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Discussion:

The primary and secondary pharmacology/toxicology reviewers concluded that 
the nonclinical information submitted for brivaracetam was sufficient to support 
approval for the indication listed above. The primary reviewer recommended 
follow up reproductive and developmental toxicity studies in the rat. The reviewer 
concluded that the high doses were not high enough because maternal and 
paternal toxicity was not achieved. The secondary reviewer concluded that 
repeating the rat reproductive and developmental toxicity studies was not needed 
because: 1) higher doses may not be possible because of toxicity, 2) higher 
doses are only likely to produce modest increases in exposure and 3) the doses 
tested in the rat already provide a 30 fold margin between the NOAEL and the 
human exposure. I also note that adverse findings were observed in the rabbit 
embryofetal study and there is only a margin of 4 between the NOAEL and the 
human exposure so defining a higher NOAEL in the rat may not be particularly 
informative.

No Established Pharmacologic Class is proposed for the draft labeling. The 
mechanism by which brivaracetam exerts its anticonvulsant activity is unknown 
so not including an Established Pharmacologic Class at this time is acceptable.

Conclusions:
The pharmacology/toxicology reviewer and supervisor conducted a thorough 
evaluation of the nonclinical information submitted in support of this NDA. I agree 
that the application can be approved from the pharmacology/toxicology 
perspective and that repeating the rat reproductive and developmental toxicity 
studies is not necessary. 
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MEMORANDUM

DEPARTMENT OF HEALTH & HUMAN SERVICES
              Public Health Service

         Food and Drug Administration
________________________________________________________________________

Division of Neurology Products (HFD-120)
Center for Drug Evaluation and Research

Date: January 23, 2016

From: Lois M. Freed, Ph.D.
Supervisory Pharmacologist

Subject: NDAs 205-836, 205-837, and 205-838 (brivaracetam; ucb 34714)
________________________________________________________________________

NDAs 205-836, 205-837, and 205-838 have been submitted by the sponsor (UCB, Inc.) 
to support approval of brivaracetam (proposed tradename, Briviact) as adjunctive therapy 
in the treatment of partial onset seizures in epilepsy patients ≥16 years of age. NDA 205-
836 is for a tablet (10, 25, 50, 75, 100 mg); NDA 205-837 is for an injection (10 mg/mL); 
NDA 205-838 is for an oral solution. Oral is to be the primary route of administration, 
with the intravenous route to be used in situations in which oral administration is not 
feasible.

To support the oral route of administration, a comprehensive battery of nonclinical 
studies was conducted, including primary and secondary pharmacology, safety 
pharmacology, PK/ADME, chronic toxicity, reproductive and developmental, 
carcinogenicity, and genotoxicity studies, all of which were submitted under NDA 205-
836. To support short-term intravenous (IV) administration, the sponsor conducted one-
month IV toxicity studies in rat and dog. These data have been reviewed in detail by Dr. 
Fisher (cf. Pharmacology/Toxicology Review and Evaluation NDA 205-836, NDA 205-
837, NDA 205-838, J. Edward Fisher, Ph.D., December 2, 2015). Based on his review, 
Dr. Fisher has concluded that the nonclinical data support approval but that further 
assessment of reproductive and developmental toxicity should be conducted post-
approval.

This memo provides a brief summary of selected nonclinical findings and conclusions 
and recommendations based on these findings. A detailed description and discussion of 
all the nonclinical data are provided in Dr. Fisher's review. 

Pharmacology

Brivaracetam is a high-affinity synaptic vesicle protein 2A (SV2A) ligand. SV2 is 
comprised of a family of transmembrane proteins (SV2A, SV2B, SV2C), which are 
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located in all synaptic vesicles; SV2A is widely distributed in the CNS, but its functions 
are not well understood. The role of SV2A in the pathophysiology of epilepsy is 
suggested by the observation that levetiracetam (Keppra), an approved anticonvulsant, is 
a ligand for the SV2A protein and has what has been characterized as a unique or 
distinctive pharmacological profile (cf. Lynch BA et al. PNAS 101(26):9861-9866, 
2004). Brivaracetam is a structural analog of levetiracetam, with up to 30 times higher in 
vitro binding affinity for the SV2A (Ki of 226 nM) compared to levetiracetam (cf. 
Ferlazzo E et al. Neuropsychiatr Dis Treat 11:2967-2973, 2015; Gillard M et al. Eur J 
Pharmacol 664:36-44, 2011) and no affinity for 50 other receptors/binding sites. In vivo, 
brivaracetam was active in multiple animal models of partial (e.g., fully 6 Hz and 
corneally-kindled seizures; ED50's of 62 and 1.2 mg/kg IP, respectively, in NMRI mouse) 
and generalized epilepsy (e.g., spontaneous spike and wave discharges in genetic absence 
epilepsy rats from Strasbourg [GAERS] and audiogenic seizures in sound-susceptible 
mouse; ED50's of 2.6 and 2.4 mg/kg IP, respectively). 

Brivaracetam's anticonvulsant activity in vivo appears attributable to the parent 
compound; the only major circulating metabolite in humans (ucb-100406-1) was inactive 
in selected animal models of anticonvulsant activity (e.g., audiogenic seizures in sound 
susceptible DBA mouse) at 229 mg/kg IP. One additional metabolite (ucb-107092-1), 
which circulates at substantially higher plasma levels in severely renally impaired 
patients, was also inactive in various animal models (e.g., audiogenic seizures in sound 
susceptible DBA mouse, MES- and PTZ-induced seizures in NMRI mouse, fully 
amygdala-kindled seizures) at doses up to 229-413 mg/kg IP; in contrast, brivaracetam 
was active in these models, with ED50's of 2.4-113 mg/kg IP.

Safety Pharmacology: A number of safety pharmacology studies were conducted to 
investigate potential effects of brivaracetam on CNS, cardiovascular, respiratory, and GI 
systems. 

Effects on the CNS were tested in normal rat (Sprague-Dawley, Wistar) and mouse 
(NMRI), in fully corneally kindled mouse and rat, and in GAERS. Effects on 
spontaneous motor activity (SMA) were tested in Sprague-Dawley rat at acute doses of 
2.1-212 mg/kg IP; significant decreases in SMA were observed at the two highest doses 
tested (46 and 66% at 118 and 212 mg/kg IP, respectively).  Using the Irwin test, dose-
dependent incidence and severity of CNS depression (clinical signs included decreased 
SMA, passivity, abnormal posture/decreased body tone, and decreased startle and 
response to touch and pain) was demonstrated in fasted Wistar rat at acute doses of 100, 
300, 600 (F only), 1000, and 1500 (M only) mg/kg; premature sacrifice (1/group) at the 
two highest doses resulted in sacrifice of all animals in those groups 5 and 4 hrs, 
respectively, post dose. To assess food effects on response to brivaracetam, an acute oral 
dose of brivaracetam (600 mg/kg) was administered to fasted and non-fasted Wistar rat 
(no concurrent controls). Clinical signs of CNS depression were evident in both fasted 
and non-fasted animals; however, the incidence and severity were clearly greater in the 
fasted animals. Rotarod performance was impaired in a dose-dependent manner in fully 
corneally kindled animals (ED50's of 55, 163, and 177 mg/kg IP in NMRI mouse, 
Sprague-Dawley rat, and GAERS, respectively).
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Effects on cognitive function were tested in normal and fully kindled Sprague-Dawley rat 
using the Morris Water maze. At doses of 2.1-21 mg/kg IP, no adverse effects were 
observed. In an in vitro study conducted in hippocampal slices from Sprague-Dawley 
rats, brivaracetam (3-30 µM) had no effect on NMDA-dependent long-term potentiation.

The cardiovascular effects of brivaracetam were tested in a series of in vitro and in vivo 
studies. In in vitro studies, brivaracetam had no effect on hERG channel current or human 
cardiac sodium channels (hNav1.5) in stably transfected HEK293 cells at concentrations 
up to 100 µM and only a minimal effect on L-type calcium current in CHO cells 
overexpressing human Cav1.2 calcium channels (8% at 100 µM vs 3.6% in control). In 
isolated canine Purkinje fibers (electronically paced at 0.5, 1, or 3 Hz), brivaracetam (2-
200 µg/mL) had no effect on action potential duration, maximum rate of depolarization, 
upstroke amplitude, or resting membrane potential. 

In vivo studies in Beagle dog assessed effects of brivaracetam on both cardiovascular and 
respiratory parameters following IV or PO administration. In one of the studies in 
anesthetized dogs, brivaracetam was administered IV (10-min infusion) at ascending 
doses of 5, 50, and 150 mg/kg (actual drug concentrations were only 89-94% of 
nominal) at 60-min intervals. Primary effects were decreases in heart rate and increases in 
respiratory rate and minute volume at 50 and 150 mg/kg, and increases in QTc (Bazett's, 
Fridericia's, and Van de Waters corrections) and decreases in blood pressure (DAP, SAP, 
MAP) and left ventricular pressure at 150 mg/kg. No effects were observed at 5 mg/kg. 
In a second study in anesthetized dogs, brivaracetam was administered IV (10-min 
infusion) at ascending doses of 5, 15, and 45 mg/kg, at 30-min intervals. Minimal or no 
effects were observed on the cardiovascular or respiratory parameters assessed. In an in 
vivo study in conscious telemeterized dogs, effects on cardiovascular parameters were 
assessed following oral ascending oral doses of 5, 50, and 150 mg/kg, with a 2-day 
washout period between doses. There were no clear drug-related effects in males. In 
females, decreases in blood pressure (DAP, SAP, MAP) were observed at 50 and 150 
mg/kg (4-8 hrs post dose), with effect being prolonged at 150 mg/kg (still evident 20 hrs 
post dose); heart rate was elevated at 50 and 150 mg/kg (53 and 31 bpm, respectively) at 
1 hr post dose. ECG waveform findings in females included shortening of the RR and PR 
intervals and increases in QTcF at 50 and 150 mg/kg; when QTc was calculated using an 
animal-specific correction (QTcQ), QTcQ was prolonged only at 150 mg/kg but for up to 
4 hrs post dose. Differences in plasma exposure could not account for the differences in 
response between males and females, based on 2-hr post dose data; plasma levels at 2 hrs 
post dose were similar between sexes.

In a respiratory safety pharmacology study in Wistar rat using whole body 
plethysmography, brivaracetam produced a decrease in expiratory and relaxation times, 
suggesting respiratory stimulation, at acute doses of 100, 300, and 600 mg/kg PO; no 
effects were observed at 30 mg/kg PO.

Effects on GI transit (30 min following a charcoal meal) were assessed in Wistar rat 
following acute oral doses of 100, 300, and 600 mg/kg. Brivaracetam inhibited GI transit 
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at 300 and 600 mg/kg (60 and 80% decrease in distance travelled, respectively). In 
comparison, morphine (20 mg/kg PO) resulted in an 50% decrease in distance travelled. 
Gastric emptying was also inhibited at the same doses, with stomach weights being 
increased (43 and 63%, respectively); morphine had no effect on gastric emptying.

Metabolites: Metabolite, ucb-107092-1, demonstrated no effects in safety pharmacology 
studies (CNS in Sprague-Dawley rat at 10-100 mg/kg IV; cardiovascular [in vitro dog 
isolated cardiac Purkinje fibers, in vitro hERG assay, in vivo cardiovascular study in 
conscious telemeterized Beagle dog at 15 and 150 mg/kg IV], respiratory in Sprague-
Dawley rat at 10-100 mg/kg IV, and GI transit in Sprague-Dawley rat at 10-100 mg/kg 
IV). 

PK/ADME

The PK/ADME of oral and IV brivaracetam was assessed primarily in NMRI mouse, 
Wistar rat, Beagle dog, and cynomolgus monkey. PK data following acute IV or PO 
doses are summarized in the following table. In rat, dosing in the fasted (F) state resulted 
in 30% higher plasma exposure compared to dosing in the non-fasted (NF) state. 

PARAMETERS
SPECIES DOSE

(mg/kg) F/NF Cmax/C0
(ng/mL)

Tmax
(hr)

AUC
(µg*hr/mL)

t1/2
(hr)

Cl
(mL/min/kg)

Vd
(L/kg)

F
(%)

10 IV 16.4 -- 42.2 1.73 3.95 0.590 --
10 PO F 12.9 0.5 42.5 1.78 -- -- 101

F 292 2 1995 -- -- -- --rat
600 PO NF 166 1 1547 -- -- -- --

5 IV -- -- 26.3±4.5 -- 3.24±0.57 0.66 --
dog 5 PO F 6.94±0.9

2 1 28.5±5.0 -- -- -- 107.0±14.2

5 IV 9.7-6.2 -- 4.7-3.4 0.3 21-29 0.61-0.77 --monkey 5 PO F 0.08-0.22 0.5-1 -- -- -- -- --

Serum protein binding was low (12-20.7% bound) in all species tested, including human. 

Urine was the major route of elimination in NMRI mouse (5, 100 mg/kg PO), Wistar rat 
(5, 100 mg/kg PO), Beagle dog (5 mg/kg IV, PO), and cynomolgus monkey (5 mg/kg IV, 
PO) (80-88, 80-84, 85-91, and 73-83% of dose, respectively). 

Tissue distribution studies were conducted in male Wistar rat and in non-pregnant and 
pregnant female Wistar rats. In male rat (non-fasted), 14C-brivaracetam was administered 
orally for one week at a single dose of 5 mg/kg (Days 1 and 7) or 5 mg/kg BID (12-hr 
interval; Days 2-6); tissues were collected for up to 24 hrs after the dose on Day 1 and up 
to 336 hrs after the last dose (Day 7). Peak levels of radioactivity were detected at the 
first time point (one hour post dose) in plasma and all tissues assessed except for urinary 
bladder and fur (Tmax = 4 hrs post dose), even with repeat dosing. The highest tissue 
concentrations (>10 µg eq/g) were detected in urinary bladder, preputial gland, and 
kidney, while the lowest (<3 µg eq/g) were detected in brain (cerebrum, cerebellum), 
spinal cord, lens, and fur. 
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In a separate study, fasted male and female (non-pregnant and pregnant [GD 16]) rats 
were administered 14C-brivaracetam at an acute oral dose of 5 mg/kg. Selected tissues 
were collected for up to 96 (pregnant animals) or 336 hrs (males and non-pregnant 
females) post dose. In pregnant animals, ≤2% of dose radioactivity was detected in 
placenta, amniotic fluid, and fetal tissue at 1 hr post dose (Tmax).

In a study in pigmented rat (acute dose of 5 mg/kg PO, 14C-brivaracetam), no increased 
binding in pigmented tissues (compared to albino rat) was detected.

Toxicology

The pivotal general toxicity studies were conducted in Wistar rat (4-, 13-, and 26-week 
PO; 4-week IV), Beagle dog (4- and 26-week PO; 4-week IV), and cynomolgus monkey 
(4- and 39-week PO). 

Oral studies: In rat, brivaracetam was administered either by gavage (BID, 6-hr interval) 
(4- and 13-week studies) or by a combination of dietary admixture and gavage (BID, 6-hr 
interval) (26-week study). Dose-ranging studies were conducted at acute doses up to 
2000 mg/kg/day or doses of 0, 200, 400, and 600 mg/kg QD for 7 days or 0, 100, 300 and 
1000 mg/kg QD for 2 weeks. An acute dose of 2000 mg/kg resulted CNS signs and the 
moribund sacrifice of females. In the 7-day study, all doses were associated with liver 
findings (increased liver weight, hepatocellular hypertrophy) and increases in CYP450 in 
males but were well-tolerated in males and females. In the 2-week study, the HD resulted 
in reduced body weight gain (8%) in males; liver findings (hepatocellular hypertrophy) 
and increases in CYP 450 were observed at all doses. 

In the 4-week study (0, 100, 300, 1000, and 1500 mg/kg/day, given BID, 6-hr interval), 7 
HD (mostly M; main-study and TK-satellite) animals were sacrificed moribund on Days 
1-9, resulting in early termination of that group; 3 MDM were sacrificed moribund on 
Days 7-100, but all were TK-satellite animals. At the lower doses tested in the 13-week 
(0, 50, 100, 200, and 400 mg/kg/day, given BID, 6-hr interval) and 26-week (0/0, 100/50, 
100/130, and 100/350 mg/kg/day [diet admixture/gavage (BID, 6-hr interval)]) studies, 
all doses were well-tolerated. (Also, in a dietary admixture/gavage (QD) dose-ranging 
study, doses of 0/0, 100/100, 300/150, and 1000/300 mg/kg/day were well-tolerated.) 

The primary drug-related target organ identified in all the pivotal studies in rat was liver, 
with histopathology findings consisting of centrilobular hypertrophy, bile duct 
hyperplasia, bile duct pigment (lipofuscin, porphyrin), and/or mononuclear cell 
(peribiliary) inflammation. NOAELs for these findings (based on the incidence and/or 
severity) were 300 and 400 mg/kg/day in the 4- and 13-week oral gavage studies and 
100/350 mg/kg/day in the 26-week dietary admixture/gavage study.  In the 26-week 
study, renal hyaline droplet nephropathy was observed at all doses in males; therefore, no 
overall NOAEL was established in males.
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Increases in liver CYP content and activity were demonstrated in dose-ranging and 
pivotal (4- and 13-week) studies. In general, plasma exposures (AUC) were lower with 
repeated dosing, consistent with enzyme induction.

In dog, brivaracetam was administered by oral gavage in the pivotal studies (BID, 6-hr 
interval in the 4- and 13-week studies; TID, 8-hr interval in the 26-week study). Liver 
was the primary target organ. 

In a 2-week dose-ranging study (0, 100, 200, and 300 mg/kg/day), one HDF was 
sacrificed on Day 13, with liver toxicity.  Histopathology findings in liver (including 
single cell necrosis, apoptosis, multifocal mononuclear inflammatory cell infiltrate, 
pigment deposition) were evident at all doses and were associated with increases in 
alkaline phosphatase, ALT, AST, and serum bile acids. In the 4-week study (0, 6, 15, 
37.5, and 94 mg/kg/day), transient clinical signs (e.g., incoordination, unsteady gait) were 
observed at the HD. Liver findings (pigment [lipofuscin, porphyrin] deposition, single 
cell necrosis, mineral concretions in gallbladder lumen), associated with increases in 
alkaline phosphatase, ALT, and AST, were evident at the two highest doses tested. 
However, in the 13-week study (0, 6, 15, and 37.5 mg/kg/day; 4-week recovery), no liver 
histopathology was observed. The lack of effect on liver at the HD could not be explained 
by difference in plasma exposure between the 4- and 13-week studies; Cmax and AUC 
were fairly similar between studies.

In the 26-week study (0, 15, 37.5, and 75 mg/kg/day), liver and biliary tract findings 
(pigment deposition ["consistent" with porphyrin pigment] in hepatocytes, Kupffer cells, 
and bile canaliculi, centrilobular fibrosis, hepatocyte single cell necrosis, concretions in 
lumen of gallbladder), associated with increases in ALT, SDH, GGT, alkaline 
phosphatase, and 5'-NT, were observed at all but the lowest dose tested, associated with 
plasma Cmax and AUC(0-24 hr) for brivaracetam of 4.88 ± 0.31 µg/mL and 34.7 ± 3.3 
µg*hr/mL, respectively. (For comparison, the expected plasma Cmax and AUC(0-24 hr) at 
the proposed human daily dose of 200 mg/day [given 100 mg BID] are 3.5 µg/mL and 55 
µg*hr/mL, respectively.)

The sponsor attributed the liver findings to "dog-specific porphyria," supported primarily 
by data from studies of a structurally related compound (ucb-101747-1), not 
brivaracetam. However, Dr. Fisher reviewed the sponsor's supportive data and has 
concluded that the brivaracetam data support the sponsor's proposed mechanism. In 
addition, the liver findings were associated with increases in clinically monitorable 
clinical pathology parameters; therefore, the relevance of the findings can more 
definitively be addressed by the clinical data.

In monkey, the pivotal (4- and 39-week) oral toxicity studies were conducted at doses of 
0, 300, 600, and 900 mg/kg/day (given BID, 10-hr interval). Dose selection was based on 
the results of two oral dose-ranging studies. In a single dose (200, 400, and 800 mg/kg, 
given as two equal doses at a 6-hr interval) and 7-day MTD (1200, 1600, and 3200 
mg/kg/day, given BID, 6-hr interval) dose-ranging study, the 1200 mg/kg/day dose was 
identified as the MTD, based on severe toxicity (prostration, blood in vomit associated 
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with marked erosion and hemorrhaging in the cardiac area of stomach; moribund 
sacrifice) at 3200 mg/kg/day. The Cmax and AUC(0-24 hr) at 1200 mg/kg (M-F) were 272-
240 µg/mL and 2544-3503 µg*hr/mL, respectively. In a 2-week dose ranging study (0, 
100, 300, and 900 mg/kg/day, given BID, 10-hr interval), the high dose was identified as 
an NOAEL but was associated with transient clinical signs and increased liver weight 
(associated with increases in triglycerides, ALT, and GGT), and dark area of the cardia 
(stomach) in one female. Cmax and AUC(0-24 hr) at 900 mg/kg/day were 149 µg/mL and 
1265 µg*hr/mL, respectively.

In the pivotal studies, the highest dose tested (900 mg/kg/day) was identified as the 
NOAEL, associated only with transient clinical signs and increases in liver weight. There 
were no histopathological correlates in the 4-week study; in the 39-week study, 
hepatocellular hypertrophy (characterized as minimal/slight) and brown pigment 
deposition were observed in liver at the high dose. Plasma exposures at 900 mg/kg/day 
were as follows:

 4-week: 149 µg/mL and 1265 µg*hr/mL for Cmax and AUC(0-24 hr), respectively
 39-week: 161 µg/mL and 1518 µg*hr/mL for Cmax and AUC(0-24 hr), respectively

IV studies: in rat, brivaracetam was administered by continuous IV infusion at doses of 0, 
200, 600, and 1000 mg/kg/day for 4 weeks in the pivotal study. Dose selection was based 
on data from a 7-day dose-ranging study at doses of 0, 200, 600, and 1200 mg/kg/day 
given by continuous IV infusion. Transient effect (clinical signs in HDF; reduced body 
weight gain in MDM and HDM; reduced food consumption in MD and HD animals) 
were observed for the first 3 days of dosing; liver findings (centrilobular hypertrophy, 
increased mitotic rate) were observed primarily at the MD and HD; the LD was identified 
as the NOAEL in both males and females.

In the pivotal 4-week study (2-week recovery period), the primary findings consisted of 
microscopic changes in liver (centrilobular hypertrophy at the MD and HD) and thyroid 
(follicular cell hypertrophy at all dose in males and in MDF and HDF). The NOAEL in 
females was the MD, whereas no NOAEL was identified in males because of chronic 
progressive nephropathy at all doses. Plasma brivaracetam exposures were as follows:

 Plasma concentrations
o Day 1

 Peak levels (M-F): 24.9-34.5, 71.3-143, and 144-300 µg/mL at LD, 
MD, and HD, respectively

o Day 28
  males: 6-8, 20-29, and 25-34 µg/mL at LD, MD, and HD, 

respectively
 females: 19-23, 35-50, and 100-150 µg/mL at LD, MD, and HD, 

respectively 
 Plasma AUC (M-F)

o Day 1: 461-816, 1709-2945, and 3260-6795 µg-eq*hr/mL at LD, MD, and 
HD, respectively
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o Day 28: 168-518, 578-992, and 710-3061 µg-eq*hr/mL at LD, MD, and 
HD, respectively

In dog, brivaracetam was administered by continuous IV infusion at doses of 0, 30, 100, 
and 150/300/200 mg/kg/day for 4 weeks. Dose selection was based on data from an 
MTD/dose-ranging study in which acute (10, 30, 60, 100, and 150 mg/kg/day, each for 3 
days with 2-3 day washout between doses) and multiple (75 mg/kg/day for 2 days, 
followed by 150 mg/kg/day for 5 days) doses, administered by continuous IV infusion, 
were well-tolerated.

In the pivotal 4-week study (2-week recovery period), the high dose was titrated up to 
300 mg/kg/day (by Day 3). Because of decreased body weight (up to 10%) at 300 mg/kg, 
the high dose was reduced to 200 mg/kg (from D16/15 on) in both males and females. No 
drug-related effects were observed on ECG parameters, assessed on Days 1, 8, and 28. 
Effects on liver, similar to those observed in the oral studies (including hepatocellular 
apoptosis, inflammatory cell infiltrates, gallbladder concretions), were observed at all but 
the LD, which was identified as the NOAEL. Plasma brivaracetam levels on Day 28 were 
2-3, 8-9, and 24-29 µg/mL at the LD, MD, and HD, respectively. Plasma brivaracetam 
AUCs were as follows:

 Day 1: 116 ± 12, 498 ± 52, and 828 ± 138 µg-eq*hr/mL at the LD, MD, and HD 
(150 mg/kg), respectively

 Day 28: 58.4 ± 4.4, 205 ± 25, and 624 ± 95 µg-eq*hr/mL at the LD, MD, and HD 
(200 mg/kg), respectively

IV toxicity studies of metabolite, ucb-107092-1, did not identify toxicities other than 
those likely attributable to procedural issues (e.g., infection, cannula placement) or local 
toxicity. In a pivotal 13-week toxicity study in Wistar rat at doses up to 2000 mg/kg/day 
(continuous infusion), the high dose was identified as an NOAEL.

Genetic Toxicology

A standard battery of genetic toxicology studies were conducted on brivaracetam. 
Brivaracetam was negative in the Ames assay, the in vitro chromosomal aberration assay 
in CHO cells, and the in vivo micronucleus assay in Wistar rat (0, 500, 1000, and 2000 
mg/kg/day PO). 

In an in vitro mouse lymphoma tk assay, increases in mutant fraction (MF) were observed 
in the absence of metabolic activation (4-hr exposure) in two separate experiments. 
However, brivaracetam may be considered negative in this assay because: (1) in the first 
experiment, the increase in MF observed (80 x 10-6 at 4800 µg/mL) did not exceed the 
GEF criterion for a positive response (i.e., 169 x 10-6) and (2) in the second experiment, 
while the increase in MF observed (342 x 10-6) exceeded the GEF criterion for a positive 
response, it was observed only at a concentration (4200 µg/mL) associated with an RTG 
of 10%, which should not be considered a positive response (cf. ICH S2(R1), June 2012).
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A standard battery of genetic toxicity studies (Ames assay, in vitro mouse lymphoma tk 
assay, in vivo micronucleus assay in rat) of metabolite, ucb-107092-1, demonstrated no 
evidence of genotoxic potential.

Carcinogenicity

The carcinogenic potential of brivaracetam was tested in 2-year dietary/gavage 
carcinogenicity studies in CD-1 mouse (0/0, 300/100, 300/250, and 300/400 mg/kg/day; 
total doses: 0, 400, 550, and 700 mg/kg/day) and Wistar rat (0/0, 100/50, 100/130, 
100/350, and 100/600 mg/kg/day; total doses: 0, 150, 230, 450, and 700 mg/kg/day).  
Drug-related neoplastic findings are summarized in the following tables.

MALESMOUSE
TISSUE FINDING 0 400 550 700

adenoma 7/60 9/60 16/60 17/60*

carcinoma 0/60 2/60 3/60 9/60*Liver 
(hepatocytes) adenoma + carcinoma 7/60 9/60 17/60* 18/60*

*statistically significant by trend and pair-wise analyses

FEMALESRAT TISSUE FINDING 0 150 230 450 700
benign 2/50 2/48 4/48 5/50 11/50*

malignant 0/50 1/48 0/48 0/50 0/50
Thymus

(epithelial cell; 
thymoma) benign + malignant 2/50 3/48 4/48 5/50 11/50*

*statistically significant by trend and pair-wise analyses

Reproductive and Developmental Toxicology

The reproductive and developmental toxicology of brivaracetam was tested in Wistar rat 
(fertility and early embryonic, embryofetal, and pre- and postnatal development) and 
New Zealand White rabbit (embryofetal development). 

The effects of brivaracetam on fertility and early embryonic development were assessed 
at oral doses of 0, 100, 200, and 400 mg/kg/day (given BID, 6-hr interval). Males were 
dosed for approximately 28 days prior to mating, throughout the mating period, and for 
approximately 2 weeks following the mating period; females were dosed for 2 weeks 
prior to mating, throughout the mating period, and to gestation day (GD) 6. No maternal 
toxicity and no adverse effects on fertility or developmental parameters were observed. 

Effects of brivaracetam on embryofetal development were assessed in rat at oral doses of 
0, 150, 300, and 600 mg/kg/day (given BID, 6-hr interval) administered during GDs 6-17. 
The only drug-related finding in dams was an increase in clinical signs (salivation, ptosis) 
at the high dose; no fetal effects were observed.

In the embryofetal development study in rabbit, brivaracetam was administered orally at 
doses of 0, 30, 60, 120, and 240 mg/kg/day (given BID, 6-hr interval). Dose selection 
was based on data from two dose-ranging studies, one in non-pregnant animals (0, 100, 
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200, and 400 mg/kg QD for 3 days, each dose separated by 3-4 day washout; 300 mg/kg 
QD for 7 days) and one in pregnant animals (0, 50, 100, 200 and 300 mg/kg/day [given 
BID, 6-hr interval] on GDs 6-19). In non-pregnant females, 300 mg/kg/day was identified 
as an MTD, based on decreased fecal output and body weight loss accompanied by 
decreases in food consumption; in pregnant animals, similar findings were noted at ≥200 
mg/kg/day, in addition to an increase in post-implantation loss at 300 mg/kg/day.

In the pivotal study, there was a dose-related decreased fecal output and body weight 
loss, followed by decreases in body weight gain for the first week of dosing; however, 
body weights were similar among groups by GD 19. Five females were sacrificed 
moribund following persistent decreases in food consumption and body weight loss; 
however, the incidence was not dose-related (2, 0, 1, and 2 females at 30, 60, 120, and 
240 mg/kg/day, respectively). Post-implantation loss was increased at the HD, resulting 
in a decrease in the number of live fetuses at that dose. Fetal effects consisted primarily 
of increases in the number of runts at the high dose and minor variations (including 27 
rather than 26 presacral vertebrae) at all doses. 

In the pre- and postnatal development study in rat, brivaracetam was administered at oral 
doses of 0, 150, 300, and 600 mg/kg/day (given BID, 10-hr interval) from GD 6 to 
lactation day (LD) 20. No toxicity was noted in the dams; therefore, the HD was the 
maternal NOAEL. Findings in the pups consisted primarily of decreases in body weight 
and delayed (2 days) vaginal patency in female pups at the high dose. In addition, Dr. 
Fisher noted evidence of adverse effects on learning and memory tasks (e.g., 
“…decreased auditory startle reactivity… and impaired Biel maze learning and 
memory…”), although most findings were not significantly affected.  

Based on review of the data from the battery of reproductive and developmental toxicity 
studies in rat, Dr. Fisher concluded that sufficiently high doses had not been achieved in 
any of these studies, as evidenced by the lack of parental toxicity, and recommended that 
the entire battery be repeated at higher doses post-marketing (i.e., as post-marketing 
requirements).  However, Dr. Fisher did note that the pre- and postnatal development 
study should be repeated only “…if the repeat rat embryofetal development study shows 
that significantly higher doses can be administered to pregnant rats.”

The TK data (at the last time point sampled in each study), as well as accumulation ratios, 
from the most relevant toxicity studies in rat are summarized in the following tables, as 
well as the TK data from the reproductive and developmental toxicity studies. Plasma 
AUC data were calculated over a 12 or 24-hr period. Because of the short t1/2 and the 6-hr 
dosing interval use in most of the gavage studies, the 0-12 hr interval was considered by 
the sponsor to capture exposure over a 24-hr period; therefore, the AUC(0-12 hr) value 
should not be doubled to obtain AUC(0-24 hr).

 Taking into consideration the duration of dosing for each of the reproductive and 
developmental toxicity studies, the most relevant toxicity studies were conducted using 
gavage (BID) administration only and were of 2-weeks’ duration for the embryofetal 
development study), 4-weeks’ duration for the female fertility and pre- and postnatal 
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development studies, and 13-weeks’ duration for the male fertility study. (AUCs were not 
calculated in the fertility study.) TK data from these studies are summarized below.

MALES

DOSES (mg/kg)STUDY 30 50 100 200 300 400 1000 1500
Cmax (µg/mL)

2-wk 21.9 54.0 81.1 116.1
4-wk 24.7 58.4 98.2 n/d
13-wk 13.8 20.9 37.8 72.6

AUC* (µghr/mL)
2-wk 54.2 146.9 368.7 888.8
4-wk 78.5 265 603 n/d
13-wk 70.7 99.5 177 317

*values calculated as AUC(0-24 hr) for the 2-week study and AUC(0-12 hr) for the 4- and 13-
week studies; n/d = not determined because of premature sacrifice of group

DOSES (mg/kg)STUDY 100 200 400
C(0-5 hr)

# (µg/mL)
fertility 27.7 ± 7.8 42.3 ± 12.7 52.1 ± 18.6

# measured 0.5 hrs after 2nd daily dose (6 hrs between doses)

FEMALES

DOSES (mg/kg)STUDY 30 50 100 200 300 400 1000 1500
Cmax (µg/mL)

2-wk 29.8 66.7 116.1 195.4
4-wk 39.4 70.0 114 n/d
13-wk 21.1 39.8 77.8 111

AUC* (µghr/mL)
2-wk 97.8 312.1 803.5 2466.3
4-wk 169 432 1135 n/d
13-wk 121 251 440 743

*values calculated as AUC(0-24 hr) for the 2-week study and AUC(0-12 hr) for the 4- and 13-
week studies; n/d = not determined because of premature sacrifice of group

DOSES (mg/kg)STUDY 100 150 200 300 400 600
Cmax (µg/mL)

fertility 38.6 ± 6.6 55.9 ± 10.8 79.2 ± 33.0
EFD 55.9 93.4 184

pre/post 38.0 57.0 74.9
AUC(0-24 hr) (µghr/mL)

fertility -- -- --
EFD 586 1099 1801

pre/post 278 377 964
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Accumulation (Week 2-13 vs D1 ratios) at doses most relevant to the reproductive and 
developmental toxicity studies is summarized in the following table.

DOSES (mg/kg)STUDY 100 200 300 400 1000
MALES

Cmax
2-wk 0.85 0.78 0.78
4-wk 0.67 0.67 0.79
13-wk 0.81 0.81 0.89

AUC
2-wk 0.50 0.45 0.44
4-wk 0.47 0.43 0.50
13-wk 0.57 0.61 0.44

FEMALES
Cmax

2-wk 0.93 0.88 0.92
4-wk 0.96 0.85 0.61
13-wk 0.91 1.11 0.98

AUC
2-wk 0.74 0.57 0.95
4-wk 0.80 0.56 0.65
13-wk 0.89 0.96 0.88

In males, premature deaths occurred at 1000 and 1500 mg/kg/day (4-week study); 
therefore, the highest dose tested in the fertility study was 400 mg/kg/day. Plasma 
exposures at that dose in the 13-week study and at 1000 mg/kg/day in the 4-week study 
were as follows:

 Cmax: 72.6 and 98.2 µg/mL at 400 and 1000 mg/kg/day, respectively
 AUC: 317 and 603 µg*hr/mL at 400 and 1000 mg/kg/day, respectively

These data suggest that a repeat male fertility study at a high dose between 400 and 1000 
mg/kg/day would provide an assessment of reproductive toxicity at plasma exposures 
≤50% higher than those likely to have been achieved in the completed study.

In females, the results of the toxicity studies suggest that 1000 mg/kg/day is the highest 
dose that would have been tolerated, based on premature deaths at 1500 mg/kg in the 4-
week study. Plasma exposures obtained at the highest dose (600 mg/kg) used in the 
embryofetal development study and those obtained in the 2-week study at 1000 mg/kg 
were as follows:

 Cmax: 184 and 195.4 µg/mL at 600 and 1000 mg/kg/day, respectively
 AUC: 1801 and 2466.3 µg*hr/mL at 600 and 1000 mg/kg/day, respectively

Plasma exposures at 1000 mg/kg/day were <40% higher than that at the highest dose 
tested in the embryofetal development study.  
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While the plasma AUC at 1000 mg/kg/day in the 2-week study was substantially higher 
than that obtained at 600 mg/kg/day in the pre- and postnatal development study (964 
µg*hr/mL), plasma exposures were lower after 4 weeks of dosing at 1000 mg/kg, 
suggesting continued enzyme induction between 2 and 4 weeks of dosing. Therefore, 
plasma exposures obtained at the highest dose (600 mg/kg) used in the pre- and postnatal 
development study and that obtained in the 4-week study at 1000 mg/kg/day were as 
follows:

 Cmax: 74.9 and 114 µg/mL at 600 and 1000 mg/kg/day, respectively
 AUC: 964 and 1135 µg*hr/mL at 600 and 1000 mg/kg/day, respectively

Plasma exposures at 1000 mg/kg/day were 52 and 18% higher for Cmax and AUC, 
respectively, compared to those at the highest dose tested in the pre- and postnatal 
development study.

In the fertility study, the highest dose tested was 400 mg/kg/day. The plasma 
concentration at 0.5 hrs (Cmax), the only sampling time, was 79 µg/mL. In the only 
pivotal study testing the 400 mg/kg/day dose (i.e., the 13-week study), plasma exposures 
were 111 µg/mL and 743 µg*hr/mL for Cmax and AUC, respectively; TK data were not 
collected at Week 4. If one assumes the AUC would have been similar in the 4-week and 
fertility studies, the AUC would have only been approximately 50% higher if 
brivaracetam had been tested at 1000 mg/kg/day in the fertility study. 

It is difficult to compare plasma exposure among studies, particular considering the 
differences in doses tested and the less-than linear TK resulting from enzyme induction 
with multiple dosing. However, based on the data and reasonable estimates of plasma 
exposure, it appears that testing brivaracetam at the higher doses (possibly 600 
mg/kg/day in males and 1000 mg/kg/day in females) would not have resulted in 
sufficiently higher plasma exposure throughout the dosing periods to warrant repeat 
studies. The plasma AUCs achieved in the 1-month IV (continuous infusion) toxicity 
study at the highest dose tested (1000 mg/kg/day) were higher than those achieved in the 
oral studies; however, administration by continuous infusion is not feasible for fertility or 
pre- and postnatal development studies. While continuous infusion may be feasible in an 
embryofetal development study, the plasma AUC at the highest dose of brivaracetam 
tested in the oral embryofetal development study provides a substantial safety margin 
(>30 times) compared to exposures anticipated in humans (55 µg*hr/mL) at the 
maximum recommended daily dose of 100 mg BID. 

Juvenile Animal Toxicology

Although all NDAs submitted for brivaracetam propose use in epilepsy patients at least 
16 years of age, the sponsor conducted juvenile animal toxicology studies in juvenile 
Wistar rat and Beagle dog. 

In the study in juvenile rat, brivaracetam was administered at oral doses of 0, 150, 300 
and 600 mg/kg/day (given BID, 10-hr interval) on postnatal days (PND) 4 through 70, 
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with a 30-day recovery period. Dose selection was based on data from two dose-ranging 
studies. In the first dose-ranging study, brivaracetam was administered at oral doses of 0, 
150, 300, and 600 mg/kg/day (given BID, 10-hr interval) on PNDs 4-28; an increase in 
deaths was observed at 600 mg/kg/day (mortality rate: 12.5, 7.5, 16.25, and 40% at 0, 
150, 300, and 600 mg/kg/day, respectively). In the second dose-ranging study using the 
same doses and dosing regimen, but with dosing only on PNDs 4-21, an increase in 
deaths was observed at 300 and 600 mg/kg/day in males (0, 0, 3, and 7 deaths at 0, 150, 
300, and 600 mg/kg/day, respectively) and at 600 mg/kg in females (0, 3, 1, and 5 deaths 
at 0, 150, 300, and 600 mg/kg/day, respectively). 

In the pivotal study, there was an increase in deaths at the HD in both males (9, 7, 8, and 
28 deaths at 0, 150, 300, and 600 mg/kg/day, respectively) and females (10, 2, 12, and 41 
deaths at 0, 150, 300, and 600 mg/kg/day, respectively); in the majority of animals, the 
cause of death was not determined. Dr. Fisher noted a number of adverse effects on 
postnatal development at the HD (“…delayed male sexual maturation … short and long-
term neurobehavioral changes…and impaired reproductive performance…) and 
“…persistent decreases in brain weight and size at all doses.” Clearly, brivaracetam 
exhibited greater sensitivity to brivaracetam-induced toxicity in juvenile animals than in 
adult animals, which cannot be explained by differences in plasma exposures.  A 
comparison of plasma exposures in the 13-week study in adult rat (in which there were 
no drug-related deaths) and those in the juvenile study at the highest doses tested (400 
and 600 mg/kg/day, respectively) is provided in the following table:

MALES FEMALES
STUDY SAMPLING 

TIME Cmax
(µmL)

AUC*

(µg*hr/mL)
Cmax

(µmL)
AUC*

(µg*hr/mL)
Day 1 91.5 712 79.1 84413-week Week 13 39.9 317 81.6 743

PND 21 45.9 246 42.0 196juvenile+
PND 70 59.0 309 127 855

+dosing initiated on PND 4; *0-12 hrs in the 13-week study and 0-24 hrs in the juvenile 
animal study

In the juvenile dog, brivaracetam was administered at oral doses of 0, 15, 30, and 100 
mg/kg/day (given BID, 10-hr interval) on PNDs 4 through 276 (273 consecutive days), 
with a 56-day recovery period. Dose selection was based on the results of a dose-ranging 
study at doses of 0, 15, 50, and 100 mg/kg/day (given BID, 10-hr interval) on PNDs 4 to 
31. All doses were well-tolerated, except for a decrease in body weight gain (≤30%) at all 
the LD; effects on bone parameters (bone mineral content and density, bone area; short 
femoral length) were observed in MDM and HDM.

In the pivotal study, the only findings observed were liver findings similar to those 
observed in adult animals, primarily at the HD in males and females. No bone effects 
were detected, which is inconsistent with the results of the dose-ranging study. Difference 
in plasma exposure in males cannot explain the inconsistence since plasma exposures at 
the MD (50 mg/kg) in the dose-ranging study were lower than that the HD (100 mg/kg) 
in the pivotal study.  
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MD+ HD
STUDY SAMPLING 

TIME Cmax
(µmL)

AUC(0-24 hr)
(µg*hr/mL)

Cmax
(µmL)

AUC(0-24 hr)
(µg*hr/mL)

PND 4 21.4 271 34.8 482dose-
ranging PND 31 17.9 105 37.8 275

PND 4 12.9 181 41.8 596
PND 31 9.73 59.5 28.4 205pivotal
PND 276 13.1 86.5 43.9 342

+50 mg/kg/day in the dose-ranging, 30 mg/kg/day in the pivotal juvenile study

Conclusions and Recommendations

I concur with Dr. Fisher’s conclusion that the nonclinical data submitted in the NDAs for 
brivaracetam are adequate to support marketing approval, with appropriate labeling. 
While I agree that the general lack of maternal toxicity in the reproductive and 
developmental toxicity studies raises a concern regarding the adequacy of testing, the 
available TK data (with the caveats discussed) suggest that higher plasma exposures, 
sufficient to warrant repeat studies, would not have been achieved at doses that would 
have been tolerated. Therefore, I do not believe repeat studies are needed and recommend 
no post-marketing requirements as a condition of approval.  
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I. EXECUTIVE SUMMARY

A. Drug

Trade name:                   Briviact

Generic name:                brivaracetam

Code names:                  ucb 34714, BRV  

Chemical name:             (2S)-2-[(4R)-2-oxo-4-propyltetrahydro-1H-pyrrol-1-yl] butanamide

CAS registry number: 357336-20-0

Molecular formula: C11H20N2O2

Molecular weight:    212.29

Structure:

Drug class:   anticonvulsant, synaptic vesicle protein 2A (SV2A) ligand

Indication:   epilepsy; adjunctive treatment of POS in patients 16 years of age or older 

Clinical dose:  RSD is 100 mg/day and MRD is 200 mg/day

Dosage forms:  oral tablets (NDA 205836), injection (N205837), oral solution (N205838)

Relevant INDs:   70205 (tablet), 103908 (iv solution), 110606 (oral solution)

B. Brief discussion of nonclinical findings

Brivaracetam (BRV, ucb 34714) was synthesized in a drug discovery program aimed at identifying 
selective and high affinity ligands for the levetiracetam (LEV) binding site, which is thought to represent 
synaptic vesicle protein 2A (SV2A), a widely distributed CNS protein thought to be involved in the 
coordination of synaptic vesicle exocytosis and neurotransmitter release. While the mechanism of action 
is unknown, binding to SV2A is highly correlated with anticonvulsant activity in animal models of epilepsy. 
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BRV binds to SV2A with an affinity ~10-fold greater than that of LEV. BRV was also shown to inhibit 
voltage-dependent Na+ channels.

BRV was active in a variety of animal seizure models, with a profile similar to LEV but with greater 
potency. Nonclinical safety testing of BRV included safety pharmacology, general toxicology, genotoxicity, 
carcinogenicity, and reproductive and developmental toxicity studies. In the acute oral CNS safety testing 
in rats, transient signs of CNS depression were generally seen at doses of 100 mg/kg (parent AUC: 295 
and 421 ug.hr/mL in males and females, respectively) or greater, and the lethal dose was >1000 mg/kg. 
In cardiovascular safety studies conducted in dogs, decreases in blood pressure, heart rate, and cardiac 
contractility and increases in QT and QTc were observed at iv and oral doses (≥50 mg/kg) that were 
associated with peak plasma levels of BRV above that measured in humans at the maximum 
recommended dose (MRD) of 100 mg BID (Cmax: 3.5 µg/mL in clinical study N1067). 

BRV was rapidly and completely absorbed after oral administration (F ~100% in rats and dogs [also 
humans], <10% in monkeys due to high first-pass metabolism) and the half-life ranged from 2 h in rats to 
0.3 h in monkeys (8 h in humans). Parent drug represented the most abundant circulating material in vivo 
in all species (including humans) except the cynomolgus monkey, which showed increased metabolic 
clearance compared to other species. In rodents, monkeys, and humans, ucb-100406-1 was the only 
metabolite exceeding 10% of the total circulating drug-related material. In dog, major metabolites included 
both ucb-100406-1 and ucb-102993-1, a derivative (with no pharmacological activity) resulting from the 
hydroxylation of the butyramide side-chain. Other metabolites were present in much smaller amounts. No 
in vivo metabolites were specific to humans. Coverage for the 3 primary human metabolites, ucb-100406-
1 (major metabolite), ucb-42145, and ucb-107092-1, appeared adequate in the toxicology studies. 
However, because there was inadequate coverage for the minor metabolite ucb-107092-1 in subjects 
with severe renal impairment, the sponsor conducted stand-alone rat toxicity studies (safety 
pharmacology, 3-month general toxicity, genotoxicity, and embryofetal development) in which the 
metabolite was directly administered intravenously (iv). There was no indication of toxicity (NOAEL was 
the highest dose tested) at exposures much higher (30-50X) than those in subjects with severe renal 
impairment.

In chronic oral toxicity studies in the rat, dog, and monkey, effects on the liver were the most consistent 
findings. The changes seen in rat and monkey were mild and considered primarily adaptive, and there 
were adequate exposure margins between doses associated with toxicity in animals and human 
exposures (AUC) at the MRD (56 ug.h/mL in clinical study N1067). The no adverse effect level (NOAEL) 
in the chronic (26-week) rat study was considered to be 450 mg/kg/day (AUC: 257 and 464 ug.h/mL, in 
males and females, respectively); and in the chronic (39-week) monkey study, only adaptive liver 
changes were seen at the highest dose tested (900 mg/kg/day, AUC: 2351 ug.h/mL, combined sexes). 
However, more severe liver toxicity, including hepatocellular necrosis, was observed in dogs, and the 
NOAEL for hepatotoxicity after 26 weeks of repeated administration to dogs was 15 mg/kg/day (AUC: 35 
ug.h/mL). The hepatotoxicity seen in dogs was attributed to what appears to be a species-specific 
mechanism involving the formation of a reactive oxidative metabolite with structural similarities to known 
porphyrogenic agents. This putative reactive metabolite is thought to alkylate CYP and result in the 
formation of N-alkylprotoporphyrin IX, which leads to CYP inactivation. CYP inactivation, in turn, induces 
heme synthesis, accelerating the accumulation of porphyrin precursors, which ultimately produces the 
liver effects observed. 

To support the safety of the iv formulation, 1-month continuous infusion studies were conducted in the rat 
and dog. Effects similar to those seen in oral studies (adaptive liver changes and male rat-specific renal 
effects in rats; hepatobiliary effects in dogs, including protoporphyrin pigmentation, increased 
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hepatocellular apoptosis, inflammatory cell infiltration, and fibrosis in the liver, increased liver enzymes, 
and accumulation of dark concretions in the gallbladder) were observed at the highest doses tested (≥600 
mg/kg/day in rats, ≥ 100 mg/kg/day in dogs). In dogs, exposure (AUC) to parent at the NOAEL (30 
mg/kg/day) was 58 μg.h/mL (combined sexes). 

There was no evidence of BRV-induced genotoxicity. In 2-year carcinogenicity studies, increased 
incidences of liver tumors (hepatocellular adenoma and carcinoma) were seen in male mice at oral doses 
>400 mg/kg/day (AUC at NOAEL: 82 and 51 ug.h/mL in males and females, 1-1.5X human AUC at MRD) 
and increased incidences of thymus tumors (benign thymoma) were seen in female rats at oral doses 
>450 mg/kg/day (AUC at NOAEL: 333 and 529 ug.h/mL in males and females, ~6-9X human). The 
clinical significance of the drug-related increases in these tumor types in rodents, although uncertain, 
appears to be limited. 

No clear adverse effects on fertility or embryofetal development were detected at the highest oral doses 
tested in rats (400 and 600 mg/kg/day, respectively; AUCs: 743 and 1801 ug.h/ml, 13 and 32X human at 
MRD). However, based on the failure to achieve the expected level of maternal (paternal) toxicity at these 
doses, the studies may not have fully characterized the potential reproductive and developmental effects 
of BRV in rats and should be repeated postmarketing. Adverse effects on embryofetal development 
(increased postimplantation loss, decreased fetal body weight, increased incidences of fetal skeletal 
variations) were seen rabbits at the highest dose tested, which was also maternally toxic. The rabbit 
developmental NOAEL was 120 mg/kg/day (maternal AUC: 198 ug.h/mL, ~3.5X human). In an oral pre- 
and postnatal development study in rats, there was some evidence of developmental toxicity (slight 
decrease in offspring growth and [female] sexual development and altered behavior [decreased 
locomotor activity]) at the high dose, but based on the lack of maternal toxicity at this dose, it is 
recommended that the study be repeated if the repeat rat embryofetal development study (or dose range-
finding study) shows that significantly higher doses can be administered to pregnant rats. The maternal 
AUC at the NOAEL for pre- and postnatal developmental toxicity in the rat (300 mg/kg/day, AUC: 377 
ug.h/mL) was ~7X the human exposure to BRV at the MRD. Based on animal studies, the potential for 
developmental toxicity for BRV appears to be similar to that for levetiracetam, which has not been 
associated with teratogenic effects in humans based on limited epidemiological data.

In an oral juvenile rat study, a number of adverse developmental effects were observed (increased 
mortality, neurobehavioral changes, impaired reproductive performance, and persistent decreases in 
brain weight and size). The effect on brain weight and size was seen at the lowest dose tested (150 
mg/kg/day, AUC: 120 μg.h/mL, ~2X human). The data suggest greater sensitivity to toxicity (mortality) 
and unique developmental effects of BRV in the juvenile rat compared to the adult. An oral juvenile dog 
study did not indicate any unique effects or increased sensitivity to effects seen in adult dogs, at AUCs up 
to ~10-fold that in humans at the MRD. The toxic effects of BRV in juvenile rats were not seen in a 
juvenile rat study of levetiracetam (cf. Keppra labeling).

C.          Recommendations

The application is approvable from a pharmacology/toxicology standpoint. However, because the 
potential for toxicity may not have been fully characterized in the rat reproductive and developmental 
toxicity studies due to improper dose selection, the sponsor should attempt to increase the highest doses 
evaluated in those studies in Phase 4.
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II. PHARMACOLOGY

A. Brief summary

Brivaracetam (ucb 34714; BRV) is a 2-pyrrolidone derivative structurally related to levitiracetam (LEV) but 
with a 10X higher affinity (pKi =7.1 compared to 6.1) for synaptic vesicle protein 2A (SV2A), a protein 
widely distributed in the CNS and believed to be involved in the coordination of synaptic vesicle 
exocytosis and neurotransmitter release. Binding affinity of LEV analogues to SV2A correlated with 
seizure protection in animal models of epilepsy.  In addition to its affinity for SV2A, BRV has shown 
inhibitory effects on voltage-dependent Na+ currents in rat cortical neurons in culture. In rat hippocampal 
slices in vitro, BRV (1–10 uM) significantly suppressed evoked epileptiform responses (population spikes, 
PSs) recorded in the CA3 area. Concentrations active in this model were 1/10 those of LEV (3.2 uM vs 32 
uM). It was noted that BRV also reduced the occurrence of spontaneous bursts, considered a marker for 
drug-refractory epileptiform activity, while LEV was inactive. 

BRV was active in a number of animal models of epilepsy. In the corneally kindled mouse model of partial 
epilepsy, BRV protected animals from secondarily generalized motor seizures (ED50 = 1.2 mg/kg, ip). In 
the same model, chronic pretreatment prior to corneal stimulation with LEV or 10-fold lower doses of BRV 
(1.7-54 vs 0.21-6.8 mg/kg ip, both dosed BID prior to corneal stimulation) led to a similar suppression of 
kindling development. In the amygdala-kindled rat model of focal epilepsy, BRV suppressed both motor 
seizure severity and after-discharge duration. In audiogenic seizure susceptible mice, BRV protected 
against clonic convulsions (ED50 = 2.4 mg/kg ip). BRV suppressed spike-wave-discharges in the genetic 
absence epilepsy rat from Strasbourg (GAERS). In the partially drug-resistant self-sustaining status 
epilepticus (SSSE) model in rats induced by perforant path stimulation (PPS), the cumulative duration of 
seizures was reduced dose-dependently to 11% and 0.8% of controls at BRV iv doses of 20 and 300 
mg/kg, respectively. For comparison, iv doses of 200 mg/kg LEV and 10 mg/kg diazepam reduced 
seizure duration to 35 and 15% of controls, respectively. It was concluded that the potency of BRV in 
SSSE was approximately 10X greater than that of LEV at a similar dose.  The combination of diazepam 
(1 mg/kg iv) and BRV (1 mg/kg iv) reduced the duration of active seizures to 3% of controls, while either 
drug alone at the same doses had little effect. BRV metabolites, ucb-107092-1, ucb-100023-1, ucb-
100406, and ucb 42145, were found to have no anticonvulsant activity. Only one minor metabolite, the 
ketone metabolite ucb 47074, showed weak anticonvulsant activity, with approximately 1/20 the potency 
of BRV, indicating that the parent compound is responsible for the drug’s pharmacological activity.

B. Safety Pharmacology

In acute oral CNS safety testing (Irwin test) of BRV in Wistar rats (0, 100, and 300 (both sexes), 600 
(females only), 1000, and 1500 mg/kg (males only)), signs of CNS depression were observed, generally 
at oral doses ≥ 100 mg/kg. One male was sacrificed ~4.5h post dose at 1000 mg/kg and 1 male died 
~3.5h after dosing at 1500 mg/kg. CNS signs at these doses included passivity, decreased alertness, 
ataxia, abnormal respiration, and decreased sensorimotor (decreased startle and touch responses), 
neuromuscular (decreased grip strength), and autonomic function (ptosis, salivation, increased pupil 
diameter). In a test of potential effects on cognitive function, BRV (2.1, 6.8, or 21 mg/kg ip) was 
administered to normal and kindled male SD rats 60 min before each learning session of the Morris water 
maze. There was no evidence that BRV altered spatial reference learning or memory in either normal or 
kindled rats, while the positive control (VPA, 300 mg/kg ip) significantly impaired spatial reference 
memory in normal rats.
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Two cardiovascular safety pharmacology studies were conducted in the beagle dog. In a study in 
anesthetized dogs, iv doses of 50 and 150 mg/kg produced dose-related reductions in heart rate (-11 to 
-21% vs time-matched vehicle) and transient increases in respiration rate (+40 to 106% vs vehicle) and 
minute volume (+50 to 89% vs vehicle). Additional cardiovascular changes at the HD included increases 
in QT (max+21% vs vehicle), QTc intervals (max +13% vs vehicle), rapid and transient decrease in 
arterial blood pressure (mean, systolic and diastolic; max -31%, -31% and -35% vs vehicle respectively), 
with transient reductions in femoral blood flow (max -25% vs baseline), left ventricular systolic pressure 
(max -31% vs vehicle or -20% vs baseline) and peak positive and negative dP/dt (max -44 and -36% vs 
baseline, respectively). Peak effects generally occurred 10 min after the start of infusion. Plasma levels of 
BRV, 60min after the start of infusion, were 79.9 and 308 μg/mL at 50 and 150 mg/kg, respectively. 

In a study in conscious beagle dogs, oral doses of 50 and 150 mg/kg produced a reduction in arterial 
blood pressure (max -24, -30, -27% for systolic, diastolic and mean vs time-matched vehicle, respectively) 
4-6h following dosing and up to 20 h at the HD, and an increase in heart rate (up to +66%) 1 h after 
dosing in females only. The RR interval was reduced at 1 and 2 h after dosing, but QT interval was 
unaffected, which resulted in prolonged QTcF and QTcQ intervals (max +21% and + 13% vs vehicle, 
respectively). The PR interval was shortened at 0.5-4 h post dosing at the HD (max -24%). Plasma 
concentrations of BRV at 2h post dosing, which were similar in males and females, were 61.2 and 174 
μg/mL at 50 and 150 mg/kg, respectively. 

In a study in which single oral doses [0, 30, 100, 300 and 600 mg/kg] were administered to male Wistar 
rats, BRV slightly reduced the expiratory time (up to 16%) and relaxation time (up to 15%) at 30 or 90 min 
after administration of the 3 highest doses, although with no clear dose relationship, indicating a possible 
slight respiratory stimulant effect. 

Because there was inadequate coverage for subjects with severe renal impairment, the hydroxy-acid 
metabolite, ucb-107092-1, was investigated in a battery of in vitro and in vivo safety pharmacology 
studies. This metabolite was devoid of pharmacological activity and did not produce any effects in the 
safety pharmacology assessment. In vitro cardiovascular safety pharmacology studies were also 
performed on the BRV   which is present as an impurity. Concentrations of up 
to μg/mL had no significant effect on any of the action potential parameters measured in dog isolated 
Purkinje fibers and human cardiac potassium channels (hERG).
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III. PHARMACOKINETICS 

A. Brief Summary 

After single oral dosing to animals at pharmacologically relevant doses (~1-10 mg/kg), BRV showed rapid 
and complete absorption. Peak plasma concentrations were typically achieved within 1 h after oral 
dosing. The oral bioavailability (F) of BRV was ~100% in rats and dogs. In Cynomolgus monkeys, F was 
<10%, thought to be related to the high first-pass metabolism, not to absorption issues. 

Terminal elimination t½ after iv dosing varied across species, from 0.3 h in Cynomolgus monkey to 2 h in 
rats (mean PK parameters in Table III.1). Total plasma clearance inversely correlated with t1/2 values, 
being much higher in monkeys than in the other species. In vitro assays confirmed higher metabolic 
clearance in monkey when compared to other species. There was little evidence of sex differences in 
PK/TK parameters, except in the rat, in which females showed higher exposure and slower elimination. 
Nonlinear PK was observed in dog after iv dosing, but was not seen in other species tested.

Because of the short t1/2 of BRV in animals, to ensure proper coverage throughout the day, toxicology 
studies used multiple daily dosing (bid or tid oral gavage, with or without dietary administration). BRV 
levels decreased upon repeated dosing in rodents, rabbits, and dogs, a dose-dependent (D-D) finding 
related to auto-induction of metabolism (as confirmed by increase in metabolite formation, increase in 
hepatic drug metabolizing enzymes, and histopathological findings in liver). Monkeys did not show any 
signs of auto-induction. 

Safety margins based on Cmax and AUC in toxicity studies conducted in rat, rabbit, dog, and monkey, 
relative to those in humans at the proposed MRHD of 100mg BID are shown in Tables III.2-3.

Table III.1. Key pharmacokinetic parameters of brivaracetam after single dosing
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Table III.2.  Safety margins for brivaracetam based on Cmax in pivotal studies
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Table III.3.  Safety margins for brivaracetam based on AUC in pivotal studies

In all species studied, BRV displayed a volume of distribution (Vz) close to total body water content (ca 
0.6L/kg). Distribution studies in pigmented rats showed that [14C]-BRV distributed rapidly throughout the 
body following oral administration; the highest concentrations of radioactivity were found in the GI tract, 
liver, and kidney, as well as the preputial and clitoral glands. The elimination of radioactivity from tissues 
generally paralleled that from plasma, with levels returning to background by 24 h. However, elimination 
from the preputial and clitoral glands required up to 72 h. The affinity for the preputial and clitoral glands 
(not observed in mice) was fully reversible, associated with parent drug (not seen with metabolites), and 
found not to involve covalent binding. Data indicated that neither BRV nor its metabolites bind to melanin.
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PK/PD studies in audiogenic seizure-prone mice showed that BRV distributed rapidly to the brain, where 
concentrations peaked 15 min after oral dosing and directly paralleled pharmacological activity, without 
any time delay or hysteresis. In mice and rats, brain-to-plasma ratios equilibrated very rapidly and were 
close to unity across dosing routes, sex, and sampling time.

BRV was shown to readily cross the placenta in rats. From 1 h post-dose, radioactivity levels in fetuses, 
amniotic fluid, and placenta were similar to those in maternal blood. In vitro distribution studies showed 
that BRV (from 0.5-1 to 100 μg/mL) distributed evenly between blood cells and plasma (ratio of ca 1), and 
had a low plasma protein binding (12-27% range vs 21% in human), across the tested concentrations and 
species.

The level of unchanged BRV recovered in urine and feces was low in animals (5, 6, 4, and 0% in mice, 
rats, dogs, and monkeys, respectively) and in humans. Following po administration, the recovery of total 
drug-derived radioactivity was >90% in mice, rat, dog, and monkey at 48 to 168 h post-dose, and shown 
to be independent of sex, route, dose, and/or pregnancy state. In rodents, most of the radioactivity was 
renally excreted, with minimal biliary excretion. Following single po dosing of 14C-BRV at 5 mg/kg to 
lactating female rats, radioactivity was secreted in milk and rapidly reached levels similar to those in 
plasma.

B. Metabolism

Parent drug represented the most abundant circulating material in vivo for all species (including humans) 
except the cynomolgus monkey, which showed increased metabolic clearance compared to other 
species. The major metabolic route involves the stereoselective hydroxylation of the propyl chain to 
produce ucb-100406-1, both in animals and humans (Figure III.2). In rodents, monkeys, and humans, 
ucb-100406-1 was the only metabolite exceeding 10% of the total circulating material. In dog, major 
metabolites included both ucb-100406-1 and ucb-102993-1, a derivative resulting from the hydroxylation 
of the butyramide side-chain. The other identified metabolic routes involved the hydrolysis of acetamide 
moiety to the acid derivative, ucb 42145, which can be then be hydroxylated to ucb-107092-1, and the 
oxidation of ucb-100406-1 to the corresponding ketone, ucb 47074. The other metabolites and/or the 
other metabolite isomers were present in much smaller amounts.

No in vivo metabolites were specific to humans. Coverage for the three primary human metabolites, ucb-
100406-1 (only major metabolite based on 10% limit), ucb-42145, and ucb-107092-1 (Table III.4-5), 
appeared adequate. Separate stand-alone toxicology studies were conducted for ucb-107092-1, since 
this metabolite was present in higher amounts in renally-impaired human subjects than in animal species 
(Table III.6). No identified metabolites contain structural alerts. However, it is thought that the 
bioactivation of the butyramide side-chain, combined with other precipitating factors, might lead to the 
formation of porphyrogenic derivatives, particularly in dogs. The ultimate causative metabolite could not 
be identified, but ucb-102993-1, which was considered a surrogate for the putative activated metabolite, 
was seen in some animal species (especially in dog) but not in humans. In liver microsomes and 
hepatocytes, the cynomolgus monkey showed the highest transformation rate when compared to other 
species, with humans showing the lowest (2% parent transformed after 2 h incubation with liver 
microsomes). Across test systems and species, including humans, ucb-100406-1 appeared as the major 
metabolite. Liver microsomal data confirmed that ucb-102993-1 was produced in some animal species 
(especially dog), but not in humans.
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Figure III.2. BRV metabolic pathways

Table III.4: Human plasma exposures (μg.h/mL) to BRV and metabolites following iv and oral dosing
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Table III.5 Safety margins for ucb-100406-1 and ucb-107092-1 in pivotal studies with BRV based on 
AUC: ratios of AUC0-24h in animals at the NOAEL relative to AUC0-inf in healthy 
volunteers and in human subjects with severe renal impairment

Table III.6. Safety margins for ucb-107092-1 in pivotal studies with ucb-107092-1 based on AUC
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IV. TOXICOLOGY 
  
Acute and subchronic general toxicity (up to 13 weeks oral and 1-month iv) and genotoxicity studies were 
previously reviewed (IND 70205 review dated 8/26/04 by Kathleen Young and IND 103908 review dated 
12/11/08 by Christopher Toscano)

A.   CHRONIC TOXICITY

1. ucb 34714: 26 Week Oral (Dietary and Gavage) Administration Toxicity Study in the Rat (Study 
Number PSM1029, conducted by , report dated 6/30/05, GLP)

a. Methods

Wistar rats (Crl:WI (Glx/BRL/Han)BR, 20/sex/grp + 12/sex/grp TK) received 0 + 0 (unsupplemented diet 
and vehicle: 1% methylcellulose 400 cps in sterile water), 100 + 50, 100 + 130, or 100 + 350 mg/kg/day 
(diet and gavage respectively) BRV (batch #: C02-P714-110R) for 26 weeks. The gavage doses were 
split into two equal doses (5 mL/kg) given 6 hrs apart. Mortality and clinical observations were recorded 
daily and BW and food consumption weekly throughout the study. Ophthalmoscopy was performed on all 
main study groups at baseline and once in week 25 in C and HD animals. Hematology, coagulation, and 
clinical chemistry parameters were measured in all main study groups at 13 and 26 weeks. Additional 
blood samples were taken from all main study animals at 4 week for clinical chemistry only, and at the 
week 27 necropsy for measurement of serum total bile acids. Urine samples were collected from all main 
study animals at 3, 12, and 25 week for urinalysis. At the end of the dosing period, main study animals 
were necropsied, selected organs were weighed, and macroscopic and microscopic examinations were 
performed (full battery of tissues).

In TK groups, blood samples were taken on day 2 and week 26 at 1, 3, 6, 7, 9, 12, 18, and 24 hrs after 
the first daily dose. Additional blood samples were taken in week 13, at 24 hours after the first daily dose 
only. Samples were analyzed for ucb 34714 and its metabolites, ucb 42145, ucb-100406-1, ucb-107092-
1, and ucb-102993-1. 

Doses were based on the results of a 28-day range-finding study in rats (UCB Study # PSM1005) in 
which doses of 100 + 100, 300 + 150 or 1000 + 300 mg/kg/day (dietary + gavage QD) were administered 
and a 13-week oral study in rats by gavage (Study # PSM0813) in which doses of 50, 100, 200 or 400 
mg/kg/day (given BID, 6 hrs apart) were administered. In the 28-day study, brown pigment in the bile duct 
and/or peribiliary inflammation were seen in HD males, increased liver weights were seen at the MD and 
HD, and centrilobular hepatocyte hypertrophy occurred in all animals, with a dose-related severity. Male 
rat-specific hyaline droplet nephropathy was also noted at all doses. In the 13-week study, increased liver 
weights, centrilobular hepatocyte hypertrophy, and the presence of brown pigment in centrilobular 
hepatocytes were seen at >100 mg/kg/day in males and >50 mg/kg/day in females.  ALT was increased 
slightly (35%, SS) in HD females.

b. Results

i. Mortality and Clinical Observations 

There were no drug-related deaths. Clinical signs consisted of salivation and/or paddling, 
seen at the MD and HD throughout the dosing period.
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ii. Body Weight

There were no effects of drug on BW gain or BWs. 

iii. Ophthalmoscopy

There were no effects of drug.

iv. Clinical Pathology

There were no drug-related changes in hematological parameters. Plasma cholesterol and 
glucose were increased at all doses in both sexes (up to 30 and 70%, respectively, at HD, 
both SS) and triglycerides were increased (up to 30%, SS) at the HD. A slight increase in 
urine volume was seen in females at all doses at week 25. 

v. Necropsy

Liver weights (relative to BW) were increased (SS) at all doses in both sexes (Table IV.A1.1), 
and increased adrenal and kidney (14% and 7% respectively, compared to C) and thymus 
weights were decreased (21%) in HD females.

Table IV.A1.1. Liver weight (BW adjusted)

Hypertrophy of centrilobular hepatocytes with brown pigment in cytoplasm was seen in 
animals from all dose groups with evidence of a dose-response relationship (Table IV.A1.2). 
In the spleen, extramedullary hematopoiesis was decreased at all doses in males and at the 
HD in females (Table IV.A1.3). Brown pigment deposits in macrophages of the red pulp were 
seen in animals from all groups, but the severity was increased in MD and HD females. 
Hyaline droplets within the cytoplasm of proximal tubular epithelial cells, focal basophilic 
tubules, granular casts, and karyomegaly (collectively regarded as hyaline droplet 
nephropathy) were seen in males from all dose groups, with evidence of a dose-response 
relationship (Table IV.A1.4). In the thyroid, diffuse hypertrophy of follicular cells was seen in 
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a small number of males from all dose groups and brown pigment in follicular cells was also 
seen in some affected animals (Table IV.A1.5). Altered colloid with basophilic deposits was 
seen in animals from all groups, but the incidence and severity were increased in MD and HD 
males. Increased follicular diameter was recorded in 3/19 HD males.

Table IV.A1.2. Incidence of drug-related liver findings

Table IV.A1.3.  Incidence of drug-related spleen findings
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Table IV.A1.4. Incidence of drug-related kidney findings 

Table IV.A1.5. Incidence of drug-related thyroid findings 

iv. Toxicokinetics

TK parameters for ucb 34714 and its measured metabolites are shown in Table IV.A1.6. 
Exposure to parent increased dose-proportionally and was ~2-fold higher in females than 
males. There was a significant decrease in exposure with repeated administration.
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Table IV.A1.6.    PK parameters for ucb 34714 and metabolites in rat 

c. Conclusions

Administration of oral (diet + gavage) doses of 100 + 50, 100 + 130, or 100 + 350 mg/kg/day BRV to 
Wistar rats for 26 weeks resulted in clinical chemistry changes (increased cholesterol, triglycerides and 
glucose), increased liver weights,  and histopathological changes in the liver (hepatocellular hypertrophy 
and brown pigment deposits in both sexes at all doses), kidney (hyaline droplet nephropathy in males at 
all doses), spleen (decreased extramedullary hematopoiesis in MD and HD males and HD females, 
increased brown pigment deposits in macrophages of the red pulp in MD and HD females), and thyroid 
(hypertrophy and brown pigment in follicular cells and altered colloid with basophilic deposits in males at 
all doses). The sponsor considered these all adaptive responses or male rat specific, so the HD was 
considered the NOAEL. Exposure (AUC (0-24h)) to the parent compound at week 26 was 257 and 464 
μg.h/mL, in males and females, respectively, at this dose (human AUC 56 ug.h/mL at MRD of 100 mg 
BID).
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2. ucb 34714: 26 Week Oral Gavage (Three Times Daily Administration) Toxicity Study in The Dog 
(Study Number PSM1013, conducted by , report dated 9/8/05, 
GLP)

a. Methods

Beagle dogs (4/sex/grp) received oral (gavage,) doses of 0 (vehicle: 1% methylcellulose 400 cps in sterile 
water), 15, 37.5, or 75 mg/kg/day BRV (batch #: C02-P714-110R) for 26 weeks. The doses were split into 
three equal doses (5 mL/kg) given 8 hrs apart. Mortality and clinical observations were recorded daily and 
body weight weekly throughout the study. Ophthalmoscopy was performed at baseline and on day 2 and 
week 25. ECG was recorded twice at baseline and on day 2 and weeks 4, 12, and 25. Hematology, 
clinical chemistry, and urinalyisis were measured at baseline and at 4, 13, and 26 weeks. At necropsy, 
selected organs were weighed and a macroscopic examination was performed. A full battery of tissues 
was then sampled, preserved in the appropriate fixatives, and examined microscopically.

Blood samples for TK analysis were taken on day 1 and week 26 pre-dose and at 1, 4, 8, 9, 12, 16, 17, 
20, and 24 hours and analyzed for ucb 34714 and its metabolites, ucb 42145, ucb-100406-1, ucb-
107092-1, and ucb-102993-1. Doses were based on the results of a 28-day oral range-finding study (UCB 
Study PSM0943) in which doses of 15, 37.5, and 75 mg/kg/day were administered orally (TID gavage 
dosing) and increases in plasma ALT, ALP and AST, minimal single hepatocyte necrosis, brown pigment 
in bile canaliculi and Kuppfer cells, and minimal hypertrophy of thyroid follicular epithelium were seen at 
the HD. 

b. Results

i. Mortality and Clinical Observations 

There were no mortalities and no drug-related clinical signs.

ii. Body Weight

BW gain during the dosing period was similar between control and dose groups and there were 
no group differences in final BW.

iii. ECG and Ophthalmoscopy

There was no effect of drug on heart rate. There were no noteworthy changes in the ECG 
parameters. There were no effects of drug on ophthalmoscopy.

iv. Clinical Pathology

There were no drug-related changes in hematological or urinalysis parameters. Increases in 
mean plasma ALT, ALK PHOS, AST, GGT, 5’-nucleotidase (5’-ND), and sorbitol dehydrogenase 
(SDH) were seen in dose groups (Table IV.A2.1). These increases were generally similar in both 
sexes, relative to baseline values, at weeks 4, 13, and 26 (5- to 7X for ALT, 2- to 4X for ALK 
PHOS, GGT, 5’-ND, and SDH at HD). All or most individual values were outside the historical 
background or control ranges, with the exception of SDH. In addition, an increase in mean serum 
bile acids (SBLA) was noted at the HD (SS in females at week 13 and males at week 26).
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Table IV.A2.1. Clinical chemistry
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Table IV.A2.1. (cont.)
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Table IV.A2.1. (cont.)

v. Necropsy

Liver weights were increased (BW adjusted 17%) in HD males. This change was mainly due to 2 
males (#13 and 16) with macroscopic findings (large, dark liver) in the liver. There was no change 
in females. In addition to the 2 HD males, large liver was noted in 1 MD male (#12) and dark liver 
was noted in 2 HD females (# 31 and 32). 

Centrilobular fibrosis and hyperplasia of oval cells/bile ducts and brown pigment in canaliculi, 
hepatocytes and/or Kupffer cells were seen in a few MD animals and in most HD animals (Table 
IV.A2.2). Single hepatocyte necrosis and centrilobular inflammation were seen in all HD animals. 
The severity of all these changes was generally dose-related and similar between males and 
females. Concretions in the lumen were seen in 1 HD male (#16) and 1 HD female (#31).
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Table IV.A2.2. Incidence of microscopic liver changes (sexes combined)

vi. Toxicokinetics

TK parameters for ucb 34714 and its metabolites are shown in Table IV.A2.3. There were no 
clear sex differences. Exposure to parent decreased with repeated administration, presumably 
due to auto-induction.
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Table IV.A2.3. TK parameters for ucb 34714 and its metabolites in dogs (sexes combined)

c. Conclusions

Administration of oral (gavage) doses of 15, 37.5, or 75 mg/kg/day BRV to beagle dogs for 26 weeks 
resulted in clinical chemistry changes (dose-related increases in ALT, SDH, ALK PHOS, 5’-ND, and 
GGT), increased liver weights, and hepatobiliary histopathological changes (brown pigment deposits in 
hepatocytes, Kupffer cells, and bile canaliculi,  fibrosis and hyperplasia of oval cells/bile ducts, hepatocyte 
necrosis and inflammation, gallbladder concretions), primarily at MD and HD. The LD was considered the 
NOAEL. Exposure (AUC (0-24h)) to parent drug at this dose was 34.7 μg.h/mL (sexes combined) at 26 
weeks, which is lower than that measured in humans at the MRD (56 ug.h/mL at 100 mg BID).
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3. ucb 34714: 39 Week b.i.d Oral (Gavage) Toxicity Study in the Cynomolgus Monkey (Study # 
PSM1140, conducted by , report dated 7/1/05, GLP)

a. Methods

Cynomolgus monkeys (4/sex/grp) received oral (gavage) doses of 0 (vehicle: 1% methylcellulose 400 cps 
in sterile water), 300, 600, or 900 mg/kg/day BRV (batch #: C02-P714-111R and C02-P714-112R) for 39 
weeks. The doses were split into 2 equal daily doses (5 mL/kg) given 10 hrs apart. An additional female 
was added at the HD following the first of 2 accidental deaths in this group. The first day of dosing for this 
additional female was day 35 and this animal was sacrificed after 34 weeks of dosing. Observations 
consisted of daily morbidity/mortality checks, clinical examinations (after each dose), and weekly body 
weight measurements for each animal. Physical examination and detailed clinical examination were 
performed at regular intervals during the study. Ophthalmology was performed pre-test, during weeks 
12/13, 26, and at the end of the dosing period. ECG, clinical pathology, and blood sampling for TK was 
performed pre-test, during weeks 4 (hepatic markers only for clinical laboratory determinations), 12/13, 
26/25, and at the end of the dosing period. In addition to these intervals, the additional group 4 female 
was examined and sampled on the same calendar days as the other animals, which corresponded to the 
7/8th and 21st weeks of administration for this animal. Hematology and clinical chemistry determinations 
were also performed during week 20 for all animals except the additional female. Selected organs were 
weighed and tissue samples were fixed and preserved at necropsy for all animals. A full battery of tissues 
from all animals was examined histopathologically.

Blood samples for TK were taken at weeks 4 and 26, before and at 1, 10 (immediately before the second 
daily dose), 11, and 24 hrs after the first daily dose, and at week 13 and at the end of the study (weeks 34 
or 39) before and 0.5, 1, 3, 6, 10 (i.e., immediately before the second dose), 10.5, 11, 13, 16, and 24 
hours after the first daily dose. In addition to these intervals, blood samples were collected from HD 
female no. 2683 on the same calendar day as the other animals, which corresponded to weeks 8 and 21. 

Doses were based on the results of a previous 4-week oral (gavage) toxicity study at the same doses in 
the monkey (UCB Study RRLE03G1402). The only drug-related findings in that study consisted of 
sporadic and transient vomiting and mildly increased liver weights, at all doses, which were not 
considered to be of toxicological significance.

b. Results

i. Mortality and Clinical Observations 

Two deaths occurred on days 29 (#2680) and 77 (#2682) in HD females. For both animals, 
macroscopic findings at necropsy and histopathological changes in the lungs and trachea were 
consistent with gavage error as the cause of death. 

Drug-related clinical signs consisted of vomiting, hypersalivation, reduced activity, clumsy 
movements, and loss of balance, primarily at the MD and HD during the first week of dosing. 
Hypersalivation continued to be seen throughout the dosing period, but the other signs were 
observed only sporadically.
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ii. Body Weight

BW gain during the dosing period was increased somewhat in dose groups, but final BWs were 
not different among groups.

iii. ECG and Ophthalmoscopy

Although not dose-related and sporadic in occurrence, an increase in QT duration (+12 to +31%, 
relative to pre-dose),  QTcF (+8 to +26%), and QTcV (+7 to +21%) was noted in 2 MD males (#s 
2659 and 2660) at week 4 and in 2 HD females (#s 2679 and 2681) during week 26. There were 
no other changes in CV parameters.

iv. Clinical Pathology

There was a slight decrease in RBC parameters (up to –14, -9 and –15% compared to pre-test 
for RBC, HB, and PCV, respectively) at the MD and HD in both sexes throughout the study 
(weeks 12, 20, 26, and 39). A decreased (SS) APTT was seen in individual MD and HD females. 

The only consistent, dose-related clinical chemistry changes were increased triglyceride 
concentrations in treated animals of both sexes (Table IV.A3.1) and increased ALT (up to 56%, 
SS at MD and HD) and glutamate dehydrogenase (up to 2X, SS at MD and HD) in males.  The 
latter change was also seen in treated females at some intervals, but was not dose-related.

There were no T-R urinalysis changes.

Table IV.A3.1. Triglyceride concentrations (mmol/L and % control)

v. Necropsy

Mean liver weight (corrected for BW) was significantly increased (31% compared to C) in HD 
males. 
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Diffuse hypertrophy of hepatocytes was seen in 3/7 HD animals and brown pigment was noted in 
hepatocytes of 2/7 animals at this dose. According the pathology report, the increased pigment 
deposition in these animals “could be related to a slight increase in turnover of cellular 
membranes over a prolonged period.” The report also stated that “there were no changes that 
appeared to be directly linked to altered serum enzyme levels of ALAT and GLDH.”

vi. Toxicokinetics

TK parameters for ucb 34714 and its metabolites are shown in Table IV.A3.2. There were no 
clear sex differences and no evidence of auto-induction.

Table IV.A3.2.  PK parameters for ucb 34714 and its metabolites in monkeys

c. Conclusions

Oral administration of BRV (300, 600 and 900 mg/kg/day dosed BID) to cynomolgus monkeys for 39 
weeks produced transient (during the first week) CNS signs (reduced activity, clumsy movements, loss of 
balance), a slight reduction in RBC parameters, increased triglyceride concentrations (both sexes) and 
ALT (males only) and GDH activities (both sexes) at the MD and HD and increased liver weights, 
hepatocellular hypertrophy, and increased brown pigment deposition in the liver at the HD. At the NOAEL 
(LD) based on the CNS and clinical chemistry effects, plasma exposures to the parent compound (AUC = 
270 ug.hr/mL, combined sexes) were approximately 5-fold that measured in humans at the MRD (56 
ug.h/mL at 100 mg BID). 
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B.  CARCINOGENICITY

1. ucb 34714: 104 - Week Oral (Dietary and Gavage) Carcinogenicity Study in CD-1 Mice (UCB 
Study # NCD1304, conducted by  report dated 8/26/09, GLP)

a. Methods 

BRV (lot#s E04-83162, C05P714-117, C05P714-119, and CB14000016) was administered orally 
(diet + gavage, 5 mL/kg, BID) to mice (Crl:CD1(ICR), 60/sex/grp + 8 [C] or 18/sex/group TK) at 
total daily doses of 0 (1% w/v methylcellulose vehicle), 400, 550, or 700 mg/kg/day for 104 weeks 
(Table IV.B1.1). In treated groups, the dose given by dietary admix was 300 mg/kg/day and 
doses administered by gavage were 100, 250 and 400 mg/kg/day, split into two equal daily doses 
given 6 hours apart. Mortality and clinical signs were monitored daily. Animals received a detailed 
clinical examination and palpation weekly throughout treatment. Body weights and food 
consumption were recorded at pre-determined intervals from pre-dosing until the end of the 
dosing period. Blood samples were collected from main study animals for hematology during 
week 105 prior to sacrifice. All surviving main study animals and dead or moribund animals were 
necropsied and a macroscopic examination performed. A full battery of tissues was sampled, 
fixed, and examined microscopically. In TK satellite groups, blood samples were taken during 
weeks 13, 26, and 52 for determination of plasma concentration of ucb 34714 and three 
metabolites, ucb 42145, ucb-100406-1, and ucb-107092-1. Additional blood samples were taken 
from a subset of main study animals during week 104.

Dose selection was based on the results of a 13-week oral (gavage) study in CD-1 mice (see 
Exec-CAC minutes dated 9/20/05). The sponsor originally proposed total doses of 0, 450, 675, 
and 1000 mg/kg/day in males, and 0, 525, 750, and 1000 mg/kg/day in females. The Exec-CAC 
considered the highest doses too high based on deaths in the 13-week study and recommended 
total daily doses of 0, 125, 250, and 500 mg/kg/day. 

Table IV.B1.1 Dose groups in mouse study
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b. Results

i. Mortality and body weight

There were no drug effects on survival (Table IV.B1.2). 

BW gain over the dosing period was decreased in all treated groups (-32, -42, and -24% in males; 
-34, -21, and -24% in females at LD, MD, and HD; statistically significant (SS) in males at all 
doses and in LD females), but there was no dose relationship. At the end of the dosing period, 
mean BW was SS lower in LD and MD males and in LD female. 

Table IV.B1.2   Mortality in 2-year mouse carcinogenicity study (# of animals)

 [ ] = number killed, number found dead

ii. Microscopic pathology

Neoplastic

In the sponsor’s analysis, the incidence of hepatocellular adenoma or carcinoma showed a SS 
trend and the incidence of hepatocellular adenoma was increased (SS) in MD and HD males 
(Table IV.B1.3). Hepatocellular carcinoma was only seen in treated animals (SS trend), with a SS 
increase at the HD. The incidence of hepatocellular tumors was not increased in females. 
Hepatocellular carcinoma was only seen in treated animals, with a SS increase in HD males. The 
incidence of hepatocellular carcinomas in LD and MD males was greater than C, but within the 
historical control range. 

There was a trend for increased incidences of benign luteoma and Sertoli cell tumors in treated 
females, but group differences did not reach SS (Table IV.B1.4). According to the sponsor, these 
finding should be considered of limited biological importance given the absence of other 
significant alterations in the female reproductive tract. There was no evidence of an effect of 
treatment on other tumor types. 

The FDA statistical reviewer found SS dose response relationships in the incidences of 
hepatocellular adenoma, hepatocellular carcinoma, and combined hepatocellular adenoma and 
carcinoma in male mice. In female mice, the incidence of benign Sertoli cell tumor in ovaries also 
showed a SS dose response relationship. The pairwise comparisons showed SS increased 
incidences of hepatocellular adenoma and carcinoma at the HD and a SS increased combined 
incidence of hepatocellular adenoma and carcinoma at the MD and HD.
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Table IV.B1.3 Incidence of hepatocellular tumors 

Table IV.B1.4 Incidence of luteoma and Sertoli cell tumours in the ovary
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Non-neoplastic 

Non-neoplatic findings considered T-R consisted of hepatocellular hypertrophy (centrilobular or 
diffuse), brown pigment in hepatocytes and Kupffer cells, necrosis of single hepatocytes, and 
eosinophilic and clear cell altered foci in the liver at all doses (Table IV.B1.5). In females, 
vacuolation of periportal hepatocytes was increased at all doses. Brown pigment was considered 
likely related to the formation of lipofuscin as a result of breakdown of SER. All liver changes 
were considered by the sponsor to be adaptive and not adverse. Brown pigment deposition in the 
olfactory mucosa and hyperplasia of the mucosal glands were also seen in the majority of treated 
animals from all dose groups with dose related severity (Table IV.B1.6). As in the liver, the study 
pathologist considered these findings to be likely related to the formation of lipofuscin pigment 
resulting from breakdown of SER in secondary lysosomes and of limited toxicological importance. 

Table IV.B1.5 Incidence of non-neoplastic lesions in the liver
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Table IV.B1.6 Incidence of non-neoplastic lesions in the nasal cavity/head

Toxicokinetics

Exposure to parent was higher in males than females and increased greater than dose-
proportionally. Metabolite exposures were approximately 3-6, 120-290, and 1-3% of parent for 
ucb 42145, ucb-100406-1, and ucb-107092-1, respectively (Table IV.B1.7).
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Table IV.B1.7  Plasma drug and metabolite exposures in mice

c. Conclusions:

Oral (gavage and dietary) administration of ucb 34714 to CD1 mice for 2 years increased the incidences 
of hepatocellular tumors in males at the MD and HD (SS for hepatocellular adenoma and carcinoma at 
the HD and combined hepatocellular adenoma and carcinoma at the MD and HD). There was a trend for 
increased incidences of benign luteoma and Sertoli cell tumors in treated females, but group differences 
did not reach SS. 
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2. ucb 34714: 104-Week Oral (Dietary and Gavage) Carcinogenicity Study in Wistar Rats (UCB 
Study # NCD1305, conducted by  report dated 7/15/09, GLP)

a. Methods: 

Brivaracetam (lot#s E04-83162, C05P714-115, C05P714-117, C05P714-119, and CB14000016) 
was administered orally (diet + gavage, 5 mL/kg, BID) to rats (Han Wistar, 50/sex/grp + 5 [C] or 
10/sex/group TK) at doses of 0 (1% w/v methylcellulose vehicle), 150, 230, 450, or 700 
mg/kg/day for 104 weeks (Table IV.B2.1). In treated groups, the dose given by dietary admix was 
100 mg/kg/day and doses administered by gavage were 50, 130, 350, and 600 mg/kg/day, split 
into two equal daily doses given 6 hours apart. Mortality and clinical signs were monitored daily. 
Animals received a detailed clinical examination and palpation weekly throughout treatment. Body 
weights and food consumption were recorded from pre-test until the end of the dosing period. 
Blood samples were collected from main study animals for hematological investigations during 
weeks 103/104. All main study animals, including dead or moribund animals, were necropsied 
and a macroscopic examination performed. A full panel of tissues from all animals was sampled, 
preserved in the appropriate fixative, and examined microscopically. In TK groups, blood samples 
were taken during weeks 13, 26, and 52 for determination of plasma concentration of ucb 34714 
and three metabolites: ucb 42145, ucb-100406-1, and ucb-107092-1. Additional blood samples 
were taken from a subset of main study animals during week 104.

Doses were based on the results of a 26-week toxicity study in Wistar rats. The Exec-CAC 
agreed with the 4 doses proposed by the sponsor in females (0, 150, 230, 450, and 700 
mg/kg/day) based on MTD (lethality), but recommended administration of only the lower 3 doses 
in males (0, 150, 230, and 450 mg/kg/day).

Table IV.B2.1 Dose groups
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b. Results: 

Body weight and mortality

There was no clear effect of treatment on survival, although number found dead was increased 
slightly in HD males and females (Table IV.B2.2). There were no notable clinical signs that could 
be attributable to treatment. In males, body weight (BW) was statistically significantly (SS) lower 
from week 5 through to the end of the treatment period at all but the MD, and BW gain was lower 
(SS) in all treated groups over the treatment period, although the differences were not clearly 
dose-related (Table IV.B2.3). In females, BW and BW gain were lower in all treatment groups 
from week 3 until the end of the treatment period, but the differences were again not dose-
related. There were no effects on hematology parameters that were considered to be drug-
related. 

Table IV.B2.2 Mortality in rats

Table IV.B2.3 Body weights in rats

Male
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Female

Neoplastic

In the sponsor’s analysis, there was a SS trend for increased incidence of benign or malignant 
thymoma in females and a SS difference from C at the HD (Table IV.B2.4). The historical control 
range for this tumor was 0.0 – 8.7%. According to the report, “This is a common tumor type in 
Han Wistar rats and the control incidence in females in this study is low in comparison with the 
control range from contemporaneous studies. The apparent increase in the incidence of thymoma 
was not considered to be toxicologically relevant.” Incidences of thyroid follicular cell tumors were 
also increased in drug-treated rats but were not dose-related (Table IV.B2.5). The trend was SS 
in the combined sex analysis for adenomas and for overall thyroid tumor incidence.

In the FDA statistician’s review, the analysis showed SS dose response relationships for the 
incidence of benign thymoma and combined incidences of benign and malignant thymoma in the 
thymus of female rats and the pairwise comparison showed SS increased incidences of benign 
thymoma and combined benign and malignant thymoma (same incidence as benign except one 
additional LD) in the thymus in HD females compared to C.

Table IV.B2.4 Incidence of epithelial tumors in the thymus
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Table IV.B2.5 Incidence of follicular cell tumors in the thyroid gland

Non-neoplastic

Non-neoplastic findings considered drug-related were seen in the liver, thyroid (males), kidneys 
(males), and Harderian gland (males). In the liver, hypertrophy, brown pigment, and vacuolation 
of centrilobular hepatocytes were seen at all doses, with evidence of a dose response for 
hypertrophy and pigment (Table IV.B2.6). The liver hypertrophy and brown pigment deposition 
were considered to be adaptive responses to enzyme induction. Eosinophilic inclusions were also 
seen in hepatocytes of some affected animals. Bile duct hyperplasia and fibrosis were seen at all 
doses with some evidence of a dose response. Basophilic and eosinophilic foci of altered 
hepatocytes were seen in all groups, but the incidence appeared to be increased in drug-treated 
males compared to C. 

In the kidney, hyaline droplets in proximal tubules were seen in males from all drug-treated 
groups with evidence of a dose response (Table IV.B2.7). Brown pigment in tubules was 
increased in males with evidence of a dose response. Focal mineralization in the papilla, chronic 
progressive nephropathy, and basophilic tubules also appeared to be increased in treated males.

The incidence of brown pigment in thyroid follicular cells was increased in drug-treated males. 
Focal hyperplasia of the Harderian gland was seen with an increased incidence in HD males.
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Table IV.B2.6 Incidence of liver findings in rats
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Table IV.B2.7  Incidence of kidney findings in rats

Toxicokinetics

Exposure to parent was higher (up to 1.5X) in females than males and increased greater than 
dose-proportionally (Table IV.B2.8). Metabolite exposures were approximately 3, 65-134, and 1-
2% of parent for ucb 42145, ucb-100406-1, and ucb-107092-1, respectively. 
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Table IV.B2.8  Plasma drug and metabolite exposures in rats

c. Conclusions:

Oral (gavage and dietary) administration of ucb 34714 to Wistar rats for 2 years increased the 
incidence of benign thymus tumors in females and produced a trend for increased thyroid 
follicular cell tumors in rats of both sexes. Non-neoplastic lesions in the liver, kidney, and thyroid 
were consistent with those observed in previous studies. 
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C. REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY  

1.  ucb 34714 - Oral (Gavage) Fertility and Early Embryonic Development Study in the Rat (Report 
No. PSM0978; dated 11/27/03; conducted by ; GLP)

a. Methods

Wistar rats (Crl:WI (Glx/BRL/Han) BR VAF PLUS; 25/sex/grp) received 0 (vehicle: 1% 
methylcellulose),  100, 200, or 400 mg/kg/day BRV (batch #: C02-P714-109R) dosed BID (6 hr 
apart) by oral gavage (5 mL/kg) prior to (at least 28 days in males, 14 days in females) and during 
the mating period (maximum of 20 days). Males were dosed for at least 2 weeks post-mating and 
females until GD 6. Body weights, food consumption, and clinical observations were regularly 
recorded throughout the study. Estrous cycles were monitored in females for 10 days before 
pairing. Blood samples for TK evaluations were collected from 10/sex/group on one day towards 
the end of the pre-pairing period at 0.5 hours after the second daily dose. Females were 
sacrificed and necropsied on GD 13 and the number of corpora lutea and number and distribution 
of implantations were recorded. Two weeks after the end of the mating period, males were 
sacrificed and testes and epididymides were weighed. Samples of sperm suspension were 
immediately assessed for motility and concentration using CASA (computer assisted sperm 
motility analysis) technology and a smear was prepared for microscopic examination of 
morphology. The testes from all males were examined microscopically in a stage aware manner. 
Doses were based on the results of the 13-week oral gavage toxicity study in Wistar rats (doses 
of 0, 50, 100, 200, and 400 mg/kg/day given BID) in which the HD induced liver effects in both 
sexes, including increased ALT, liver weights, centrilobular hypertrophy, and the presence of 
brown pigment identified as lipofuscin in centrilobular hepatocytes.

b. Results

i. Mortality and Clinical Observations 

There were no deaths considered treatment-related (TR). One MD male (number 59) was 
sacrificed on day 6 of dosing with noisy, labored breathing, but there were no findings at necropsy 
and this was considered an incidental death. The only clinical sign was excessive salivation 
immediately post-dosing in all MD and HD animals throughout the dosing period and at the LD for 
a few days.

ii. Body Weight

There were no effects on body weight (BW) or BW gain in males (Figure IV.C1.1). In females, 
BW gains were slightly reduced at the MD and HD (-13 % in both groups) during GDs 7 to 13 
(i.e., after dosing stopped). However, BWs were comparable to C throughout gestation (Figure 
IV.C1.2). 
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Figure IV.C1.1. Male body weight 

Figure IV.C1.2. Female body weight

Premating
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Figure IV.C1.2.(cont.)

Gestation

iii. Male and female reproductive indices 

Estrous cycling, mating, and fertility parameters were unaffected by treatment (Tables IV.C1.1 
and IV.C1.3). All rats in cohabitation mated with the exception of one C male and one MD male. 
There were no effects on sperm parameters that were considered T-R by the sponsor, although 
there were some apparent increases (NS) in abnormal sperm in treated males (Table IV.C1.2).
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Table IV.C1.1 Pre-mating estrus cycles

Table IV.C1.2  Sperm morphology
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Table IV.C1.3  Mating and fertility parameters

iv. Litter parameters 

No treatment effects on C-sectioning or litter parameters were apparent (Table IV.C1.4).  There 
was an increase in the mean number of corpora lutea at the HD compared with concurrent and 
historical Cs, which was considered to be coincidental and not of toxicological significance.
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Table IV.C1.4   Caesarean-Sectioning Observations 

v. Necropsy

There were no effects on testes weights or other necropsy observations. There was no effect of 
treatment on the histopathology of the testes or the stages of spermatogenesis.

vi. Plasma level data

Plasma BRV concentrations measured at the end of the pre-mating period at 0.5 hours after the 
second daily dose are summarized in Table IV.C1.5.
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Table IV.C1.5 BRV mean plasma concentrations (μg/mL) after repeat oral administration

c. Conclusions

Treatment of male and female rats with BRV (oral gavage doses of 100, 200, or 400 mg/kg/day, 
given BID, 6 hr apart) prior to and during mating and throughout gestation resulted in only minor 
clinical signs of toxicity and slight effects on parental body weight gain and produced no apparent 
adverse effects on mating and fertility or on C-sectioning parameters. Dose selection was 
questionable since toxicity at the HD was not limiting in the 13-week study (AUCs 317 and 743 
ug.h/mL in males and females) and did not produce the expected level of parental toxicity in this 
study. In a 4-week rat toxicity study (oral gavage doses of 100, 300, 1000, and 1500 mg/kg/day 
given BID, 6 hr apart), the HD was not tolerated and some males were sacrificed moribund at the 
MHD; however, it appears that there is an adequate dose gap between 400 and 1000 mg/kg/day 
to justify a recommendation that the study be repeated in an attempt to reach the expected level 
of parental toxicity.

2. ucb 34714: Oral (Gavage) Embryo-Fetal Toxicity Study in the Rat (Study No. PSM0853, report 
dated 9/9/02, conducted by  GLP)

a. Methods

Female Wistar rats (Crl:(WI, Glx/BRL/Han) BR VAF PLUS; 24/grp + 12/grp TK) were treated with 
0 (1% methylcellulose vehicle), 150, 300, or 600 mg/kg/day BRV (dosed BID, 6 hr apart; batch 
#105) by oral gavage (5 mL/kg) on GDs 6 through 17. Dams were observed for viability, clinical 
signs, premature deliveries, and deaths. Body weights (BW) and food consumption were 
recorded during the dosing and postdosing period. Blood samples for TK determinations were 
collected on GD 6 or 17 from 3 mated satellite females/group/time point, at 1, 3, 6, 7, 9, and 24 
hrs after the first daily dose. Main study animals were sacrificed on GD 20 and C-sectioned. 
Numbers of corpora lutea was recorded and uteri were examined for pregnancy, number and 
distribution of implantation sites, early and late resorptions, and live and dead fetuses. Half of the 
fetuses in each litter were fixed in Bouin’s solution for subsequent examination of the brain by 
free-hand serial sectioning and of the viscera using microdissection. The remaining fetuses were 
placed in alcohol for light fixation before being examined for skeletal and visceral abnormalities.

Dose selection: Doses were based on an embryofetal range-finding study in Wistar rats in which 
a dose of 600 mg/kg/day (dosed BID, 6 hr apart) induced maternal clinical signs: hypoactivity, 
lethargy, unsteady gait, noisy breathing, and partially closed eyes.
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b. Results

i. Maternal effects 

There were no maternal deaths. Salivation was observed immediately after the first and 
second dose on each day and partially closed eyes were also observed at between 1.25 
and 1.5 hours post-dosing in all HD females. There were no effects on maternal BW gain 
over the treatment period (Table IV.C2.1). One HD dam (#75) was found to have an 
abnormal kidney (bilateral pelvic dilatation) at necropsy. Four LD females were not 
pregnant, but all other main study females were pregnant with live fetuses on GD 20. In 
the TK groups, 1 MD and 1 HD female were not pregnant. TK parameters for BRV are 
shown in Table IV.C2.2.

Table IV.C2.1  Maternal Body Weight Changes
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Table IV.C2.2  TK parameter values of ucb 34714 in pregnant female rats

ii. Litter parameters and fetal evaluations 

There were no effects of treatment on litter parameters at C-sectioning (Table IV.C2.3).  
An increase in preimplantation loss at the HD was attributed to 1 HD female (#75) with a 
high rate (73%).

There were 4 HD fetuses from 3 litters with malformations (classified as major 
abnormalities) compared to none in C fetuses (Table IV.C2.4-8). Two fetuses from the 
same HD litter (female #75) had kidney abnormalities (absent kidneys, small kidneys, 
and absence of a uterine horn), while bifid sternum and transposition of the aortic and 
pulmonary arch were found in two fetuses from two different litters (female #s 84 & 94). 
There were also single incidences of fetal malformations at the LD (malrotated hind-limb) 
and MD (absent kidney). There were apparent dose-related increases in incidences of 
combined (SS at HD) and individual minor abnormalities (what would not be considered 
variations; e.g., irregular ridging of palate, uneven occipital ossification, decreased 
ossification of caudal vertebrae). 
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Table IV.C2.3   Caesarean-sectioning observations
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Table IV.C2.4   Fetal Abnormalities – Summary
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Table IV.C2.5  External examination: number of fetuses affected (group mean percent)

Table IV.C2.6 Fresh visceral examination: number of fetuses affected (group mean percent)
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Table IV.C2.7  Visceral examination: number affected (group mean percent)

54

Reference ID: 3849849

     

    

      

           

         
         

 

                

  

                

  

                  

  

                 
              
     

     
             

   
               

   
             

   
               

   
             

   
   

             
               

                 



Table IV.C2.8 Skeletal examination: number of fetuses affected (group mean percent)
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c. Conclusions 

Treatment of pregnant rats with BRV (oral gavage doses of 150, 300, or 600 mg/kg/day, given 
BID, 6 hr apart) throughout the period of organogenesis (GDs 6-17) produced some evidence of 
adverse effects on development (slight increases in total incidences of major and minor fetal 
abnormalities) at the HD. The sponsor dismissed these findings as spontaneous rather than T-R 
due to their low incidence and sporadic occurrence. The sponsor also seemed to suggest a 
familial basis for the malformations found in 2 fetuses from the same HD litter, since the dam was 
found to have a kidney abnormality at necropsy and also had a high rate of preimplantation loss, 
although it is not clear how these findings are related. However, maternal toxicity at the HD was 
less than generally expected; and the exposure margin, while high (~30X human at MRD), did not 
reach the ICH limit of 50X. Therefore, the study cannot be considered to have fully evaluated 
effects on embryofetal development. Although the results of the 4-week rat toxicity study (oral 
gavage doses of 100, 300, 1000, and 1500 mg/kg/day, given BID, 6 hr apart) in which the HD 
was not tolerated and some males were sacrificed moribund at the MHD indicate that it may not 
be possible to achieve much higher doses, it is recommended that an effort be made to reach a 
minimally maternally toxic dose in a repeat rat embryofetal development study.

   
3. ucb 34714- oral (gavage) embryo-fetal toxicity study in the rabbit (Study # PSM0860, report dated 

11/15/02, conducted by  GLP)

a. Methods

Female (timed-mated) rabbits (New Zealand White, Harlan, UK; 20/group) were treated with 0 
(1% methylcellulose vehicle), 30, 60, 120, or 240 mg/kg/day BRV (dosed BID, 6 hr apart; batch 
#105) by oral gavage (2 mL/kg) on GDs 6 through 19. Does were observed for viability, clinical 
signs, premature deliveries, and deaths. Body weights (BW) and food consumption were 
recorded during the dosing and postdosing period. Blood samples were collected from the 
marginal ear vein on GDs 6 and 19 for TK at 1, 3, 6 (before the second daily dose), 7, 9, and 12 
hrs after the first dose. Animals were sacrificed on GD 28 and C-sectioned. Pregnancy status was 
assessed, the gravid uterus was weighed, and the numbers of corpora lutea, implantations, and 
live fetuses recorded. Live fetuses were weighed, sexed, and examined for external 
abnormalities. The placental weights were also recorded. Live fetuses were then killed and half in 
each litter were decapitated and the heads fixed in Bouin's solution for subsequent serial 
sectioning. The remaining intact fetuses and the bodies of the decapitated fetuses were fixed in 
alcohol for subsequent microdissection. The viscera were examined and the fetuses were then 
eviscerated and the carcasses cleared and stained with Alizarin red S for skeletal examination.

Dose selection: Doses were based on a dose range-finding study in pregnant rabbits in which a 
dose of 300 mg/kg/day given BID (6 hr apart) reduced maternal BW gain (but did not produce 
maternal mortality) and increased postimplantation loss (22%, SS).

b. Results

i. Maternal effects 

Five treated females (2 LD, 1 MHD, and 2 HD) were sacrificed early for humane reasons 
due to sustained decreases in food consumption and excessive body weight losses 
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(Table IV.C3.1). In addition, 1 LD female (#29) was sacrificed on GD 15 due to a gavage 
accident (catheter lodged in throat) and 1 MHD doe (#66) aborted 1 fetus on GD 24 and 
was sacrificed. During the treatment period, there was a higher incidence of reduced 
fecal output in treated groups (19, 17, 19, and 19 at LD, MD, MHD, and HD, respectively) 
compared to C (10). There was a transient, generally dose-dependent increase in BW 
loss in treated groups early in gestation (Figure IV.C3.1), but subsequently BW gain was 
increased in treated groups so that over the entire dosing period no SS effect on BW gain 
was seen (Table IV.C3.2). There were 19, 16, 18, 17, and 17 females with live fetuses at 
scheduled necropsy on Day 28 of pregnancy (1, 3, 2, 1, and 0 non-pregnant), at the C, 
LD, MD, MHD, and HD, respectively. One HD female (#86) was pregnant (1 implantation) 
but had total resorption. TK parameters for BRV are shown in Table IV.C3.3. 

Table IV.C3.1 Maternal deaths 
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Figure IV.C3.1 Maternal body weight 
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Table IV.C3.2 Maternal body weight 
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Table IV.C3.3 Maternal plasma drug levels

ii. Litter parameters and fetal evaluations 

Postimplantation loss was increased at the HD (25% vs 14% in C, SS) and there was a 
decrease in the number of live fetuses per female at that dose (6.6 vs 7.3 in C). These 
values are partially skewed by the total litter loss in HD female #86. If this litter is not 
included, there were 11/17 (65%) HD litters with greater than 10% postimplantation loss 
compared to 9/19 (47%) C litters, mean postimplantation loss at the HD was 20%, and 
the number of live fetuses/female was 7. Fetal BW was also slightly decreased (6%) at 
the HD compared to C (Table IV.C3.4). The decrease in fetal BW at the LD could be 
attributed to the increased litter size in this group (8.9 fetuses per female). 

Increases in the incidence of major and/or minor abnormalities and variations were seen 
at all doses, although differences were not strictly dose-related; the LD group appeared 
to be something of an outlier, but this could be at least partially due to the increased litter 
size/decreased BWs at that dose (Table IV.C3.5). There was no discernable pattern in 
the individual major abnormalities. Abnormalities that were generally dose-related (and 
acknowledged as drug-related by the sponsor) were: runted fetuses at the HD and an 
increased number of fetuses with 27 presacral vertebrae (instead of 26), 13 thoracic 
vertebrae (instead of the usual 12), and supernumerary (13th) ribs at all doses (SS). 
These are particularly common skeletal variations in the rabbit. There were also 
increases in the incidence of other minor abnormalities and variants related to the extent 
of ossification at all doses, but these were not clearly dose-related. 
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Table IV.C3.4   Caesarean-sectioning observations

63

Reference ID: 3849849

      

    

       

          

     
        

         
         

       

        
         

       

         

          
          
         

         

         
         

       

         

        

       
        

       
          

       

          
       

        
        

         
       



Table IV.C3.5   Fetal abnormalities in rabbit embryofetal development study
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c. Conclusions 

Treatment of pregnant rabbits with BRV (oral doses of 30, 60, 120, or 240 mg/kg/day, given BID, 
6 hr apart) throughout the period of organogenesis (GDs 6-19) produced maternal toxicity and 
adverse effects on development (increased postimplantation loss, decreased fetal BW, and 
increased incidence of runted fetuses) at the HD. Increased incidences of skeletal variations were 
seen at all doses, but their toxicological significance is unclear. Based on the presence of 
maternal toxicity and postimplantation loss at the HD, the study can be considered adequate for 
assessing effects on embryofetal development in the rabbit. 
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4. ucb 34714: Oral (gavage) pre- and postnatal development study in the Wistar rat (Study # NCD1330, 
report dated 6/29/07, conducted by  GLP)

a. Methods

Female (mated) Wistar rats (Crl:WI (Han); 25/group + 6/group TK) were administered 0 (1% 
methylcellulose 400 cps vehicle), 150, 300, or 600 mg/kg/day BRV (dosed BID, 10 hr apart; lot #E04-
83162) by oral gavage (5 mL/kg) from GD 6 through PND 20. Dams were observed for viability, 
clinical signs, premature deliveries, and deaths. BWs and food consumption were recorded during the 
dosing period. All females were allowed to deliver and rear their offspring to PND 21. On PND 10, 
blood samples for determination of plasma drug concentration were collected from the first 3 
females/grp at 1 and 4.5 hrs after the first daily dose and blood samples were also collected from 4 
pups/sex/litter at 4.5 hrs and pooled by sex and litter. Blood samples were collected from another 3 
dams/grp at 10 (just prior to administration of the second daily dose), 11, 14.5, and 24 hrs after the 
first daily dose and blood samples were collected from 4 pups/sex/litter at 24 hrs. Clinical 
observations and BWs were assessed in pups at appropriate intervals. Each pup was evaluated for 
pre-weaning developmental landmarks (pinna detachment, surface righting, incisor eruption, eye 
opening, and auditory reflex) and 2/sex/litter were randomly selected for post-weaning developmental 
landmarks. From these, 1/sex/litter were randomly assigned to 1 of 2 subsets. Subset A was selected 
for acoustic startle response on PND 20 and 60, locomotor activity on PND 21 and 61, and learning 
and memory (Biel maze) beginning on PND 62. The remaining 1/sex/litter were assigned to Subset B 
for evaluation of learning and memory assessment beginning on PND 22. Pups selected for 
assessment of developmental landmarks and additional pups from each litter were assigned to a 
maturational phase, including reproductive functional assessment. F1 females were allowed to deliver 
and rear their pups to PND 10 when F2 pups were examined externally. F1 males were necropsied 
following necropsy of the last F1 female.

Dose selection: Doses were based on the results of the 4-week oral toxicity study and embryofetal 
development study, in which rats were dosed twice daily, 6 hours apart. In the 4-week study, the HD 
of 1500 mg/kg/day was not tolerated, and animals were euthanized by week 2. At 1000 mg/kg/day, 3 
males were euthanized by day 11. Both of these doses induced hepatic toxicity (lipofuscin, bile and 
porphyrin pigment deposits, bile duct hyperplasia, and peribiliary inflammation). The NOAEL in this 
(4-week) study was considered to be 300 mg/kg/day. In the rat embryofetal study, there was little 
maternal toxicity (clinical signs consisting of salivation and partially closed eyes, no effect on BW 
gain) at the HD of 600 mg/kg/day (given BID, 6 hr apart) and no clear effects on development. It was 
thought by the sponsor that administering the daily doses 10 hrs apart (versus 6 hrs in the previous 
studies) would ensure sufficiently sustained exposure.

b. Results

i. Effects on the dam and litter parameters

There were no maternal deaths or drug-related clinical signs. BW was not affected by drug dosing 
during gestation or lactation. Gestation lengths, pregnancy rates (100, 96, 96, and 100% in C, LD, 
MD, and HD groups, respectively), and parturition were unaffected by treatment. There were no drug-
related macroscopic findings. Numbers of implantation sites were similar among groups. TK 
parameters during lactation are shown in Table IV.C4.1. The mean number of pups born, live litter 
size, percentage of males per litter at birth were unaffected by drug (Table IV.C4.2).
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Table IV.C4.1 TK values of ucb 34714 and its metabolites during lactation

Table IV.C4.2 Delivery observations 

 ii. Offspring evaluations 

Survival – Postnatal survival was unaffected by treatment (Table IV.C4.3). The numbers of F1 pups 
found dead, euthanized in extremis, and/or missing were similar among groups. At the HD, 11/4 
pups/litters were noted as being small, generally on PND 10 and 14. This finding was considered 
drug-related because of lower BW gains in this group.
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Table IV.C4.3 Summary of postnatal survival (% per litter)

Body Weight - Pup BW gain was decreased at the HD (SS between PND 10-17) and a small deficit 
(5%, NS) was seen at weaning in this group (Table IV.C4.4). This deficit persisted into the 
postweaning period in both sexes.

Table IV.C4.4 Offspring bodyweight
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Developmental Landmarks - There were no clear effects of treatment on pre-weaning sensory 
function parameters (pinna detachment, surface righting, incisor eruption, eye opening, and auditory 
reflex). While the age of attainment of balanopreputial separation was not different among groups, 
age of attainment of vaginal patency was delayed by ~2 day at the HD compared to C (Table 
IV.C4.5). This delay could be secondary to the BW reductions, based on the effect sizes seen. 

Table IV.C4.5. Vaginal opening in female offspring

Offspring Behavior - An apparent effect on auditory startle (decreased Vmax and Vave) was seen in 
HD males and females at PND 20 and in males at PND 60, although SS was not reached (Table 
IV.C4.6). Decreased locomotor activity (SS) was seen in HD females on PND 61 (Table IV.C4.7). 
There were apparent drug-related differences in learning and memory, based on performance in the 
Biel maze, although none reached SS. On PND 62, HD males and females took longer to learn the 
more difficult B path and made more errors (Table IV.C4.8). HD females also performed more poorly 
in the memory phase of the test (Table IV.C4.9).  
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Table IV.C4.6 Summary of auditory startle response data

Table IV.C4.7 Summary of motor activity counts
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Table IV.C4.8 Summary of Biel maze swim trials
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Offspring Reproductive Performance - No clear effects of treatment on F1 reproductive performance 
were observed; mating and fertility indices were similar among groups. The mean numbers of days 
between pairing and coitus were increased at the MD and HD (3.7 days) compared to C (2.6 days), 
primarily due to 2 females in each of these groups with a period of extended diestrus (11-14 days) 
during the mating period. However, all 4 of these females had been cycling normally prior to being 
paired with a male, and all had evidence of mating and produced litters. The number of F2 pups born, 
live litter size, percentage of males per litter at birth, and postnatal survival up to PND 10 were 
unaffected by treatment.

Offspring Necropsy Observations - All necropsy findings were considered unrelated to treatment.

c. Conclusions 

Treatment of female rats with oral doses of 0, 150, 300, or 600 mg/kg BRV (dosed BID, 10 hr apart) from 
GD 7 through PND 20 produced no appreciable maternal toxicity or effects on litter parameters. A slight 
decrease in pup BW gain during lactation was seen at the HD in both sexes, which persisted into the 
postweaning period, and there was a delay in attainment of vaginal patency in HD females. There was 
some evidence of long-term neurobehavioral effects at the HD, i.e., decreased auditory startle reactivity, 
decreased locomotor activity, and impaired Biel maze learning and memory in animals test as adults. 
However, SS was only reached for overall motor activity in females. Based on the lack of maternal toxicity 
at the HD, dose selection for this study was again questionable, so the study may not have fully 
characterized the developmental effects of the drug. Therefore, it is recommended that the study be 
repeated if a repeat rat embryofetal development study (or dose range-finding study) shows that 
significantly higher doses can be administered to pregnant rats.
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D. JUVENILE ANIMAL TOXICOLOGY  

1. ucb 34714: Nine week oral (gavage) toxicity study in juvenile Wistar rats (Report No. NCD 167 1, 
dated 8/9/10, conducted by  GLP)  

a. Methods

Young rats (Crl:WI(Han); 4/sex/litter from 35 litters/group, whole litter design) were given 0 (1% w/v 
methylcellulose 400 cps vehicle), 150, 300, or 600 mg/kg/day BRV (dosed BID, 10 hr apart; lot 
#CB14000006) by gavage (5 mL/kg/dose) either from PND 7 to 21 (pups from 5 litters/group assigned to 
Phase I [TK phase] and from 30 litters/group to Phase II [main study phase], subgroup A) or PND 4 to 70 
(pups from 30 litters/group assigned to Phase II, subgroups B, C, and D). Within each group, animals 
assigned to the main study (Phase II) were subdivided into 4 subgroups (A, B, C, and D), with 1 
pup/sex/litter assigned to each subgroup (total of 30 rats/sex/group/subgroup) prior to the start of dosing 
(Figure IV.D1.1). Pups were observed for mortality, clinical observations, body weights, and food 
consumption. Indicators of physical development (balanopreputial separation and vaginal patency) were 
evaluated in 3 pups/sex/litter (Phase II, subgroups B, C and D). On PND 22, ophthalmology examinations 
were conducted in all subgroup A animals and 20 subgroup A animals/sex/group were assigned to blood 
sampling for hematology and serum chemistry, macroscopic examinations, organ weights, and 
histopathological examinations on PND 22. The remaining 10 subgroup A animals/sex/group were 
assigned to neurohistopathological examinations (brain weight and size measurements, macroscopic and 
microscopic examinations) on PND 22. Subgroup B animals (20/sex/group) were assigned to blood 
sampling for TK on the last day of dose administration (PND 70), hematology, serum chemistry and 
hormone assessment, macroscopic examinations, organ weights, and histopathological examinations on 
PND 71. Ten of these same subgroup B animals/sex/group were selected for bone densitometry 
assessments on PND 71. The remaining 10 subgroup B animals/sex/group were assigned to 
neurohistopathological examinations on PND 71. All subgroup C animals were assigned to 
neurobehavioral testing (FOB, locomotor assessment, acoustic startle response, and learning and 
memory assessment in Biel maze) during and/or after the treatment period.  Subgroup C animals 
(20/sex/grp) were also assigned to blood sampling for hematology, serum chemistry and hormone 
assessment, macroscopic examinations, organ weights, histopathological examinations or 
neurohistopathology (10/sex/grp) following a 30-day recovery period (PND 100). Subgroup D animals 
were assigned to neurobehavioral testing (learning and memory assessment) after the end of the 
treatment period, blood sampling for hormone assessment prior to breeding, assessment of reproductive 
potential, and macroscopic examinations. For TK analyses of BRV and its major metabolites, the 5 litters 
assigned to Phase I and 1 pup/sex/litter (N=9 pups/group) assigned to Phase II, subgroup B were used 
for blood collection on PNDs 21 and 70, respectively. Blood samples were collected from 3 
rats/sex/group/time point at 1, 4.5, 10, 11, 14.5, and 24 hrs after dose administration on PND 21 and 70. 

Dose selection was based on 2 dose range-finding studies in juvenile Wistar rats conducted at  in 
which oral (gavage) doses of 150, 300, or 600 mg/kg/day (given BID, 10 hours apart) were administered 
from PND 4 to either PND 28 or PND 21. Increased mortality (2, 1, 8 and 11 males and 0, 2, 4 and 12 
females in 24 day study and 0, 0, 3, and 7 males and 0, 3, 1 and 5 females in 17 day study in C, LD, MD, 
and HD groups, respectively), clinical signs (hypothermia, rales, and clear and red material around the 
nose), and transient decreases in BW gain were observed, primarily at the HD. 
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Figure IV.D1.1. 
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b. Results

i. Mortality, clinical signs

A drug-related increase in mortality was seen at the HD, with most deaths occurring between 
PNDs 11 and 21 (Table IV.D1.1). Pale, cool bodies, gasping, labored respiration, rales, 
hypoactivity, slightly drooping or completely shut eyelids and/or rocking, lurching or swaying while 
ambulating were noted for 12 males and 7 females in the HD group that were later found dead. 
These clinical findings were generally seen on the day prior to and/or on the day of death. In 
addition, 1 HD female was euthanized on PND 45 following observations of pale or cool body and 
labored respiration for up to 4 consecutive days, hypoactivity, red material around the mouth, and 
rales. Drug-related occurrences of rales were noted for 48 and 51 surviving HD males and 
females, respectively. This finding was noted approximately twice as frequently in the females as 
in the males and was observed during PND 10-55. Despite the high rate of mortality at the HD, 
N’s were adequate for evaluation of developmental toxicity (~20/sex/grp for behavioral and 
reproductive testing).

Table IV.D1.1   Mortality in juvenile rats

ii. Body weight

BW gain was decreased in HD males (SS) and females (NS) during the preweaning period 
(Table IV.D1.2) and during the first 4 weeks of the postweaning period in HD males (SS), without 
effects on food consumption. These resulted in decreased (SS) BWs during PND 10-60 in males 
and PND 12-14 in females. There were no group differences in BWs at the end of the treatment 
period. 
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Table IV.D1.2 Body Weight Gain in Juvenile Rats

Males

Females
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iii. Developmental Landmarks and FOB

Attainment of balanopreputial separation was delayed in HD males (47.8 vs 46.2 days in C, SS). 
This was attributed to decreased BWs in this group during the postweaning treatment period (BW 
in HD males 8.6% below C on PND 46). There was no effect on attainment of vaginal patency in 
females. Grip strength, assessed in the FOB, was decreased in treated animals at all doses, 
although the effect was not D-R (Table IV.D1.3).

Table IV.D1.3 FOB in juvenile rats

Males

Females

iv. Clinical Pathology, Ophthalmological Examinations

There were no notable changes in hematological parameters. Several small changes in serum 
chemistry parameters on PND 22 and 71 (↓chloride, ↑calcium, ↑cholesterol) were considered T-R 
(Table IV.D1.4).  These changes were no longer seen after the recovery period. 
Ophthalmological examinations did not reveal any T-R effects. 

83

Reference ID: 3849849



Table IV.D1.4   T-R changes in serum chemistry values

v. Developmental Neurotoxicity Testing 

Locomotor activity appeared to be decreased in treated animals on both PNDs 22 and 77 (Table 
IV.D1.5), but was only SS in HD males during the first subinterval (0-15 minutes) on PND 22 
(total counts decreased 23%). 

On PND 78, auditory startle responsiveness was increased in treated animals. For Vmax, the 
differences were evident in each trial block and when all trials were combined for both sexes at 
the HD, reaching SS during the first 4 trial blocks (1-10, 11-20, 21-30 and 31-40) and for all trials 
combined for HD females (Table IV.D1.6). 

In the Biel water maze, conducted starting on PND 24, a deficit in the memory component was 
seen in HD females (increased escape times and errors, Table IV.D1.7). In the Biel maze 
conducted starting on PND 78, there were no clearly T-R differences in learning and memory 
performance.  
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Table IV.D1.5 Open field performance in juvenile rats
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Table IV.D1.6 Startle response in juvenile rats
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Table IV.D1.7 Biel maze performance
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vi. Reproductive Performance 

Estrous cycle lengths were not affected by treatment, but male and female fertility indices were 
decreased and pre-coital interval increased at the HD (Table IV.D1.8).  Three of 19 HD females 
with evidence of mating were not pregnant and 1 pregnant HD female had total litter loss. There 
were no T-R effects on gestation or parturition. 

Table IV.D1.8 Reproductive performance

vii. Pathology

D-R decreases in absolute and/or relative brain wts and brain size were found at all doses in 
treated males and females at the end of the treatment period (PND 71) in both the groups not 
selected for special neurohistopathology and the groups selected for neurohistopathology (Table 
IV.D1.9A). These deficits persisted to the end recovery period (PND 100) in both sexes (Table 
IV.D1.9B) The neurohistopathological examination (C and HD) did not reveal any apparent T-R 
morphological lesions in the brain. In addition, treated rats necropsied on PND 71 had increased 
liver wts and increased incidences of centrilobular hepatocyte hypertrophy at the MD and HD in 
both sexes. Small decreases (3-6%, NS) in bone mineral content and density in the lumbar 
vertebrae were seen in treated MD and HD males (Table IV.D1.10A). There were also decreases 
in total femur length (-5%, SS) and distal femur bone area (-7%, SS) in HD males (Table 
IV.D1.10B). The effect on femur length was attributed to 1 small animal (no. 50281-02) that was 
considered an outlier (femur length 29.8 mm compared to the group mean (including this animal) 
of 32.86 mm and final BW of 154 g compared to group mean of 254 g). 

91

Reference ID: 3849849



Table IV.D1.9A Brain weights

Males not selected for neurohistopathology PND 71

Females not selected for neurohistopathology PND 71

Males selected for neurohistopathology PND 71
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Females selected for neurohistopatholgy PND 71

Table IV.D1.9B

Males selected for neurohistopathology PND 100
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Females selected for neurohistopathology PND 100
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Table IV.D1.10A DXA scans at the L3-L4 lumbar vertebral column
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Table IV.D1.10B DXA scan results at the femur

viii. Plasma drug levels

TK data for BRV and its metabolites are shown in Table IV.D1.11. Peak levels for parent were 
seen at 1 hour and both Cmax and AUC values generally increased less than dose-
proportionally, which was more marked in males than females and on PND 21 than on PND 70.
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Table IV.D1.11 TK parameters for SPM 927 (lacosamide) in juvenile rats 

c. Conclusions

Administration of BRV to young rats for 10 weeks beginning on PND 4 at doses of 150, 300, or 600 
mg/kg/day increased mortality, transiently decreased BW gain, delayed male sexual maturation, 
produced short and long-term neurobehavioral changes (altered locomotor activity and auditory startle 
responsiveness), and impaired reproductive performance at the HD and produced persistent decreases in 
brain weight and size at all doses.
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2.  ucb 34714: 9-Month Oral (Gavage) Toxicity Study in Juvenile Beagle Dogs with a 2-Month 
Recovery Period (Report no. NCD1863, dated 8/11/10, conducted by , GLP)  

a. Methods

Juvenile Beagle dogs (9-11/sex/group + 6-9/sex/grp TK from 46 pregnant females) were given 
BRV (batch #s CB14000015 and CB14000037) at oral (gavage) doses of 0 (1% w/v 
methylcellulose 400 cps), 15, 30, or 100 mg/kg/day (administered BID, 10 hr apart, 5 mL/kg/day) 
from PND 4 through PND 276. Observations consisted of clinical signs, body weight, food and 
water consumption, developmental landmarks (eye opening and teeth eruption), neurobehavioral 
functions (FOB), ophthalmology, ECG, hematology, clinical chemistry (including serum thyroid 
and reproductive hormone analysis), urinalysis, bone parameters (biomarkers, densitometry and 
strength, femur length), and macroscopic and microscopic pathology (including detailed central 
and peripheral nervous system histopathology). Plasma samples for TK analysis were obtained 
on PND 4 and PNDs 31 and 276 at 1, 4.5, 10 (prior to the second daily dose), 11, 14.5, and 24 h 
after the first daily dose.

Dose selection was based on the results of dose range-finding study in juvenile dogs (15, 50 and 
100 mg/kg/day dosed orally BID from PND 4 through PND 31) in which decreased BW gain, 
decreased bone indices (bone mineral content, area and density in the femur and bone mineral 
content and density in the lumbar vertebrae), increased liver weights and hepatocellular 
hypertrophy, and decreased thymus weights and thymic atrophy were seen at the MD and HD.

b. Results

i. Mortality and Clinical signs

There were no early deaths or T-R clinical signs. 

ii. Growth and development

There were no T-R effects on BW or developmental landmarks.

iii. Electrocardiographic examinations

There were no T-R changes in ECGs performed during PNDs 193-199, during the last week of 
dosing (PNDs 270-276) and during the last week of recovery (PNDs 327-331).

iv. Clinical Pathology, Ophthalmological Examination

There were no apparent T-R effects on hematology, reproductive hormone level, urinalysis, or 
ophthalmological evaluations. Clinical chemistry changes consistent with those seen in general 
toxicity studies in adult dogs were seen, primarily at the HD (Table IV.D2.1). T-R increases (SS at 
HD) in ALP, ALT, AST, GGT, and bile acids and decreases (SS at HD) in albumin, A/G ratio, and 
cholesterol were seen in both sexes at PND 114, 202, and/or 277. T4 values were decreased (SS 
on PND 277) in HD females (Table IV.D2.2). Increases (SS on PND 277) in serum bone specific 
alkaline phosphatase (BSAP) were seen in HD males and females (Table IV.D2.3). There were 
no clear changes in the other two bone biomarkers (osteocalcin and cross-linked C telopeptide of 
type 1 collagen).
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ALP, AST, GGT, A/G, T4, and BSAP values appeared to return to normal after the recovery 
period, while only partial recovery was seen for ALT (males), bile acids (females), cholesterol, 
and albumin. 

Table IV.D2.1 Clinical chemistry findings in juvenile dogs
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Table IV.D2.2 Thyroid hormone levels in juvenile dogs

Table IV.D2.3 Serum bone biomarker analysis 
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v. Developmental Neurotoxicity Testing 

The FOB performed on PNDs 30, 112, 200, 275, and 332 (recovery) prior to first daily dosing did 
not reveal any T-R differences.

vi. Anatomic pathology

There were no T-R macroscopic findings, or microscopic changes in the central and PNS tissues 
(no apparent effect on brain wt or size). The clinical chemistry changes in HD animals correlated 
with brown pigment accumulation, centrilobular and periportal fibrosis, inflammation, bile duct 
hyperplasia, and hepatocellular hypertrophy and degeneration at the HD in both sexes (Table 
IV.D2.4). These findings were more severe in males than in females and were associated with 
higher liver weights and gallbladder concretions in males. Partial or full reversal was observed at 
the end of the recovery period, with the exception of the brown pigment accumulation and 
gallbladder concretion. Lower thymus weight in HD females was associated with a slight increase 
in severity but not in incidence of thymic atrophy. 
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Table IV.D2.4 Histopathology in juvenile dogs

vii. Bone parameters

Although DXA bone parameters (bone mineral content, area, and density) appeared to 
be decreased in recovery group HD males in association with decreased femur length, 
there were no SS differences compared to C (Table IV.D2.5). L5 Lumbar vertebral body 
extrinsic (maximum load, stiffness and energy) and intrinsic (ultimate strength, elastic 
modulus and toughness) strength parameters evaluated at the end of treatment and after 
the recovery period were not affected by treatment.
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Table IV.D2.5. Bone parameters in juvenile dogs
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viii. Toxicokinetics 

TK data summarized in Table IV.D2.6 show approximately dose-proportional increases in 
parent and no sex differences.

Table IV.D2.6. PK parameters in juvenile dogs

c. Conclusions

When BRV was given to young dogs for 9 months beginning on PND 4 at doses of 15, 30, or 100 
mg/kg, there were no apparent effects on body weight or other growth parameters (including 
bone), neurological testing, ECG, ophthalmology, or brain pathology. Clinical chemistry and 
histopathology changes consistent with the liver toxicity seen in general toxicity studies in adult 
dogs were observed at comparable exposures, indicating an absence of age-related effects.
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IV. SUMMARY AND EVALUATION 

Pharmacology

Brivaracetam was predicted to be a broad spectrum anticonvulsant based on its potent binding to 
the synaptic vesicle protein 2A site and activity in a variety of animal models of epilepsy. 
Interestingly, BRV showed activity in the standard MES and PTZ seizure models, while LEV was 
inactive in these models. The pharmacologic activity of BRV seems to be associated primarily 
with the parent, since only 1 minor metabolite demonstrated weak anticonvulsant activity. 

In CNS safety testing in rats, signs of CNS depression were seen at acute oral doses ≥100mg/kg. 
Oral doses of 1000 and 1500 mg/kg were associated with mortality. In in vivo CV safety studies, 
decreases in blood pressure, heart rate, and cardiac contractility and increases in QT and QTc 
were observed in anesthetized male dogs after an iv dose of 150 mg/kg (Cmax 308 ug/mL). In 
conscious dogs, decreased blood pressure and increased heart rate were seen in females at 
single oral doses ≥ 50 mg/kg (Cmax 61 μg/mL) and QTc prolongation was seen in females at 150 
mg/kg (Cmax 174 μg/mL). However, no prolongation of QT or QTc was observed in the repeated-
dose toxicity studies in the dog at oral doses of up to 94 mg/kg/day given BID (Cmax ~50 μg/mL) 
or in the monkey at doses of up to 900 mg/kg/day given BID (Cmax ~250 μg/mL). The CV effects 
observed in the dog at doses ≥50mg/kg were associated with peak plasma levels well above the 
Cmax (3.5 µg/mL) at the maximum intended clinical dose of 100 mg bid and CV effects have not 
been reported clinically. BRV produced a slight respiratory stimulant effect at a dose of 100 mg/kg 
po in rats (Cmax of 63.6 μg/mL). 

ADME

Oral absorption was rapid and complete in rats, dogs, and humans, with an oral bioavailability of 
nearly 100%. A much lower bioavailability (<10%) in the cynomolgus monkey was attributed to 
high first-pass metabolism rather than to poor absorption. There were no sex differences in 
exposure in dogs and monkeys, but in rats exposure was higher in females than in males. The 
half-life was ~2 hours after oral or iv administration to rat and dog and ~ 8 hr in humans. Rapid, 
widespread distribution into tissues was observed in studies of radiolabeled BRV, with the volume 
of distribution approximately equivalent to total body water (0.6 L/kg). Plasma protein binding was 
low (≤20%) in all species including humans. Parent drug represented the most abundant 
circulating material in vivo for all species (including humans) except the cynomolgus monkey, 
which showed increased metabolic clearance compared to other species. 

The major metabolic route involves the stereoselective hydroxylation of the propyl chain to 
produce ucb-100406-1, both in animals and humans. In rodents, monkeys, and humans, ucb-
100406-1 was the only metabolite exceeding 10% of the total circulating material. In dog, major 
metabolites included both ucb-100406-1 and ucb-102993-1, a derivative resulting from the 
hydroxylation of the butyramide side-chain. The other identified metabolic routes involved the 
hydrolysis of the acetamide moiety to the acid derivative ucb 42145, which can be then be 
hydroxylated to ucb-107092-1, and the oxidation of ucb-100406-1 to the corresponding ketone 
ucb 47074. The other metabolites and/or the other metabolite isomers were present in much 
smaller amounts. No in vivo metabolites were specific to humans. Auto-induction of metabolism 
was suggested by the decreased exposure with repeated dosing in the animal studies, except in 
monkeys. 

The clinical pharmacology reviewer, Michael Bewernitz, confirmed that the hydroxy metabolite 
(ucb-100406-1) was the only major circulating metabolite in humans (i.e., exceeding >10% of 
total drug-related material in circulation). In severely renally impaired patients, levels of 
metabolites increase dramatically. For ucb-100406-1 (hydroxy metabolite), the mean AUC in 
severe RI patients was 57.5 μg*h/mL at the MRHD (which represented an ~400% increase 
compared to the AUC in healthy patients); for ucb 42145 (carboxylic acid metabolite), the AUC in 
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severe RI patients was 11.4 μg*h/mL (~325% increase compared to healthy patients); and for 
ucb-107091-1 (hydroxy acid metabolite) the mean AUC in severe RI patients was 35.8 μg 
eq.h/mL  (~21-fold greater). The animal studies provided adequate coverage for all but ucb-
107091-1 (Tables III.5-6); therefore, additional studies were conducted in which the metabolite 
was directly administered (see below).

Clearance was predominantly by metabolism and excretion of metabolites in urine and feces. 
After IV and oral administration of 5 mg/kg [14C]-ucb 34714 in mouse, rat, hamster, dog, and 
cynomolgus monkey, 60%-80% of dose radioactivity was recovered in urine during the first 24 
hours after dosing and 86%-98% by 168 hours after dosing.

General Toxicology

Chronic oral toxicity of BRV was assessed in dogs, rats, and monkeys. In the chronic oral toxicity 
study in Wistar rats (0, 100+50, 100+130, or 100+350 mg/kg/day by diet and gavage for 26 
weeks), clinical chemistry changes (increased cholesterol, triglycerides and glucose), increased 
liver weights, and centrilobular hepatocellular hypertrophy were attributed to liver enzyme auto-
induction. Other minor histopathology findings, including brown (presumably lipofuscin) pigment 
deposition in the liver, thyroid, and spleen, were also considered to be adaptive responses. 
Therefore, except for hyaline droplet nephropathy seen in males at all doses, none of the findings 
was considered adverse by the sponsor, reasonably so, and the HD can be considered the 
NOAEL. The Cmax and AUC0-24h values were 36.6 and 65.9 μg/mL and 257 and 464 μg.h/mL, 
for males and females, respectively, at week 26. 

In the chronic oral toxicity study in the beagle dog (0, 15, 37.5, or 75 mg/kg/day given TID by 
gavage for 26 weeks), clinical chemistry changes (dose-related increases in ALT, SDH, ALK 
PHOS, 5’-ND, and GGT), increased liver weights, and hepatobiliary histopathological changes 
(brown pigment deposits in hepatocytes, Kupffer cells, and bile canaliculi,  fibrosis and 
hyperplasia of oval cells/bile ducts, hepatocyte necrosis and inflammation, gallbladder 
concretions) were seen primarily at the MD and HD. Exposure (AUC (0-24h)) to parent drug at 
the LD, which was considered the NOAEL, was 34.7 μg.h/mL (sexes combined) at 26 weeks. 
This is lower than the human plasma exposure at the MRHD of 200 mg/day (Table III.3).

In the chronic oral toxicity study in cynomolgus monkey (0, 300, 600, or 900 mg/kg/day dosed 
BID by gavage for 39 weeks), transient CNS signs (reduced activity, clumsy movements, loss of 
balance) and increased triglyceride concentrations and ALT and GGT activities were seen at the 
MD and HD and increased liver weights, hepatocellular hypertrophy, and increased brown 
pigment (lipofuscin) deposition in the liver were seen at the HD. These changes can be 
considered indicative of an adaptive response of the liver and not adverse, so the HD (week 39 
Cmax and AUC0-24h values at of 223 μg/mL and 2351 μg.h/mL, respectively (sexes combined)) 
was considered the NOAEL.

To support the safety of the iv formulation of BRV, for which bioequivalence to the oral dosage 
form was established clinically, 1-month continuous infusion studies were conducted in the rat 
and dog (see IND 103908 review dated 12/11/08 by Christopher Toscano). In the Wistar rat study 
(continuous iv infusion (4mL/kg/h) of 0, 200, 600, or 1000 mg/kg/day for 28 days), there were no 
T-R deaths, clinical signs, or BW effects, but increases (up to ~20%) in plasma creatinine 
concentrations were seen in males at the two highest doses (thought to reflect hyaline droplet 
nephropathy [HDN]), D-R increases in liver, kidney, and thyroid weights (up to 20-30%), 
centrilobular hepatocyte hypertrophy, and thyroid follicular cell hypertrophy were seen in all 
treated males and in MD and HD females, and HPN was seen in males at all doses. The NOAEL 
was <200mg/kg/day for males and 200 mg/kg/day for females. On Day 28, the AUC0-24h at this 
dose were 168 and 518 μg.h/mL for males and females, respectively, approximately 5-fold higher 
than those expected in humans receiving the proposed clinical dose. Metabolite 100406-1 was 
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detected at concentrations almost as high as the parent compound at the final day of dosing in 
males rats but was about 1/5 the parent exposure in females.

In the 1-month iv toxicity study in beagle dogs, BRV was tested at doses of 0, 30, 100, and 
150/300/200 mg/kg/day for 28 days as continuous iv infusion (0.5mL/kg/h). The HD started at 150 
mg/kg for 2 days but was raised to 300 mg/kg/ day and then lowered to 200 mg/kg on days 16-17 
due to decrease in food intake. There was no T-R mortality, clinical signs, or total BW gain but 
findings included: decreased (~50%)  reticulocytes at the HD; notable increases in ALT, AST, 
ALP activity (ALT up to 17-fold) and total bilirubin levels at the MD and HD; increased liver and 
decreased thymus weights; and histological findings of centrilobular hepatocellular hypertrophy, 
widespread deposition of protoporphyrin pigmentation in the liver (intra and extra- hepatocellular 
and Kupffer cell), increased hepatocellular apoptosis, inflammatory cell infiltration, and fibrosis 
(one animal) in the liver, accumulation of dark concretions in the gallbladder, thymic atrophy, and 
adrenal cortical cell hypertrophy, all primarily at the MD and HD in both sexes. Only partial 
recovery was seen, with hepatocellular apoptosis and inflammatory cell infiltration in the liver, 
dark concretions in the gallbladder, and increased ALT and ALP activities and total bilirubin 
remaining at the end of the 2-week recovery period. The day 28 exposure (AUC) to parent at the 
the LD, the NOAEL, was 58.4 μg.h/mL (males and females combined). Exposure to the major 
metabolite UCB-100406-1 was 20% greater than that of parent at the LD and 28 and 52% lower 
than parent at the MD and HD, respectively.

The more serious hepatotoxicity seen in dogs was attributed to a mechanism, thought to be 
unique to this species, involving the formation of a reactive metabolite with structural similarities 
to known porphyrogenic agents though oxidation of the butyramide side-chain. This putative 
reactive metabolite is thought to alkylate CYP and result in the formation of N-alkylprotoporphyrin 
IX (N-alkylPP), which leads to CYP inactivation. CYP inactivation, in turn, induces heme 
synthesis, accelerating the accumulation of porphyrin precursors, which ultimately produces the 
hepatocyte necrosis observed. Support for this mechanism came from metabolism data showing 
that the dog is the only species in which the β-hydroxylated product, ucb-102993-1, thought to be 
the precursor of the putative reactive species, exists as major circulating metabolite (≥10% total); 
non-linear PK seen in dogs after iv and oral dosing; a 2-week oral study (0, 100, 200, or 300 
mg/kg/day given BID) in which liver enzyme analysis revealed induction of CYP3A and CYP2B 
and a depression of CYP1A and CYP4A; a 4-week oral study (6, 15, 37.5, or 94 mg/kg/day given 
BID) in which animals given ≥15 mg/kg/day had increased CYP concentration and induction of 
CYP2B and CYP3A (up to 2.9-fold), while suppression of enzyme activity was observed at 94 
mg/kg/day for CYP1A, CYP2B, and CYP4A; and similar findings in a  subsequent toxicological 
program performed with ucb-101747-1, a structurally-related SV2A ligand (Figure IV.1). 
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mouse lymphoma assay, BRV produced a SS increase in mutant fraction at the highest 
concentration assessed (4800 μg/mL), a concentration considered to be at the limit of acceptable 
toxicity (10% RTG). No evidence of mutagenic activity was observed following treatment for 24 h 
without S9, and following treatment for 4 h with S9. It was concluded that a weak mutagenic 
response was seen at a toxic concentration in the absence of S9.  In the CHO chromosomal 
aberration assay, there was an increase in structural aberrations in the presence of S9 at a 
cytotoxic (40% cell survival) concentration of BRV (3500 μg/mL), in the presence of S9 at 3000 
μg/mL (54% cell survival), and in the absence of S9 following 6 h exposure at 4100μg/mL (44% 
cell survival). However, this assay was considered inconclusive because the response was not 
reproducible between duplicate cultures and between repeat tests. In the rat micronucleus test 
with BRV (Wistar rats dosed po BID, 6h apart, for 2 days at 0, 500, 1000, and 2000 mg/kg/day), 
the HD produced 2/20 deaths and 8/20 rats were sacrificed due to the severity of clinical signs 
(subdued behavior, rolling gait, prostration, labored breathing, hunched appearance, half closed 
eyes), but there were no increases in bone marrow MN-PCEs. The metabolite ucb-107092-1 was 
negative in the mouse lymphoma and rat micronucleus assays.

Two-year carcinogenicity studies of BRV were conducted in the mouse and rat (see statistical 
review dated 9/17/15 by Mohammad Atiar Rahman). In the mouse study (oral gavage and dietary 
administration of 0, 400, 550, and 700 mg/kg/day to CD1 mice for 2 years), there were no effects 
on survival or BW (non-D-R decreases in BW gain and final BW), but increased incidences (SS) 
of hepatocellular tumors were observed in males at the MD and HD and there was a (NS) trend 
for increased incidences of benign luteoma and Sertoli cell (ovary) tumors in treated females. In 
the sponsor’s analysis, the incidence of hepatocellular adenoma or carcinoma showed a SS trend 
in males and the incidence of hepatocellular adenoma was SS greater than C at the MD and HD. 
The incidence of hepatocellular carcinoma was SS increased at the HD and also greater than C 
(no hepatocellular carcinomas) in MD and HD males, although within the historical control range. 
The FDA statistical reviewer found SS dose-response relationships in the incidences of 
hepatocellular adenoma, hepatocellular carcinoma, and combined hepatocellular adenoma and 
carcinoma in male mice. In female mice, the incidence of benign Sertoli cell tumor also showed a 
SS dose-response relationship. The pairwise comparisons showed SS increased incidences of 
hepatocellular adenoma and carcinoma at the HD and a SS increased combined incidence of 
hepatocellular adenoma and carcinoma at the MD and HD (see Exec-CAC minutes dated 9/4/15). 
The finding of enzyme inducing drug-related increases in liver tumors in mice is considered to be 
of limited clinical significance.

In the rat carcinogenicity study (oral (gavage and dietary) administration of 0, 150, 230, 450, or 
700 mg/kg/day to Wistar rats for 2 years), there were no clear effects on survival or BW and, 
according to the sponsor, no T-R effects on the type, incidence, morphology, or time of 
appearance of tumors. However, in the sponsor’s analysis, there was a SS trend for increased 
incidence of benign or malignant thymoma (an epithelial cell tumor) in females and a SS 
difference from C at the HD. In the FDA statistician’s review, the analysis showed SS dose 
response relationships for the incidence of benign thymoma and combined incidences of benign 
and malignant thymoma in the thymus of female rats and the pairwise comparison showed SS 
increased incidences of benign thymoma and combined benign and malignant thymoma (same 
incidence as benign except one additional LD) in the thymus in HD females compared to C. The 
increased incidence of benign thymoma in female rats (22% at HD compared to 4% in C) was not 
considered toxicologically significant by the sponsor, who considered the C incidence unusually 
low (up to 9% in contemporaneous studies). In humans, thymoma is one of the most common 
neoplasms of the mediastinum and is often associated with disorders thought to have an 
autoimmune basis, such as myasthenia gravis (Murray et al, JNCI, 75:369-379, 1985). Non-
neoplastic lesions in the liver, kidney, and thyroid were consistent with those observed in previous 
rat studies.
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Reproductive and Developmental Toxicity

BRV was tested for effects on fertility and early embryonic development, embryofetal 
development, pre- and postnatal development, and in a postnatal development study in juvenile 
animals. In the rat fertility and early embryonic development study (oral gavage doses of 0, 100, 
200, or 400 mg/kg/day (bid, 6h apart) administered to Wistar rats for 28 days (males) or 14 days 
(females) prior to throughout mating and until GD 6 (females) or at least 2 weeks post-mating 
(males)), there were only minor clinical signs of toxicity, slight effects on parental BW gain, and 
no apparent adverse effects on mating and fertility or on C-sectioning parameters (corpora lutea, 
implantations, and live embryos were actually D-D increased). Plasma TK data were not collected 
in this study. Because the HD was based on toxicity that was not dose-limiting in the 13-week 
study and did not produce the expected level of parental toxicity in this study, the adequacy of the 
assessment is questionable. Although no effects on reproductive organ weights or histopathology 
were noted in the general toxicity studies at somewhat higher doses, there is no indication that 
the testes were examined in a stage-aware manner. Although the results of the 4-week rat toxicity 
study (0, 100, 300, 1000, and 1500 mg/kg/day, administered BID by oral gavage 6 hr apart) in 
which the HD was not tolerated and some males were sacrificed moribund at the MHD, indicate 
that the HD selected for this study is close to the MTD, it would appear that there is an adequate 
dose gap between 400 and 1000 mg/kg/day (assuming linearity of exposure) to justify a 
recommendation that the study be repeated postmarketing in an attempt to reach the expected 
level of parental toxicity.

The same question about the adequacy of the HD applies to the rat embryofetal development 
study (oral (gavage) doses of 0, 150, 300, or 600 mg/kg/day administered BID, 6 hr apart, to 
pregnant Wistar rats on GDs 6-17) in which there was no significant maternal toxicity and no clear 
effects on development. Although the total incidences of major and minor fetal abnormalities were 
increased at the HD, the sponsor dismissed these findings due to their low incidence and 
sporadic occurrence. The maternal Cmax and AUC0-24h values at the MD and HD were 93 
μg/mL and 1099 μg.h/mL (300 mg/kg/day) and 184 μg/mL and 1801 μg.h/mL (600 mg/kg/day), 
respectively. Again, an argument could be made based on the results of the 4-week rat toxicity 
study described above that the HD was close to MTD. In addition, there is a substantial exposure 
margin (32X) at the HD (see Table III.3). The results in this species suggest a low risk to human 
pregnancy; however, given what is known about species differences in sensitivity to 
developmental toxicants, it is recommended that an effort be made by the sponsor to reach a 
minimally maternally toxic dose in a repeat rat embryofetal development study conducted 
postmarketing.

In the rabbit embryofetal development study (oral gavage doses of 0, 30, 60, 120, or 240 
mg/kg/day (BID, 6h apart) administered to pregnant NZW rabbits from G6-19), there was 
evidence of maternal toxicity and increased postimplantation loss and decreased fetal BW at the 
HD, indicating that dose selection was adequate. Increased incidences of fetal skeletal variations 
were also seen at all doses. The effect on variations appeared to be drug-related but was 
considered secondary to maternal toxicity by the sponsor. The specific skeletal variations 
increased by BRV (27 presacral vertebrae [PV], 13th rib) are common background findings in 
rabbits and the significance of their increased incidence is controversial. According to Stump et 
al. (Handbook of Developmental and Reproductive Toxicology, 3rd edition, CRC Press, Ron 
Hood ed., 2012, pp. 266-268), in an extensive discussion of these findings in rabbit embryofetal 
development studies, “In the absence of any other fetal effects (i.e., intrauterine growth 
retardation, major or minor malformations, fetal death, or functional impairment), an increased 
occurrence of 27 PV and/or 13th full rib is not sufficient evidence of developmental toxicity.” The 
maternal Cmax and AUC0-24h values at the MHD were 36 μg/mL and 198 μg.h/mL, respectively 
(10 and 3.5X human at MRD). The developmental effects of BRV in the rabbit appear similar to 
those observed with LEV, which is considered to present a low teratogenic risk to humans based 
on current epidemiological data (Hill et al., Expert Rev Neurother.10:943-959, 2010).
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Because of the lack of exposure coverage in severely renally impaired patients, an iv rat 
embryofetal development study of the metabolite ucb-107092-1 was also conducted (0, 200, 500 
or 1000 mg/kg/day administered to SD rats (not known why Wistar was not used) by continuous 
infusion from GDs 6 to 17). There were no effects on maternal survival, clinical signs, or BW and 
no T-R effects on development (post-implantation loss, live fetuses, fetal BW, or fetal 
morphology). Maternal exposure (AUC0-24h) at the HD was 810 μg.h/mL, which provides a 
safety margin of ~23X (see Table III.6).

The pre- and postnatal development study in rats (oral gavage doses of 0, 150, 300, or 600 
mg/kg administered (BID, 6h apart) to Wistar rats from GD 7 through PND 20) used the same 
doses as the rat EFD, so the same criticism applies. There was no appreciable maternal toxicity 
or effects on litter parameters. A slight decrease in pup BW gain during lactation was seen at the 
HD in both sexes, which persisted into the postweaning period, and there was a (possibly related) 
delay in attainment of vaginal patency in HD females. There was some evidence of long-term 
neurobehavioral effects at the HD, i.e., decreased auditory startle reactivity, decreased locomotor 
activity, and impaired Biel maze learning and memory in animals test as adults. However, SS was 
only reached for overall motor activity in females on PND 61. Although maternal exposure to BRV 
at the HD (964μg.h/mL) was not as high as in the rat embryofetal development study, it provides 
a 17-fold safety margin (Table III.3). Based on the lack of maternal toxicity at the HD, dose 
selection for this study was again questionable, so the study may not have fully characterized the 
developmental effects of the drug. Therefore, it is recommended that the study be repeated if the 
repeat rat embryofetal development study shows that significantly higher doses can be 
administered to pregnant rats.

In the juvenile rat study (oral gavage dose of 0, 150, 300, or 600 mg/kg/day (BID, 10h apart) 
administered to Wistar rats from PND4 to 70), increased mortality (both sexes, primarily between 
PND11 and 21), transiently decreased BW gain, delayed male sexual maturation (attributed to 
the BW effect by the sponsor, which is plausible, given the effect sizes), short and long-term 
neurobehavioral changes (altered locomotor activity and auditory startle responsiveness), and 
impaired reproductive performance were seen at the HD and persistent decreases in brain weight 
(both sexes, absolute brain wts 10% below C on PND100) and size occurred at all doses (SS in 
MD and HD males on PND71). However, no microscopic alterations in brain were noted at either 
PND 22 or 71. The LD was associated with exposures of 120 μg.h/mL on PND21 in both sexes, 
and 164 μg.h/mL and 239 μg.h/mL on PND70 in males and females. The data suggest greater 
sensitivity to toxicity (mortality) and unique developmental effects of BRV in the juvenile rat 
compared to the adult.

The juvenile dog study (oral gavage doses of 0, 15, 30, or 100 mg/kg administered BID, 10 hr 
apart, to beagle dogs for 9 months beginning on PND 4), did not indicate any unique effects or 
increased sensitivity to effects seen in adults. The HD was based on bone findings (lower bone 
mineral content, bone area and bone mineral density in the femur, shorter femoral length and 
lower bone mineral content and density in the L3 to L5 lumbar vertebral column) seen in males 
given ≥50 mg/kg/day in the dose range-finding study in which the same doses were administered 
from PND4-31. In the definitive study, there were no apparent effects on body weight or other 
growth parameters (including bone, although some slight changes were observed), neurological 
testing, ECG, ophthalmology, or brain pathology. Clinical chemistry and histopathology changes 
consistent with the liver toxicity seen in general toxicity studies in adult dogs were observed at 
comparable exposures indicating an absence of age-related effects. At the MD, which was 
considered the NOAEL based on the liver effects, exposures (sexes combined) were 190, 63.5, 
and 78.1 μg.h/mL on PND 4, 31, or 276, respectively.
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