis, I 
recommend postmarketing surveillance to continue to explore this possible safety 
signal. 

7.4 Supportive Safety Results 

7.4.1 Common Adverse Events 

In Pool S1, the incidence of developing TEAEs was slightly higher in BRV subjects 
(68%) than in the placebo subjects (62%).  The following forest plot summarizes the 
TEAEs sorted by SOC risk difference between the BRV ≥50 mg dose group (denoted by 
2) and placebo (denoted by “.” in the graph).  The largest risk difference for TEAEs 
between BRV and placebo subjects was identified for the SOC Nervous system 
disorders (RD=10.3%) and SOC General disorders and administration site conditions 
(RD=5.7%).  Notably, a negative risk difference was identified between BRV and 
placebo subjects (or a lower risk for BRV subjects than placebo subjects) for TEAEs for 
the following SOCs: Blood/lymphatic system, Infections, Vascular disorders, and Injury.    
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Figure 12.  TEAEs by SOC and Risk Difference (≥50 mg BRV dose group minus 
Placebo), Pool S1 

 
Source:  Created by reviewer using JReview and Safety Information Amendment datasets (8/11/15): 
ADAE (TRTEMFL=Y, AEBODSYS) and ADSL (PS1FL=Y, TR01PG2N) 
 
Comment:  Of note, the number of subjects with TEAEs reported in the CSRs for 
studies N01252, N01253, and N01358 did not match up with the total numbers for Pool 
S1 in the revised table submitted by the Applicant in the Safety Information Amendment 
on 7/9/15.  In response to the Division's information request, the Applicant (on 8/13/15) 
explained that “there are instances in which subjects reported events in the extension 
studies that had onset during the core studies, but the reports came after database lock 
for the core studies. These events would be summarized as TEAEs for Pool S1 but 
would not have been summarized in the core study CSRs, which were written before the 
data cut-off for the long-term extension studies. Taken together, the differences in 
approach for analyses of TEAEs and delayed reporting of events by subjects likely 
account for the mismatch in number of subjects with TEAEs reported in the CSRs 
compared with Pool S1.” 
 
For more detailed evaluation, the following graphs stratify the TEAEs by HLTs and PTs.   
BRV subjects reported TEAEs more frequently than placebo subjects for the following 
HLTs:  Disturbances in consciousness NEC (driven by PT somnolence), Asthenic 
conditions (driven by PT fatigue), Neurological signs and symptoms NEC (driven by PT 
dizziness), Nausea and vomiting symptoms (driven by PTs nausea and vomiting), 
General signs and symptoms NEC (driven by PT irritability), and GI disorders (driven by 
PT constipation).  BRV subjects reported TEAEs more frequently than placebo subjects 
for the following PTs:  somnolence, fatigue, dizziness, irritability, constipation, nausea, 
insomnia, vomiting, depression, and weight decreased (in descending order of risk 
difference).  
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Figure 13.  TEAEs with HLT ≥1.0% with PT ≥0.5% Risk Difference (≥50 mg BRV 
dose group minus Placebo), Pool S1 

 
Source:  Created by reviewer using JReview and Safety Information Amendment datasets (8/11/15): 
ADAE (TRTEMFL=Y, AEBODSYS, AEHLT) and ADSL (PS1FL=Y, TR01PG2N) 
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Figure 14.  TEAEs with PT >0.5% Risk Difference (≥50 mg BRV dose group minus 
Placebo), Pool S1 

 
Source:  Created by reviewer using JReview and Safety Information Amendment datasets (8/11/15): 
ADAE (TRTEMFL=Y, AEDECOD) and ADSL (PS1FL=Y, TR01PG2N) 
 
The following table summarizes the severity of the TEAEs in Pool S1. In Pool S1, BRV 
subjects reported TEAEs with a maximum intensity of moderate or severe more 
frequently (32%) than placebo subjects (26%).  There was no dose-response observed.  
Severe TEAEs were most frequently reported in the SOC Nervous system disorders in 
the BRV Overall group as the following PTs:  headache (0.8%), somnolence (0.3%), 
dizziness (0.2%), tremor (0.2%), grand mal convulsion (0.2%), and status epilepticus 
(0.2%).  
 
Table 81.  Severity of TEAEs, Pool S1 

Severity of TEAE 
Placebo 

n (%) 
Brivaracetam, n (%) 

5 mg 20 mg 50 mg 100 mg 200 mg Total 
Total # of subjects  459 97 199 200 353 250 1099 
Subjects with TEAEs 285 (62) 69 (71.1) 136 (68) 142 (71) 236 (67) 168 (67) 751 (68) 
   Mild 165 (36) 31 (32.0) 64 (32.2) 66 (33.0) 139 (39) 101 (40) 401 (37) 
   Moderate 101 (22) 31 (32.0) 65 (32.7) 64 (32.0) 80 (22.7) 51 (20.4) 291 (27) 
   Severe 19 (4.1) 7 (7.2) 7 (3.5) 12 (6.0) 17 (4.8) 16 (6.4) 59 (5.4) 
Source:  Safety Information Amendment 8/11/15 Table 5.4.1.1.1 
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Depression   183 (  7.5%) 
Urinary tract infection   179 (  7.3%) 
Back pain   173 (  7.1%) 
Upper respiratory tract infection   168 (  6.9%) 
Insomnia   161 (  6.6%) 
Vomiting   152 (  6.2%) 
Irritability   133 (  5.5%) 
Anxiety   130 (  5.3%) 
Arthralgia   121 (  5.0%) 
Fall   115 (  4.7%) 
Pyrexia   114 (  4.7%) 
Vertigo   114 (  4.7%) 
Contusion   112 (  4.6%) 
Cough   110 (  4.5%) 
Pain in extremity   109 (  4.5%) 
Tremor   102 (  4.2%) 
Hypertension   101 (  4.1%) 
Decreased appetite   100 (  4.1%) 
Constipation    98 (  4.0%) 
Abdominal pain upper    98 (  4.0%) 
Toothache    97 (  4.0%) 
Weight decreased    96 (  3.9%) 
Abdominal pain    91 (  3.7%) 
Laceration    87 (  3.6%) 
Gamma-glutamyltransferase increased    86 (  3.5%) 
Asthenia    81 (  3.3%) 
Weight increased    79 (  3.2%) 
Rash    77 (  3.2%) 
Head injury    77 (  3.2%) 
Bronchitis    76 (  3.1%) 

Source:  Created by reviewer using JReview and 120-day Safety Update datasets: ADAE (TRTEM4FL=Y, 
AEDECOD) and ADSL (PS4FL=Y, TR99AG3) 
 
In the other Pooled Groups (Monotherapy, ULD, Pediatric, IV, other indications, Phase 
1), the TEAEs that were experienced by BRV-treated subjects were, in general, similarly 
distributed among the MedDRA SOCs, HLGT, HLTs, and PTs (as in the POS studies) 
except for the following differences: 
• Pool IV:  In response to the Division's information request, the Applicant reported 

that “as the Division noted, the summary [TEAE] tables for Pool iv did not include the 
Phase 1 studies N01256A, N01256B, and EP0007.” The Pool iv tables were updated 
and provided in the 6/12/15 Safety Information Amendment by the Applicant.  These 
tables will be reviewed in Dr. Gerard Boehm’s review. 

• Pool Monotherapy:  There was a much higher percentage of TEAEs experienced by 
BRV subjects than BRV subjects in Pool S4 in the following HLTs: Seizures and 
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seizure disorder (22%), Depressive disorders (20%), Anxiety symptoms (19%), and 
Non-site specific injuries (15%).  

• Pool ULD: There was a higher percentage of TEAEs experienced by BRV subjects 
overall (94%) driven by the HLT Neurological signs and symptoms (50% driven by 
the PT myoclonus 35%) due to differences in the underlying disease characteristics 
in the study population (ULD). 

• Pool Pediatric:  There was a higher percentage of TEAEs experienced by BRV 
subjects in the SOC Infections (57%) in the following HLTs: Upper respiratory tract 
infections 42% (driven by PTs nasopharyngitis 18% and upper respiratory tract 
infection 12%), Lower respiratory tract and lung infections 13%, Abdominal and 
gastrointestinal infections 11%, and Ear infections 10%, along with the HLT Febrile 
disorders 19% (driven by PT pyrexia 19%). 

• Pool Other:  The following TEAEs occurred in >2.0% of BRV subjects (and 
>placebo):  vertigo (9.6% vs 3.2%), nausea (4.8 vs 2.2), abdominal pain upper (2.1 
vs1.1), fatigue (6.2 vs 2.2), asthenia (4.8 vs 1.1), gait disturbance (3.4 vs 1.1), 
somnolence (21.2 vs 9.7), dizziness (13.0 vs 4.3), pruritis (2.1 vs 0), and 
hypotension (2.7 vs 1.1).   
Comment:  The percentages in BRV subjects of the neurologic TEAEs are higher 
than in Pool S1 (higher doses, up to 800 mg/day, were studied in Pool Other).  
Please see Section 7.3.4 of this review for further details. 

• Pool Phase 1:  The following TEAEs occurred in >5.0% of BRV subjects (and 
>placebo):  nausea (6.1% vs 1.4%), fatigue (21.3% vs 2.7%), feeling drunk (10.1% 
vs 0), asthenia (6.1% vs 1.4%), somnolence (32.9 vs 6.4), dizziness (40.1 vs 2.7), 
headache (14.0 vs 5.9), and euphoric mood (10.4 vs 1.4). 
Comment:  The percentages in BRV subjects of the neurologic TEAEs are higher 
than in Pool S1 (higher doses, >200 mg, were studied in Pool Phase 1).  Please see 
Section 7.3.4 of this review for further details.  Please see the Controlled Substance 
Staff review for further details regarding drug abuse potential for AEs “feeling drunk” 
and “euphoric mood.” 

 
Comment:  In the course of reviewing the TEAEs, I identified multiple AEs that were 
coded to the PT “unevaluable event” and AEs which were left uncoded.  The following 
table lists the verbatim terms for all of the uncoded TEAEs (in 15 BRV subjects) and 
TEAEs coded to the PT “unevaluable event” (in 42 BRV subjects).  Of note, these 
verbatim terms included adverse events that could have been coded to MedDRA 
preferred terms.  In response to the Division’s information request for an explanation, 
the Applicant sent the following information (on April 10, 2015):   

“Uncoded events are defined as those that could not be coded at the time of the 
clinical cutoff date (in this case, 01 Oct 2014). The reasons for considering an 
event “uncoded” at the time of the data cutoff date are generally based on the 
following situations: 1) multiple medical events were reported as a single adverse 
event (AE) by the clinical site on the case report form (CRF) when each medical 
event should have been recorded on separate AE CRFs; 2) the reported medical 
event was unclear; 3) the reported medical event was ambiguous. When these 
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INSTABILITY N01358-528-00361 
INSTABILITY N01358-528-00834 
INTRA AND EXTRA PELVINE GANGLION OF THE LEFT SIDE N01114-030-0426 
IRREGULARITY N01253-365-B154 
LAUGHING N01254-001-D179 
LEFT AXIS DEVIATION N01253-360-B018 
NAUSEA&VOMITING N01254-264-K070 
NAUSEA/VOMIT RELATED TO PRIMIDONE INTAKE N01253-402-D101 
NONEROSIVE REFLUX DISEASE N01253-360-B006 
PACEMAKER N01253-393-B324 
PICKING BEHAVIOR N01253-373-B385 
POURN OF LEFT HAND N01358-305-00253 
PSYCHOLABILITY N01254-131-D326 
RIGHT LOWER LOBE NODULES N01253-362-A007 
RUSH N01114-043-0778 
RUSH N01395-502-07336 
SEVERE ANAEMIA DUE TO MENORRHAGIA N01252-257-F266 
SLIP AND FALL COMING PAIN IN LEFT FOOT N01193-245-0356 
SLOWNESS N01358-488-00981 
SPACY N01193-278-0059 
SPELLS OF UNKNOWN ETIOLOGY N01253-361-B315 
SPOTTING N01358-900-00770 
VAGUS PHENOMENA N01114-111-0709 
WORSENING OF CERVICO-VESTIBULAR SYNDROME N01114-011-0074 

Source:  Created by reviewer using JReview and 120-day Safety Update dataset: ADAE (TRTEM4FL=Y, 
AEDECOD, AETERM, USUBJID) 
 
The Applicant considered suspected adverse drug reactions (ADRs) to be “any AE for 
which there is a reasonable possibility that the drug caused the AE” and considered 
adverse reactions where there is “reason to conclude that the drug caused the event.”  
The Applicant performed medical review procedures to identify ADRs in accordance 
with the following principles: 
• Plausibility in light of the drug’s known pharmacology 
• Occurrence at a frequency above that expected in the treated population 
• Occurrence of an event typical of drug-induced adverse reactions 
• Occurrence of even a single serious event that is typical of drug-induced adverse 

reactions 
• Severity of AEs and discontinuation rates 
 
The Applicant used the following screening algorithm to initially identify AEs of potential 
concern: 
• All AEs with an incidence of ≥2% in BRV Overall group in Pool S1 with an incidence 

≥ placebo (prior to rounding) 
• Any SAE that occurred in ≥3 subjects in Pool S4  
• Any SAE that occurred in <3 subjects that was judged to be attributed to BRV from 

any pool/studies not included in pools 
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The following table summarizes the TEAEs with an incidence ≥2% in any BRV dose 
group and greater than placebo in Pool S1. 
 
Table 87.  TEAEs with incidence of ≥2% in any BRV arm and > placebo, Pool S1 

MedDRA (Version 15.0) 
Primary SOC 
PT 

PBO 
(N=459) 

n (%) 

BRV randomized dose/day BRV 
Overall 

(N=1099) 
n (%) 

5mg 
(N=97)  
n (%) 

20mg 
(N=199)  

n (%) 

50mg 
(N=200)  

n (%) 

100mg 
(N=353) 

n (%) 

200mg 
(N=250) 

n (%) 
Ear and labyrinth disorders 
Vertigo 10 (2.2) 1 (1.0) 2 (1.0) 4 (2.0) 12 (3.4) 6 (2.4) 25 (2.3) 
Eye disorders 
Vision blurred 3 (0.7) 1 (1.0) 3 (1.5) 4 (2.0) 3 (0.8) 4 (1.6) 15 (1.4) 
Diplopia 4 (0.9) 1 (1.0) 3 (1.5) 4 (2.0) 2 (0.6) 1 (0.4) 11 (1.0) 
Gastrointestinal disorders 
Nausea 11 (2.4) 5 (5.2) 7 (3.5) 8 (4.0) 15 (4.2) 9 (3.6) 44 (4.0) 
Diarrhoea 13 (2.8) 4 (4.1) 5 (2.5) 7 (3.5) 6 (1.7) 8 (3.2) 30 (2.7) 
Vomiting 4 (0.9) 3 (3.1) 3 (1.5) 9 (4.5) 5 (1.4) 3 (1.2) 23 (2.1) 
Constipation 1 (0.2) 4 (4.1) 2 (1.0) 6 (3.0) 4 (1.1) 6 (2.4) 22 (2.0) 
Abdominal pain upper 4 (0.9) 0 3 (1.5) 6 (3.0) 4 (1.1) 3 (1.2) 16 (1.5) 
Toothache 5 (1.1) 1 (1.0) 2 (1.0) 3 (1.5) 1 (0.3) 4 (1.6) 11 (1.0) 
Abdominal pain 8 (1.7) 2 (2.1) 1 (0.5) 3 (1.5) 3 (0.8) 1 (0.4) 10 (0.9) 
Dyspepsia 2 (0.4) 1 (1.0) 3 (1.5) 1 (0.5) 0 2 (0.8) 7 (0.6) 
Gastritis 4 (0.9) 2 (2.1) 2 (1.0) 0 4 (1.1) 0 8 (0.7) 
General disorders and administration site conditions 
Fatigue 17 (3.7) 3 (3.1) 17 (8.5) 14 (7.0) 27 (7.6) 29 (11.6) 90 (8.2) 
Irritability 5 (1.1) 2 (2.1) 4 (2.0) 10 (5.0) 9 (2.5) 7 (2.8) 32 (2.9) 
Asthenia 7 (1.5) 0 3 (1.5) 4 (2.0) 6 (1.7) 2 (0.8) 15 (1.4) 
Pyrexia 2 (0.4) 2 (2.1) 5 (2.5) 1 (0.5) 1 (0.3) 0 9 (0.8) 
Chest pain 2 (0.4) 2 (2.1) 0 2 (1.0) 0 0 4 (0.4) 
Infections and infestations 
Nasopharyngitis 14 (3.1) 2 (2.1) 13 (6.5) 6 (3.0) 12 (3.4) 9 (3.6) 42 (3.8) 
Influenza 6 (1.3) 9 (9.3) 8 (4.0) 4 (2.0) 6 (1.7) 2 (0.8) 29 (2.6) 
Upper respiratory tract 
infection 

9 (2.0) 5 (5.2) 6 (3.0) 1 (0.5) 8 (2.3) 5 (2.0) 25 (2.3) 

Urinary tract infection 12 (2.6) 2 (2.1) 7 (3.5) 2 (1.0) 12 (3.4) 3 (1.2) 26 (2.4) 
Bacteriuria 3 (0.7) 0 0 1 (0.5) 2 (0.6) 4 (1.6) 7 (0.6) 
Pneumonia 1 (0.2) 2 (2.1) 0 1 (0.5) 2 (0.6) 1 (0.4) 6 (0.5) 
Oral herpes 0 0 0 3 (1.5) 0 1 (0.4) 4 (0.4) 
Injury, poisoning and procedural complications 
Contusion 8 (1.7) 1 (1.0) 0 3 (1.5) 7 (2.0) 3 (1.2) 14 (1.3) 
Fall 5 (1.1) 1 (1.0) 2 (1.0) 3 (1.5) 4 (1.1) 3 (1.2) 13 (1.2) 
Laceration 1 (0.2) 0 5 (2.5) 1 (0.5) 2 (0.6) 2 (0.8) 10 (0.9) 
Head injury 4 (0.9) 2 (2.1) 2 (1.0) 3 (1.5) 2 (0.6) 1 (0.4) 10 (0.9) 
Excoriation 6 (1.3) 0 1 (0.5) 3 (1.5) 2 (0.6) 1 (0.4) 7 (0.6) 
Ligament sprain 1 (0.2) 1 (1.0) 3 (1.5) 0 2 (0.6) 1 (0.4) 7 (0.6) 
Investigations 
GGT increased 5 (1.1) 1 (1.0) 3 (1.5) 3 (1.5) 2 (0.6) 3 (1.2) 12 (1.1) 
Weight decreased 1 (0.2) 1 (1.0) 3 (1.5) 3 (1.5) 3 (0.8) 3 (1.2) 13 (1.2) 
Weight increased 3 (0.7) 2 (2.1) 4 (2.0) 3 (1.5) 1 (0.3) 1 (0.4) 11 (1.0) 
Blood triglycerides 
increased 

4 (0.9) 2 (2.1) 1 (0.5) 2 (1.0) 1 (0.3) 0 6 (0.5) 

Metabolism and nutrition disorders 
Decreased appetite 3 (0.7) 0 3 (1.5) 6 (3.0) 2 (0.6) 4 (1.6) 15 (1.4) 
Hyponatraemia 2 (0.4) 0 1 (0.5) 0 4 (1.1) 4 (1.6) 9 (0.8) 
Musculoskeletal and connective tissue disorders 
Back pain 4 (0.9) 3 (3.1) 1 (0.5) 6 (3.0) 4 (1.1) 2 (0.8) 16 (1.5) 
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Pain in extremity 6 (1.3) 3 (3.1) 2 (1.0) 5 (2.5) 2 (0.6) 2 (0.8) 14 (1.3) 
Myalgia 6 (1.3) 0 2 (1.0) 6 (3.0) 4 (1.1) 2 (0.8) 14 (1.3) 
Arthralgia 3 (0.7) 0 5 (2.5) 2 (1.0) 2 (0.6) 1 (0.4) 10 (0.9) 
Muscle spasms 0 3 (3.1) 1 (0.5) 2 (1.0) 3 (0.8) 2 (0.8) 11 (1.0) 
Nervous system disorders 
Somnolence 39 (8.5) 14 (14.4) 21 (10.6) 23 (11.5) 57 (16.1) 42 (16.8) 157 (14.3) 
Dizziness 33 (7.2) 12 (12.4) 19 (9.5) 23 (11.5) 31 (8.8) 36 (14.4) 121 (11.0) 
Headache 47 (10.2) 13 (13.4) 20 (10.1) 32 (16.0) 26 (7.4) 19 (7.6) 110 (10.0) 
Convulsion 7 (1.5) 3 (3.1) 7 (3.5) 5 (2.5) 9 (2.5) 3 (1.2) 27 (2.5) 
Paraesthesia 6 (1.3) 2 (2.1) 2 (1.0) 3 (1.5) 4 (1.1) 1 (0.4) 12 (1.1) 
Tremor 6 (1.3) 0 3 (1.5) 3 (1.5) 2 (0.6) 4 (1.6) 12 (1.1) 
Memory impairment 5 (1.1) 2 (2.1) 1 (0.5) 3 (1.5) 1 (0.3) 3 (1.2) 10 (0.9) 
Balance disorder 1 (0.2) 0 1 (0.5) 3 (1.5) 2 (0.6) 3 (1.2) 9 (0.8) 
Ataxia 3 (0.7) 1 (1.0) 1 (0.5) 3 (1.5) 1 (0.3) 2 (0.8) 8 (0.7) 
Syncope 3 (0.7) 1 (1.0) 3 (1.5) 0 1 (0.3) 1 (0.4) 6 (0.5) 
Sedation 0 0 1 (0.5) 0 0 4 (1.6) 5 (0.5) 
Psychiatric disorders 
Insomnia 7 (1.5) 2 (2.1) 6 (3.0) 10 (5.0) 7 (2.0) 6 (2.4) 31 (2.8) 
Depression 5 (1.1) 4 (4.1) 4 (2.0) 9 (4.5) 4 (1.1) 3 (1.2) 24 (2.2) 
Anxiety 6 (1.3) 2 (2.1) 4 (2.0) 4 (2.0) 5 (1.4) 7 (2.8) 22 (2.0) 
Nervousness 2 (0.4) 0 3 (1.5) 3 (1.5) 3 (0.8) 1 (0.4) 10 (0.9) 
Aggression 2 (0.4) 0 4 (2.0) 1 (0.5) 1 (0.3) 2 (0.8) 8 (0.7) 
Renal and urinary disorders 
Nephrolithiasis 1 (0.2) 2 (2.1) 0 1 (0.5) 0 0 3 (0.3) 
Respiratory, thoracic and mediastinal disorders 
Cough 7 (1.5) 1 (1.0) 5 (2.5) 3 (1.5) 9 (2.5) 4 (1.6) 22 (2.0) 
Dyspnoea 0 1 (1.0) 1 (0.5) 3 (1.5) 1 (0.3) 2 (0.8) 8 (0.7) 
Skin and subcutaneous tissue disorders 
Pruritus 4 (0.9) 1 (0.1) 4 (2.0) 3 (1.5) 3 (0.8) 4 (1.6) 15 (1.4) 
Rash 6 (1.3) 0 4 (2.0) 4 (2.0) 5 (1.4) 2 (0.8) 15 (1.4) 
Eczema 0 0 0 1 (0.5) 0 4 (1.6) 5 (0.5) 
Source: Safety Information Amendment 8/11/15 Table 5.3.1.1 
 
Then the Applicant further analyzed the adverse events generated by this initial screen 
and excluded certain terms based on the following criteria: 
• Adverse events considered adequately demonstrated to be unrelated to BRV based 

on a detailed safety analysis in the ISS or elsewhere in the submission 
• Adverse event terms similar in meaning to those already included in the label table 

and whose inclusion would offer no further information 
• Adverse events that occur with some meaningful background frequency in the target 

population and are not plausibly associated with BRV’s mechanism of action 
 
The Applicant excluded many of the terms in the above table and limited the ADRs to 
the terms in the table below for the following reasons:  similarity to terms already 
included, lower incidence in the BRV Overall group than in the placebo group, lack of a 
dose response relationship, lower or similar discontinuation rates, lack of SAEs, and 
terms likely attributable to seizure activity (ISS Section 6.7.2).  The Applicant 
recommended that only these ADRs (in the table below) be included in labeling. 
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Table 88.  Applicant’s Adverse drug reactions , Pool S1 
MedDRA (Version 15.0) 
Primary SOC 
PT 

PBO 
(N=459) 

n (%) 

BRV 50mg/day 
(N=200) 

n (%) 

BRV 100mg/day 
(N=353) 

n (%) 

BRV 200mg/day 
(N=250) 

n (%) 
Ear and labyrinth disorders 
Vertigo 10 (2.2) 4 (2.0) 12 (3.4) 6 (2.4) 
Gastrointestinal disorders 
Nausea 11 (2.4) 8 (4.0) 15 (4.2) 9 (3.6) 
Vomiting 4 (0.9) 9 (4.5) 5 (1.4) 3 (1.2) 
Constipation 1 (0.2) 6 (3.0) 4 (1.1) 6 (2.4) 
General disorders and administration site conditions 
Fatigue 17 (3.7) 14 (7.0) 27 (7.6) 29 (11.6) 
Irritability 5 (1.1) 10 (5.0) 9 (2.5) 7 (2.8) 
Infections and infestations 
Influenza 6 (1.3) 4 (2.0) 6 (1.7) 2 (0.8) 
Nervous system disorders 
Somnolence 39 (8.5) 23 (11.5) 57 (16.1) 42 (16.8) 
Dizziness 33 (7.2) 23 (11.5) 31 (8.8) 36 (14.4) 
Psychiatric disorders 
Insomnia 7 (1.5) 10 (5.0) 7 (2.0) 6 (2.4) 
Anxiety 6 (1.3) 4 (2.0) 5 (1.4) 7 (2.8) 
Depression 5 (1.1) 9 (4.5) 4 (1.1) 3 (1.2) 
Respiratory, thoracic and mediastinal disorders 
Cough 7 (1.5) 3 (1.5) 9 (2.5) 4 (1.6) 

Source:  Safety Information Amendment 9/18/15 Table 1 
 
Comment:  I revised the Applicant’s table above and added in the TEAEs with an 
incidence of ≥2% in the higher BRV dose groups (50 mg, 100 mg, or 200 mg) and 
greater than placebo (see table below).  I also constructed a new TEAE table with HLTs 
(rather than SOCs) and PTs (see following tables)   I also included tables 
with TEAEs in Study N01358 only (which is the only study that includes both the 100 mg 
and 200 mg BRV dose groups). 
 
Table 89.  TEAEs with incidence of ≥2% in BRV dose groups 50 mg, 100 mg, or 
200 mg (and > placebo), Pool S1 

MedDRA (Version 15.0)  
Primary SOC 
PT 

PBO 
(N=459) 

% 

BRV randomized dose/day 
50mg 

(N=200)  
% 

100mg 
(N=353)  

% 

200mg 
(N=250)  

% 
Ear and labyrinth disorders 
Vertigo 2 2 3 2 
Eye disorders 
Vision blurred 1 2 1 2 
Diplopia 1 2 1 <1 
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Gastrointestinal disorders 
Nausea 2 4 4 4 
Diarrhoea 3 4 2 3 
Vomiting 1 5 1 1 
Constipation <1 3 1 2 
Abdominal pain upper 1 3 1 1 
Toothache 1 2 <1 2 
General disorders and administration site conditions 
Fatigue 4 7 8 12 
Irritability 1 5 3 3 
Infections and infestations 
Nasopharyngitis 3 3 3 4 
Influenza 1 2 2 1 
Bacteriuria 1 1 1 2 
Oral herpes 0 2 0 <1 
Injury, poisoning and procedural complications 
Fall 1 2 1 1 
Head injury 1 2 1 <1 
Excoriation 1 2 1 <1 
Investigations 
GGT increased 1 2 1 1 
Weight decreased <1 2 1 1 
Weight increased 1 2 <1 <1 
Metabolism and nutrition disorders 
Decreased appetite 1 3 1 2 
Hyponatraemia <1 0 1 2 
Musculoskeletal and connective tissue disorders 
Back pain 1 3 1 1 
Pain in extremity 1 3 1 1 
Myalgia 1 3 1 1 
Nervous system disorders 
Somnolence 9 12 16 17 
Dizziness 7 12 9 14 
Headache 10 16 7 8 
Convulsion 2 3 3 1 
Paraesthesia 1 2 1 <1 
Tremor 1 2 1 2 
Memory impairment 1 2 <1 1 
Balance disorder <1 2 1 1 
Ataxia 1 2 <1 1 
Sedation 0 0 0 2 
Psychiatric disorders 
Insomnia 2 5 2 2 
Depression 1 5 1 1 
Anxiety 1 2 1 3 
Nervousness <1 2 1 <1 
Respiratory, thoracic and mediastinal disorders 
Cough 2 2 3 2 
Dyspnoea 0 2 <1 1 
Skin and subcutaneous tissue disorders 
Pruritus 1 2 1 2 
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Rash 1 2 1 1 
Eczema 0 1 0 2 

Source: Safety Information Amendment 8/11/15 Table 5.3.1.1 
Italicized TEAEs with incidence of ≥2% only in the 50 mg BRV dose group 
 
Table 90.  TEAEs with incidence of ≥2% in any BRV dose group (and > placebo), 
Study N01358 
MedDRA (Version 15.0)  
Primary SOC 
PT 

PBO (N=261)  
% 

BRV randomized dose/day 
100mg (N=253)  

% 
200mg (N=250)  

% 
Eye disorders 
Vision blurred 0 1 2 
Gastrointestinal disorders 
Nausea 2 4 4 
Constipation 0 1 2 
Toothache 1 0 2 
General disorders and administration site conditions 
Fatigue 5 8 12 
Irritability 0 3 3 
Asthenia 1 2 1 
Infections and infestations 
Urinary tract infection 3 5 1 
Viral infection 0 2 0 
Injury, poisoning and procedural complications 
Fall 1 2 1 
Contusion 2 3 1 
Metabolism and nutrition disorders 
Decreased appetite 1 1 2 
Hyponatraemia 0 1 2 
Dyslipidaemia 0 2 1 
Nervous system disorders 
Somnolence 9 19 17 
Dizziness 7 10 14 
Convulsion 1 2 1 
Paraesthesia 1 2 0 
Tremor 1 1 2 
Sedation 0 0 2 
Psychiatric disorders 
Insomnia 1 2 2 
Anxiety 2 1 3 
Skin and subcutaneous tissue disorders 
Pruritus 0 1 2 
Rash 1 2 1 
Eczema 0 0 2 

Source: Created by reviewer using JReview and Safety Information Amendment datasets (8/11/15): 
ADAE (TRTEMFL=Y, AEDECOD, AEBODSYS) and ADSL (PS1FL=Y, STUDYID=N01358, TR01PG1) 
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Table 91.  HLTs with incidence of ≥5% in BRV dose groups 50 mg, 100 mg, or 200 
mg (and > placebo) and with PTs ≥1% more than placebo, Pool S1* 
MedDRA (Version 15.0)  
Primary HLT 
PT 

PBO 
(N=459)  

% 

BRV randomized dose/day 
50mg 

(N=200)  
% 

100mg 
(N=353)  

% 

200mg 
(N=250)  

% 
Disturbances in consciousness NEC 10% 12% 17% 19% 
   Somnolence 8 12 16 17 
   Sedation 0 0 0 2 
Neurological signs and symptoms NEC 8% 12% 9% 14% 
   Dizziness 7 12 9 14 
   Presyncope 0 1 0 0 
Asthenic conditions 5% 10% 10% 12% 
   Fatigue 4 7 8 12 
   Malaise 0 1 1 <1 
Headaches NEC 10% 16% 8% 8% 
   Headache 10 16 7 8 
Nausea and vomiting symptoms 3% 8% 5% 4% 
   Nausea 2 4 4 4 
   Vomiting 1 5 1 1 
Anxiety symptoms 2% 5% 3% 3% 
   Agitation 0 1 1 0 
   Anxiety 1 2 1 3 
   Nervousness <1 2 1 <1 
General signs and symptoms NEC 2% 7% 3% 3% 
   Irritability 1 5 3 3 
   Influenza like illness 0 1 0 <1 
   Energy increased 0 1 0 0 
Disturbances in initiating and maintaining sleep 2% 5% 2% 2% 
   Insomnia 2 5 2 2 
Musculoskeletal/connective tissue pain and 
discomfort 3% 6% 3% 2% 
   Back pain 1 3 1 1 
   Musculoskeletal chest pain 0 1 0 0 
   Pain in extremity 1 3 1 1 
Gastrointestinal and abdominal pains (excl oral 
and throat) 3% 5% 2% 2% 
   Abdominal pain upper 1 3 1 1 
Depressive disorders  1% 5% 1% 1% 
   Depression 1 5 1 1 

Source:  Created by reviewer using JReview and Safety Information Amendment datasets (8/11/15): 
ADAE (TRTEMFL=Y, AEDECOD, AEHLT) and ADSL (PS1FL=Y, TR01PG1) 
*In order of decreasing frequency in BRV 200 mg dose group. 
Italicized TEAEs meet cut-off only for the 50 mg BRV dose group. 
 
The following table reflects the TEAEs in Study N01358 only (which is the only study 
that includes both the 100 mg and 200 mg BRV dose groups).  
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Table 92.  HLTs with incidence of ≥3% in any BRV dose group (and >placebo) and 
with PTs ≥1%, Study N01358 

MedDRA (Version 15.0)  
Primary HLT 
PT 

PBO 
(N=261)  

% 

BRV randomized 
dose/day 

100mg 
(N=253)  

% 

200mg 
(N=250)  

% 
Disturbances in consciousness NEC 9% 20% 19% 
   Somnolence 9 19 17 
   Sedation 0 0 2 
Neurological signs and symptoms NEC 8% 11% 14% 
   Dizziness 7 10 14 
Asthenic conditions 6% 9% 12% 
   Fatigue 5 8 12 
   Malaise 0 1 <1 
   Asthenia 1 2 1 
Nausea and vomiting symptoms 2% 5% 4% 
   Nausea 2 4 4 
   Vomiting <1 1 1 
Anxiety symptoms 2% 2% 3% 
   Anxiety 2 1 3 
General signs and symptoms NEC 1% 4% 3% 
   Irritability <1 3 3 
Cerebellar coordination and balance 
disturbances 1% 2% 3% 
   Coordination abnormal  0 1 0 
   Nystagmus 0 <1 1 
   Ataxia <1 <1 1 
   Balance disorder  <1 <1 1 
Non-site specific injuries NEC 2% 3% 3% 
   Fall 1 2 1 
   Arthropod bite 0 <1 1 
   Arthropod sting <1 0 1 
Skin injuries NEC  3% 4% 2% 
   Contusion 2 3 1 
   Laceration <1 <1 1 
Urinary tract infections 5% 6% 2% 
   Urinary tract infection 3 5 1 
Seizures and seizure disorders NEC 3% 4% 2% 
   Convulsion 1 2 1 
   Seizure cluster <1 0 1 

Source:  Created by reviewer using JReview and Safety Information Amendment datasets (8/11/15): 
ADAE (TRTEMFL=Y, AEDECOD, AEHLT) and ADSL (PS1FL=Y, STUDYID=N01358, TR01PG1) 
 
The following table lists my recommendation for the adverse drug reactions that should 
be included BRV labeling (in the Adverse Reactions section).  The adverse drug 
reactions included in this table meet either of the following criteria: 

a) ≥2% in either the 100 mg or 200 mg dose groups (and >placebo) in Pool S1 or 
b) ≥2% in the 50 mg dose group only (and >placebo) in Pool S1 and ≥2% in either 
the 100 mg or 200 mg dose group (and >placebo) in Study N01358  
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Additionally, HLTs were used to group PTs in the following cases:  Visual disorders 
(PTs vision blurred, diplopia, visual impairment); Nausea and vomiting symptoms (PTs 
nausea, vomiting); Memory loss excl dementia (PTs memory impairment, amnesia); 
Paraesthesias and dysaesthesias (PTs paraesthesia, dysaesthesia); Cerebellar 
coordination and balance disturbances (PTs ataxia, balance disorder, coordination 
abnormal, nystagmus); Anxiety symptoms (PTs Anxiety, agitation, nervousness). 
 
Table 93.  Adverse drug reactions Pool S1* 
MedDRA (Version 15.0)  
Primary SOC 
PT^ 

PBO 
(N=459) 

% 

BRV randomized dose/day 
50mg 

(N=200)  
% 

100mg 
(N=353)  

% 

200mg 
(N=250)  

% 
  Ear and labyrinth disorders 
Vertigo 2 2 3 2 
  Eye disorders 
Visual disorders^ 2 4 3 2 
  Gastrointestinal disorders 
Nausea/vomiting symptoms^ 3 8 5 4 
Constipation <1 3 1 2 
Toothache 1 2 <1 2 
  Infections and infestations 
Nasopharyngitis 3 3 3 4 
Bacteriuria 1 1 1 2 
Influenza 1 2 2 1 
  Injury, poisoning and procedural complications 
Fall 1 2 1 1 
  Metabolism and nutrition disorders 
Decreased appetite 1 3 1 2 
Hyponatraemia <1 0 1 2 
  Nervous system disorders# 
Somnolence 9 12 16 17 
Dizziness 7 12 9 14 
Fatigue 4 7 8 12 
Cerebellar coordination and 
balance disturbances^ 

1 4 2 3 

Memory loss (excl dementia)^ 1 3 1 2 
Tremor 1 2 1 2 
Sedation 0 0 0 2 
Paraesthesia/dysaesthesias^ 1 2 1 1 
  Psychiatric disorders 
Anxiety symptoms^ 2 5 3 3 
Irritability 1 5 3 3 
Insomnia 2 5 2 2 
  Respiratory, thoracic and mediastinal disorders 
Cough 2 2 3 2 
  Skin and subcutaneous tissue disorders 
Pruritus 1 2 1 2 
Eczema 0 1 0 2 
Rash 1 2 1 1 

Sources:  Created by the reviewer using JReview and Safety Information Amendment datasets (8/11/15): 
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ADAE (TRTEMFL=Y, AEDECOD, AEHLT, AEBOBSYS) and ADSL (PS1FL=Y, TR01PG1) 
*Adverse drug reactions in this table meet either of the following criteria: 

a) ≥2% in either the 100 mg or 200 mg dose groups (and >placebo) in Pool S1 or 
b) ≥2% in the 50 mg dose group only (and >placebo) in Pool S1 and ≥2% in either the 100 mg or 200 
mg dose group (and >placebo) in Study N01358  

^HLTs used to group PTs in the following cases:  Visual disorders (PTs vision blurred, diplopia, visual 
impairment); Nausea and vomiting symptoms (PTs nausea, vomiting); Memory loss excl dementia (PTs 
memory impairment, amnesia); Paraesthesias and dysaesthesias (PTs paraesthesia, dysaesthesia); 
Cerebellar coordination and balance disturbances (PTs ataxia, balance disorder, coordination abnormal, 
nystagmus); Anxiety symptoms (PTs Anxiety, agitation, nervousness) 
#Of note, seizure-related PTs were not included as adverse drug reactions due to BRV as these studies 
were performed in epilepsy patients for the indication of partial-onset seizures 

7.4.2 Laboratory Findings 

In their NDA presentation, the Applicant separately summarized hematology, chemistry, 
and urinalysis results.  In the ISS, the Applicant provided measures of central tendency, 
shift changes, and potentially clinically significant treatment-emergent values (PCST) for 
hematology and chemistry parameters.  The Applicant also provided categorical 
summaries for urinalysis parameters.  This approach was acceptable to the reviewer. 
 
Hematology 
The following table summarizes the mean changes from baseline to the last value for 
the hematology parameters in Pool S1.  There were small differences in the mean 
changes between the BRV and placebo groups for hematology parameters, but there 
were no clinically meaningful differences.     
 
Table 94.  Mean change from baseline (to last value) for Hematology parameters, 
Pool S1 

n Mean n Mean n Mean n Mean n Mean n Mean n Mean
Hgb (g/L) 457 -1.0 93 -0.7 199 -0.9 199 -1.6 351 -1.7 247 -1.5 1089 -1.4
Hct (%) 456 -0.1 92 -0.3 199 -0.1 198 -0.4 351 -0.3 247 -0.3 1087 -0.3

Leukocyte* 457 0.05 93 0.05 199 -0.25 198 0.01 351 -0.19 247 0.00 1088 -0.10
Neutrophil* 431 0.05 62 -0.19 172 -0.35 166 0.04 351 -0.18 247 0.02 998 -0.12

Lymphocyte 431 -0.02 62 -0.04 172 0.05 166 -0.01 351 -0.02 247 0.01 998 0.00
Eosinophil* 431 0.00 62 -0.02 172 0.00 166 0.00 351 -0.01 247 0.00 998 0.00
Platelets* 457 2.4 93 4.8 199 -1.3 197 -1.6 351 -1.8 246 -0.2 1086 -0.8

PBO 
(N=459)

BRV dose/day BRV 
Overall

(N=1099)
5mg

(N=97)
20mg

(N=199)
50mg

(N=200)
100mg

(N=353)
200mg

(N=250)

 
Source:  ISS Table 7-1 
*G/L = Giga per liter = 109/L 
 
The following table summarizes the percentages of subjects who shifted from normal 
values at baseline to low values (except for high values for eosinophils) for hematology 
parameters in Pool S1.  The incidences of shifts to low values were ≥1% higher in the 
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BRV group than placebo for leukocytes (5.5% vs 4.4%) and ≥1% higher in the 100 mg 
BRV dose group than placebo for neutrophils (5.6% vs 3.5%).  Subgroup analyses by 
sex revealed higher incidences in shifts to low values in the BRV group compared with 
placebo for leukocytes in females (6.8% vs 4.4%) than males (4.4% vs 4.4%) and for 
neutrophils in females (5.0% vs 3.0%) than males (3.0% vs 4.0%) (ISS Table 
6.1.2.1.1.1). 
 
Table 95.  Hematology Laboratory Shift from Baseline to Last Value, Pool S1 

n* Shift % n* Shift % n* Shift % n* Shift % n* Shift % n* Shift % n* Shift %
Hgb Low 423 5.9% 92 2.2% 178 6.2% 177 7.3% 314 5.4% 228 3.9% 989 5.3%
Hct Low 429 4.9% 93 4.3% 177 6.2% 185 5.4% 328 4.9% 228 3.9% 1011 4.9%

Leuko Low 410 4.4% 86 5.8% 181 3.9% 172 4.7% 316 7.3% 221 5.0% 976 5.5%
Neutro Low 399 3.5% 61 4.9% 166 1.2% 158 3.2% 320 5.6% 221 4.1% 926 4.0%

Lympho Low 407 3.4% 61 0.0% 167 0.6% 159 1.3% 337 2.1% 226 3.5% 950 1.9%
Eosino High 422 1.4% 64 0.0% 168 0.0% 166 0.6% 350 0.3% 246 0.4% 994 0.3%

Plt Low 430 1.4% 95 0.0% 189 2.6% 182 0.5% 326 1.8% 239 1.7% 1031 1.6%

PBO (N=459)

BRV dose/day
5mg

(N=97)
20mg

(N=199)
50mg

(N=200)
100mg

(N=353)

BRV Overall
(N=1099)200mg

(N=250)

 
Source: ISS Table 6.1.2.1.1 
*n=number of subjects with normal baseline values and shift % = number of subjects with shifts ÷ n 
 
The following table summarizes the incidence of treatment-emergent National Cancer 
Institute Common Terminology (NCI CT) Criteria for hematology parameters (for 
subjects with a baseline of Grade 0 or 1) for Pool S1 where Grade 1 refers to mild 
severity.  The overall incidence of Grade 2 hematology values was low (<5%) for any 
BRV dose group and placebo (and <1% for Grade 3 values) where Grade 2 refers to 
moderate and Grade 3 refers to severe but not immediately life-threatening.  There were 
no hematology values that met the NCI CT criteria for Grade 4 (life-threatening) in Pool 
S1.  The incidence of Grade 2/3 hematology values were similar in the BRV and 
placebo groups except for a slightly higher incidence of Grade 2 low leukocytes (1.8%) 
in the BRV group compared with placebo (1.1%).  Only BRV subjects developed Grade 
3 neutropenia (0.3%), lymphopenia (0.4%), and anemia (0.1%) (vs 0 placebo subjects).   
 

Reference ID: 3843450



Clinical Safety Review 
Mary Doi, MD, MS 
NDAs 205836, 205837, 205838 
Brivaracetam (trade name pending) 
 

134 

Table 96.  Incidence of Treatment-Emergent NCI CT Criteria for Hematology (for 
subjects with a baseline of Grade 0 or 1), Pool S1 

n* Grade % n* Grade % n* Grade % n* Grade % n* Grade % n* Grade % n* Grade %

Grade 2 454 1.1% 93 0.0% 198 1.0% 198 1.0% 347 1.7% 245 2.0% 1081 1.4%
Grade 3 454 0.0% 93 0.0% 198 0.0% 198 0.0% 347 0.3% 245 0.0% 1081 0.1%

Grade 2 455 1.1% 92 2.2% 197 2.0% 197 1.5% 347 1.7% 244 1.6% 1077 1.8%
Grade 3 455 0.2% 92 0.0% 197 0.0% 197 0.0% 347 0.0% 244 0.0% 1077 0.0%

Grade 2 427 2.6% 61 1.6% 170 2.9% 165 3.6% 342 4.4% 241 2.1% 979 3.3%
Grade 3 427 0.0% 61 0.0% 170 0.0% 165 0.0% 342 0.6% 241 0.4% 979 0.3%

Grade 2 426 3.8% 62 1.6% 172 1.2% 165 1.8% 350 2.3% 241 3.7% 990 2.3%
Grade 3 426 0.0% 62 0.0% 172 0.6% 165 0.0% 350 0.6% 241 0.4% 990 0.4%

Grade 2 457 0.2% 93 0.0% 199 0.5% 197 0.0% 351 0.9% 246 0.0% 1086 0.4%
Grade 3 457 0.0% 93 0.0% 199 0.0% 197 0.0% 351 0.0% 246 0.0% 1086 0.0%

PBO (N=459)
BRV dose/day BRV Overall

(N=1099)5mg 20mg 50mg 100mg 200mg

Platelets (G/L) Decreased

Hemoglobin (g/L) Decreased

Leukocytes (G/L) Decreased

Neutrophils (G/L) Decreased

Lymphocyte count (G/L) Decreased

 
Source:  ISS Table 6.1.4.1.1 
*number of subjects with a baseline result of Grade 0 or 1 and a non-missing post-baseline result 
Grade % = number of subjects with a post-baseline result with the specified grade 
Of note, there were no subjects with a post-baseline result of Grade 4. 
 
Comment:  Of note, Keppra® labeling describes approximately a 1% difference in 
possibly significant decreased WBC and neutrophil count between Keppra-treated and 
placebo adult subjects (see Warnings and Precautions section of labeling below).  

5.7 Hematologic Abnormalities 
KEPPRA can cause hematologic abnormalities. Hematologic abnormalities occurred in clinical 
trials and included decreases in red blood cell (RBC) counts, hemoglobin, and hematocrit, and 
increases in eosinophil counts. Decreased white blood cell (WBC) and neutrophil counts also 
occurred in clinical trials. Cases of agranulocytosis have been reported in the postmarketing 
setting. 
Partial Onset Seizures 
Adults 
Minor, but statistically significant, decreases compared to placebo in total mean RBC count (0.03 
x 106/mm3), mean hemoglobin (0.09 g/dL), and mean hematocrit (0.38%), were seen in 
KEPPRA-treated patients in controlled trials.  A total of 3.2% of KEPPRA-treated and 1.8% of 
placebo-treated patients had at least one possibly significant (≤2.8 x 109/L) decreased WBC, and 
2.4% of KEPPRA-treated and 1.4% of placebo-treated patients had at least one possibly 
significant (≤1.0 x 109/L) decreased neutrophil count. Of the KEPPRA-treated patients with a low 
neutrophil count, all but one rose towards or to baseline with continued treatment. No patient was 
discontinued secondary to low neutrophil counts. 

 
The following table summarizes the PCST hematology values (for subjects with normal 
values at baseline) for Pool S1. 
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Table 97.  Incidence of PCST Hematology Results (for subjects with normal 
baseline values), Pool S1 

n* PCST n* PCST n* PCST n* PCST n* PCST n* PCST n* PCST 
Hgb Low 422 0.0% 89 0.0% 178 0.0% 177 0.0% 313 0.0% 228 0.0% 985 0.0%
Hct Low 428 2.1% 90 1.1% 177 1.1% 185 2.2% 327 1.2% 228 1.3% 1007 1.4%

Leuko Low 409 0.5% 83 1.2% 181 0.6% 172 0.0% 315 0.3% 220 0.0% 971 0.3%
Neutro Low 398 0.0% 58 0.0% 166 0.0% 158 0.0% 319 0.0% 220 0.0% 921 0.0%

Lympho Low 407 0.0% 58 0.0% 167 0.6% 159 0.0% 336 0.3% 225 0.0% 945 0.2%
Eosino High 421 1.9% 61 0.0% 168 3.6% 166 0.6% 349 1.1% 245 1.2% 989 1.4%

Plt Low 429 0.0% 92 0.0% 189 0.5% 182 0.0% 325 0.0% 238 0.0% 1026 <0.1%

PBO (N=459)

BRV dose/day BRV Overall
(N=1099)5mg

(N=97)
20mg

(N=199)
50mg

(N=200)
100mg

(N=353)
200mg

(N=250)

 
Source:  Safety Information Amendment 6/19/15 Table 6.1.3.1.1 
 
Comment:  The percentages of PCST hematology values were similar in the BRV and 
placebo groups.  Of note, there were 0 subjects who developed PCST low neutrophil 
values but only due to the Applicant’s PCST criteria for low neutrophil count which 
identifies more severe cases of neutropenia (corresponding to Grade 3 NCI CT criteria) 
(as discussed in Section 7.2.4 of this review). 
 
In the other pooled groups, the following percentages of subjects had shifts (from 
baseline to last value) in hematology parameters and developed treatment-emergent 
NCI CT criteria (at any time point) for hematology parameters: 
• Pool S4:  Few BRV subjects (<5%) shifted from normal values except for shifts to 

low neutrophils (5.6%) and low monocytes (8.2%).  Few BRV subjects (<5%) met 
NCI CT criteria except for Grade 2 neutropenia (5.6%). 

• Pool Monotherapy:  Few BRV subjects (<5%) shifted from normal values except for 
shifts to low hemoglobin (5.3%) and high hematocrit (6.7%).  Few BRV subjects 
(<5%) met NCI CT criteria for hematology parameters. 

• Pool ULD:  Few BRV subjects (<5%) shifted from normal values except for shifts to 
low hemoglobin (5.9%) and high lymphocytes (6.9%).  Few BRV subjects (<5%) met 
NCI CT criteria except for Grade 2 neutropenia (7.1%). 

• Pool Pediatric:  Few BRV subjects (<5%) shifted from normal values except for shifts 
to low leukocytes (9.3%), low neutrophils (6.3%), high lymphocytes (7.3%), and low 
monocytes (13.2%).  Few BRV subjects (<5%) met NCI CT criteria except for Grade 
2 neutropenia (10%). 

• Pool Other:  In N01162, a slightly higher percentage of BRV subjects (8.8%) 
developed PCS hematology values than placebo (6.0%).  One BRV subject (1%) 
developed PCS low WBC count (vs 0 placebo).   Two were considered clinically 
significant:  placebo subject N01162-002-0357 with elevated WBC in the setting of 
lower respiratory tract infection and BRV subject N01162-071-0589 with decreased 
Hct/Hbg in the setting of aneuric syndrome. 
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• Pool Phase 1:  A similar low percentage of BRV and placebo subjects developed 
PCST hematology values (neutropenia 0.5% vs 0; leukopenia 0.3% vs 0) and met 
NCI CT criteria (Grade 2 neutropenia 3.2 vs 2.3%, Grade 3 neutropenia 0.6% vs 0). 

 
Hematology-related TEAEs 
In Pool S1, a similar percentage of BRV and placebo subjects experienced TEAEs in 
the SOC Blood and lymphatic system disorders.  The TEAE of neutropenia occurred 
more often in BRV subjects (n=6, 0.5%) than placebo (0).  There were no SAEs or 
discontinuations due to TEAEs in BRV subjects in the SOC Blood and lymphatic system 
disorders.  Furthermore, in the SOC Investigations, there were no subjects who 
reported SAEs or TEAEs leading to discontinuation for hematology laboratory 
parameters.  The following table summarizes the TEAEs, SAEs, and TEAEs leading to 
discontinuation in the SOC and SMQs with hematologic PTs in Pool S1. 
 
Table 98.  Overview of TEAEs, SAEs, DCs in Hematology SOC and SMQs, Pool S1 

  Placebo BRV <50mg/day BRV ≥50mg/day 
Total # subjects  459 (100.0%) 296 (100.0%) 803 (100.0%) 
SOC Blood and lymphatic system disorders 
   TEAEs* 8 (1.7%) 3 (1.0%) 13 (1.6%) 
      Neutropenia 0 2 (0.7%) 4 (0.5%) 
   SAEs 0 0 0 
   TEAEs leading to DC 0 0 0 
SMQ Haematopoietic cytopenias, Narrow Search  
   SMQ Haematopoietic leukopenia 4 (0.9%) 3 (1.0%)^ 8 (1.0%)^ 
   SMQ Haematopoietic erythropenia 0 0 2 (0.2%) 
   SMQ Haematopoietic thrombocytopenia 1 (0.2%) 0 1 (0.1%) 
SMQ Agranulocytosis, Narrow Search 0 0 0 

Source:  Created by reviewer using JReview and MAED tool with Safety Information Amendment 
datasets (8/11/15): ADAE (TRTEMFL=Y) and ADSL (PS1FL=Y, TR01PG2) 
*PTs included in table occurred in ≥2 BRV-treated subjects and greater than placebo 
^TEAEs leukopenia, lymphopenia, neutropenia, neutrophil count decreased, WBC decreased 
 
In Pool S1, a similar percentage of BRV and placebo subjects experienced TEAEs in 
the haematopoietic SMQs (specifically SMQ Haematopoietic leukopenia).  Furthermore, 
there were no subjects who reported TEAEs in the SMQ Agranulocytosis (narrow 
search).  Most of the BRV subjects who reported TEAEs in the SMQ Haematopoietic 
leukopenia had low values at baseline or the low values resolved or fluctuated while 
continued on BRV. 
 
In Pool S4, 5 BRV subjects (0.2%) reported the following SAEs in the SOC Blood and 
lymphatic system disorders:  neutropenia (case described below), anaemia, anaemia 
macrocytic, iron deficiency anaemia/microcytic anaemia, and lymphadenopathy.  

N01254-261-E253:  20 yo AM with neutropenia (1.2) on labs drawn on Week 2.  Baseline labs 
revealed leukopenia (3.3) and decreased Hgb (neutrophil count was not reported with baseline 
labs).  Subject coded to PTs of neutropenia (day 22) and leukopenia (day 43) along with fatigue 
and vomiting.  Both WBC and neutrophils fluctuated while on BRV (even to values within the 
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normal range).  BRV was discontinued on ~day 77 and neutropenia and WBC slightly improved. 
Concomitant medications included valproic acid, levetiracetam, carbamazepine, and topiramate.    
(Normal ranges: Neutrophil count 1.6-7.4x109/L WBC 4.0-10.7x109/L) 
Comment:  This is unlikely related to BRV use due to the presence of leukopenia at baseline and 
fluctuation during the trial without return to normal values after BRV discontinuation. 

 
In Pool S4, there were 9 BRV subjects (0.4%) who discontinued treatment due to the 
TEAEs of leukopenia (1), neutrophil count decreased (1), neutropenia (6), and both 
leukopenia/neutropenia (1).  As for TEAEs, there were 47 BRV subjects (1.9%) who 
reported neutropenia and 2 BRV subjects (<0.1%) who reported pancytopenia (not 
considered serious and resolved while continued on BRV):  N01253-410-D177/N01199-
1010-0009 (on Study Day 999) and N01254-264-K070/N01199-1264-0006 (on Study 
Day 1594).  There were no subjects who experienced AEs coded to the PT 
agranulocytosis. 
 
In the other pooled groups, the following SAEs and DCs in the SOC Blood and 
lymphatic system disorders were reported by BRV subjects: 
• Pool Monotherapy:  None 
• Pool ULD:  While there were no SAEs or DCs, there was 1 BRV subject who 

reported TEAEs of granulocytopenia and thrombocytopenia (N01236-143-
0289/N01125-943-1003) who had low platelet count at baseline.  Both parameters 
fluctuated during the study and there were no reports of hematology AEs in the 
subsequent LTFU study N01125. 

• Pool Pediatric:  There was 1 BRV subject with SAEs of neutropenia and 
autoimmune thrombocytopenia on Study Day 519 (N01266-203-01606) which was 
treated with immunoglobulin.  BRV was continued and the events resolved. 

• Pool Other:  There was 1 BRV subject (N01162-073-0850 with a past history of 
hepatitis C) on Study Day 27 with SAEs of thrombocytopenia and vascular purpura 
(no serology or immunological tests were performed).  BRV was discontinued and 
subject was started on steroids but the events worsened 5 days later.  Subject was 
continued on steroids and events resolved 2 weeks later.  

• Pool Phase 1:  None 
 
In conclusion, BRV use is associated with a higher incidence of leukopenia, specifically 
neutropenia, than placebo subjects based on the laboratory and adverse event data.  
There is likely a relationship between BRV use and neutropenia which is similar to the 
current information in Keppra® labeling (Warnings and Precautions section).  
Additionally, there appears to be a slightly higher incidence in females than males.  I 
recommend including this information in Warnings and Precautions section of BRV 
labeling. 
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Chemistry 
The following table summarizes the mean changes from baseline to the last value for 
the chemistry parameters in Pool S1.  The mean changes were similar in the BRV and 
placebo groups except for higher mean values for GGT (1.0 U/L) in the total BRV group 
than placebo (-1.4 U/L).However, these mean changes for GGT were small and not 
clinically meaningful. 
 
Table 99.  Mean change from baseline (to last value) for Chemistry parameters, 
Pool S1 

n Mean n Mean n Mean n Mean n Mean n Mean n Mean
ALT (U/L) 457 -0.5 93 -1.1 199 -0.2 198 -1.7 351 -0.8 247 0.3 1088 -0.6
AST (U/L) 457 -1.2 93 -2.4 199 -0.3 198 -1.2 351 -0.4 247 0.4 1088 -0.5

A k Ph (U/L) 457 -1.5 93 0.3 199 -1.3 199 0.2 351 -0.4 247 0.0 1089 -0.3
GGT (U/L) 457 -1.4 93 3.0 199 2.2 199 -3.1 351 0.9 247 2.9 1089 1.0

Bili (µmol/L) 457 0.0 93 -0.3 199 0.0 199 -0.3 351 -0.1 247 0.1 1089 -0.1
Alb (g/L) 457 -0.2 93 0.1 199 0.0 199 -0.2 351 -0.3 247 -0.1 1089 -0.1

Cr (µmol/L) 456 -0.1 93 -0.5 199 0.4 199 0.4 351 1.8 247 -0.5 1089 0.6
Blood urea* 285 0.01 93 -0.09 199 -0.09 199 -0.04 185 -0.09 82 -0.27 758 -0.10

Urate (μmol/L) 457 0.0 93 -6.6 199 2.0 199 -1.0 351 -3.7 247 -7.6 1089 -3.3
Calcium* 457 -0.006 93 -0.006 199 -0.008 199 -0.006 351 -0.014 247 0.000 1089 -0.008
Chloride* 457 -0.3 93 0.1 199 -0.2 199 -0.4 351 -0.4 247 -0.5 1089 -0.3

Phosphate* 456 0.005 93 -0.010 199 -0.001 199 -0.019 351 -0.009 247 0.007 1089 -0.006
Potassium* 456 -0.03 93 0.01 199 0.02 198 -0.02 351 -0.01 247 -0.03 1088 -0.01

Sodium* 457 -0.3 93 -0.1 199 -0.3 199 -0.2 351 -0.4 247 -0.5 1089 -0.3
Glucose* 456 0.01 93 -0.07 199 0.02 197 -0.06 351 -0.08 247 -0.17 1087 -0.08

Cholesterol* 417 0.004 89 -0.056 181 -0.060 178 -0.090 314 -0.063 218 -0.019 980 -0.057
HDL* 417 0.016 89 -0.007 181 -0.016 177 -0.006 314 -0.014 218 -0.001 979 -0.009
LDL* 415 0.020 85 -0.126 180 -0.028 176 -0.047 314 -0.009 220 0.037 975 -0.019

Triglycerides* 435 -0.050 89 0.115 180 0.024 178 -0.080 345 -0.024 247 -0.115 1039 -0.035
Bicarbonate* 456 -0.1 93 0.7 197 0.1 199 0.4 351 -0.2 247 -0.2 1089 0.1

BRV dose/day BRV 
Overall

(N=1099)
5mg

(N=97)
20mg

(N=199)
50mg

(N=200)
100mg

(N=353)
200mg

(N=250)
PBO 

(N=459)

 
Source: ISS Table 7-6 
*mmol/L 
 
The following table summarizes the percentages of subjects who shifted from normal 
values at baseline to low or high values depending on the chemistry parameter for Pool 
S1.  There were no shifts to abnormal values that were ≥1% higher in both of the higher 
BRV dose groups 100 mg or 200 mg than placebo (with dose response between the 2 
dose groups). 
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Table 100.  Chemistry Laboratory Shift from Baseline to Last Value, Pool S1 

n* Shift % n* Shift % n* Shift % n* Shift % n* Shift % n* Shift % n* Shift %
ALT High 439 2.3% 85 2.4% 187 2.7% 186 0.5% 340 2.4% 240 3.8% 1038 2.4%
AST High 446 0.7% 88 4.5% 197 1.0% 188 0.5% 342 0.9% 246 2.4% 1058 1.5%
AP High 388 2.1% 79 5.1% 170 1.2% 173 2.9% 295 1.7% 221 1.4% 938 2.0%
GGT High 302 6.0% 46 2.2% 125 7.2% 125 5.6% 233 5.6% 152 7.2% 681 6.0%
Bili High 444 0.0% 89 0.0% 193 0.0% 197 0.0% 338 0.3% 238 0.0% 1055 0.2%
Alb Low 454 0.0% 96 0.0% 199 0.0% 200 1.0% 348 0.0% 245 0.0% 1088 0.2%
Cr High 444 1.4% 93 1.1% 182 1.1% 190 2.1% 333 0.6% 244 0.0% 1042 0.9%
BUN High 282 1.1% 94 0.0% 194 1.0% 198 1.0% 182 0.5% 81 0.0% 749 0.7%
Urate High 394 0.5% 92 0.0% 156 0.0% 166 1.8% 299 0.3% 215 0.5% 928 0.5%
Ca High 454 0.7% 93 2.2% 194 1.5% 195 0.0% 346 0.6% 245 0.8% 1073 0.8%
Ca Low 454 1.3% 93 2.2% 194 0.5% 195 2.1% 346 2.3% 245 1.2% 1073 1.7%
Cl Low 431 2.3% 95 0.0% 185 5.4% 191 3.1% 335 2.1% 244 2.9% 1050 2.9%
Phos Low 445 2.9% 94 5.3% 193 1.6% 189 4.8% 330 1.5% 245 1.6% 1051 2.8%
K High 450 0.7% 94 0.0% 197 0.0% 193 0.0% 351 1.1% 248 0.0% 1083 0.4%
K Low 450 0.9% 94 0.0% 197 0.0% 193 0.5% 351 0.3% 248 0.4% 1083 0.3%
Na High 428 0.0% 95 1.1% 181 0.0% 193 0.0% 334 0.6% 243 0.8% 1046 0.5%
Na Low 428 1.6% 95 0.0% 181 4.4% 193 2.1% 334 3.3% 243 3.3% 1046 3.0%
Gluc High 436 1.6% 92 0.0% 188 1.6% 191 1.0% 335 2.7% 241 1.2% 1047 1.6%
Gluc Low 436 1.8% 92 0.0% 188 1.6% 191 6.8% 335 2.1% 241 1.7% 1047 2.6%
Chol High 232 13.8% 52 11.5% 107 11.2% 104 12.5% 174 11.5% 129 13.2% 566 12.0%
HDL Low 352 1.7% 69 2.9% 154 6.5% 144 3.5% 260 5.8% 182 2.2% 809 4.4%
LDL High 330 9.1% 63 0.0% 136 7.4% 127 9.4% 251 7.2% 184 9.2% 761 7.5%
Trig High 381 4.2% 81 6.2% 152 9.2% 146 9.6% 311 3.9% 224 4.0% 914 5.9%
Bicarb High 351 5.7% 64 15.6% 133 6.0% 128 8.6% 274 2.2% 206 5.3% 805 5.7%
Bicarb Low 351 10.8% 64 4.7% 133 15.8% 128 7.8% 274 9.9% 206 9.2% 805 9.9%

PBO (N=459)
BRV dose/day BRV Overall

(N=1099)5mg 20mg 50mg 100mg 200mg

 
Source:  ISS Table 6.2.2.1.1 
*n=number of subjects with normal baseline values and shift % = number of subjects with shifts ÷ n 
 
The following table summarizes the incidence of treatment-emergent NCI CT Criteria for 
chemistry parameters (for subjects with a baseline of Grade 0 or 1) for Pool S1.  The 
overall incidence of Grade 2 chemistry values was low (<10% except for GGT and 
phosphate) for any BRV dose group and placebo.  The incidences of Grade 2/3/4 
chemistry values were ≥1% higher in both of the higher BRV dose groups (100 mg or 
200 mg) than placebo (with dose response between the 2 dose groups) only for 
elevated GGT.   
 
 

Reference ID: 3843450



Clinical Safety Review 
Mary Doi, MD, MS 
NDAs 205836, 205837, 205838 
Brivaracetam (trade name pending) 
 

140 

Table 101.  Incidence of Treatment-Emergent NCI CT Criteria for Chemistry (for 
subjects with a baseline of Grade 0 or 1), Pool S1 

n* Grade % n* Grade % n* Grade % n* Grade % n* Grade % n* Grade % n* Grade %

Grade 2 456 0.0% 93 0.0% 199 0.0% 198 0.5% 351 0.0% 247 0.0% 1088 0.1%

Grade 2/3 455 0.0% 93 0.0% 199 0.0% 198 0.5% 350 0.0% 247 0.4% 1087 0.2%

Grade 2 456 0.4% 93 0.0% 199 0.0% 199 0.5% 350 0.3% 247 0.0% 1088 0.2%

Grade 2 428 6.8% 81 17.3% 188 9.6% 175 12.0% 331 9.1% 230 13.9% 1005 11.4%
Grade 3/4 428 1.2% 81 4.9% 188 1.6% 175 4.6% 331 1.2% 230 2.2% 1005 2.3%

Grade 2 457 0.0% 93 0.0% 199 0.0% 199 0.0% 351 0.3% 247 0.0% 1089 0.1%

Grade 2 457 0.0% 93 0.0% 199 0.0% 199 0.0% 351 0.0% 247 0.0% 1089 0.0%

Grade 2/3 455 0.4% 96 0.0% 199 0.5% 199 0.0% 351 0.3% 247 0.0% 1089 0.2%

Grade 2 282 1.1% 94 0.0% 194 1.0% 198 1.0% 182 0.5% 81 0.0% 749 0.7%

Grade 4 457 0.2% 93 0.0% 199 0.0% 198 1.0% 350 0.0% 247 0.0% 1087 0.2%

Grade 2 456 0.2% 93 1.1% 199 0.0% 198 1.0% 350 0.3% 246 0.0% 1086 0.4%
Grade 3/4 456 0.2% 93 0.0% 199 0.0% 198 0.0% 350 0.6% 246 0.0% 1086 0.2%

Grade 2 444 11.5% 88 18.2% 193 9.3% 194 9.3% 335 11.9% 238 10.9% 1048 11.3%
Grade 3 444 0.7% 88 3.4% 193 0.0% 194 1.5% 335 0.6% 238 1.3% 1048 1.0%

Grade 2 453 1.1% 92 0.0% 199 0.5% 197 1.5% 350 1.4% 246 0.4% 1084 0.9%
Grade 3 453 0.4% 92 0.0% 199 0.5% 197 0.0% 350 0.3% 246 0.8% 1084 0.4%

Grade 3 446 4.0% 92 0.0% 192 9.4% 196 4.6% 345 4.3% 244 5.3% 1069 5.1%

Grade 2 446 0.4% 92 1.1% 192 0.0% 196 0.0% 345 0.0% 244 0.4% 1069 0.2%
Grade 3 446 0.0% 92 0.0% 192 0.0% 196 0.0% 345 0.0% 244 0.4% 1069 0.1%

Grade 2 455 0.7% 93 0.0% 198 1.5% 197 2.0% 351 1.4% 246 1.2% 1085 1.4%
Grade 3/4 455 0.0% 93 0.0% 198 0.5% 197 0.0% 351 0.0% 246 0.0% 1085 0.1%

Grade 2/3 409 1.5% 88 2.3% 179 1.1% 175 1.7% 311 1.3% 215 2.3% 968 1.6%

Grade 2 413 7.0% 84 10.7% 171 4.1% 171 5.3% 329 6.4% 236 8.9% 991 6.8%
Grade 3/4 413 2.2% 84 3.6% 171 0.6% 171 0.0% 329 2.4% 236 1.3% 991 1.5%

Triglycerides (mmol/L) Increased

Sodium (mmol/L) Increased

Potassium (mmol/L) Increased

Sodium (mmol/L) Decreased

Glucose (mmol/L) Decreased

Cholesterol (mmol/L) Increased

Creatinine (μmol/L) Increased

Blood urea nitrogen (mmol/L) Increased

Urate (μmol/L) Increased

Calcium (mmol/L) Decreased

Phosphate (mmol/L) Decreased

ALT (U/L) Increased

AST (U/L) Increased

Alkaline phosphatase (U/L) Increased

GGT (U/L) Increased

Bilirubin (μmol/L) Increased

Albumin (g/L) Decreased

PBO (N=459)
BRV dose/day BRV Overall

(N=1099)5mg 20mg 50mg 100mg 200mg

 
Source:  ISS Table 6.2.4.1.1 
*number of subjects with a baseline result of Grade 0 or 1 and a non-missing post-baseline result 
Grade % = number of subjects with a post-baseline result with the specified grade 
 
The following table summarizes the PCST chemistry values (for subjects with normal 
values at baseline) for Pool S1.  There were no PCST chemistry values that were ≥1% 
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higher in both of the higher BRV dose groups (100 mg or 200 mg) than placebo (with 
dose response between the 2 dose groups). 
 
Table 102.  Incidence of PCST Chemistry Results (for subjects with normal 
baseline values), Pool S1 

n* PCST % n* PCST % n* PCST % n* PCST % n* PCST % n* PCST % n* PCST %
ALT High 438 0.0% 82 1.2% 187 0.0% 186 0.5% 339 0.0% 239 0.0% 1033 0.2%
AST High 445 0.0% 85 0.0% 194 0.0% 188 0.5% 341 0.0% 245 0.4% 1053 0.2%
AP High 387 0.0% 76 0.0% 170 0.0% 173 0.0% 294 0.3% 220 0.0% 933 0.1%
GGT High 301 0.0% 45 0.0% 125 0.8% 125 0.0% 232 0.0% 151 0.0% 678 0.1%
Bili High 443 0.0% 86 0.0% 193 0.0% 197 0.0% 337 0.0% 237 0.0% 1050 0.0%
Alb Low 453 0.0% 93 0.0% 199 0.0% 200 0.0% 347 0.0% 244 0.0% 1083 0.0%
Cr High 443 0.0% 90 0.0% 182 0.5% 190 0.0% 332 0.3% 243 0.0% 1037 0.2%
BUN High 282 0.4% 91 1.1% 194 0.0% 198 0.5% 181 0.0% 81 0.0% 745 0.3%
Urate High 393 0.5% 89 0.0% 156 0.0% 166 0.0% 298 0.0% 214 0.0% 923 0.0%
Ca High 453 0.0% 91 0.0% 194 0.0% 195 0.0% 345 0.0% 244 0.0% 1069 0.0%
Ca Low 453 0.4% 91 0.0% 194 0.0% 195 0.0% 345 0.3% 244 0.0% 1069 <0.1%
Cl Low 430 0.0% 92 0.0% 185 0.0% 191 0.0% 334 0.0% 243 0.0% 1045 0.0%
Phos Low 444 0.0% 91 0.0% 193 0.0% 189 0.0% 329 0.0% 244 0.0% 1046 0.0%
K High 449 0.9% 91 0.0% 197 1.0% 193 0.0% 350 0.6% 247 0.8% 1078 0.6%
K Low 449 0.0% 91 0.0% 197 0.0% 193 0.0% 350 0.0% 247 0.0% 1078 0.0%
Na High 427 0.0% 92 1.1% 181 0.0% 193 0.0% 333 0.0% 242 0.4% 1041 0.2%
Na Low 427 0.0% 92 0.0% 181 0.0% 193 0.0% 333 0.0% 242 0.0% 1041 0.0%
Gluc High 435 0.7% 89 0.0% 188 1.1% 191 1.0% 334 0.9% 240 0.8% 1042 0.9%
Gluc Low 435 0.2% 89 0.0% 188 1.1% 191 1.0% 334 0.3% 240 0.0% 1042 0.5%
Chol High 216 0.0% 49 2.0% 99 0.0% 96 0.0% 155 0.0% 114 0.0% 513 0.2%
HDL Low 329 0.0% 65 0.0% 148 0.0% 134 0.0% 239 0.0% 159 0.0% 745 0.0%
LDL High 311 0.3% 60 0.0% 127 0.0% 118 0.0% 222 0.0% 166 0.0% 693 0.0%
Trig High 374 3.5% 75 5.3% 143 2.1% 138 2.2% 305 3.0% 222 5.0% 883 3.4%
Bicarb High 351 0.0% 64 0.0% 133 0.0% 128 0.0% 274 0.0% 205 0.0% 800 0.0%
Bicarb Low 351 0.0% 64 0.0% 133 0.0% 128 0.0% 274 0.0% 205 0.0% 800 0.0%

PBO (N=459)
BRV dose/day BRV Overall

(N=1099)5mg 20mg 50mg 100mg 200mg

 
Source:  Safety Information Amendment 6/19/15, Table 6.2.3.1.1 
 
Comment:  The Applicant reported in the ISS that “high incidences of abnormal high 
values already at Baseline that remained abnormally high through to the Last Visit were 
found for GGT and lipids (i.e., cholesterol, LDL cholesterol, and triglycerides [if 
assessed for the given pool or single study]). However, since these high incidences 
occurred across all treatment groups and without any strong trend over time, they are 
most likely attributable to the subjects’ underlying medical condition, concomitantly 
taken AEDs, or blood not necessarily being taken under fasted conditions (since BRV 
may be taken without relation to the subjects’ fasting state, and the timing of blood 
sampling was not necessarily standardized throughout the studies), and were 
considered not to be a safety signal related to treatment with BRV.” 
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In the other pooled groups, the following percentages of subjects had shifts (from 
baseline to last value) in chemistry parameters and developed treatment-emergent NCI 
CT criteria (at any time point) for chemistry parameters: 
• Pool S4:  Few BRV subjects (<5%) shifted from normal values except for shifts to 

high GGT (6.7%), high cholesterol (7.3%), low urate (7.0%), low bicarbonate (6.2%), 
and high LDL (6.9%).  Few BRV subjects (<5%) met NCI CT criteria except for 
Grade 2 increased GGT (14.2%), Grade 2 hypophosphatemia (16.7%), Grade 2 
hyponatremia (7.8%), and Grade 2 hypertriglyceridemia (9.9%). 

• Pool Monotherapy:  Few BRV subjects (<5%) shifted from normal values except for 
shifts to high creatinine (6.7%) and low bicarbonate (9.3%).  Few BRV subjects 
(<5%) met NCI CT criteria except for Grade 2 hypophosphatemia (13.5%) 

• Pool ULD:  Few BRV subjects (<5%) shifted from normal values except for shifts to 
high GGT (6.9%) and low creatinine (8.8%).  Few BRV subjects (<5%) met NCI CT 
criteria except for Grade 2 increased GGT (6.4%). 

• Pool Pediatric:  Few BRV subjects (<5%) shifted from normal values except for shifts 
to high alk phos (6.8%), high GGT (6.8%), low bilirubin (9.3%), low creatinine 
(11.7%), high chloride (5.4%), high glucose (5.9%), and low bicarbonate (6.3%).  
Few BRV subjects (<5%) met NCI CT criteria except for Grade 2 increased GGT 
(6.4%). 

• Pool Other: In N01162, a lower percentage of BRV subjects (22.5%) developed PCS 
chemistry values than placebo (32%).  One BRV subject (1%) developed PCS high 
GGT (vs 0 placebo).   Eleven BRV subject (10.8%) developed PCS high triglyceride 
(vs 4.2% placebo).  However, the PCS chemistry values considered clinically 
significant by the investigators were present at baseline for all of the BRV subjects.  
For GGT, both the BRV 200mg/day group and the BRV 400mg/day group had higher 
mean values than the placebo group throughout all visits (from Screening and did 
not worsen during the course of the study).  

• Pool Phase 1:  A similar low percentage of BRV and placebo subjects developed 
PCST chemistry values (GGT PCST high 0.3% vs 0) and met NCI CT criteria (Grade 
2 GGT increased 0.3% vs 0). 

 
In conclusion, the incidences of BRV subjects with clinically significant or meaningful 
abnormalities in chemistry parameters were overall low and similar to placebo subjects 
in Pool S1.  There may be a small signal for elevated GGT associated with BRV use.  
However, BRV use was not associated with an elevation in the other hepatic 
parameters (see Section 7.3.5 for further details).   
 
Urinalysis 
There were no clinically meaningful changes identified in qualitative urinalysis 
parameters (occult blood, leukocyte esterase, glucose, protein, ketones, and nitrite 
values) for Pool S1. 
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7.4.3 Vital Signs 

The following table summarizes the mean change from baseline to the end of treatment 
for the vital sign parameters for Pool S1.  The mean values for systolic blood pressure, 
diastolic blood pressure, and pulse rate were within the normal range at the end of 
treatment in all groups.  The mean changes were small and clinically insignificant (and 
without dose-response relationship). 
 
Table 103.  Mean change from baseline (to last value) for Vital Signs, Pool S1 

n Mean n Mean n Mean n Mean n Mean n Mean n Mean

Baseline 459 121.4 97 118.3 199 120.7 200 120.6 353 121.3 250 121.8 1099 120.9
Last 457 120.5 94 118.8 199 118.5 200 119.6 351 120.7 248 120.3 1092 119.8

Change 457 -0.9 94 0.3 199 -2.3 200 -1.0 351 -0.7 248 -1.6 1092 -1.2

Baseline 459 77.0 97 74.3 199 75.8 200 76.9 353 76.2 250 76.4 1099 76.1
Last 457 76.0 94 75.2 199 74.6 200 75.7 351 75.1 248 75.2 1092 75.1

Change 457 -1.0 94 0.7 199 -1.3 200 -1.2 351 -1.1 248 -1.3 1092 -1.1

Baseline 459 73.0 97 73.4 199 74.5 200 73.4 353 73.4 250 72.9 1099 73.5
Last 457 72.1 94 74.1 199 72.8 200 72.9 351 71.9 248 71.9 1092 72.4

Change 457 -0.9 94 0.5 199 -1.7 200 -0.5 351 -1.6 248 -1.0 1092 -1.1

Baseline 196 -0.1 97 0.6 196 -1.3 198 0.5 99 -0.8 0 -- 590 -0.3
Last 195 0.2 94 0.3 196 -0.1 198 0.2 99 -0.5 0 -- 587 0.0

Change 195 0.3 94 -0.3 195 1.3 198 -0.3 99 0.3 0 -- 586 0.3

Baseline 196 2.2 97 1.6 196 1.4 198 1.9 99 1.0 0 -- 590 1.5
Last 195 0.9 94 1.6 196 1.4 198 1.7 99 1.3 0 -- 587 1.5

Change 195 -1.3 94 0.1 195 0.1 198 -0.2 99 0.3 0 -- 586 0.0

Baseline 459 75.0 97 76.6 198 74.4 200 73.1 353 17.1 250 75.7 1098 74.4
Last 456 75.1 94 77.0 199 74.5 200 73.0 351 17.3 248 74.9 1092 74.2

Change 456 0.1 94 -0.1 198 0.1 200 -0.1 351 -0.2 248 -0.6 1091 -0.2

Orthostatic Systolic blood pressure (mmHg)

Orthostatic Diastolic blood pressure (mmHg)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Pulse rate (bpm)

Weight (kg)

PBO 
(N=459)

BRV dose/day BRV Overall
(N=1099)5mg

(N=97)
20mg

(N=199)
50mg

(N=200)
100mg

(N=353)
200mg

(N=250)

 
Source:  ISS Tables 7.1.1.1, 7.2.5.1.1, 7.3.1.1 
 
The following table summarizes the potentially clinically significant values in vital sign 
parameters for Pool S1.  Using the Applicant’s cut-off values, PCST values for BP and 
HR occurred in a small percentage of the subjects (<1%) with similar percentages 
between BRV and placebo groups.  Both decreases and increases occurred at similar 
percentages in BRV subjects for both regular and orthostatic blood pressure 
measurements, especially in the higher BRV dose groups (100 mg and 200 mg).  A 
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slightly higher percentage of BRV subjects than placebo developed PCST low values for 
weight.   
 
Table 104.  Incidence of PCST and abnormal vital signs parameters, Pool S1 

5mg
(N=97)

20mg
(N=199)

50mg
(N=200)

100mg
(N=353)

200mg
(N=250)

n=457 (%) n=94 (%) n=199 (%) n=200 (%) n=352 (%) n=249 (%) n=1094 (%)

Decrease ≥20 15.3 14.9 19.6 18.5 20.5 21.3 19.7
Decrease ≥40 1.1 0.0 1.0 1.0 0.6 2.0 1.0

PCST low 0.0 0.0 0.0 0.5 0.0 0.0 <0.1
Increase ≥20 12.5 16.0 14.1 13.5 14.2 14.5 14.3
Increase ≥40 0.4 3.2 1.0 1.0 1.7 0.8 1.4
PCST high 0.0 2.1 0.0 0.5 0.0 0.4 0.4

Decrease ≥10 38.7 31.9 43.7 41.5 38.4 43.8 40.6
Decrease ≥20 9.0 8.5 7.5 9.5 7.1 9.2 8.2

PCST low 0.7 0.0 0.0 0.5 0.3 0.8 0.4
Increase ≥10 29.8 33.0 31.2 30.0 28.1 28.5 29.5
Increase ≥20 5.7 8.5 1.0 3.5 6.8 4.8 5.9

PCST high 0.2 1.1 0.5 0.0 0.0 0.0 0.2

Decrease ≥15 16.8 16.0 21.1 17.5 15.6 16.1 17.1
Decrease ≥30 0.9 0.0 1.0 1.0 1.1 1.2 1.0

PCST low 0.0 0.0 0.5 0.0 0.0 0.0 <0.1
Increase ≥15 16.6 17.0 13.1 17.0 13.9 13.7 14.5
Increase ≥30 1.5 1.1 1.0 1.5 1.4 0.4 1.1
PCST high 0.0 0.0 0.5 0.0 0.0 0.0 <0.1

Decrease ≥20 5.1 5.3 5.1 3.5 7.1 0.0 4.9
Decrease ≥40 0.0 1.1 0.5 0.0 1.0 0.0 0.5
Increase ≥20 6.2 3.2 6.7 7.6 9.1 0.0 6.8
Increase ≥40 0.5 0.0 0.0 1.5 1.0 0.0 0.7

Decrease ≥10 17.9 17.0 17.9 17.2 20.2 0.0 17.9
Decrease ≥20 2.6 2.1 1.5 1.5 0.0 0.0 1.4
Increase ≥10 33.8 34.0 33.8 37.9 34.3 0.0 35.3
Increase ≥20 4.6 5.3 4.1 4.5 7.1 0.0 4.9

PCST low 2.6 3.2 2.5 4.0 3.4 5.6 3.8
PCST high 4.4 2.1 4.5 2.5 2.8 2.8 3.0

BRV daily dose
PBO 

(N=459)

Weight (kg)

BRV Overall
(N=1099)

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

Pulse rate (bpm)

Orthostatic Systolic blood pressure (mmHg)

Orthostatic Diastolic blood pressure (mmHg)

 
Source:  ISS Tables 7.2.4.1.1, 7.2.1.1, 7.2.6.1.1, 7.4.1.1 
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Comment:  In response to the Division's information request for more granular changes 
in blood pressure, the Applicant (on 7/31/15) submitted the following table.  No clear 
trend was observed.   
 
Table 105.  Decrease from Baseline in systolic blood pressure, Pool S1 
  Placebo  

(N=459)  
n (%) 

BRV 
50mg/day 
 (N=200)  

n (%) 

BRV 
100mg/day 

(N=353) 
n (%) 

BRV 
200mg/day 

(N=250) 
n (%) 

BRV 
≥50mg/day 

(N=803) 
n (%) 

Week 2 N=444 N=196 N=341 N=243 N=780 
Decrease 5-10mm Hg 90 (20.3) 35 (17.9) 76 (22.3) 43 (17.7) 154 (19.7) 
Decrease 11-15mm Hg 40 (9.0) 9 (4.6) 16 (4.7) 18 (7.4) 43 (5.5) 
Decrease 16-20mm Hg 24 (5.4) 10 (5.1) 18 (5.3) 12 (4.9) 40 (5.1) 
Decrease >20mm Hg 12 (2.7) 11 (5.6) 17 (5.0) 15 (6.2) 43 (5.5) 
Decrease >40mm Hg 0 1 (0.5) 0 3 (1.2) 4 (0.5) 
Week 4 N=440 N=189 N=333 N=237 N=759 
Decrease 5-10mm Hg 80 (18.2) 33 (17.5) 62 (18.6) 52 (21.9) 147 (19.4) 
Decrease 11-15mm Hg 38 (8.6) 13 (6.9) 17 (5.1) 8 (3.4) 38 (5.0) 
Decrease 16-20mm Hg 19 (4.3) 13 (6.9) 24 (7.2) 18 (7.6) 55 (7.2) 
Decrease >20mm Hg 18 (4.1) 10 (5.3) 14 (14.2) 13 (5.5) 37 (4.9) 
Decrease >40mm Hg 2 (0.5) 0 0 2 (0.8) 2 (0.3) 
Week 8 N=434 N=183 N=322 N=230 N=735 
Decrease 5-10mm Hg 99 (22.8) 31 (16.9) 69 (21.4) 44 (19.1) 144 (19.6) 
Decrease 11-15mm Hg 20 (4.6) 11 (16.0) 26 (8.1) 11 (4.8) 48 (6.5) 
Decrease 16-20mm Hg 29 (6.7) 8 (4.4) 17 (5.3) 15 (6.5) 40 (5.4) 
Decrease >20mm Hg 15 (3.5) 9 (4.9) 14 (4.3) 15 (6.5) 38 (5.2) 
Decrease >40mm Hg 0 0 0 1 (0.4) 1 (0.1) 
Week 12 N=431 N=180 N=319 N=225 N=724 
Decrease 5-10mm Hg 78 (18.1) 39 (21.7) 69 (21.6) 43 (19.1) 151 (20.9) 
Decrease 11-15mm Hg 28 (6.5) 9 (5.0) 28 (8.8) 22 (9.8) 59 (8.1) 
Decrease 16-20mm Hg 25 (5.8) 7 (3.9) 15 (4.7) 15 (6.7) 37 (5.1) 
Decrease >20mm Hg 17 (3.9) 14 (7.8) 17 (5.3) 11 (4.9) 42 (5.8) 
Decrease >40mm Hg 0 0 0 3 (1.3) 3 (0.4) 
Last Value N=457 N=200 N=351 N=248 N=799 
Decrease 5-10mm Hg 85 (18.6) 40 (20.0) 72 (20.5) 43 (17.3) 155 (19.4) 
Decrease 11-15mm Hg 29 (6.3) 9 (4.5) 28 (8.0) 22 (8.9) 59 (7.4) 
Decrease 16-20mm Hg 25 (5.5) 8 (4.0) 17 (4.8) 16 (6.5) 41 (5.1) 
Decrease >20mm Hg 20 (4.4) 15 (7.5) 17 (4.8) 14 (5.6) 46 (5.8) 
Decrease >40mm Hg 0 0 0 3 (1.2) 3 (0.4) 

Note: The number of subjects with the vital sign is presented for each time point.  
n= number of subjects with vital sign finding with the specified outcome for the specified time point. 
Note: Percentages are relative to the number of subjects with the vital sign at each time point. 
Note: Subjects counted in the Decrease >40 mmHg column are also included in the Decrease >20 mmHg 
category. 
Note: Last value is the last assessment during the Treatment Period. 
Source: Safety Information Amendment 7/31/15 Table 1 
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The following table summarizes the percentage of BRV subjects with abnormal changes 
in orthostatic blood pressure for Pool S4.  BRV subjects developed similar incidences of 
both increases and decreases in systolic/diastolic blood pressure and heart rate. 
 
Table 106.  Summary of subjects with abnormal changes in orthostatic blood 
pressure, Pool S4 

 
Vital sign parameter (unit) 

As of 01 Oct 2014 
            BRV Overall 

n/N (%) 
Systolic blood pressure (mmHg)  

Decrease ≥20 718/2426 (29.6) 
Decrease ≥40 76/2426 (3.1) 
Increase ≥20 744/2426 (30.7) 
Increase ≥40 109/2426 (4.5) 

Diastolic blood pressure (mmHg)  
Decrease ≥10 1380/2426 (56.9) 
Decrease ≥20 421/2426 (17.4) 
Increase ≥10 1250/2426 (51.5) 
Increase ≥20 384/2426 (15.8) 

Pulse rate (bpm)  
Decrease ≥15 675/2425 (27.8) 
Decrease ≥30 78/2425 (3.2) 
Increase ≥15 829/2425 (34.2) 
Increase ≥30 135/2425 (5.6) 

Source:  120-day Safety Update Table 7.2.4.1.4 
 
As for postural hypotension TEAEs in Pool S1, 2 BRV subjects (0.2%) reported the 
following TEAEs:  1 hypotension and 1 orthostatic hypotension.  In Pool S4, 13 BRV 
subjects (0.5%) reported TEAEs of hypotension and 4 subjects (0.2%) reported TEAEs 
of orthostatic hypotension.  None of these TEAEs were SAEs or led to discontinuation of 
study drug. 
 
In the other pooled groups, the following percentages of subjects developed PCST vital 
signs (at any time point) and additional outlier criteria for vital sign parameters: 
• Pool S4:  BRV subjects had similar incidences of PCST low and high values for 

SBP, DBP, HR, and weight.  BRV subjects had similar incidences of decreases and 
increases for SBP, DBP, and HR.   

• Pool Monotherapy:  BRV subjects had similar incidences of PCST low and high 
values for SBP, HR, and weight but not for DBP (PCST low 0.7% vs high 2.7%).  
BRV subjects had similar incidences of decreases and increases for SBP, DBP, and 
HR.   
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• Pool ULD:  BRV subjects had similar incidences of PCST low and high values for 
SBP, DBP, and weight but not for HR (PCST low 2.9% vs high 1.0%).  BRV subjects 
had similar incidences of decreases and increases for SBP, DBP, and HR.   

• Pool Pediatric:  BRV subjects had similar incidences of PCST low and high values 
for pulse rate but not for SBP (PCST low 11.3% vs high 3.4%), DBP (PCST low 
10.8% vs high 18.7%), and weight (PCST low 21.7% vs high 10.8%).  BRV subjects 
had higher incidences of increases in SBP (26% increase ≥20 mmHg) vs decreases 
in SBP (18.5% decrease ≥20 mmHg) and decreases in HR (45.8% decrease ≥15 
bpm) vs increases in HR (36.9% increase ≥15 bpm).   

• Pool Other: In N01162, a higher percentage of BRV subjects (4.9%) developed PCS 
vital signs (2 increased weight, 1 decreased weight, 1 increased DBP, 1 decreased 
DBP) than placebo (2%).  Two were considered clinically relevant: subject N01162-
022-0249 with PCS low DBP after the first intake of BRV 400 mg was observed at 
the same time as PT fatigue; and subject N01162-042-0455 with PCS high weight 
was reported as a TEAE.  There was a larger decrease in SBP in BRV subjects than 
placebo at every visit with a dose response (from -1.5 to -3.3 mmHg for BRV 
200mg/day and -2.9 to -5.1 mmHg for BRV 400mg/day).  A similar trend was seen 
for DBP.   

• Pool Phase 1:  A higher percentage of BRV subject than placebo subjects 
developed PCST low SBP (2.7% vs 0) and low DBP (10.2% vs 5.5%) and outlier 
criteria for SBP (decrease ≥20 mmHg 31.2% vs 11.4%), for DBP (decrease ≥10 
mmHg 58.9% vs 41.4%), and for HR (decrease ≥15 bpm 20.4% vs 6.8%). 

 
In conclusion, BRV use is unlikely associated with changes in blood pressure (regular or 
orthostatic).  Changes in vital signs in BRV subjects are discussed further in the context 
of cardiac TEAEs in Section 7.3.5 of this review. 

7.4.4 Electrocardiograms (ECGs) 

The Applicant’s NDA submission included results from a formal QT study that examined 
the effect of BRV on cardiac repolarization.  The FDA Interdisciplinary Review Team 
(IRT) for QT studies reviewed Study N01233 in a review dated March 5, 2009.  The IRT 
reported the following: 
• No significant prolongation effect of BRV was detected in this TQT study.   
• No clinically relevant effects on the PR and QRS intervals. 
 
For most Phase 2/3 studies, no quantitative ECG parameters were collected on the 
CRF, so no integrated summaries of quantitative ECG parameters are provided for the 
Phase 2/3 study pools.  Integrated summaries for ECGs focus on the evaluation of ECG 
outcome (normal, abnormal but not clinically significant, and clinically significant) based 
on the Investigator’s assessment. 
 
The following table summarizes the ECG findings by time point and treatment group for 
Pool S1.  After taking into account the baseline differences between BRV subjects in the 
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200 mg dose group and placebo for both abnormal not clinically significant and 
abnormal clinically significant ECG findings (6.3% and 0.4%, respectively), a similar 
percentage of BRV (200 mg) and placebo subjects had on-treatment ECG findings at all 
of the time points except for the last value (abnormal clinically significant only).   
 
Table 107.  Summary of ECG findings by time point, Pool S1 
  PBO 

(N=459) 
n (%) 

BRV dose/day BRV 
Overall 

(N=1099) 
n (%) 

5mg 
(N=97)   
n (%) 

20mg 
(N=199) 

n (%) 

50mg 
(N=200) 

n (%) 

100mg 
(N=353) 

n (%) 

200mg 
(N=250) 

n (%) 
Baseline 
Number of subjectsa 455 96 196 197 353 248 1090 
Normal 72.7% 77.1% 80.6% 73.1% 78.5% 66.1% 75.0% 
Abnormal, not CS 26.8% 22.9% 19.4% 25.9% 21.2% 33.1% 24.6% 
Clinically significant 2 (0.4) 0 0 2 (1.0) 1 (0.3) 2 (0.8) 5 (0.5) 
Week 2 
Number of subjectsa 437 78 184 193 337 241 1033 
Normal 72.3% 71.8% 79.3% 78.2% 78.9% 70.1% 76.3% 
Abnormal, not CS 27.5% 28.2% 20.7% 21.2% 20.5% 29.0% 23.2% 
Clinically significant 1 (0.2) 0 0 1 (0.5) 2 (0.6) 2 (0.8) 5 (0.5) 
Week 4 
Number of subjectsa 434 84 186 186 330 233 1019 
Normal 73.5% 78.6% 77.4% 80.1% 79.1% 70.0% 76.8% 
Abnormal, not CS 25.3% 21.4% 22.6% 19.4% 20.3% 29.2% 22.7% 
Clinically significant 5 (1.2) 0 0 1 (0.5) 2 (0.6) 2 (0.9) 5 (0.5) 
Week 12 
Number of subjectsa 424 80 181 181 316 222 980 
Normal 75.5% 62.5% 81.2% 75.1% 81.3% 70.7% 76.2% 
Abnormal, not CS 24.1% 37.5% 18.8% 23.8% 18.4% 27.9% 23.2% 
Clinically significant 2 (0.5) 0 0 2 (1.1) 1 (0.3) 3 (1.4) 6 (0.6) 
Last Valueb 
Number of subjectsa 455 93 197 200 350 248 1088 
Normal 75.8% 65.6% 80.2% 74.0% 81.1% 71.0% 76.0% 
Abnormal, not CS 23.7% 34.4% 19.8% 25.0% 18.3% 27.4% 23.3% 
Clinically significant 2 (0.4) 0 0 2 (1.0) 2 (0.6) 4 (1.6) 8 (0.7) 

Note: Subjects are counted at most once at each time point based on the worst observed outcome across 
all abnormalities at that time point. 
a Number of subjects is the number of subjects with an ECG for the specified time point; n is the number 
of subjects with an ECG finding with the specified outcome for the specified time point. Percentages are 
relative to the number of subjects with an ECG at each time point. 
b Last Value is the last assessment during the Treatment Period. 
Note: Pool S1 includes the Phase 3, PBO-controlled, fixed dose studies (N01252, N01253, and N01358). 
Source: ISS Table 8.1.1.1 
 
Comment:  In response to the Division's information request for a list of the actual 
quantitative ECG parameters (from the actual ECGs) for all subjects with ECGs 
reported as abnormal and clinically significant on the CRF, the Applicant (on 7/31/15) 
stated that “quantitative ECG parameters were not collected with the CRFs in BRV 
Phase 3 clinical studies; therefore, UCB cannot submit a list of these data.”   
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The following table summarizes the shifts from baseline in ECG findings by time point 
for Pool S1.  A similar percentage of BRV and placebo subjects developed shifts from 
normal to abnormal at all of the time points especially for subjects in the 200 mg BRV 
dose group. 
 
Table 108.  Summary of shifts from baseline in ECG findings by time point, Pool 
S1 
  PBO 

(N=459) 
% 

BRV dose/day BRV 
Overall 

(N=1099) 
% 

5mg 
(N=97) 

% 

20mg 
(N=199) 

% 

50mg 
(N=200) 

% 

100mg 
(N=353) 

% 

200mg 
(N=250) 

% 
Week 2 
Number of subjectsa 433 78 181 190 337 239 1025 
Normal to normal 65.1% 69.2% 72.9% 67.9% 70.3% 61.1% 68.1% 
Abnormal to normal 7.2% 2.6% 6.6% 10.0% 8.6% 8.8% 8.1% 
Normal to abnormal 7.4% 7.7% 8.3% 5.8% 8.0% 5.0% 6.9% 
Abnormal to abnormal 20.3% 20.5% 12.2% 16.3% 13.1% 25.1% 16.9% 
Week 4 
Number of subjectsa 431 84 185 184 330 231 1014 
Normal to normal 65.4% 70.2% 70.3% 67.9% 70.9% 62.3% 68.2% 
Abnormal to normal 8.1% 8.3% 7.6% 12.0% 8.2% 7.8% 8.7% 
Normal to abnormal 7.4% 7.1% 10.8% 6.0% 7.3% 4.8% 7.1% 
Abnormal to abnormal 19.0% 14.3% 11.4% 14.1% 13.6% 25.1% 16.0% 
Week 12 
Number of subjectsa 422 80 178 178 316 220 972 
Normal to normal 65.2% 57.5% 74.2% 65.7% 72.5% 60.0% 67.5% 
Abnormal to normal 10.4% 5.0% 6.7% 9.0% 8.9% 10.9% 8.6% 
Normal to abnormal 7.3% 16.3% 7.3% 6.7% 6.3% 6.8% 7.5% 
Abnormal to abnormal 17.1% 21.3% 11.8% 18.5% 12.3% 22.3% 16.4% 
Last Valueb 
Number of subjectsa 452 93 194 197 350 246 1080 
Normal to normal 65.5% 61.3% 72.7% 65.0% 72.6% 59.8% 67.3% 
Abnormal to normal 10.4% 4.3% 7.2% 8.6% 8.6% 11.4% 8.6% 
Normal to abnormal 7.3% 16.1% 7.7% 8.1% 6.0% 6.9% 7.8% 
Abnormal to abnormal 16.8% 18.3% 12.4% 18.3% 12.9% 22.0% 16.3% 

a Number of subjects is the number of subjects with an ECG at both Baseline and at the specified time 
point; n is the number of subjects with the specified shift 
from Baseline at the specified time point. 
b Last Value is the final assessment during the Treatment Period. 
Source: ISS Table 8.2.1.1 
 
In the other pooled groups, the following percentages of subjects had shifts (from 
baseline to last value) in ECG findings and developed clinically significant ECG findings 
(as determined by the investigator): 
• Pool S4:  11.8% of BRV subjects shifted from normal to abnormal.  8 BRV subjects 

(0.3%) developed clinically significant ECG findings at the last value (0.3% had 
clinical significant ECGs at baseline).   
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• Pool Monotherapy:  16.1% of BRV subjects shifted from normal to abnormal.  No 
BRV subject developed clinically significant ECG findings at the last value (or at 
baseline).   

• Pool ULD:  18.2% of BRV subjects shifted from normal to abnormal.  No BRV 
subject developed clinically significant ECG findings at the last value (or at baseline).   

• Pool Pediatric:  8.1% of BRV subjects shifted from normal to abnormal.  1 BRV 
subject (0.5%) developed clinically significant ECG findings (1.5% had clinical 
significant ECGs at baseline).   

• Pool Other:  Minimal differences were observed for PR interval, QRS interval, QTc 
(Bazett), QTc (Fridericia), and ventricular rate between BRV and placebo subjects.  
At Visit 5, four BRV subjects (3.9%) developed clinically significant abnormal ECGs 
(vs 0 placebo subjects).  A slightly higher percentage of BRV subjects than placebo 
subjects developed changes in QTc of >90 ms using the Bazett correction (2% vs 0) 
but not with the Fridericia correction (1% vs 2%). 

• Pool Phase 1:  A slightly higher percentage of BRV subjects (10.6%) shifted from 
normal to abnormal than placebo subjects (7.5%).  For both abnormal not clinically 
significant and abnormal clinically significant, a similar number of BRV subjects 
(38% and 0.5%, respectively) and placebo subjects (36.4% and 0.6%) had on-
treatment ECG findings.   

 
In conclusion, BRV is unlikely associated with changes in ECG parameters.  Changes in 
ECG parameters in BRV subjects are discussed further in the context of cardiac TEAEs 
in Section 7.3.5 of this review. 

7.4.5 Special Safety Studies/Clinical Trials 

Not applicable. 

7.4.6 Immunogenicity 

Not applicable. 

7.5 Other Safety Explorations 

7.5.1 Dose Dependency for Adverse Events 

The dose response relationship for safety issues is noted in appropriate sections within 
Section 7.  The reader is also referred to the Pharmacometric review for further details 
regarding the population PK/PD analysis that examined the relationship between 
plasma concentrations of BRV and the occurrence of TEAEs.   
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7.5.2 Time Dependency for Adverse Events 

In Pool S1, the types and incidences of TEAEs reported during the first 7 days of 
treatment were similar to those reported for the overall treatment period.  The most 
frequently reported TEAEs during the first 7 days of treatment for the total BRV group 
were somnolence, dizziness, and fatigue.  The following forest plot displays the TEAEs 
with >0.5% risk difference between the ≥50 mg BRV dose group and placebo.   
 
Figure 15.  TEAEs during first 7 days with PT >0.5% Risk Difference (≥50 mg BRV 
dose group minus Placebo), Pool S1 

 
Source:  Created by reviewer using JReview and Safety Information Amendment datasets (8/11/15): 
ADAE (TRTEMFL=Y, AEDECOD, TRT7DYFL=Y) and ADSL (PS1FL=Y, TR01PG2N) 
 
Additionally, the following table summarizes my analyses of the risk ratio of TEAEs, 
SAEs, and TEAEs leading to discontinuation by onset in Pool S1.  Additional analyses 
for the adverse events of special interest by timing of onset are further described in the 
appropriate sections within Section 7.  There is a higher risk of TEAEs during the first 7 
days of the core study (there may also be a trend for SAEs).  However, due to small 
numbers for SAEs, it is difficult to draw any definitive conclusions. 
 
Table 109.  Relative risk of TEAEs, SAEs, DCs during first 7 days, Pool S1 

Category 
Placebo BRV (≥50 mg/day) Risk 

Ratio  
95% CI 

n total n total LL UL 
TEAEs:        
   Anytime during the study 285 459 546 803 1.1 1.0 1.2 
   First 7 days 108 459 294 803 1.6 1.3 1.9 
TEAEs leading to DC:        
   Anytime during the study 18 459 54 803 1.7 1.0 2.9 
   First 7 days 7 459 18 803 1.5 0.6 3.5 
SAEs:        
   Anytime during the study 13 459 24 803 1.1 0.5 2.1 
   First 7 days 1 459 5 803 2.9 0.3 24.4 
Source:  Created by reviewer using JReview and Safety Information Amendment datasets (8/11/15): 
ADAE (TRTEMFL=Y, TRT7DYFL=Y) and ADSL (PS1FL=Y, TR01PG2N) 
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In Pool S4, the most frequently reported TEAE during the first 7 days of treatment for 
the BRV Overall group was somnolence (6.2%).  During the Down-Titration Period, the 
incidence of TEAEs was low in BRV subjects (3.4%).  The most frequently reported 
TEAEs during the Down-Titration Period for BRV subjects were headache (0.6%), 
laceration (0.2%), dizziness (0.2%), nasopharyngitis (0.2%), and malaise (0.2%). No 
other TEAEs were reported for more than 1 subject.  Furthermore, during the Post-
Treatment Period, the incidence of TEAEs was also low in BRV subjects (1.6%). The 
most frequently reported TEAEs during the Post-Treatment Period for BRV subjects 
were convulsion (0.3%), fatigue (0.2%), urinary tract infection (0.2%), and headache 
(0.2%). No other TEAEs were reported for more than 1 subject. 

7.5.3 Drug-Demographic Interactions 

The reader is referred to the Clinical Pharmacology review for further details.   The 
Applicant reported the following information: 
• Study N01118 in elderly subjects (65 to 79 years old with creatinine clearance 53 to 

98 mL/min/1.73 m² receiving BRV 400 mg/day) reported that the plasma half-life of 
BRV was 7.9 hours and 9.3 hours in the 65 to 75 and >75 year age groups, 
respectively. The steady-state plasma clearance of BRV was slightly lower (0.76 
mL/min/kg) than in young healthy controls (0.83 mL/min/kg) (N01118 CSR). 

• Study N01287 reported no differences in the pharmacokinetics of BRV by gender 
(N01287 CSR). 

• Study N01209A, a population pharmacokinetic analysis comparing Caucasian and 
non-Caucasian patients, reported no significant pharmacokinetic difference 
(N01209A CSR).  The pharmacokinetics of BRV in Japanese healthy subjects were 
similar to that of Western healthy subjects (N01209). 

• Study N01263 reported that in subjects aged ≥1 month to <16 years, BRV plasma 
concentration increased with increasing age and increased proportionally to the dose 
(approximate doubling of trough BRV plasma concentration with every doubling of 
the BRV dose).  Furthermore, despite the already implemented dose adjustment in 
the subjects <8 years of age, trough plasma concentration in the ≥1 month to <2 
years group was approximately 30% to 45% lower than in adolescents (further dose 
adjustments may be required). 

 
The following table summarizes my analyses of the risk ratio of TEAEs (and 
discontinuations) by various demographic characteristics including sex, age, race, and 
LEV and CBZ status at study entry for Pool S1.  Additional analyses for the adverse 
events of special interest by demographics are further described in the appropriate 
sections within Section 7.  There may be a trend towards a higher risk of TEAEs for 
adolescents (vs adults).  There were also small differences in the incidence of 
discontinuations by sex, age, race, and region.  However, due to small numbers, it is 
difficult to draw any definitive conclusions regarding any of the demographic 
characteristics as risk factors for the development of adverse events (or 
discontinuations) with BRV use (≥50 mg/day compared to placebo). 
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Table 110.  TEAEs by Demographics, Pool S1 

Category 
Placebo BRV (≥50 mg/day) Risk 

Ratio 
95% CI 

n total n total LL UL 
Any TEAEs  285 459 546 803 1.1 1.0 1.2 
Sex:        
  Male 142 230 256 398 1.0 0.9 1.2 
  Female 143 229 290 405 1.2 1.0 1.3 
Age:        
  Adolescents (<17 years) 2 6 5 7 2.1 0.6 7.3 
  Adults (17-< 65 years) 276 445 525 772 1.1 1.0 1.2 
  Elderly (≥ 65 years) 7 8 16 24 0.8 0.5 1.1 
Race:        
   White 211 333 413 594 1.1 1.0 1.3 
   Asian 25 56 61 112 1.2 0.9 1.7 
   Black 11 15 11 17 0.9 0.6 1.4 
   Other 37 52 57 75 1.1 0.9 1.4 
   Missing  1 3 4 5 2.4 0.5 12.6 
Region:        
   North America 69 103 143 173 1.2 1.1 1.4 
   Latin America 52 74 72 99 1.0 0.9 1.3 
   Western Europe 80 117 161 225 1.0 0.9 1.2 
   Eastern Europe 49 98 108 192 1.1 0.9 1.4 
   Asia/Pacific/Other 35 67 62 114 1.0 0.8 1.4 
LEV status at core entry:        
   No levetiracetam use 258 422 501 744 1.1 1.0 1.2 
   Levetiracetam use 27 37 45 59 1.0 0.8 1.3 
CBZ status at core entry:        
   No carbamazepine  use 163 275 346 488 1.2 1.1 1.3 
   Carbamazepine use 122 184 200 315 1.0 0.8 1.1 
Source:  Created by the reviewer using JReview with Safety Information Amendment datasets (8/11/15): 
ADAE (TRTEMFL=Y), ADSL (PS1FL=Y, TR01PG2, SEX, AGEGR2, RACEGR1, REGGR1, LEVGR2), 
ADCM (ENTRYFL=Y, ACODE=carbamazepine) 
 
Table 111.  Discontinuations by Demographics, Pool S1 

Category 
Placebo BRV (≥50 mg/day) Risk 

Ratio 
95% CI 

n total n total LL UL 
Discontinuations  28 459 78 803 1.6 1.1 2.4 
Sex:        
  Male 19 230 27 398 0.8 0.5 1.4 
  Female 9 229 51 405 3.2 1.6 6.4 
Age:        
  Adolescents (<17 years) 0 6 0 7 NA   
  Adults (17-< 65 years) 27 445 77 772 1.6 1.1 2.5 
  Elderly (≥ 65 years) 1 8 1 24 0.3 0.0 4.7 
Race:        
   White 23 333 53 594 1.3 0.8 2.1 
   Asian 3 56 9 112 1.5 0.4 5.3 
   Black 1 15 5 17 4.4 0.6 33.6 
   Other 1 52 3 75 2.1 0.2 19.4 
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   Missing  0 3 2 5    
Region:        
   North America 9 103 22 173 1.5 0.7 3.0 
   Latin America 1 74 7 99 5.2 0.7 41.6 
   Western Europe 6 117 24 225 2.1 0.9 4.9 
   Eastern Europe 8 98 14 192 0.9 0.4 2.1 
   Asia/Pacific/Other 4 67 11 114 1.6 0.5 4.9 
LEV status at core entry:        
   No levetiracetam use 25 422 73 744 1.7 1.1 2.6 
   Levetiracetam use 3 37 5 59 1.0 0.3 4.1 
Inducer at core entry:        
   No inducer use 10 160 32 279 1.8 0.9 3.6 
   Inducer use 18 299 46 524 1.5 0.9 2.5 
Source:  ISS Tables 2.1.1.1.1, 2.1.1.1.2, 2.1.1.1.3, 2.1.1.1.4, 2.1.1.1.7, 2.1.1.1.8 

7.5.4 Drug-Disease Interactions 

The reader is referred to the Clinical Pharmacology review for further details.  The 
Applicant reported the following information: 
• Study N01109 performed in subjects with severe renal impairment (creatinine 

clearance <30 mL/min/1.73m² and not requiring dialysis) reported that the plasma 
AUC of BRV was moderately increased (21%) compared to healthy controls, while 
the AUC of the acid, hydroxy and hydroxyacid metabolites were also increased (3-, 
4-, and 21-fold, respectively). The renal clearance of these metabolites was 
decreased 10-fold.  BRV has not been studied in patients undergoing hemodialysis 
(N01109 CSR). 

• Study N0111 performed in subjects with hepatic cirrhosis (Child-Pugh grades A, B, 
C) reported similar increases in exposure to BRV irrespective of disease severity 
(50%, 57% and 59%) compared to matched healthy controls (N01111 CSR). 

7.5.5 Drug-Drug Interactions 

The reader is referred to the Clinical Pharmacology review for further details.  The 
Applicant reported the following information: 
• BRV not inhibited by gemfibrozil (inhibitor of CYP2C8 and CYP2C9). 
• 30% lower BRV clearance in homozygous poor metabolizers of CYP2C19, 

compared with homozygous extensive metabolizers of CYP2C19. 
• 32% higher BRV clearance in subjects taking hepatic enzyme inducing AEDs 

(carbamazepine [CBZ], phenytoin [PHT], phenobarbital [PB], primidone). 
• 1.8-fold higher BRV clearance with rifampicin. 
• No pharmacokinetic interaction or pharmacodynamic interaction (breakthrough 

bleeding) between BRV (100mg/day for 28 days) and a combination oral 
contraceptive containing ethinylestradiol 30μg and levonorgestrel 150μg. 

• No interaction with midazolam (marker of CYP3A4 activity).   

Reference ID: 3843450



Clinical Safety Review 
Mary Doi, MD, MS 
NDAs 205836, 205837, 205838 
Brivaracetam (trade name pending) 
 

155 

• No modification of the plasma concentrations of CBZ, lamotrigine, levetiracetam, 
lacosamide, oxcarbazepine (monitored as its mono-hydroxy derivative), PB, PHT, 
pregabalin, topiramate, valproate, and zonisamide.  

• BRV increased carbamazepine epoxide plasma concentrations in a dose-dependent 
manner from 37% at BRV 50 mg/day to 98% at BRV 200 mg/day.  

• Increase in CBZ epoxide metabolite did not appear to be clinically relevant at the 
doses used for subjects with epilepsy in the clinical program (absence of increased 
AEs when administering CBZ and BRV concomitantly). 

• Low potential of BRV at therapeutic doses to interact with compounds that are 
substrates of CYP2C19 and CYP3A4.  

• Low potential for other drugs to interact with the absorption, distribution, and renal 
excretion of BRV. 

7.6 Additional Safety Evaluations 

7.6.1 Human Carcinogenicity 

The reader is referred to the Pharmacology, Toxicology review by Dr. Fisher for further 
details regarding the nonclinical studies. 
 
In Pool S1, there were rare BRV subjects (0.3%) who developed TEAEs in the SOC 
Neoplasms benign, malignant (vs 0.4% placebo with 1 lipoma of breast and 1 
thymoma):  1 skin cancer and 2 benign conditions (1 melanocytic naevus and 1 
haemangioma of liver).  In Pool S4, there were a total of 63 subjects (2.6%) who 
experienced AEs in the SOC Neoplasms benign, malignant and unspecified (incl cysts 
and polyps):  27 subjects (1.1%) with AEs in HLGTs categorized as benign and 36 
subjects (1.5%) with AEs in HLGTs categorized as malignant or unspecified.  Out of 
these 36 subjects, there were 28 subjects (1.1%) with potentially drug-related cancer 
cases (with a study day of the start of the neoplasm-related AE ≥6 months after the first 
BRV dose and without a prior medical history at the time of core study entry of the 
specific neoplasm).  Additionally, there was 1 subject with a TEAE coded to “central 
nervous system lesion” (PT in SOC Nervous system disorders) with a narrative that 
reported “brain tumor suggestive of an infiltrative glioma” and included in list below. 
 
In Pool S4, the following neoplasms in the malignant HLGTs were reported in 29 BRV-
treated subjects (also listed in the following table): 
• 7 Thyroid:   

o 1 thyroid cancer 
o 6 thyroid neoplasm (“thyroid nodules”) 

• 5 Lung:   
o 1 lung adenocarcinoma metastatic 
o 1 small cell lung cancer (53 yo with history of “chronic smoking”) 
o 1 non-small cell lung cancer (63 yo) 
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o 1 mesothelioma (subject with history of asbestos and tobacco exposure) 
o 1 metastatic bronchial carcinoma (subject with history of chronic tobacco use) 

• 6 GU:   
o 1 testicular neoplasm 
o 1 ovarian epithelial cancer (56 yo with metastatic ovarian adenocarcinoma to the 

colon and small intestine with history of tobacco use) 
o 1 ovarian neoplasm (“mucinous cystadenoma” which is benign) 
o 3 prostate cancer (all subjects>50 years of age) 

• 5 CNS:  
o 1 brain cancer metastatic (history included smoking per Safety Information 

Amendment dated 7/1/15) 
o 1 “central nervous system lesion” ( “brain tumor suggestive of an infiltrative 

glioma” or malignant astrocytoma and subject included in Section 7.3.1 on 
Deaths of this review but not listed in table below because coded to a PT in SOC 
Nervous system disorders) 

o 1 glioma (“ganglioglioma” in a subject with history of astrocytoma) 
o 1 ependymoma (history of sciatica) 
o 1 ocular neoplasm (malignant choroidal melanoma with medical history of 

decreased vision) 
• 2 GI:   

o 1 colon cancer 
o 1 esophageal cancer metastatic (subject with history of Barrett’s esophagus and 

upper GI hemorrhage, tobacco use) 
• 2 Breast:  

o 1 breast neoplasm 
o 1 breast cancer (59 yo) 

• 1 Renal:  renal cell carcinoma 
• 1 Skin:  basal cell carcinoma 
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Table 112.  Neoplasms in Malignant HLGTs in BRV-treated subjects, Pool S4 
Malignant HLGTs in SOC Neoplasms benign, malignant & 

unspecified Preferred Term  USUBJID Age
Study Day of 

start of AE
Breast neoplasms malignant and unspecified (incl nipple) Breast neoplasm N01358-127-00298 40 526
Breast neoplasms malignant and unspecified (incl nipple) Breast cancer N01252-140-B133 59 2119
Endocrine neoplasms malignant and unspecified Thyroid neoplasm N01253-373-B228 42 357
Endocrine neoplasms malignant and unspecified Thyroid neoplasm N01253-362-A007 54 542
Endocrine neoplasms malignant and unspecified Thyroid neoplasm N01252-145-B121 45 843
Endocrine neoplasms malignant and unspecified Thyroid neoplasm N01252-140-B059 43 1090
Endocrine neoplasms malignant and unspecified Thyroid cancer N01253-328-D124 36 1199
Endocrine neoplasms malignant and unspecified Thyroid neoplasm N01252-057-C230 64 2194
Endocrine neoplasms malignant and unspecified Thyroid neoplasm N01114-112-0255 43 2422
Gastrointestinal neoplasms malignant and unspecified Oesophageal cancer metasta ic N01253-359-B373 63 1106
Gastrointestinal neoplasms malignant and unspecified Colon cancer N01254-281-F380 31 1185
Nervous system neoplasms malignant and unspecified NEC Ependymoma N01254-230-B290 22 330
Nervous system neoplasms malignant and unspecified NEC Glioma N01253-350-A279 59 973
Nervous system neoplasms malignant and unspecified NEC Brain cancer metastatic N01252-256-F183 45 1289
Ocular neoplasms Ocular neoplasm N01253-356-B268 61 258
Renal and urinary tract neoplasms malignant and unspecified Renal cell carcinoma N01193-255-0116 45 1301

Reproduc ive neoplasms female malignant and unspecified
Ovarian epithelial cancer, Colon cancer 
metastatic,small intestine carcinoma N01253-350-B150 56 302

Reproduc ive neoplasms female malignant and unspecified Ovarian neoplasm N01254-290-E171 41 896
Reproduc ive neoplasms male malignant and unspecified Prostate cancer N01252-202-D198 66 248
Reproduc ive neoplasms male malignant and unspecified Prostate cancer N01252-077-D259 54 595
Reproduc ive neoplasms male malignant and unspecified Prostate cancer N01253-377-A024 55 1359
Reproduc ive neoplasms male malignant and unspecified Testicular neoplasm N01252-143-B031 22 1842
Respiratory and medias inal neoplasms malignant and unspecified Small cell lung cancer stage unspecified N01253-387-A306 53 237
Respiratory and medias inal neoplasms malignant and unspecified Non-small cell lung cancer N01253-350-B390 63 572
Respiratory and medias inal neoplasms malignant and unspecified Lung adenocarcinoma metasta ic N01253-410-D183 46 1371
Respiratory and medias inal neoplasms malignant and unspecified Metastatic bronchial carcinoma N01193-240-0319 40 1798
Mesotheliomas Meso helioma N01252-052-C073 46 2054
Skin neoplasms malignant and unspecified Basal cell carcinoma N01114-032-0568 30 229  

 

Source:  Created by reviewer using JReview and the 120-day Safety Update datasets (ADSL: PS4FL=Y 
and ADAE: TRTEM4FL=Y, AEDECOD, AEHLGT, AEBODSYS) 
 
In the other pooled groups, the following additional neoplasms in the malignant 
neoplasm HLGTs were reported in 3 BRV-treated subjects in the monotherapy pool (all 
occurred ≥6 months the first BRV dose and without a prior history of cancer):   
• 1 thyroid neoplasm (“thyroid nodule” in a subject with history of hypothyroidism) 
• 1 lung neoplasm (“two lung nodules” on Study Day 1813) 
• 1 basal cell carcinoma and malignant melanoma 
 
Comment:   In the entire safety database, there were a total of 32 subjects with 
potentially drug-related malignant neoplasms.  Some (n=11, 34%) were diagnosed in 
subjects with other risk factors (e.g., age, tobacco use, asbestos exposure, or other 
symptoms/medical conditions).  There were 8 subjects (25%) with benign tumors:  1 
subject with “mucinous cystadenoma” and 7 subjects with “thyroid nodules.”   
 
Of note, in response to the Division's information request for pathology results for 
thyroid nodules, the Applicant submitted on 7/1/15 the same narratives that were 
submitted with the ISS or 120-day Safety Update that did not include information 
regarding these thyroid nodules.  The Applicant stated that “narratives were prepared 
based on a pre-defined list of criteria and may not necessarily include the adverse 
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events associated with the TEAEs for the SOC Neoplasms benign, malignant and 
unspecified (including cysts and polyps).” 
 
Some of the other cases (n=5, 16%) were only single cases (testicular neoplasm, colon 
cancer, renal cell carcinoma, ocular neoplasm, malignant melanoma).  Of the 9 
remaining cases (in different organ systems), it is difficult to establish a pattern to these 
neoplasms.  Furthermore, the total number of subjects with malignant neoplasms 
(excluding those that were benign tumors) in the BRV safety database (24/7195.6 
subject-years or 334 per 100,000 subject-years) is within the range for the Surveillance 
Epidemiology and End Results (SEER) rates (per 100,000 patients per year) for all 
cancer sites (invasive cases):  36, 89, 217, 564, 1206, 2030, and 2359 for age 
categories 20-24,30-34, 40-44, 50-54, 60-64, 70-74, and 80-84, respectively. 10  In 
conclusion, it is difficult to establish a causal role of BRV in carcinogenicity. 

7.6.2 Human Reproduction and Pregnancy Data 

The Applicant proposes that BRV be classified as Pregnancy Class C, noting that there 
are no data from adequate and well-controlled trials in pregnant women that allow an 
evaluation of the effects of BRV on reproduction and fetal development.  The Applicant 
recommends that BRV “should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus.”  Furthermore, for nursing mothers, the Applicant 
recommends that a “decision should be made about whether to discontinue nursing or 
to discontinue BRV, taking into account the importance of the drug to the mother.” 
 
The reader is referred to the Pharmacology, Toxicology review by Dr. Fisher for further 
details regarding the effects of BRV on reproduction and fetal development in the 
preclinical studies. 
 
There was minimal data on the use of BRV in pregnant women as the protocols for the 
epilepsy studies required that female participants of child-bearing potential to be 
abstinent or to use at least one medically acceptable method of contraception. 
 
The Applicant stated that the collection of pregnancy information evolved throughout the 
BRV clinical development program.  In all clinical pharmacology, Phase 2, and Phase 3 
studies that started before October of 2010, pregnancies were documented on the AE 
CRF page. In studies subsequent to October of 2010 (EP0007, EP0041, N01394, 
N01258, N01358, N01395, N01372, and N01379), pregnancy data (and partner 
pregnancy information) were instead collected on a Pregnancy Report and Outcome 
form and sent to Drug Safety.  In all of the studies, the progression of the pregnancy 
and the eventual birth (if applicable) were followed up and the Investigator reported on 

                                            
10 National Cancer Institute, Surveillance Epidemiology and End Results, Fast Stats by Cancer Site: SEER incidence 
2008-2012, Age-specific (Crude) rate table, http://seer.cancer.gov/faststats/selections.php?series=cancer (Accessed 
June 12, 2015).  
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the health of the mother and of the offspring.  Additionally, the health of the child was 
followed for 12 months after birth for any significant medical issues.  A pregnancy was 
also reported as an SAE in the following circumstances:  miscarriage, abortion, or 
anomaly/birth defect of the child.   
 
The Applicant reported a total of 41 pregnancies (along with 1 pregnancy in a placebo 
subject) in the entire BRV safety database.  The 41 pregnancies resulted in the 
following 43 outcomes (due to 2 twin deliveries) in 40 BRV-treated subjects (due to 1 
subject who had 2 separate spontaneous abortions): 
• 8 (19%) spontaneous abortions - described in more detail in the following table 
• 21 (49%) healthy births 

o 2 premature deliveries (33.5 and 35 weeks) 
o 1 baby with transient respiratory distress, small pneumothoraces, and mild 

transient hypoglycemia (reported as “settled” within 1 week). 
o Applicant confirmed (on 6/12/15 in response to the Division's request) that “there 

have been no reports of congenital malformations for any of the outcomes 
reported as normal deliveries or ‘healthy baby.’” 

• 11 (26%) induced abortions  
o 2 due to missed abortions (1 subject N01254-169-B128/N01125-943-2001 with 

history of polycystic ovaries) 
• 3 (7%) outcome unknown 

o N01114-102-0694/N01125-623-0004 (lost to follow up per Applicant’s response 
dated 6/12/15 to the Division’s information request) 

o N01193-203-0261/N01199-1003-0010 (lost to follow up per Applicant’s response 
dated 6/19/15 to the Division’s information request) 

o N01358-480-00148/N01379-480-00148 (no further information provided by the 
Investigator despite multiple attempts by the Applicant per Applicant’s response 
dated 6/19/15 to the Division’s information request)  
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Table 113.  Description of spontaneous abortions in BRV-exposed pregnancies 

Subject # BRV Daily Dose Outcome 
BRV exposure during 
pregnancy 

N01193-203-0229 
N01199-1003-0009 BRV 40 mg 

Intrauterine death 
Spontaneous abortion ~5 weeks 

BRV discontinued after subject had transvaginal bleeding and abdominal pain.   
Outcome:  fetal death - cause was unknown and fetal examination findings were “not available” 
(confirmed by Applicant on 6/12/15 in response to the Division's information request) 
Concomitant medications included carbamazepine, ethinylestradiol, and norgestrel. 
N01114-040-0565 BRV 150 mg Spontaneous abortion Less than 1 day 
On Study Day 1 after 1 dose of BRV, subject had a positive urine hCG test and subject with discontinued 
from the study.  Four wks later, the subject spontaneously aborted at 9 weeks. 
Concomitant medications included Depakine 
Obstetric history:  delivery of stillborn 
N01253-355-B317 
N01199-1055-0007 BRV 60 mg Spontaneous abortion ? 
Outcome:  early pregnancy loss with an IUD 
Concomitant medications included zonisamide (along with IUD) 
N01252-258-F182 
N01199-1258-0008 BRV 150 mg Spontaneous abortion ? 
Concomitant medications included cyproheptadine, phenobarbital, thioridazine, valproic acid 
N01253-392-A223 
N01199-1392-0002 BRV 80 mg Spontaneous abortion ~6 weeks 
Concomitant medications included carbamazepine, lacosamide, paracetamol. 
N01252-148-B061 BRV 20 mg Spontaneous abortion ~5 weeks 
Outcome:  spontaneous abortion of blighted ovum 
Concomitant medications included carbamazepine. 
N01254-270-F410 
N01125-649-2007 BRV 45mg and 150mg 2 Spontaneous abortions ? and <4 weeks 
Concomitant medications included carbamazepine, pantoprazole 
Of note, the Applicant acknowledged that the clinical narratives submitted for this subject did not fully 
reflect that this subject had 3 spontaneous abortions at different times and submitted CIOMS (on 
6/12/15) for this subject in response to the Division's information request. 
Source:  Created by reviewer using the narratives provided by the Applicant.  Of note, in response to the 
Division's information request, the Applicant confirmed on 6/12/15 that the obstetric history was not 
reported for the majority of these subjects (unless noted above).  
 
Comment:  There were 8 cases of spontaneous abortions (in 7 BRV-treated subjects) 
and 2 cases of missed abortions.  Two subjects were taking a concomitant Pregnancy 
Class D medication (valproic acid) (including 1 subject who also had a history of 
polycystic ovaries which increases the risk of miscarriages) and 1 subject had a history 
of delivery of a stillborn.  However, with such a small number of pregnancies, the 
assessment of the causal relationship between BRV exposure and spontaneous 
abortions is difficult. 
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In addition to pregnancies in clinical study subjects, there were 2 pregnancies reported 
in partners of BRV-treated subjects (ISS Table 9‒13) which resulted in the delivery of 1 
healthy baby and 1 premature low birth weight baby (discharged home 1 month later). 
 
Of note, in Pool Pediatrics, there were 3 BRV subjects with the following TEAEs coded 
to the SOC Congenital, Familial and Genetic Disorders:  Arnold-Chiari malformation, 
cryptorchism, neurofibromatosis, and spina bifida.  These TEAEs occurred in children or 
women with only post-natal BRV exposure and did not occur in women exposed to BRV 
during pregnancy. 
 
Finally, the Applicant noted in the ISS that more pregnancies occurred in subjects who 
used AED inducers at core study entry (1.5%, 24/1600) than in subjects who did not use 
AED inducers (0.8%, 6/788) in Pool S4 as of the ISS data cut-off date (ISS Section 
9.3.4.3.1). Furthermore, the Applicant noted that in Pool Pediatric, there were 2 
pregnancies in those subjects who used an AED inducer and 0 pregnancies in the 
subjects who did not use AED inducers (ISS Section 9.3.4.3.3). The Applicant stated 
that the “known effect of AED inducers on oral contraceptive effectiveness…may 
account for the higher incidences of pregnancy in the AED inducer group.”   
 
Comment:  In Pool S3, there were more BRV subjects (4, 0.2%) than placebo subjects 
(1, 0.1%) with pregnancies.  However, only 1 subject was on oral hormonal therapy 
(BRV subject N01193-245-0347).  In the entire safety database, nine out of the 41 
pregnancies (22% or 2.7 per 1000 patient-years11) occurred in BRV subjects taking oral 
contraceptives (N01114-044-0553, N01193-245-0347, N01193-203-0229, N01253-392-
A223, N01254-023-A222, N01254-264-K026, N01254-264-L018, N01263-603-01772, 
N01358-038-00665).  
 
Out of these 9 pregnancies, the majority of the subjects (n=8, 89% except for N01254-
264-K026) were taking carbamazepine concomitantly (of note, the overall percentage of 
BRV subjects who were taking carbamazepine concomitantly in Pool S4 was 42%).  In 
current Tegretol® labeling, information that the concomitant use with hormonal 
contraceptive products “may render the contraceptives less effective” is included.  
Therefore, the pregnancies in BRV subjects taking oral contraceptives are confounded 
by the concomitant use of carbamazepine and it is difficult to attribute these unintended 
pregnancies due to interactions of BRV on oral contraceptives.  Furthermore, the 
Division of Bone, Reproductive and Urologic Products (DBRUP) was consulted and 
concluded the following in their review dated 8/17/15: 

 
“Based on the DDI studies, there appears to be little clinical concern for potential 
unintended pregnancies based solely on drug-drug interactions between BRV 
and combination oral contraceptives containing ethinyl estradiol and 
levonorgestrel. Evidence of ovulatory inhibition persisted despite hormonal 

                                            
11 Using the reviewer calculated approximation of BRV exposure in reproductive age women in the entire BRV 
safety database of 3347.0 patient-years 
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• antihistamine overdose (N01254-304-F473) 
• accidental overdose with phenytoin (N01254-300-F461/N01125-660-2008) 
• lacosamide overdose (N01258-036-02278/N01379-036-02278) 
• toxic encephalopathy due to unintentional overdose of oxcarbazepine (N01125-505-2004) 
• accidental overdose with carbamazepine (N01258-036-02281/N01379-036-02281) 
• accidental overdose with oxcarbazepine (N01276-260-E004/N01315-260-0001) 
• suicide attempt by overdosing on carbamazepine (N01199-1030-0005) 
• suicide attempt with likely overdose of carbamazepine and valproic acid (N01125-546-0001) 
• suicide attempt and overdose of Stavelo (carbidopa 37.5mg, levodopa 150mg, and entacapone 

200mg) (N01236-150-0053/N01125-950-1002) 
• suicide attempt via intentional overdose of eszopiclone and oxcarbazepine (N01306-231-C040) 
• suicide attempt via intentional overdose of hydromorphone (N01306 231-E021/N01315-231-0002) 
 
Comment:  However, after searching the BRV safety database using the integrated AE 
datasets, I identified BRV subjects who experienced AEs related to BRV overdose (e.g., 
subject N01358-028-00267/N01379-028-00267 who experienced an AE coded to 
“incorrect dose administered” with the verbatim term “nausea, hemoptysis after extra 
doses study drug taken” and subject N01358-069-00904 with the verbatim term 
“accidental study drug overdose.”  In response to the Division's information request to 
provide a list of all subjects who developed AEs related to overdose due to BRV, the 
Applicant reported (on June 30, 2015) that they used a search criteria that only included 
certain PTs (i.e., accidental overdose, intentional overdose, multiple drug overdose, 
multiple drug overdose accidental, multiple drug overdose intentional, and overdose) 
while the PT of incorrect dose administered was not included.  The Applicant broadened 
the search criteria to include PTs in the HLGT Medication Errors and identified 4 
subjects (all in Pool S4, see following table) reporting overdose of BRV. One subject 
developed SAEs (vertigo, fatigue) and BRV was interrupted (but not discontinued). 
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Table 114.  Subjects reporting overdose of brivaracetam, Pool S4 
Subject 
number 

Gender/ 
Age 

(years) 

BRV 
treat- 
ment 

at 
onset 

Adverse event 
Preferred term/ 
Reported term 

Relative 
day at 
onset 

(Rel D1/ 
Rel D2) 

Duration 
of AE 
(days) 

Serious/ 
Intensity 

Action 
taken 

N01252-152-
B355 
N01125-977-
2003 

F/58 120mg 
am 
0mg 
pm 

Vertigo/ Vertigo 792/792 1 No/ Mild Dose not 
changed 

Incorrect dose 
administered/ She took 

by mistake double 
dose of all AED 

792/792 1 No/ Mild Dose not 
changed 

N01254-001-
D074 
N01125-507-
2004 

F/26 150mg 
am 
0mg 
pm 

Incorrect dose 
administered/ Accidental 

total daily drug dose 
intake in morning 

256/141 4 Yes/ 
Moderate 

Drug 
interrupted 

Vertigo/ Vertigo 259/144 29 Yes/ 
Moderate 

Dose not 
changed 

Fatigue/ Fatigue 259/144 29 Yes/ 
Moderate 

Dose not 
changed 

N01358-028-
00267 
N01379-028-
00267 

F/23 100mg 
am 
300mg 
pm 

Incorrect dose 
administered/ Nausea, 
hemoptysis after extra 
doses study drug taken 

826/826 1 No/ 
Moderate 

Dose not 
changed 

N01358-069-
00904 
N01379-069-
00904 

F/29 150mg 
am 
75mg 
pm 

Diplopia/  
Double vision 

172/85 1 No/ 
Moderate 

Dose not 
changed 

Balance disorder/ 
Unbalanced feeling 

172/85 1 No/ 
Moderate 

Dose not 
changed 

Anxiety/  
Feeling anxious 

172/85 1 No/ 
Moderate 

Dose not 
changed 

Accidental overdose/ 
Accidental study drug 

overdose 

172/85 2 No/ 
Moderate 

Dose not 
changed 

Rel D1=day relative to first dose of study drug (placebo or BRV); Rel D2=day relative to first dose of BRV  
Note: Numbers with no prefix are days from first dose + 1, '+'prefixed numbers are days since last dose. 
Note: Data cut: 120-Day Safety Update and Specific BRV doses are based on those recorded in the CRF. 
Note: This listing includes any AEs with onset on the same date or up to 3 days after the medication error 
Source:  Safety Information Amendment 6/29/15, Table 1 
 
Comment:  I identified the following additional BRV subjects with suicide attempts by 
taking an overdose of BRV (that were missed by the Applicant):  

N01254-266-F198/N01199-1266-0002: 43 yo AF with suicide attempt on Study Day 873 by taking 
20 tablets of BRV and 8 tablets of clobazam.  Subject became drowsy and developed angina with 
bradycardia at 48 bpm and was hospitalized.   CPK was elevated at 91 U/L (normal to 24 IU/L).  
Troponins were negative. BRV was discontinued and events resolved.  Concomitant medications 
included carbamazepine, clobazam, and levocetirizine. PMH included postmenopause. 
Comment:  Clobazam does not include bradycardia or angina in labeling.  Information regarding 
bradycardia in the setting of BRV overdose should be included in the Overdose section of BRV 
labeling. 
N01253-332-D278/N01199-1332-0009: suicide attempt on Study Day 166 by taking overdose of 
BRV and carbamazepine. No additional adverse events reported. BRV was discontinued. 
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In general, the adverse events associated with overdoses of BRV were consistent with 
the TEAEs and SAEs described in Section 7.3 and 7.4 of this review.  The following 
information should be included in the Overdosage section of BRV labeling:   

The following adverse events were reported with TRADENAME overdose:  
vertigo, balance disorder, fatigue, nausea, diplopia, anxiety, and bradycardia.  In 
general, the adverse events associated with TRADENAME overdose were 
consistent with the known adverse events. 

 
The Applicant reported that there was no specific antidote for overdose with BRV (and 
no data on the potential removal of BRV using hemodialysis) and recommended that the 
treatment of BRV overdose should include general supportive measures.    

7.7 Additional Submissions / Safety Issues 

The Division made several request for information and additional analyses after the 
NDA submission on November 24, 2014.  Review of the responses to the FDA requests 
for information has been incorporated throughout this review up to September 30, 2015. 

8 Postmarket Experience 
Not applicable.

Reference ID: 3843450



Clinical Safety Review 
Mary Doi, MD, MS 
NDAs 205836, 205837, 205838 
Brivaracetam (trade name pending) 
 

166 

9 Appendices 
 

9.1 Literature Review/References 

Literature references have been incorporated throughout this review as footnotes. 

9.2 Labeling Recommendations 

Labeling recommendations have been incorporated into the prescribing information 
located in the Sharepoint folder for this application. 

9.3 Advisory Committee Meeting 

This application was not presented at an Advisory Committee Meeting. 
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Appendix 1: Description of BRV Clinical Studies 

Table 115.  Clinical pharmacology studies of BRV in healthy subjects 

Study 
number 

Design and type of study Number of 
subjects in 

study 
M/F 

BRV dose 
(mg/day) 

Maximum 
duration of 
treatment 

Single-dose studies 
N01066 Safety, PK, and PD study 27/0 

(3 alternating 
panels of 9) 

10, 20, 40, 80, 150, 
300, 600, 1000, 

1400 

Single-dose 

N01068 Mass balance study 6/0 150 Single-dose 
N01075 Interaction with a high-fat 

meal 
8/0 150 Single-dose 

N01185 Regional gastrointestinal 
tract drug absorption study 

using Enterion® capsule 

8/0 200 Single-dose 

N01209A Single-dose PK phase of 
N01209 and safety in 

Japanese subjects 

50/0 2.5, 10, 25, 50, 100 Single-dose 

N01256A 

N01256B 
BE of iv infusion and bolus 

vs oral tablet and dose 
proportionality in healthy 

subjects 

Part A: 12/12 

Part B: 12/12 
Part A: 10 

Part B: 25, 50, 100, 
150 

Part A: Single-dose 

Part B: Single-dose 

N01287 BA/BE of BRV aqueous 
solution, capsule, and tablet 

formulations, and food 
effect 

15/10 50 Single-dose 

N01295 Abuse liability study 34/10 50, 200, 1000 Single-dose 
N01296 BE of oral solution vs oral 

tablet 
12/12 50 Single-dose 

EP0007 BE of BRV commercial 
tablets vs clinical tablet and 

BA of BRV iv bolus 
injection vs BRV oral tablet 

13/12 100mg iv bolus 
injection; 100mg, 
75mg, 50mg, and 

10mg tablets 

Single-dose 

Multiple-dose studies 
N01067 Safety, PK, and PD study 36/0 200, 400, 800 14 days 
N01079 Study of the hypoalgesic 

effect of BRV 
16/0 400, 800 2 days 

N01209B Multiple-dose phase of 
N01209 and safety in 
Japanese subjects 

30/0 5, 20, 100 10 days 
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N01233 Thorough QT study 99/8
5 

150, 800 7 days 

N01297 Neurocognition study 13/7 10 2 doses (12 
hours apart) 

Drug-drug interaction studies 
N01080 Interaction with oral 

contraceptives 
0/24 400 20 days 

N01081 Interaction with CBZ 14/0 400 12 days 
N01082 Interaction with PHT 20/0 400 10 days 
N01170 Interaction with TPM 6/8 400 12 days 
N01171 Interaction with LTG 14/0 400 12 days 
N01259 Interaction with GFZ and 

RFP 
52/0 150 Single-dose 

N01261 Interaction with MDZ 42/0 5, 50, 150 6.5 days 
N01282 Interaction with oral 

contraceptives 
0/28 100 28 days 

Ethanol interaction study 
EP0041 Pharmacokinetic and 

pharmacodynamic 
interaction with ethanol 

18/0 200 Single-dose 

Total:  557/220   
BRV=brivaracetam; CBZ=carbamazepine; F=female; GFZ=gemfibrozil; LTG=lamotrigine; PBO=placebo; 
PD=pharmacodynamics; PHT=phenytoin; PK=pharmacokinetics; RFP=rifampicin; TPM=topiramate 
Source:  ISS Table 2-1 
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Table 116.  Clinical pharmacology studies of BRV in subjects with epilepsy or in 
special populations 
Study number Design and type 

of study 
Number of 

subjects in study 
M/F 

BRV dose 
(mg/day) 

Maximum 
duration of 
treatment 

Studies in subjects with epilepsy 
Single-dose study 

N01069a Study in 
photosensitive 
subjects with 

epilepsy 

4/15 10, 20, 40, 80 Single-dose 

Multiple-dose, drug-drug interaction studies 
N01133 Interaction with 

CBZ 
9/0 100—1 week 

200—1 week 
400—1 week 
200—1 week 

4 weeks 

N01135 Interaction with 
CBZ and VPA 

4/5 100—1 week 
200—1 week 
400—1 week 
200—1 week 

4 weeks 

N01172 Interaction with 
PHT 

7/1
2 

200—3 days 
400—3 weeks 

300—1week 
200—1 week 

100—1 week 

45 days 

Studies in special populations 
N01109 (renal impaired)b PK and safety 4/14 200 Single-dose 
N01111 (hepatic impaired)b PK and safety 19/7 100 Single-dose 
N01118 (elderly)b PK and safety 8/8 400 10 days 
N01263 (pediatric)b, c PK and safety 48/51 Dosed by 

bodyweight 
and aged 

5 weeks 

a N01069 was a Phase 2a study, but is included in the clinical pharmacology integrated safety analysis 
pool due to its study design (single-dose administration), which is similar to a Phase 2 study design. 
b N01109, N01111, and N01118 are clinical pharmacology studies that are not included in the clinical 
pharmacology integrated safety analysis pool due to the inherent differences in these study populations. 
Safety information included in the ISS for subjects in these studies will be based on the individual CSRs. 
c N01263 was a Phase 2a study. Subjects in this study are included in Pool Pediatric. 
d In N01263, BRV oral solution was administered at weekly increasing doses of approximately 0.4mg/kg, 
0.8mg/kg, 1.6mg/kg bid for subjects ≥8 years of age and 0.5mg/kg, 1.0mg/kg, 2.0mg/kg bid for subjects 
<8 years of age. All doses did not exceed a maximum of 50mg/day, 100mg/day, and 200 mg/day. 
Source:  ISS Table 2-2 
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Table 117.  Phase 2 & 3 studies of BRV in subjects ≥16 years of age with epilepsy 
 

Study number/study design Number of subjects 
receiving BRV 

Number of 
PBO subjects  

Maximum 
duration of 
treatment 

Phase 2 POS 
N01114/randomized, double- 
blind, PBO-controlled, dose- 
ranging study 

50mg/day=53 

150mg/day=52 
52 12 weeks  (3 wk titration, 

7 wk maintenance, 2 wk 
conversion/down-titration) 

N01193/randomized, double-blind, 
PBO-controlled, dose-ranging study 

5mg/day=50 

20mg/day=52 

50mg/day=52 

54 7 weeks  
(7 wk fixed-dose) 

Phase 3 POS 
N01252/randomized, double-blind, 
PBO-controlled study 

20mg/day=99 

50mg/day=99 

100mg/day=100 

100 14 weeks  

(12 wk treatment period,  
2 wk down-titration) 

N01253/randomized, double-blind, 
PBO-controlled study 

5mg/day=97 

20mg/day=100 

50mg/day=101 

98 13 weeks 
(12 wk treatment period,  
1 wk down-titration) 

N01358/randomized, double-blind, 
PBO-controlled study 

100mg/day=253 

200mg/day=250 
261 16 weeks 

(12 wk fixed-dose, 4 wk 
down-titration) 

Phase 3 focal and generalized epilepsy 
N01254/randomized, double- 
blind, PBO-controlled, flexible- dose 
(up to BRV 150mg/day) 

323 (focal) 

36 (generalized) 
108 (focal) 

13 (gen) 
19 weeks 

(8 wk dose-finding, 8 wk 
maintenance, 1-3 down) 

N01395/open-label  (Phase 3b) to 
evaluate behavioral side effects after 
discontinuing LEV due to these effects 

29         NA 16 weeks 
(12 wk treatment period, 
4 wk down-titration) 

Phase 3 iv 
N01258/open-label, 4-arm, 
randomized, parallel-group study of 
BRV iv infusion vs iv bolus 

105 52 40 days 

Long-term follow-up 
N01125/open-label, LTFUa    759b NA NAb 
N01199/open-label, LTFU    668b NA NAb 
N01372/open-label, LTFU    26 NA NAb 
N01379/open-label, LTFU    766b NA NAb 

a N01125 also included ULD subjects from studies N01236 and N01187 (Section 2.2.2.2). 
b N01125, N01199, N01372, and N01379 are ongoing LTFU studies. Subject counts are as of the clinical 
cutoff date (1 Oct 2014). There is no maximum duration of treatment for these studies. 
Source:  ISS Table 2-3, 120-day Safety Update Table 2-1 
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Table 118.  Phase 2 and 3 conversion to monotherapy studies of BRV in subjects 
≥16 years of age 

Study number/study design Number of subjects 
receiving BRV 

Maximum duration of treatment 

N01276/Phase 3/randomized, 
double-blind, historically-controlled, 
conversion to monotherapy 

50mg/day=68 

100mg/day=20 
21 weeks 

N01306/Phase 3/randomized, 
double-blind, historically-controlled, 
conversion to monotherapy 

50mg/day=47 

100mg/day=15 
21 weeks 

N01315/Phase 3/open-label, LTFU 108a NAa 
a N01315 is an LTFU study. Subject counts are as of the clinical cutoff date (1 Oct 2014). There was no 
maximum duration of treatment in this study. 
Source:  ISS Table 2-5 
 
Table 119.  Phase 2 and 3 studies of BRV in subjects ≥16 years of age with 
Unverricht-Lundborg Disease 

Study number/study design Number of subjects 
receiving BRV 

Number of subjects 
receiving PBO 

Maximum duration 
of treatment 

N01187/Phase 3/randomized, 
double-blind, PBO-controlled, 
parallel study 

50mg=16 

150mg=18 
16 16 weeks 

N01236/Phase 3/randomized, 
double-blind, PBO-controlled, 
parallel study 

5mg=20 

150mg=18 
18 16 weeks 

Source:  ISS Table 2-6 
 
Table 120.  BRV pediatric studies 
 

Study number/study design Number of subjects 
receiving BRV 

Maximum duration of 
treatment 

N01263/Phase 2a/open-label, single-arm, 
fixed 3-step up-titration study 

≥1 month to 2y of age=30 

≥2y to 12y of age=51 

≥12y to <16y of age=18 

5 weeks 

N01266/Phase 3/ongoing, open-label, 
single-arm, long-term study 

≥1 month to 2y of age=25a
 

≥2y to 12y of age=58a
 

≥12y to <16y of age=24a 

NAa 

a Number of male/female subjects as of the clinical cutoff date 17 Jan 2014. There is no maximum 
duration of treatment in this study. 
Source:  ISS Table 2-8, 120-day Safety Update Table 2-2 
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Table 121.  Phase 2 and 3 studies of BRV in subjects ≥16 years of age with 

 or postherpetic neuralgia 
Study number/study design Number of subjects 

receiving BRV 
Number of subjects 

receiving PBO 
Maximum duration 

of treatment 

46 46 4 weeks 

N01162/Phase 2/ double-blind, 
randomized, PBO-controlled, 
parallel group study 

200mg=51 

400mg=51 
50 4 weeks 

Source:  ISS Table 2-7 
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Executive Summary

This memo reviews safety data submitted for the brivaracetam (BRV) intravenous (IV) formulation NDA. 
Specifically, this memo considers treatment emergent adverse events (TEAEs), vital sign data, ECG data, 
and laboratory data collected from volunteers and patients who received BRV IV formulation. 

UCB pooled safety data from four clinical trials that administered the BRV IV formulation. The total 
number of subjects exposed in these trials was small and the durations of exposure were brief. 177 
subjects were exposed in these trials. During trial EP0007, subjects received a single BRV IV dose, during 
trials N01256 A and N01256B subjects received 2 BRV IV doses and during trial N01258, subjects 
received 9 BRV IV doses.

The common TEAEs in the IV BRV pool were similar to the common TEAEs in BRV pool S1.  The most 
common TEAEs during IV administration (>=5%) were somnolence (27.7%, n=49), fatigue (15.3%, n=27), 
dizziness (13.6%, n=24), headache (8.5%, n=15), and dysgeusia (5.6%, n=10). None of the BRV IV trials 
included a non-BRV comparator so quantitative comparison of risk to assess drug relatedness is not 
possible. In general, common AE risks did not vary by sex, age, race, region, or BMI. Common AE risks 
appeared similar for bolus and infusion administration of BRV. 

The BRV IV pool did include a number of AEs related to the route of administration, but without placebo 
comparator data it is not possible to understand the role of BRV in these events. Subjects in the BRV IV 
trials experienced infusion site pain (2.8%, n=5), injection site extravasation (1.7%, n=3), catheter site 
inflammation (1.1 %, n=2), injection site erythema (1.1%, n=2), injection site pain (1.1%, n=2), vessel 
puncture site hematoma (1.1%, n=2), and catheter site hematoma, infusion site extravasation, injection 
site hematoma, injection site inflammation, and injection site irritation (0.6%, n=1 each).

There did not appear to be notable vital sign changes in the BRV IV group. In trial N01258, patients 
receiving bolus BRV experienced slight mean declines in DBP while those receiving infusions experienced 
slight increases. Despite this, few patients experienced outlier vital sign results. Few IV trial subjects met 
orthostatic BP outlier criteria.
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Analyses of ECG data did not identify any consistent changes in subjects administered IV BRV. Holter 
data from trial N01256-B captured 4 patients with 5 abnormalities. The identified abnormalities were 
Mobitz 1 second degree heart block (n=4), and non-sustained ventricular tachycardia (n=1). Given that 
these events can occur in the background, several of the events occurred hours after administration, 
and that the only patient who experienced an abnormality twice (001-0031 had 2 episodes of Mobitz 
type 1 second degree heart block) had a similar event recorded on a post-trial Holter, attribution to BRV 
is not possible.

Lab data did not suggest potential drug related changes. Given the small number of subjects in the data 
pool and the brief exposure, the ability to identify drug related lab changes is expected to be limited. 

There were no trials that were designed to compare specific safety endpoints when BRV is administered 
by bolus versus infusion. The BRV IV studies did include separate arms that administered BRV as either a 
bolus (range from over 12 seconds to over 3 minutes) or an infusion (over 15 minutes). UCB stratified 
collected safety data for patients receiving bolus administration and patients receiving infusion, but 
these analyses are based on limited numbers of subjects and exposure. There did not appear to be 
obvious differences when comparing bolus to infusion, although the ability to detect potentially 
important differences is expected to be limited.   

BRV IV Safety Review

Data Reviewed

This review considered data submitted with the brivaracetam (BRV) NDA 205836. The review focused on 
information provided in the Summary of Clinical Safety (SCS), Integrated Summary of Safety (ISS), Study 
reports for each of the 4 pooled IV trials, and responses to information requests. I performed occasional 
confirmatory and exploratory analyses using data sets submitted with the NDA.  UCB submitted updated 
TEAE tables in an 8/11/15 submission. These tables included corrections addressing problems identified 
by Dr. Doi during her review.

Included trials

UCB presented analyses of safety data using a pool of trials that administered IV BRV. UCB explained 
that data pool “BRV IV” includes data from clinical pharmacology trials N01256 A, N10256 B, and 
EP0007, and open label epilepsy trial N01258.

I briefly summarize dosing in those trials below. I include a more detailed summary of each trial and the 
safety monitoring as an appendix to this review.

N01256-A  

This 3-way crossover trial enrolled 24 volunteers and administered a single dose each of BRV 10mg 
tablet, BRV 10mg IV bolus (12 seconds), and BRV 10mg IV infusion (15 minutes).
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N01256-B 

Investigators exposed 4 groups (6 healthy subjects in each) to one of the following regimens: 

BRV 25 mg administered as a 15-minute IV infusion followed, at least 1 week later by BRV 25 mg 
administered as a 30-second IV bolus

BRV 50 mg administered as a 15-minute IV infusion followed, at least 1 week later by BRV 50 mg 
administered as a 1-minute IV bolus

BRV 100 mg administered as a 15-minute IV infusion followed, at least 1 week later by BRV 100 
mg administered as a 2-minute IV bolus

BRV 150 mg administered as a 15-minute IV infusion followed, at least 1 week later by BRV 150 
mg administered as a 3-minute IV bolus

EP0007

In this 5-way crossover, single-dose trial, 25 healthy subjects were administered BRV 100mg/day (2-
minute IV bolus injection) and 10, 50, 75, and 100mg/day oral tablet.

N01258  

This 4-arm, randomized, parallel-group trial enrolled 105 adults with localized-related or generalized 
epilepsy. Subjects were randomized to 1 of the 4 following parallel treatment groups: 

PBO tablets/BRV infusion, PBO tablets/BRV bolus, BRV tablets/BRV infusion, and BRV 
tablets/BRV bolus). 

At the end of the Run-In Period (PBO or BRV tablet), the subject entered the Evaluation Period during 
which he/she received BRV IV (200mg/day, 100mg/administration bid) for 4.5 days The Bolus was 
administered over 2 minutes and the Infusion over 15 minutes.

Although trial N01258 included placebo run-in arms, none of the IV trials include placebo or active 
comparator groups during the treatment period that would allow for direct AE risk comparisons. The 
sponsor did expose subjects to different IV BRV dosages in some trials, but the majority of patients 
(135/177) were exposed to 100mg, limiting the usefulness of risk comparisons by dose. The longest 
duration of exposure to the IV formulation was 4.5 days (trial N01258).

TEAEs

Reviewer summary

The common TEAEs in the IV BRV pool were similar to the common TEAEs in BRV pool S1.  The most 
common TEAEs during IV administration (>=5%) were somnolence (27.7%, n=49), fatigue (15.3%, n=27), 
dizziness (13.6%, n=24), headache (8.5%, n=15), and dysgeusia (5.6%, n=10). In general, common AE 
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risks did not vary by sex, age, race, region, or BMI. Common AE risks appeared similar for bolus and 
infusion administration of BRV.  

Consideration should be given to including in labeling AEs related to administration 
(injection/infusion site AEs) although the absence of comparator data prevents firm conclusions 
regarding the relationship of these events to BRV.

BRV IV pool AEs

UCB provided a table that identified TEAEs in the BRV IV pool trials. The TEAE table included with the 
NDA submission was incorrect because it included only the AEs from trial N01258. Dr. Doi requested a 
corrected table that pooled AEs from all four IV trials and UCB provided the table in a 6/12/15 
submission. Due to discrepancies subsequently identified by Dr. Doi, UCB submitted additional updated 
TEAE tables on 8/11/15. The following pooled iv TEAE sections are based on the updated tables from the 
8/11/15 submission. 

The most common TEAEs during IV administration (>=1.5%) were somnolence (27.7%, n=49), fatigue 
(15.3%, n=27), dizziness (13.6%, n=24), headache (8.5%, n=15), dysgeusia (5.6%, n=10), euphoric mood 
(3.4%, n=6), feeling drunk (3.4%, n=6), infusion site pain (2.8%, n=5), AV block second degree (1.7%, 
n=3), hypertension (1.7%, n=3), injection site extravasation (1.7%, n=3), nausea (1.7%,n=3), orthostatic 
hypotension (1.7%, n=3), and orthostatic tachycardia syndrome (1.7%, n=3). There were no reported AEs 
of anaphylaxis, agranulocytosis, aplastic anemia, hepatic failure, hepatic injury, hepatitis, pancreatitis, 
rhabdomyolysis, Stevens Johnson Syndrome, or Toxic epidermal necrolysis. There was one report of 
ventricular tachycardia (discussed below with Holter data from N01256-B).

The common TEAEs observed during the BRV IV trials were similar to the common AEs observed in the 
pool S1 BRV trials. In the Summary of Clinical Safety, UCB noted that somnolence, fatigue, dizziness, and 
headache were the TEAEs occurring in at least 5% of BRV subjects in pool S1 (SCS, Table 2-1).

The BRV IV pool included a number of AEs related to the route of administration, but without placebo 
comparator data it is not possible to know if BRV contributed to the occurrence of these events. 
Subjects in the BRV IV trials experienced infusion site pain (2.8%, n=5), injection site extravasation (1.7%, 
n=3), catheter site inflammation (1.1 %, n=2), injection site erythema (1.1%, n=2), injection site pain 
(1.1%, n=2), vessel puncture site hematoma (1.1%, n=2), and catheter site hematoma, infusion site 
extravasation, injection site hematoma, injection site inflammation, and injection site irritation (0.6%, 
n=1 each) (8/11/15 Submission, Table 5.2.1.2.1). None of these events were SAEs and none led to 
discontinuation from the trial.

In a 6/19/15 response to a Division request UCB identified 2 subjects who discontinued from BRV IV 
trials for AEs. Subject 777-02463 withdrew from trial N01258 for anxiety after receiving 3 days of BRV IV 
dosing. Subject 795-02927 withdrew from N01258 for elevated GGT. This event was first reported on 
the last day of IV treatment in N01258/the first day of N01379 (upon completion of N01258, some 
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patients rolled over into N01379). UCB noted that they included this event with safety pool 4, as part of 
trial N01379. This subject had an elevated GGT at screening (82 U/L, ULN 51U/L) and on the day of 
randomization (111 U/L). All trial GGT results were elevated (135-187 U/L) and on the last visit GGT was 
187 U/L. ALT was 43 at screening (ULN 48 U/L) was 71 U/L at randomization, was elevated during the 
trial, and was 66 U/L at last visit.  Bilirubin, alkaline phosphatase and AST were normal throughout the 
trial (CSR N01258, Listing 8.3).  

TEAEs by Demographic factors

In addition to overall AE tables, UCB provided common AE tables that stratified by sex, age, race, region, 
and BMI. Except for the most common AEs, stratification resulted in AE counts that were too small to 
allow for meaningful comparison of risk by these factors. In addition, without placebo or active 
comparator groups, it is unclear if any of the observed risk differences reflect differences due to the 
demographic factor alone or if they indicate an interaction for drug-related AE risks in different 
demographic groups. I discuss these stratified AE risks below. 

Sex

In general, common AE risks did not vary meaningfully by sex. Somnolence was reported for 28% of 
males (24/85) and 27% of females (25/92), fatigue was reported for 15% (13/85) of males and 15% 
(14/92) of females, and dizziness was reported for 12% (10/85) of males and 15% (14/92) females. 
Headache, an exception was reported 7 times more frequently for females (14%, 13/92) than males (2%, 
2/85) (8/11/15 Submission, Table 5.8.2.1.1).  

Age

UCB provided a table that stratified AE risks by age 17-<65 years (n=175) and >65 years (n=2). Given the 
homogeneity with respect to age, this analysis did not allow for meaningful examination of AE risk by 
age (8/11/15 Submission, Table 5.8.2.1.2).

Race

Meaningful comparisons of AE risks by race were not possible given that the majority of subjects in 
these trials were White (145 of 177) (8/11/15 Submission, Table 5.8.2.1.3).

Region

At the Division’s request UCB presented AE risks by the following regions: North America (n=74), 
Western Europe (n=80), and Eastern Europe (n=23). For the most common AEs, the risks for North 
America and Eastern Europe were similar, and lower than the risks reported for Western Europe. I 
summarize those data below.
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BRV IV pool Common AE risks stratified by region

AE North America 
n=74

Western Europe 
n=80

Eastern Europe 
n=23

Fatigue 5% (4) 29% (23) 0

Somnolence 27% (20) 33% (26) 13% (3)

Dizziness 8% (6) 20% (16) 9% (2)

Headache 5% (4) 10% (8) 13% (3)

Dizziness postural 0 3% (2) 0

From 8/11/15 submission, Table 5.8.2.1.4

These results do not impact identification of common AEs, but could indicate potential problems in 
pooling risk data from different regions.

BMI

UCB presented AE risks stratified by the following BMI categories: <18.5 (n=3), 18.5-<25 (n=84), >=25-
<30 (n=62), and >=30-<40 (n=24). In general, the AE risks did not appear to be meaningfully different 
across these categories. The notable exception was for fatigue which was reported for 23% (19/84) of 
subjects with a BMI of 18.5-<25, 13% (8/62) of subjects with a BMI of >=25-<30 and no subjects (0/24) 
with a BMI >=30-<40 (8/11/15 Submission, Table 5.8.2.1.6).

TEAEs for IV bolus vs infusion administration

There were few events where the AE risks appeared to differ by administration method and in no case 
was there robust evidence of risk difference. Trial N01258 compared bolus and IV infusion, and so allows 
risk comparison by these different methods of administration. Trials N01256A, N01256B also included 
bolus and infusion treatments, but given the brief exposure (one dose by bolus and one by infusion) and 
small number of subjects, meaningful risk comparisons were not possible. 

Table 9.3.4 in the CSR for trial N01258 summarized AE risks by the treatment arms during the evaluation 
period. The comparisons are limited by the small numbers in each treatment arm. I summarize select 
events where AE risks potentially appeared different when comparing bolus and infusion administration. 
Due to the small number of events, these data are not capable of proving differences in risk for these 
events by administration method.

Reference ID: 3835025



7

Select TEAEs with AE risks that differed by IV administration method (bolus vs. infusion), N01258

AE PBO/BRV bolus 
n=26

PBO/ BRV 
infusion n=26

BRV/BRV bolus 
n=27

BRV/BRV 
infusion n=26

At least 1 TEAE 69% (18) 69% (18) 70% (19) 62% (16)

Postural orthostatic 
tachycardia syndrome

8% (2) 0 4% (1) 0

Vertigo 4% (1) 0 4% (1) 0

Dyspepsia 4% (1) 0 4% (1) 0

Dizziness 15% (4) 8% (2) 4% (1) 4% (1)

Dysgeusia 8% (2) 0 8% (2) 0

From CSR N01258, Table 9.3.4 pp 236-41.

Vital Signs

Reviewer Summary

Based on the limited available data, administration of BRV IV did not appear to be associated with vital 
sign changes. These data should be interpreted in the context of all available BRV vital sign data.

BRV IV pool Vital Sign Analyses

UCB presentations of vital sign data included analyses of mean changes and outliers. I summarize that 
information below.

Mean changes from baseline

For trials N01256A, N01256B, and EP007, UCB reported no clinically relevant mean changes from 
baseline (ISS, p.632). I reviewed the analyses in the CSRs and found no notable changes. 

For trial N01258, UCB provided graphs of mean change from baseline for SBP and DBP. The graph 
demonstrated small, mostly negative, mean changes from baseline for SBP that were similar for the 
bolus and infusion groups (graph not shown). For DBP, the mean changes were slightly positive at most 
time points for the infusion group and slightly negative for the bolus group. I provide that graph below 
(note, first infusion occurred at visit 3 and last at visit 7).
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Diastolic Blood Pressure (mmHg) N01258 treatment phase

BRV=brivaracetam; DBP=diastolic blood pressure; iv=intravenous; SBP=systolic blood pressure
Note: Baseline was defined as the Visit 3 (morning) predose measurement. 
Data source: N01258 CSR Figure 10-1

Vital signs outliers

For trials N01256-A and N01256-B, UCB noted that almost all individual vital signs (HR, SBP, and DBP) 
were within normal ranges.  5 subjects in N01256-A had abnormal vital sign results (2 low SBP, 1 high 
DBP, 1 low heart rate, 1 high heart rate). Four subjects in 10256-B had an abnormal vital sign results (1 
low SBP, 1 low heart rate, 2 high heart rate). The abnormalities occurred on one or two trial 
measurements with the remaining vital sign results for these subjects being normal.  I include a table 
with trial N01256-A and N01256-B vital sign abnormalities below.

Vital sign abnormal values reported during trial N01256A and B
Subject Time point/dose route SBP DBP HR

001/0001 Screen 108 73 40

Pre-dose 113 66 38 (l)

4 h post/10mg infusion 108 63 38 (l)

1.5 h post/10mg bolus 107 68 39 (l)

001/0007 Screen 137 82 63
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End/ 10mg  bolus 133 107 (h) 65

001/0013 Screen 105 74 52

End/10mg infusion 85 64 63

001/0014 Screen 98 60 57

4h post/ 10mg infusion 88 (l) 53 58

001/0023 Screen 109 70 75

36h post/ 10mg bolus 110 72 91 (h)

001/0030 Screen 129 79 69

36h post/ 25mg infusion 137 84 91 (h)

001/0039 Screen 124 89 73

1.5h post/ 100mg infusion 89 (l) 59 66

001/0043 Screen 119 74 75

36h post/ 150mg infusion 141 84 91 (h)

001/0048 Screen 126 81 40

Pre-dose 115 71 39 (l)

From CSR N01256-A, Table 16.2.9.1; CSR N01256-B, Table 16.2.9.1 

In EP0007, UCB noted that the majority of subjects had occasional vital sign (DBP, SBP, PR, temperature, 
respiratory rate) results that were considered abnormal, primarily DBP <60mmHg; however, the 
investigators did not find these results clinically relevant (EP0007 CSR Section 9.9.1.1). Using the ADVSP1 
dataset, I identified the vital sign results associated with BRV IV administration. For these results, I 
identified subjects with DBP, SBP, and HR outlier results and list them below.

DBP<60mmHg

3 subjects had DBP<60mmHg during the IV treatment phase. 

Subject 001/07468 had a DBP of 52mmHG at pre-dose.

Subject 001/07453 had a single DBP of 56mmHg at 2 hours post dose. 

Subject 001/07494 had a DBP of 47mmHG at 18 hours pre-dose, 59mmHg at pre-dose, and 57mmHg at 
24 hours post dose.
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SBP <90mmHg

No subjects had a SBP <90 mmHG during the IV treatment phase

HR<50 BPM

No subjects had a HR<50 BPM during the IV treatment phase

In their analyses of vital sign data from trial N01258, UCB used the following criteria to identify 
potentially clinically significant vital sign abnormalities:

Heart rate < 50 bpm and a decrease of > 30 bpm from baseline or > 120 bpm and an increase of 
> 30 bpm from baseline

SBP < 90 mmHg and a decrease of > 30 mmHg from baseline or > 180 mmHg and an increase of 
> 40 mmHg from baseline

DBP < 50 mmHg and a decrease of > 20 mmHg from baseline or > 105 mmHg and an increase of 
> 30 mmHg from baseline

From ISAP, Section 5.1.4, p.75-76

The following table summarizes the PCST vital signs from N01258. There did not appear to be 
meaningful differences in outlier risk based on a small number of events.
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Table 8‒8:   Incidence of PCST vital signs during the Treatment Period (Safety Population, N01258)

Parameter

PBO/BRV

bolus

N=26 n/N (%)

PBO/BRV

infusion

N=26 n/N (%)

PBO/BRV

bolus

N=27 n/N (%)

PBO/BRV

infusion

N=26 n/N (%)

All subjects

N=105 n/N (%)

SBP (mmHg)

PCST low value 1/26 (3.8) 1/26 (3.8) 0/27 1/26 (3.8) 3/105 (2.9)

PCST high value 0/26 0/26 1/27 (3.7) 0/26 1/105 (1.0)

DBP (mmHg)

PCST low value 2/26 (7.7) 1/26 (3.8) 2/27 (7.4) 0/26 5/105 (4.8)

PCST high value 0/26 0/26 0/27 0/26 0/105

Pulse rate (beats/min)

PCST low value 0/26 0/26 0/27 0/26 0/105

PCST high value 1/26 (3.8) 1/26 (3.8) 1/27 (3.7) 0/26 3/105 (2.9)

BRV=brivaracetam; CSR=clinical study report; DBP=diastolic blood pressure; FDA=Food and drug Administration; 
PBO=placebo; PCST=possibly clinically significant treatment-emergent; SBP=systolic blood pressure

Note: n=number of subjects with a PCST result for the specified parameter during the Treatment period; 
N=number of subjects with at least 1 result for the specified parameter during the Treatment Period.

Note: Baseline was defined as the Visit 3 (morning) predose measurement. Data source: N01258 CSR Table 10-19

Orthostatic vital sign changes

Orthostatic changes during treatment were not assessed in trials N01256A, N01256B, or EP0007 
(Summary of Clinical Safety p.194). 

In trial N01258, mean changes from Baseline from supine to standing SBP, DBP, and pulse rate were 
small and similar between treatment groups (data not shown). The most frequently occurring 
orthostatic hypotension criterion was a decrease in DBP of ≥10mmHg at 3 minutes after standing:  10 
subjects (9.5%) overall (3 subjects [11.5%] in each of the PBO/BRV bolus and infusion groups, 3 subjects 
[11.1%] in the BRV/BRV bolus group, and 1 subject [3.8%] in the BRV/BRV infusion group).  I provide a 
table summarizing orthostatic BP data below. Without a comparison group, it is difficult to assess the 
role of BRV in these orthostatic BP findings. Although not directly comparable, for placebo subjects in 
pool S1, the risk for orthostatic SBP decrease of at least 20mm was 5%, and the risk for orthostatic DBP 
decrease of at least 10mm was 18% (ISS Table 7.2.6.1.2).
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ISS Table 8‒13: Incidence of orthostatic hypotension at any post-Baseline visit (Safety Population, 
N01258)

PBO/BRV

bolus

PBO/BRV

infusion

BRV/BRV

bolus

BRV/BRV

infusion

All subjectsCriteria Time from 
standing 
(min)

n (%) n (%) n (%) n (%) n (%)

Subjects identified as having at least 1 post-Baseline measurement

1 1 (3.8) 4 (15.4) 1 (3.7) 1 (3.8) 7 (6.7)

3 3 (11.5) 3 (11.5) 1 (3.7) 1 (3.8) 8 (7.6)

Decrease in SBP of

≥20mmHg
1 and 3 1 (3.8) 3 (11.5) 0 0 4 (3.8)

1 1 (3.8) 3 (11.5) 0 1 (3.8) 5 (4.8)

3 3 (11.5) 3 (11.5) 3 (11.1) 1 (3.8) 10 (9.5)

Decrease in DBP

of ≥10mmHg
1 and 3 1 (3.8) 0 0 0 1 (1.0)

1 0 1 (3.8) 0 0 1 (1.0)

3 1 (3.8) 1 (3.8) 0 0 2 (1.9)

Decrease in SBP 
of≥20mmHg and 
decrease in DBP 
of≥10mmHg at same 
visit

1 and 3

0 0 0 0 0

BRV=brivaracetam; CSR=clinical study report; DBP=diastolic blood pressure; PBO=placebo; SBP=systolic blood 
pressure. Baseline = V3 (morning) predose measurement. Data source: N01258 CSR Table 10-20

Three subjects (all during the Evaluation Period: 2 received BRV iv bolus, 1 received iv BRV infusion) reported 
TEAEs of orthostatic hypotension (N01258 CSR Table 9.3.1); all were considered mild, were considered to be 
related to study drug, and were resolved by the end of the study (N01258 CSR Listing 7.2).

Additional Vital Sign Analyses

To look for vital sign changes unique to the IV treated population, FDA requested additional analyses of 
data from trials N01258 and N01256. Specifically, UCB assessed mean change and PCST for vital sign 
parameters using the following time points: Pre dose, and 5, 15, 30, and 60min post dose for N01258, 
and pre dose, end of bolus/infusion, and 1.5, 4, and 36h post dose for N01256. The time of each post 
dose assessment was relative to the start of the 2-minute/12sec bolus or 15-min infusion, and changes 
from pre dose values were based on the pre dose value from the respective visit.  This approach differed 
from UCB’s analyses, where they used the pre dose value prior to first infusion (V3 in N01258) as the 
baseline for change comparisons. UCB provided the results of these analyses in a series of ISS tables 
(7.2.7.1 to 7.2.7.6). 

Reference ID: 3835025



13

These analyses found small mean changes in vital sign parameters at the assessed time points and there 
did not appear to be consistent changes by treatment group. In addition, few subjects met PCST criteria 
for actual vital sign results.  

UCB also presented analyses of the percentages of patients meeting outlier criteria for change for VS 
parameters (SBP increase/decrease>20mm, 40mm; DBP increase/decrease 10mm, 20mm; HR 
increase/decrease 15 bpm,30 bpm). Relatively few subjects met the outlier change criteria and there did 
not appear to be meaningful differences by treatment group. Due to the small number of subjects and 
lack of comparator data, assessing the relevance of the percentages of outliers is difficult.  In the 
following table, I summarize results from trial N01258 by identifying the treatment group and time 
period where the percentage of outliers for each parameter was highest.

Trial N01258 Vital sign Outlier Change Percentage (from pre-dose value on visit day)

Parameter Outlier criteria Highest 
Percentage 
of Outliers

Treatment group; time period

Systolic Blood 
pressure 

Decrease >=20mm 15% (4/26) PBO/BRV infusion; V3- 60 min post 
dose

Decrease >=40mm 4% (1/25) PBO/BRV bolus; V3-multiple time points

PBO/BRV infusion; V6-multiple time 
points

Increase >=20mm 11.5% (3/26) PBO/BRV infusion; V4- 60min post dose

Increase >=40mm 3.7% (1/27) Multiple visits; multiple time points

Diastolic Blood 
pressure

Decrease >=10mm 28% (7/25) PBO/BRV infusion; V6- 60 min post 
dose

Decrease >=20mm 8% (2/25) PBO/BRV bolus; V3 multiple time points

Increase >=10mm 24% (6/25) PBO/BRV infusion; V6-60min post dose

Increase >=20mm 8% (2/25) PBO/BRV bolus; V4-30min post dose 
and V7-60min post dose

Heart rate Decrease >=15 12% (3/25) PBO/BRV bolus; V7-60min post dose 

Decrease >=30 4% (1/25) Multiple groups; multiple time points

Increase >=15 12% (3/25) PBO/BRV bolus; V4-15min post dose
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Increase>=30 4% (1/25) Multiple groups; multiple time points

From ISS Table 7.2.7.3

ECGs

Reviewer Summary

Based on the limited available data, administration of BRV IV did not appear to be associated with ECG 
changes. Holter monitoring in one trial detected 3 patients with Mobitz 1 heart block and 1 patient with 
a 6 beat run of ventricular tachycardia.  Given that these events can occur in the background, several of 
the events occurred hours after administration, and that the only patient who experienced an 
abnormality twice (001-0031 had 2 episodes of Mobitz type 1 second degree heart block) had a similar 
event recorded on the post-trial Holter, attribution to BRV is not possible. These data should be 
interpreted in the context of all available BRV ECG data.

BRV IV ECG Analyses

N01256-A

N01256-A required standard 12 lead ECGs at pre-dose, end of bolus, end of infusion, 1.5 h post dose, 
and  4 h post-dose BRV (CSR N01256-A, p.36).

In the CSR for N01256-A, UCB provided a table of ECG abnormal results. UCB did not record or analyze 
intervals and investigators were only required to record abnormalities and provide a determination if 
any abnormalities were clinically significant. The recorded abnormalities included incomplete bundle 
branch blocks (n=7), ST deviation in V2 (n=1), and supraventricular extrasystoles (n=1). The investigator 
classified these findings as not clinically significant (CSR N01256-A, Listing 16.2.10:1). 

N01256-B

N01256-B required standard 12 lead ECGs at pre-dose, end of bolus, end of infusion, 1.5 h, 4 h post-
dose. In addition, investigators performed Holter monitoring from at least 1 h pre-dose until about 22.5 
h after the end of BRV administration (CSR N01256-B, p.37).

In the CSR for N01256-B, UCB provided a table of ECG results. UCB did not record or analyze intervals 
and investigators were only required to record abnormalities and provide a determination if any 
abnormalities were clinically significant. The recorded abnormalities included incomplete bundle branch 
blocks (n=9), supraventricular extrasystoles (n=1), and” synusal arrhythmia” (n=1). The investigator 
classified these findings as not clinically significant (CSR N01256-B, Listing 16.2.10:1).

Four patients had five abnormalities in their Holter data results. The identified abnormalities were 
Mobitz 1 second degree heart block (n=4), and non-sustained ventricular tachycardia (n=1). I provide 
information from the UCB summaries of these events below.
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Subject 001/0026, a 36-year-old white male in the BRV 25 mg dosing group experienced an isolated 
episode of Mobitz I second degree AV block 20 hours after bolus injection. 

Subject 001/0031, a 31-year-old white female in the BRV 50 mg dosing group, experienced several 
episodes of Mobitz I second degree AV block 3 hours after 15-minute infusion and 50 minutes after 
bolus injection

Subject 001/0033, a 27-year-old white female in the BRV 50 mg dosing group experienced an isolated 
episode of Mobitz I second degree AV block 3.5 hours after bolus injection.

Subject 001/0043, a 25-year-old white female in the BRV 150 mg dosing group, experienced an isolated 
episode of non-sustained ventricular tachycardia 18 hours after bolus injection. 

UCB noted that these abnormalities, reported as TEAEs according to protocol, were judged not clinically 
significant and unlikely related to study drug by the Investigator.

In the Summary of Clinical Safety, UCB reported that investigators performed “control” 24-Holter 
monitoring on 5 subjects after trial completion. UCB noted the following: 

No significant events were recorded on the control Holter of subject 001-0026 and 001-0033, 
who had experienced a single episode of Mobitz I second degree AV block.

Subject 001-0031, who had experienced several episodes of Mobitz I second degree AV block, 
showed again 1 such episode during post trial monitoring.

Subject 001-0043, who had experienced an isolated nocturnal episode of non-sustained 6-beat 
ventricular tachycardia, showed no such episodes but an isolated episode of atrial 
tachyarrhythmia.

Subject 001-0048 displayed again an episode of bradycardia. Bradycardia experienced by this 
subject during the study was not reported as an AE. 

(From Summary of Clinical Safety, p.205).

Given that these events can occur in the background, several of the events occurred hours after 
administration, and that the only patient who experienced an abnormality twice (001-0031 had 2 
episodes of Mobitz type 1 second degree heart block) had a similar event recorded on the post-trial 
Holter, attribution to BRV is not possible. These events should be interpreted in light of available ECG 
data from all BRV data sources. 

EP0007

EP0007 required standard 12-lead ECGs at the Screen visit, and between day 3 and 11 of last treatment 
period (Final discharge) (CSR EP0007, p.19). The investigator did not perform a 12-lead ECG 
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during/immediately following IV administration. UCB provided a table summarizing mean changes (Final 
discharge-screen) for several ECG parameters. I summarize that data below.

 Mean change (Final discharge-screen) for several ECG parameters, EP0007 

Parameter Mean change from 
baseline

Minimum Maximum

Heart rate (beats/min) 1.6 -16 16

PR (msec) 2.8 -22 28

QRS (msec) -0.1 -31 12

QT (msec) -5.8 -52 29

QTcF -1.7 -18 31

CSR EP0007, Table 9.1

In the CSR for EP0007, UCB identified the following 12-lead ECG abnormalities that were present at Final 
discharge, but were not present at Screening (CSR EP0007, p.65). Since ECGs were not recorded 
following each dose, it is not possible to assess temporal association to IV dosing for these events.

Wandering atrial pacemaker (subjects 001-07459, 001-07462, and 001-07467)

PR prolongation (subjects 001-07463 and 001-07476) 

Premature ventricular complex (subject 001-07477)

N01258

A standard 12-lead ECG in a supine position after a 5-minute rest was performed at the following visits: 
V1; V2; Visit 3 am (first iv bolus/infusion), and at V7 am (last iv bolus/infusion): prior to dosing and at 5, 
15, 30, and 60 minutes and 2, 4, 6, and 12 hours from the start of the iv administration; early 
discontinuation visit;  final safety visit (V8), only if the previous ECG (at V7 or EDV) was abnormal (CSR 
N01258, p.31).

The Investigator or cardiologist determined whether the results of the ECG were normal or abnormal 
and assessed the clinical significance of any abnormality. The ECG tracings were also reviewed by a 
central reader (CSR N01258, p.46).

Cardiac telemetry monitoring was performed from 5 minutes prior to dosing and during the next 15 
minutes from the start of the IV administration at each am and pm visit (V3, V4, V5, V6, and V7). For 
clinically significant abnormal findings, an ECG strip was printed and sent to the central reader. If the 
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abnormality was confirmed by the central reader, then the abnormality was documented as an AE (CSR 
N01258, p.46).

Mean changes

There appeared to be slight mean increases in heart rate from baseline in all treatment groups, at most 
recording time points. In addition, there appeared to be slight decreases from baseline in PR interval, 
particularly for the 2-12 hour post dosing recordings. These changes appeared small and are of unknown 
clinical significance. There did not appear to be clear, consistent mean changes in QTcF. I provide the 
mean changes for HR and PR interval below. 

Mean changes in ECG HR, and PR interval by treatment group

Heart rate (beats per minute)

Recording time PBO/BRV bolus PBO/BRV infusion BRV/BRV bolus BRV/BRV infusion

V3 V7 V3 V7 V3 V7 V3 V7

     5 min post 3.4 1.3 1.7 1.0 0.5 2.1 0.0 -1.1

     15 min post 1.0 1.9 0.7 1.2 -1.0 1.2 0.4 -1.8

     30 min post 0.2 3.2 2.0 -0.5 -1.8 1.3 0.1 -1.8

     60 min post -1.5 3.3 0.4 0.2 -0.6 2.1 -1.3 -2.3

     2 h post 2.2 5.1 -1.7 1.3 0.9 1.6 0.9 -0.5

     4 h post 3.3 5.8 1.7 4.3 5.1 5.2 0.9 3.1

     6 h post 4.7 8.5 1.3 4.4 3.6 5.3 -0.2 1.8

     12 h post 2.3 4.8 -0.6 2.9 2.7 7.3 0.6 4.8

PR interval (msec)

     5 min post 0.4 2.3 1.3 2.0 1.9 -1.9 -2.5 -0.6

     15 min post -0.7 0.4 1.0 0.4 1.1 2.6 -3.3 1.1

     30 min post -0.9 1.3 2.2 -1.0 0.4 1.2 -3.0 -2.4

     60 min post -1.2 3.0 2.6 -2.3 0.1 2.0 -2.5 -1.4

     2 h post -0.4 -2.3 1.9 -3.3 1.6 2.9 -3.0 -1.9
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     4 h post -1.9 -4.2 -3.5 -4.3 -3.3 -2.6 -2.3 -2.7

     6 h post -3.7 -3.3 -0.7 -2.9 -3.6 -3.7 -4.1 -6.8

     12 h post -6.3 -3.4 -4.2 -2.2 -2.9 -5.5 0.2 -4.2

From CSR N01258 Table 14.1 

Individual subject changes

UCB provided a table of ECG shifts from normal at baseline to abnormal during treatment (ex. CSR 
N01258 Table 10-21). These shift percentages were low and appeared similar across the treatment 
groups. In listing 9.9, UCB identified abnormal ECG findings. The reported findings included a variety of 
abnormalities including sinus bradycardia, PACs, intraventricular conduction delays, first degree AV 
block, sinus tachycardia, hemiblock, PVCs, and previous MI. In many cases, individuals with 
abnormalities on treatment had the same abnormalities noted on screening ECGs. None of the 
identified abnormalities were considered clinically significant.

UCB provided listing 9.12, which summarized telemetry results. This listing only indicated if telemetry 
was normal or abnormal, and for abnormal results, if clinically significant. The majority of telemetry 
results were read as normal. For the abnormal results, none were classified clinically significant.

Labs

Reviewer Summary

BRV IV did not appear to be associated with laboratory test result changes. These data should be 
interpreted in the context of all available BRV lab data.

BRV IV Pool Lab analyses

Hematology

UCB found no clinically relevant changes in hematology parameters in trials N01256-A or B. I reviewed 
CSR N01256-A and CSR N01256-B Tables 14.3.4:5 which identified out of normal range lab results from 
these trials. For the relatively few results that were out of normal range, none appeared markedly 
abnormal.  

UCB reported that all hematology results were within normal range in trial EP0007 (ISS, pp.512-3.)

The reported mean changes in hematology parameters during N01258 were generally small in 
magnitude and similar across treatment groups.  All four treatment groups did experience mean 
declines in platelets (PBO/BRV bolus -12.5 E9/L, PBO/BRV infusion -14.5 E9/L, BRV/BRV bolus -17.3 E9/L, 
and BRV/BRV infusion -12.4 E9/L) (ISS table 7-3, pp. 514-515). In CSR N01258, UCB provided table 10.3.1, 
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which identified PCST hematology results. For most parameters, no patients had a PCST result. In the 
table below, I summarize the results for parameters where subjects had PCST hematology results.

PCST Hematology results, Treatment period Trial N01258 

Hematology parameter % subjects with PCST result, overall (n=105)

Hematocrit Low 15.2% (n=16)

High 0

Hemoglobin Low 2.9% (n=3)

High 0

Leukocytes Low 0

High 1% (n=1)

Lymphocytes Low 1.9% (n=2)

High 1% (n=1)

Eosinophils Low 0

High 1% (n=1)

Platelets Low 1% (n=1)

High 0

CSR N01258, Table 10.3.1

The relatively high percentage of low hematocrit PCST results appeared to be explained by patients with 
abnormalities at baseline. In a Division-requested analysis that included only subjects with normal 
values at baseline, UCB found that 1.4% (1/73) of subjects met low outlier PCST criteria for hematocrit 
(6/19/15 submission, Table 10.3.1).  

Chemistry

UCB found no clinically relevant changes in chemistry parameters in trials N01256-A or B. I reviewed CSR 
N01256-A and CSR N01256-B Tables 14.3.4:5, which identified out of normal range lab results from 
these trials. For the relatively few results that were out of normal range, none appeared markedly 
abnormal. In N01256-B, subject 001/0045 (21.0 year old female), had white blood cell and neutrophil 
counts that were above normal reference ranges at the Discharge visit (WBC: 18.8 E9/L, normal range: 
4.3 – 11.9 E9/L; NEUT: 14.22 E9/L, normal range: 2.1 – 8.0 E9/L). Both were considered by the 
Investigator as clinically significant and were reported as a TEAE. 
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UCB reported that 5 subjects had chemistry results that were outside the normal range in trial EP0007 
(CSR EP0007, p.64). 3 had the abnormalities at screening (sodium 134mmol/L Low, ALT 147 U/L High, 
and AST 95U/L High) and 2 at discharge GGT 59U/L High and phosphate 0.74mmol/L Low) (CSR EP0007 
Listing 8.1).

The reported mean changes in chemistry parameters during N01258 were generally small in magnitude 
and similar across treatment groups. In CSR N01258, UCB provided table 11.3.1, which identified PCST 
chemistry results. For most parameters, no patients had a PCST result. In the table below, I summarize 
the results for parameters where subjects had PCST chemistry results.

PCST Chemistry results, Treatment period, Trial N01258 

Chemistry parameter % subjects with PCST result, overall (n=105)

Creatinine Low 0

High 1% (n=1)

Glucose Low 1% (n=1)

High 0

CSR N01258, Table 11.3.1

One subject (479-02379) in the BRV/BRV bolus group had a TEAE of blood creatinine increased (see PCST 
table above) on V3, day 8 (183umol/l or 2.1mg/dL) that was considered mild and related to study drug. 
The subject’s other creatinine results were 61umol/L on screening, 64umol/L on D1/randomization, 
66umol/L on V7, day 12 and 66umol/L on the last visit (CSR N01258, Listing 8.4). 
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Appendix

BRV IV trials and Safety monitoring

1256A 

This was a Phase I, single dose, open-label, randomized, 3-way crossover study. Investigators 
administered the following formulations/doses to Healthy volunteers: 

• BRV 10 mg oral tablet

• BRV 10 mg administered as a 15-minute IV infusion

• BRV 10 mg administered as a 12-second IV bolus

Vital signs were assessed at pre-dose, end of bolus, end of infusion, 1.5 h, 4 h, 36 h post-dose BRV. Heart 
rate (HR), blood pressure (BP) were recorded in a supine position after 5-minute rest at Screening visit, 
Discharge visit, and at the following time-points during each Treatment Period: pre-dose, end of bolus, 
end of infusion, 1.5 h, 4 h and 36 h post-dose. 

A 12 lead ECG was performed at pre-dose, end of bolus, end of infusion, 1.5 h, 4 h post-dose BRV

Hematology, Biochemistry, UA- screening were collected at d -21 to D-2, and within 7 days of last PK 
sample. The following tests were performed

Hematology 

Hemoglobin, hematocrit, red blood cells, mean corpuscular volume, platelets, and white blood 
cells (total and differential count [absolute values]: neutrophils, lymphocytes, monocytes, 
eosinophils and basophils).

Biochemistry 

Sodium, potassium, chloride, calcium, inorganic phosphorus, fasting glucose, urea, creatinine, 
total bilirubin, direct bilirubin, total protein, albumin, alanine amino transferase, aspartate 
amino transferase, gamma-glutamyl transferase, and alkaline phosphatase.

Serology 

HBsAg (Australia antigen), HCV antibodies, HIV 1 and 2 antibodies.

Urinalysis 

pH, glucose, protein, blood, leukocytes, nitrite, ketones, and bilirubin with dip-stick. In case of 
abnormal (positive) results for protein, blood, or leukocytes, a microscopic examination of the 
sediment was to be performed.
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Pregnancy test (only for women with childbearing potential).

Urine drug screen 

Amphetamines/methamphetamines, benzodiazepines, barbiturates, cocaine, cannabis, 
methadone, tricyclic antidepressants, opiates, and phencyclidine.

Ethanol Assayed through a breath test.

1256B

This was a non-randomized, open-label, ascending single dose safety and tolerance study.

Four consecutive groups of 6 healthy subjects received 1 of the following BRV doses (each dose 
escalation separated by at least 3 days):

• BRV 25 mg administered as a 15-minute IV infusion followed, at least 1 week later, by

BRV 25 mg administered as a 30-second IV bolus

• BRV 50 mg administered as a 15-minute IV infusion followed, at least 1 week later, by

BRV 50 mg administered as a 1-minute IV bolus

• BRV 100 mg administered as a 15-minute IV infusion followed, at least 1 week later,

by BRV 100 mg administered as a 2-minute IV bolus

• BRV 150 mg administered as a 15-minute IV infusion followed, at least 1 week later,

by BRV 150 mg administered as a 3-minute IV bolus

Monitoring

Vital signs (HR, blood pressure [BP]) were assessed at Pre-dose, end of bolus, end of infusion, 1.5 h, 4 h, 
36 h (except 150 mg bolus), 48 h (only 150 mg bolus) post-dose. 

12 lead ECGs were performed at pre-dose, end of bolus, end of infusion, 1.5 h, 4 h post-dose

Holter monitoring was performed from at least 1 h pre-dose until about 22.5 h after the end of BRV 
administration

Hematology, Biochemistry, UA were performed at screening (d -21 to D-2), and within 7 days of last PK 
sample. The following lab tests were conducted:

Hematology 
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Hemoglobin, hematocrit, red blood cells, mean corpuscular volume, platelets, and white blood 
cells (total and differential count [absolute values]: neutrophils, lymphocytes, monocytes, 
eosinophils and basophils)

Biochemistry 

Sodium, potassium, chloride, calcium, inorganic phosphorus, fasting glucose, urea, creatinine, 
total bilirubin, direct bilirubin, total protein, albumin, alanine amino transferase, aspartate 
amino transferase, gamma-glutamyl transferase, and alkaline phosphatase

Immunology 

HBsAg (Australia antigen), HCV antibodies, HIV 1 and 2 antibodies

Urinalysis 

pH, glucose, protein, blood, leukocytes, nitrite, ketones, and bilirubin with dip-stick. In case of 
abnormal (positive) results for protein, blood, or leukocytes, a microscopic examination of the 
sediment was to be performed.

Pregnancy test (only for women with childbearing potential)

Urine drug screen 

Amphetamines/methamphetamines, benzodiazepines, barbiturates, cocaine, cannabis, 
methadone, tricyclic antidepressants, opiates, and phencyclidine

Ethanol Assayed through a breath test

EP0007

This was a randomized, single-center, open-label, 5-way crossover, single-dose, Phase 1 trial in 25 
healthy subjects. Each subject received the following BRV formulations/doses:

1x100mg 2-minute iv bolus injection

1x100mg tablet

1x75mg tablet

1x50mg tablet

1x10mg tablet

Each of the 5 Treatment Periods consisted of 3 days during which similar assessments were conducted. 
During each Treatment Period, subjects checked into the clinic the afternoon prior to the day of BRV 
administration. The next day, a BRV oral tablet or a 2-minute IV bolus BRV injection was administered in 
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the morning. Following BRV administration, subjects were observed for up to 48 hours after which they 
were discharged. A Wash-Out Period of at least 7 days separated the subsequent drug administrations. 
The Final Discharge from the study took place between Day 3 and Day 11 of the last Treatment Period or 
≤7 days after the last PK sample of the final drug dose if the subject was withdrawn early. 

Vital signs

Vital signs (supine SBP, DBP, PR, body temperature, and respiration rate) were performed on Day -21 to 
-2, Day -1, Predose, 2 hours, and 24 hours postdose. Orthostatic vital sign assessment was not 
conducted.

A 12 lead ECG was performed at the screening visit, and between day 3 and 11 of last treatment period

No Holter or telemetry was conducted.

Labs were collected at the screening visit, and between day 3 and 11 of last treatment period The 
following table includes the lab parameters tested in this trial.
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1258

This multicenter, open-label, 4-arm, randomized, parallel-group study was designed to evaluate the 
safety and tolerability of BRV administered iv as initial therapy or replacement therapy when oral 
administration was not feasible. The subject population of adults (≥16 to ≤70 years) with localized-
related or generalized epilepsy is appropriate for a Phase 3 study. Subjects were randomized on a 
1:1:1:1 ratio to 1 of the 4 parallel treatment groups (PBO tablets/BRV infusion, PBO tablets/BRV bolus, 
BRV tablets/BRV infusion, and BRV tablets/BRV bolus). During the Run-In Period, PBO was used as a 
control. The benefit of a double-blind Run-In Period is that it minimizes bias and allows a comparison of 
the safety and tolerability of BRV administered iv as an infusion or a bolus. The double-blind design was 
maintained during the Down-Titration Period for those subjects who withdrew from the study during 
the Run-In Period in order to maintain the integrity of the initial blind. At the end of the Run-In Period 
(V3), the subject entered the Evaluation Period during which he/she received BRV IV (200mg/day, 
100mg/administration bid) for 4.5 days (9 BRV iv administrations in total). The IV treatments were 
administered as:

Bolus: 10mL (=100mg) of BRV/administration injected pure over 2 minutes bid.

Infusion: 10mL (=100mg) of BRV/administration diluted in 100mL 0.9% isotonic saline sterile 
solution for iv administration infused over 15 minutes bid.

Monitoring

Vital signs

Vital signs included measurements of blood pressure and pulse rate at 5 minutes before dosing and at 5, 
15, 30, and 60 minutes from the start of the iv administration).

Orthostatic hypotension was assessed at any time during V1, EDV, and after 2 weeks free of study drug 
(V8), and at 5 minutes before and 60 minutes from the start of the iv administration at V7. In order to 
detect orthostatic hypotension, blood pressure was recorded in the following sequence: supine position 
after a 5-minute rest, standing after 1- and 3-minute rests. Orthostatic hypotension was defined as a 
20mmHg or more decrease in SBP, or a 10mmHg decrease in DBP after 1 or 3 minutes, standing with the 
arm relaxed at the side (time zero began after the subject was upright). Blood pressure measured after 5 
minutes of rest in the supine position was used as baseline.

12 lead EKG- screening, Day 1 (run in tablet), am ECG: 12-lead ECG was performed at V3 am (first iv 
bolus/infusion) and V7 am (last iv bolus/infusion) prior to dosing and at 5, 15, 30, and 60 minutes and2, 
4, 6, and 12 hours from the start of the iv administration.Discontinuation, and after 2 weeks free of 
study drug (V8)

Reference ID: 3835025



26

Telemetry Day 8- Day 12 (IV treatment) Continuous real-time cardiac telemetry monitoring was 
performed from 5 minutes prior to dosing and during the next 15 minutes after the start of the IV 
administration at each am and pm visit (V3, V4, V5, V6, and V7).

Labs

Laboratory assessment for safety included blood for hematology, biochemistry, and urinalysis. The lab 
tests included the following:

Hematology

Hemoglobin, Hematocrit, MCV, MCH, MCHC, Platelet count, RBC count, WBC count, 
Lymphocytes (number and %), Monocytes (number and %), Neutrophils (number and %), 
Eosinophils (number and %), Basophils (number and %), 

Chemistry

Glucose, Sodium, Potassium, Calcium, Chloride, Bicarbonate, Phosphorus (inorganic), Total 
protein, Albumin, Total bilirubin, Alkaline phosphatase, AST/SGOT, ALT/(SGPT), GGT, Uric acid, 
Urea, Creatinine, Triglycerides, Cholesterol 

Urine

Glucose, Ketones, Occult blood, Protein, Nitrites, Leukocytes, Microscopic examination, β-hCGc, 
β-hCGd
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DBRUP Consultation Response (Clinical)

Division Consult # 119

To Cathleen Michaloski, BSN, MPH, RAC
Sr. Regulatory Project Manager
HFD-120
Division of Neurology Products (DNP)

From Gerald Willett MD, Medical Officer, Division of 
Bone, Reproductive and Urologic Products 
(DBRUP)
through Lisa Soule, MD, Medical Team Leader 
and Audrey Gassman, MD, Deputy Division 
Director

NDA 205836

Name of drug product Brivaracetam (Briviact) abbreviated BRV

Class of drugs Anticonvulsant

Sponsor UCB INC
1950 Lake Park Dr (Bldg 2100)
Smyrna, Georgia 30080

Consult submission date May 7, 2015

Re: Recent labeling revisions

Desired completion date August 11, 2015

Background

The Division of Bone, Reproductive and Urologic Products (DBRUP) received a 
consult from the Division of Neurologic Products (dated May 7, 2015) relating to 
NDA 205836 (Briviact).

The Comments/Special Instructions section of the consult form included the 
following:

“We have the following questions regarding the labeling: Section 12 
Pharmacokinetics:

Oral Contraceptives:
Coadministration of TRADENAME  (twice the recommended 
maximum daily dose) with an oral contraceptive containing ethinyl 
estradiol (0.03 mg) and levonorgestrel (0.15 mg) reduced estrogen and 
progestin AUCs by 27% and 23% respectively, without suppression of 
ovulation.”

_______
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On July 9, 2015, DBRUP received an email that provided a specific question 
from DNP relating to aforementioned drug-drug interaction results. 

“The anticipated upper dose range for this product will be 200 mg/day. 
Does the observed estrogen and progestin suppression at 400 mg/day 
create a risk for oral contraceptive failure in the anticipated dose range 
that would warrant entry of potential risk into labeling?”

DBRUP Medical Officer Comment:
Please also refer to the consult from the OCP 3 clinical pharmacologists in 
regard to the quality of the drug-drug interaction data.

Although there is evidence that ethinyl estradiol and levonorgestrel 
exposure is reduced with co-administration of the 400 mg/day dose (twice 
the maximum anticipated dose) of BRV, the pharmacodynamic assessment 
provided evidence that ovulation inhibition is maintained despite this 
reduced exposure.  Although the clinical data are not sufficient to evaluate 
the risk of pregnancy in women who are using both hormonal 
contraception and BRV, there is probably little likelihood of unintended 
pregnancy based on drug-drug interaction alone. (See comments related 
to the pregnancies reported in NDA 205836 and clinical comments related 
to labeling in subsequent sections.)

_______

DBRUP contacted DNP via email on July 13, 2015 regarding the 36 reported on-
drug pregnancies (versus 1 in a placebo-treated subject) reported in the NDA 
205836 Summary of Clinical Safety. DBRUP requested further information from 
DNP in an attempt to put this number of on-drug pregnancies in perspective, 
including the number of reproductive-aged women in this application who would 
be at risk of pregnancy.  DBRUP asked DNP to provide or to request from the 
Sponsor the following:

Specific trials included in the SCS, with duration, # of reproductive-age 
women on active drug (by dose level) and placebo in each, # of 
pregnancies in each arm (without knowing the denominator of subjects 
who are at risk for pregnancy, and the duration over which they were at 
risk, it is not possible to assess whether the # of pregnancies is beyond 
what would be expected in a general population of fertile women)

We also note that a spot-check of narratives linked to Table 5-9 reveals 
some discrepancies:  because it is very unusual for women in the US to 
take a “50 mcg COC” I looked at the narratives for:

N01193-203-0229

N01199-1003-0009

N01254-264-K026

N01199-1264-0004
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These do not specify the contraceptive dose used, so I not sure what is 
the basis of the contraception information in Table 5-9.  We were also 
quite surprised to see two pregnancies occurring in women using IUDs, as 
these are highly effective methods and not typically impacted by drug 
interactions because they act locally.  

The pregnancy information in the ISS seems to be merely a repeat of the 
SCS, with no additional information.  It may be worth asking the Sponsor 
to provide a “white paper” discussion of the risk of pregnancy 
demonstrated in the brivaracetam trials that takes into consideration the 
size of the at-risk population, the use of various methods of contraception, 
the concomitant use of relevant CYP inducers, and possibly BMI.  

DBRUP Medical Officer Comment:
In a safety update, five additional pregnancies were added to the original 
36. See the table listing all of the pregnancies in the Attachment for this 
consult review.

_______

An email from Steven Dinsmore (DNP medical officer) on July 31, 2015 
conveyed the following information:

We had our safety reviewer exam this issue.  Based upon her evaluation 
we concluded the following:

 Using the number of subjects in Pool S3, which constitutes control 
period reporting during double blind period,  the incidence of 
pregnancies in BRV subjects (0.2% or 4/1717) is double that of 
placebo subjects (0.1% or 1/686).  This represents roughly 1 in 1000 
for placebo vs 2 in 1000 incidence for patients on drug, which I think is 
unlikely statistically significant.  It includes all pregnancy, of which 3 
represent the use of a condom with spermicide (all on BRV), one oral 
contraceptive (on BRV), one abstinence (placebo).   Admittedly the 
placebo patient was practicing abstinence, but considering the low 
numbers, I am not sure we can conclude anything.  It also provides no 
information on hormonal interactions.  

 In the entire safety database, out of a total of 41 pregnancies in BRV 
subjects, there were 9 pregnancies in subjects taking oral 
contraceptives, 2 in subjects with IUDs, 2 in subjects on injectable 
hormonal contraception, 1 in a subject with a subdermal implant, 3 
using abstinence and 7 presumed sexually inactive.   The remainder 
used other birth control methods. The total BRV exposure for the 
database (males and females) as of the 120-day Safety Update = 
7195.6 subject-years.  If we assume that 41 patients became pregnant 
in the full data base, and estimate the patient years for fertile female 
patients we come up with 41 pregnancies in 2,518 patient-years, which 
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calculates to 16 pregnancies per 1000 patient-years. This is close to 
the expected failure rate of BCPs, but we also know that patients who 
became pregnant used a variety of birth control, some of which are 
very ineffective.  Thus, 26% of patients who became pregnant were 
practicing “abstinence” or thought to be sexually inactive.   So we do 
not think the numbers are dramatically greater than that expected, but 
acknowledge that this is a very rough estimation.  Considering the 
study records, we believe this is the best we can do.

DBRUP Medical Officer Comments:
It is difficult to make any assessment of drug-drug interaction in the 
placebo-controlled phase of the trials because there were so few 
pregnancies among placebo subjects and only one subject on placebo was 
taking an oral contraceptive. The vast majority of pregnancies occurred in 
the uncontrolled extension phase of the trials.

It is unclear whether the DNP estimate of the pregnancy rate is based on a 
denominator restricted to reproductive-aged women.  It appears that 1,717 
may represent all subjects in that pooled safety database.  

In regard to the second bulleted point, calculation of the pregnancy rate for 
contraceptive trials requires knowing the exposure time (typically 
expressed in 28-day cycles) over which the hormonal product was used 
minus those cycles in which other contraceptives such as barrier methods 
are used. The subject-years of BRV exposure alone cannot estimate this 
risk. In the case in which we are evaluating the clinical impact of a 
potential DDI, it may be less critical to exclude women who are “not at risk 
of pregnancy” due to use of a back-up method of contraception, but this 
would be an important consideration in calculating the pregnancy rate in 
placebo subjects.  (See additional comments in the following section.)  

Further, we do not know how the DNP reviewer calculated the patient-years 
(i.e., whether these are based on all subjects or restricted to reproductive-
aged women).  The duration of the trials may also impact the calculated 
pregnancy rate, as shorter trials (e.g., 6 months or less), in our experience,
may demonstrate a higher pregnancy rate than longer trials.

Review of the Pregnancies in NDA 205836

After review of the pertinent NDA submissions (narratives in the Integrated 
Summary of Safety and further information responses from the Applicant) this 
reviewer developed a table (see Attachment) that includes the subject number, 
dosage of brivaracetam at time of pregnancy, subject age, type of birth control (if 
known) and pregnancy results (if known). From these tabulated results the 
following comments can be made:
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1. The number of reproductive-age women at risk for pregnancy in the 
controlled and uncontrolled extension sections of the clinical studies would 
be needed to assess pregnancy rates. This reviewer identified 41 
pregnancies in subjects taking BRV and 1 pregnancy in the placebo 
group. The marked discrepancy between these two groups is due to the 
majority of pregnancies occurring in open-label extension studies.

2. Of the 41 pregnancies in subjects taking BRV, there were 11 subjects who 
had hormonal contraception listed as birth control and 1 subject who was 
noted to have an IUD (which was suggested to be hormonal but not 
further characterized). Regardless of type, this IUD was most likely 
beyond its period of approved use (inserted in 1996 and removed in 
2009), as the longest approved duration of use in the US is five years for a 
levonorgestrel-containing IUD (or 10 years for a copper-containing IUD).

3. Of the 11 subjects definitely reported to be using hormonal contraception,
the different types are bulleted below (several of these are not approved in 
the US):
(Added note: Highlighted lines refer to subjects taking >100mg/day of 
BRV)

Combination Oral Contraceptives (COC)
 Cilest (ethinyl estradiol 35 ug; norgestimate 250 ug) and barrier

(1 subject)
 30 ug COC (unspecified) (1 subject)
 50 ug COC (ethinyl estradiol and norgestrel; dosage 

unspecified) and condom (1 subject)
 50 ug COC (unspecified) (1 subject)
 COC (unspecified) (1 subject)
 Norlestrin Fe (ethinyl estradiol and norethindrone acetate)

Progestin-Only Oral Contraceptives
 Desogestrel 75 ug (1 subject)

Hormonal IUD
 Mirena (1 subject)

Injectable Contraceptive
 Mesigyna (monthly injectable; missed dosage by subject) (1 

subject)

Subdermal Implant
 Implant (1 subject)

Hormonal birth control (not specified) and barrier
 One subject
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Medical Officer Note: Pregnancy case #42 in attachment table is unclear 
in regard to contraception. Depo-Provera was listed in a table for this 
subject but the subject narrative clearly states that the “form of
contraception used by the subject before the pregnancy was abstinence.”
Additional information on this particular subject will not alter the clinical 
recommendations.

4. None of the COCs were identical in hormone or dosages to those studied 
in the drug-drug interaction study (ethinyl estradiol and levonorgestrel). 

5. Although the impact of BRV on other contraceptive hormones (aside from 
ethinyl estradiol and levonorgestrel, which were evaluated in the DDI 
study) is unknown, it is noted that 6 of the 11 subjects using hormonal 
contraception and becoming pregnant were taking doses of brivaracetam 
>100 mg. These cases are highlighted in yellow above. A DDI was not
identified at the 100 mg brivaracetam dose level for ethinyl estradiol and 
levonorgestrel.

6. As mentioned above, it is not possible to assess a Pearl Index for subjects 
getting pregnant while taking BRV and a hormonal contraceptive without 
having a denominator consisting of subject-years of hormonal 
contraceptive use (minus hormonal cycles in which another birth control 
method such a barrier were used).

Labeling Issues

The proposed Pregnancy labeling for BRV (per July 16, 2015 submission) 
classifies BRV as a Category C drug.  Nonclinical data did not find evidence of 
teratogenicity and the no adverse effects level (NOAEL) for developmental 
toxicity appears to be 4-8 times the AUC at the maximum recommended human 
dose of 200 mg/day.  Labeling recommends enrolling pregnant patients in the 
North American Antiepileptic Drug Pregnancy Registry.  

Proposed drug labeling regarding a BRV drug-drug interaction with oral 
contraceptives consists of the following language in Section 12.3:

Oral contraceptives

Co-administration of TRADENAME  with an oral contraceptive 
containing ethinyl estradiol (0.03 mg) and levonorgestrel (0.15 mg) did not 
influence the pharmacokinetics of either substance.

Coadministration of TRADENAME  (twice the recommended 
maximum daily dose) with an oral contraceptive containing ethinyl
estradiol (0.03 mg) and levonorgestrel (0.15 mg) reduced estrogen and 

Reference ID: 3806447
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progestin AUCs by 27% and 23%, respectively, without impact on 
suppression of ovulation.

DBRUP Response to Consult Question:
In the absence of the requested information, DBRUP cannot determine whether 
the pregnancy rate observed in women who concomitantly used hormonal 
contraception and BRV is in excess of what would be expected for a “typical use” 
pregnancy rate in the absence of any DDI effect.  

Based on the DDI studies, there appears to be little clinical concern for potential 
unintended pregnancies based solely on drug-drug interactions between BRV 
and combination oral contraceptives containing ethinyl estradiol and 
levonorgestrel. Evidence of ovulatory inhibition persisted despite hormonal 
decreases. In addition, there is not a strong signal for fetal harm in the case of 
an exposed unintended pregnancy.   We find the proposed label to be 
acceptable, although we defer to the Clinical Pharmacology consult review to 
determine whether it would also be useful to note that it is unclear whether these 
findings are generalizable to hormonal contraceptives containing a progestin 
other than levonorgestrel.  

DBRUP does not believe it would be useful to describe the pregnancy findings in 
labeling unless additional information were provided that would allow us to 
determine whether the pregnancies that occurred in women reported to be using 
hormonal contraception are indicative of a clinically significant DDI.  A statement 
recommending use of back-up or alternative contraception is not warranted 
based on the available information.   

Reference ID: 3806447
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13 1125
943
2001

150 23 years old
No contraception
Elective termination following missed abortion

14 1193
245
0347

50 16 years old
Combined oral contraceptive 30 ug
Elective termination following missed abortion

15 1199
1003
0009

40 21 years old
Combined oral contraceptive 50 ug (ethinyl 
estradiol and norgestrel) and condom
Spontaneous abortion

16 1199
1003
0010

None
(no longer 

taking BRV)

20 years old
Pregnancy during post-treatment period
Lost to follow up

17 1199
1005
0003

100 17 years old
Abstinence
Full term healthy baby

18 1199
1005
0008

150 33 years old
Male condom and spermicide
2 full term twin healthy babies

19 1199
1029
0002

50 16 years
Injectable monthly hormonal contraceptive 
(Mesigyna), subject missed dose
Full term healthy baby

20 1199
1050
0020

150 22 years old
Male condom and female condom
Full term health baby

21 1199
1055
0007

60 41 years
IUD placed in 1996, pregnancy in 2009
(Reviewer’s note: Regardless of IUD type it 
would be out of date)

22 1199
1081
0001

20 34 years
Abstinence
Elective termination

23 1199
1082
0002

200 20 years old
Not taking hormonal contraception
Full term delivery of twins

24 1199
1256
0017

120 25 years
Male condom and spermicide
Elective termination

25 1199
1258
0008

150 23 years old
Not taking hormonal contraception
Spontaneous abortion

26 1199
1264
0001

150 20 years old
Combined oral contraceptive – strength not 
reported
Full term healthy baby
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27 1199
1264
0004

150 23 years old
Combined oral contraceptive 50 ug
Full term healthy baby

28 1199
1265
0006

75-150 19 years old
Male condom
Full term healthy baby

29 1199
1389
0001

35-80 33 years old
Male condom and spermicide
Elective termination

30 1199
1392
0002

80 31 year old
Combined oral contraceptive Norlestrin Fe
Spontaneous abortion

31 1199
1003
0010

Off of study 
drug x 18 

days

20 years old
Subdermal implant (duration 18 months)
Lost to follow up

32 1252
251
F284

Placebo 19 years old
Elective termination

33 1252
148
B061

20 23 years old
Male condom and spermicide
Spontaneous abortion

34 1254
230
G174

20 19 years
Male condom and spermicide
Elective termination

35 1254
231
G111

Unknown 26 years
Male condom and spermicide
Elective termination

36 1266
603
01772

150 14 year old
Not taking birth control
2600 gm female

37 1379
038
00665

200 32 year old 
Subject reported using hormonal and barrier 
birth control
2523 gm infant Apgars 8 & 10

38 1379
252
00139

200 27 years
Not taking hormonal contraception
Premature (33.5 weeks) healthy baby

39 1379
411
00929

150 22 year old
Double barrier protection
Unusual history about being prescribed oral 
contraceptive while pregnant but she did not 
take it

40 1379
130
00064

UNK 32 year old
Nonoxynol 9 for contraception
2500 gm female born by caesarean section

41 1379 150 29 years
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480
00148

Not taking hormonal contraception
Pregnancy outcome = no information provided

42 1379
775
02413

200 19 years
Abstinence reported by narrative
Depo-Provera reported in separate table
Healthy baby
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