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The applicant submitted a Marketing Authorization Application (MAA) to the European
Medicines Agency (EMA) at the same time these three NDAs were submitted to FDA.
During its review, EMA requested that new studies be conducted to investigate
brivaracetam as an inhibitor of CYPs using a higher concentration (650 uM); and to
investigate brivaracetam as an inhibitor of transporters using concentrations up to 1000
uM (depending on the transporter tested). The new studies were requested in order to
cover the concentration range defined by the EMA guideline on the investigation of drug
interactions (June of 2012). The following studies were therefore conducted:

NCD2616: Assessment as a potential inhibitor of human MDR1, BCRP, BSEP, MRP2,
MATE1 and MATE2-K Efflux transporters and human OAT1B1, OATP1B3, OCT1,
OCT2, OAT1 and OAT3 Uptake Transporters

NCD2622: In vitro evaluation as a potential inhibitor of human cytochrome P450
enzymes, in human liver microsomes

Physiologically based pharmacokinetic modeling (PBPK): Quantitative prediction of the
potential for brivaracetam as a perpetrator to cause drug-drug interactions with
omeprazole and metformin in healthy volunteers

These study reports were provided to EMA to complete the nonclinical data package. To
maintain consistency across the applications regarding new data provided to regulatory
authorities, the applicant submitted these new reports to NDA 205836 on October 16,
2015, and incorporated for NDA 205837 and NDA 205838 by means of reference to this
submission.

We reviewed the study reports for these two in vitro studies. The findings from these
studies were consistent with the results from the previously conducted studies to
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investigate the inhibition potential of brivaracetam on major CYP450 enzymes and
transporters. Our conclusion remained the same, i.e., brivaracetam is not expected to
cause clinically important inhibition of the following enzymes and transporters at the
proposed therapeutic doses: CYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6 and 3A4/5;
BCRP, BSEP, MATE1, MATE2-K, MDR1 (P-gp), MRP2, OAT1, OAT3, OCT1, OCT2,
OATP1B1, and OATP1B3. Please see below for the detailed review of the two in vitro
studies.

The PBPK report was not reviewed, since it has been concluded that brivaracetam is
unlikely to significantly inhibit CYP2C19, OCT1, OCT2, MATEL, or MATE2-K using
simple criteria (comparing certain cut-off values with the ratios of total or unbound Cpax
of brivaracetam divided by its measured or anticipated ICs; or Ki for these
enzyme/transporters).

Study NCD2622: In vitro evaluation of ucb 34714 as a potential inhibitor of human
cytochrome P450 enzymes, in human liver microsomes

Objective: The evaluation of ucb 34714 (brivaracetam) as a potential inhibitor in vitro of
human cytochrome P450 (CYP450) enzymes has already been performed in previous
studies (Study number TA0776 and NCD1677). Following a request from Committee for
Medicinal Products for Human Use (CHMP), this new study was initiated to evaluate the
inhibitory effect of brivaracetam at a higher concentration (650 uM), in order to cover the
concentration range defined by EMA guideline on the investigation of drug interactions
(June of 2012).

Method:

1. Evaluation of ucb 34714 as a direct inhibitor of human CYP450 enzymes:

Pooled human liver microsomes (n=200) at a concentration depending on the CYP450
investigated were incubated in triplicate with the CYP450 marker substrate (at the Km
concentration), with and without ucb 34714 (650 uM). Reactions were initiated with the
addition of a NADPH regenerating system.

HLM cc Incubation

CYP450 enzyme Marker reaction Km (uM) (mg/mL) time (min)
CYPIA2 Phenacetin O-deethylation 60 0.1 20
CYP2A6 Coumarin 7-hydroxylation 0.7 0.05 5
CYP2Bo6 Bupropion hydroxylation 100 0.2 20
CYP2C8 Rosiglitazone 5-hydroxylation 5 0.1 20
CYP2C9 Diclofenac 4’-hydroxylation 9 0.05 5
CYP2C19 S-Mephenytoin 4’-hydroxylation 60 0.25 15
CYP2D6 Dextromethorphan O-demethylation 5 0.05 5
CYP3A4 Midazolam 1’-hydroxylation 3 0.05 5
Testosterone 6B-hydroxylation 40 0.2 10

Positive controls with reference inhibitors were also performed at inhibitor concentrations
of 10-fold Ki value, except for montelukast and benzylnirvanol which were incubated at a
higher concentration in order to obtain more than 80% of inhibition.
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CYP450 reference direct inhibitors

CYP Inhibitor Ki on major target CYP
(uM)
1A2 furafylline® 0.6
2A6 tranylcypromine 0.2
2B6 thio-tepa 28
2C8 montelukast 0.014
2C9 sulfaphenazole 0.3
2C19 benzylnirvanol 0.25
2D6 quinidine 0.4
3A4 ketoconazole 0.015

a. 15min pre-incubation (mechanism-based inhibitor).

2. Evaluation of ucbh 34714 as a mechanism-based inhibitor of human CYP450 enzymes:
Human liver microsomes (1mg/mL) were pre-incubated in triplicate with ucb 34714 (0O
and 650 uM), in presence and in absence of a NADPH regenerating system, for 30
minutes. After this pre-incubation, an aliquot was removed and added to incubations
containing the CYP450 probe substrate (at Km), NADPH and buffer. This resulted in a
dilution of the HLM to the required protein concentration.

CYP450 Marker reaction Dilution factor
CYP1A2 Phenacetin O-deethylation 10
CYP2A6 Coumarin 7-hydroxylation 20
CYP2B6 Bupropion hydroxylation 5
CYP2C8 Rosiglitazone 5-hydroxylation 10
CYP2C9 Diclofenac 4’-hydroxylation 20
CYP2C19 S-Mephenytoin 4’-hydroxylation 4
CYP2D6 Dextromethorphan O-demethylation 20
CYP3A4 Midazolam 1’-hydroxylation 20
[C]-Testosterone 6B-hydroxylation 5

Positive controls with reference inhibitors were also performed in parallel, at the
inhibitors concentrations specified below. These concentrations were selected in order to
obtain more than 25% of mechanism-based inhibition.

CYP450 reference mechanism-based inhibitors

CYP Inhibitor Concentration (uM)
1A2 furafylline 0.5

2A6 8-methoxypsoralen 2.5

2B6 ticlopidine 1

2C8 gemfibrozil glucuronide 20

209 tienilic acid 1

2C19 S-fluoxetine 100

2D6 paroxetine 5

3A4 azamulin 0.1
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The metabolite of each marker substrate was quantified by LC/MS-MS (except for
testosterone, for which the metabolite was quantified by radio-HPLC).

3. As uch 34714 caused significant direct inhibition of CYP2C19 in the initial screening
assay, further experiments were performed in order to determine I1Cso and Ki values. For
the ICso evaluation, the following ucb 34714 concentrations were applied: 0, 65, 100,
200, 400, 650, 1000, 2000, 6500 and 13000 uM. For the Ki determination, the inhibitory
effect of ucb 34714 on CYP2C19 was evaluated at 0, 200, 600, 2000 and 5000 uM, in
presence of four concentrations of the CYP2C19 marker substrate, S-Mephenytoin (30,
60, 120 and 240 uM).

4. The microsomal binding of ucb 34714 (650 uM) was also evaluated in human liver
microsomes (0.1 and 1 mg/mL), using rapid equilibrium dialysis assay.

Results:

Evaluation of ucb 34714 as a direct inhibitor of human CYP450 enzymes: Among the
CYP450 enzymes tested, ucb 34714 caused only an inhibition of CYP2C19 (44% at 650
uM). The ICsy was determined as 909 £ 41.2 uM and Ki was 314 + 41.2 uM (competitive
inhibition). Results for positive controls with CYP reference inhibitors were as expected.

Ucb 34714 as a direct inhibitor of human CYP450s

CYP450 . Percentage of direct inhibition (%, Mean of 3 values + SD)
. Marker reaction
isoform uchb 34714 (650uM) Positive control
CYPI1A2 Phenacetin O-deethylation 370+ 11.6 74.1 = 1.20 (furafylline 6uM)?
CYP2A6 Coumarin 7-hydroxylation 6.62+7.16 88.4 = 3 01 (tranylcypromine 2uM)
CYP2B6 Bupropion hydroxylation -495+1.64 87.9 £ 0.496 (thio-tepa 28uM)
CYP2C8 Rosiglitazone 5-hydroxylation 2,19+ 2.50 84.2 £ 1.16 (montelukast 1.5uM)
CYP2C9 Diclofenac 4’-hydroxylation -5.77+6.25 85.9 + 1.07 (sulfaphenazole 3pM)
CYP2C19 S-Mephenytoin 4’-hydroxylation 437 + 435" BLOQ (> 87.9) (benzylnirvanol 4uM)
CYP2D6 | Dextromethorphan O-demethylation 3.15+221 BLOQ (>79.7) (quinidine 4uM)
CYP3A4 Midazolam 1°-hydroxylation 2.46 + 8.86 90.5 (n=2) (ketoconazole 0.15uM)
["C]-Testosterone 6B-hydroxylation -304+358 ND (>30) (ketoconazole 0.15uM)

' CYP2C19 inhibition: ICs, = 909uM ; Ki = 3 14pM (competitive mode);

? Mechanism-based inhibition (15-min preincubation);

Underlined: even if the concentration was BLOQ, the value was extrapolated as it was above the S/N;
BLOQ: below limit of quantification;

ND: Not Detected (no peak was detected for 6B-hvdroxvtestosterone by radio-HPLC).

Evaluation of ucb 34714 as a mechanism-based inhibitor of human CYP450 enzymes:
ucb 34714 did not cause any inhibition of all CYP450 enzymes investigated. Results for
positive controls with CYP450 reference inhibitors were as expected.

The microsomal protein binding of ucb 34714 (650 uM) was negligible at 0.1 and 1
mg/mL of HLM (i.e., the fu was 1).

Conclusion:

The ratio of the total Crax Of ucb 34714 at the proposed therapeutic doses divided by its
measured or estimated Ki for CYP enzyme (314 uM for CYP2C19, > 325 uM for the
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other CYP450 enzymes tested assuming that Ki is equal to half of the 1Csy values) was
less than 0.1. Thus, the conclusion derived from this study is the same as that drawn from
the previous studies (TAO776 and NCD1677), i.e., ucb 34714 is not expected to cause
clinically important inhibition of the CYP enzymes tested.

Study NCD2616: Assessment of Brivaracetam (UCB34714) as a potential inhibitor
of human MDR1, BCRP, BSEP, MRP2, MATEl1 and MATE2-K Efflux
Transporters and human OATP1B1, OATP1B3, OCT1, OCT2, OAT1 and OAT3
Uptake Transporters

Objective: The evaluation of brivaracetam as a potential inhibitor in vitro of human
efflux and uptake transporters was already performed in a previous study. Following a
request from CHMP, this new study was initiated to evaluate the inhibitory effect of
brivaracetam at a higher concentration (650 pM or 1000 uM, depending on the
transporter tested), in order to cover the concentration range defined by EMA guideline
on the investigation of drug interactions (June of 2012). 1Cso was determined if ~50%
inhibition was observed at the concentration tested (650 or 1000uM).

Methods:
Test article Transporter Assay Applied Applied
concentration  concentration
range for ICs
e oo
MDR]1 MDCKII-MDRI1 650 uM -
monolayer
BSEP Vesicular transport assay 650 uM -
MRP2 Vesicular transport assay 650 uM
_ MATEI1 Uptake transporter assay 650 uM -
brivaracetam MATE2-K Uptake transporter assay 650 uM -
OATPIBI Uptake transporter assay 1000 pM -
OATPIB3 Uptake transporter assay 1000 pM -
OATI Uptake transporter assay 650 uM -
0AT3 Uptake transporter assay 650 uM 8.9 - 6500 uM
OCTI Uptake transporter assay 1000 uM -
OCT2 Uptake transporter assay 650 uM 8.9 - 6500 uM

1. Vesicular transport assays: were performed using 96-well plates with inside-out
membrane vesicles prepared from insect cells (sf9 for MRP2 or Hi5 for BSEP)
overexpressing human ABC transporters. Incubations were carried out in the presence of
4 mM ATP or AMP to distinguish between transporter-mediated uptake and passive
diffusion into the vesicles. In case of MRP2 the reaction was carried out in the presence
of 2 mM glutathione. After stop of the incubation, the amount of substrate inside the
filtered vesicles was determined by liquid scintillation counting.
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Transporter  Applying Protein Incubation Probe Reference

protocol  content/well time substrate inhibitor
(ng) (min)
VT-HTS- .
. TC Cyclosporin A
human BSEP BSE]E’(}HIS- 50 5 (2 uM) (20 uM)
VT-HTS-
human MRP2 MRP2- 50 8 E17pG Benzbr_omarone
E2178G (50 uM) (100 uM)

TC: taurocholate; E;17BG: estradiol-17-B-glucuronide

Relative activities were calculated using the following equation:

) .. A-B
Relative activity % = — x 100
C-D

A: amount of translocated substrate in the presence of brivaracetam and ATP
B: amount of translocated substrate in the presence of brivaracetam and AMP
C: amount of translocated substrate in the presence of solvent and ATP
D: amount of translocated substrate in the presence of solvent and AMP

2. Uptake transporter inhibition assays: cells transfected with the specific transporters and
the corresponding control cells (e.g., mock-transfected cells) were planted in 96-well
plates at a density of 1 x 10° cells/well. After 24-hr culture, the uptake assays were
conducted in the conditions described by the table below. The pH of buffer was 7.4
except in case of MATE1 and MATE2-K where the buffer pH was 8.0. Radiolabelled
probe substrate transport was measured by liquid scintillation counting.

Transporter Applying assay Incubation Probe Reference
protocol time (min) substrate inhibitor
UPT-MDCKII- Metformin Pyrimethamine
human MATEI MATE-metformin 15 (10 uM) (1 uM)
UPT-MDCKII- Metformin Pyrimethamine

human MATE2-K

MATE2K-metformin . (10 uM) (10 uM)
UPT-HEK293- E:17BG Rifampicin

human OATP1BI OATPIBI-E: 173G 3 (1 uM) (50 uM)
UPT-HEK293- CCK-8 Rifampicin

human OATPIB3 OATP1B3-CCKS 10 (0.1 uM) (50 uM)
UPT-CHO-OATI- Tenofovir Probenecid

human OAT1 Tenofovir 10 (5 uM) (200 uM)
UPT-HEK293FT- Methotrexate Probenecid

human OAT3 OAT3-MTX 3 (1 uM) (300 uM)
I OCT1 UPT-CHO-OCT I -Metf 20 Metformin Verapamil
human - - -Met (10 uM) (100 uM)
Metformin Verapamil

2 - R -
human OCT2 UPT-CHO-OCT2-Metf 10 (10 M) (100 wM)

Relative activities were calculated from the equation:

Relative activity % =

B><100
D
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A: amount of translocated substrate in the presence of brivaracetam in transfected cells
B: amount of translocated substrate in the presence of brivaracetam in control cells

C: amount of translocated substrate in the presence of solvent in transfected cells

D: amount of translocated substrate in the presence of solvent in control cells

3. MDCKII monolayer assays: MDCKII, MDCKII-BCRP and MDCKII-MDR1 cells
were seeded into 24-transwell inserts and cultured for 96 hours. Transepithelial electric
resistance (TEER) of each well was measured to confirm the confluency of the
monolayers prior to the experiments. Values above 120 Qcm?/plate were accepted.
Apical to basolateral permeability of Lucifer yellow (LY) was assessed as a low
permeability control, and antipyrine was as a high permeability compound. LY was also
incubated in the presence of the test articles in order to assess the effect of the test articles
on the monolayer integrity. Assay parameters and treatment groups were summarized in
the following table. Samples containing digoxin or prazosin were analyzed by
scintillation counting. The donor compartments were sampled before and after incubation
to determine the initial concentration (Co) and recovery (R) of digoxin or prazosin.

Monolayer Applying Substrate Direction Inhibitor = Incubation
assay protocol time
(min)
Prazosin |
(1 uM) A-B/B-A NA 60
Prazosin ; brivaracetam
(1 uM) A-B/B-A 650 M 60
MDCKII, ;
ML-MDCKII- Prazosin ; Kol34
MDCKII- A-B/B-A 60
BCRP BCRP (1 uM) (1 uM)
LY
. 2
(40 pg/mL) A-B NA 120
Antipyrine -
(50 uM) A-B NA 30
Digoxin nm ”
(5 uM) A-B/B-A NA 120
Digoxin . brivaracetam
(5 uM) A-B/B-A 650 uM 120
MDCKII, N
ML-MDCKII- Digoxin ; PSC833
MDCKII- = A-B/B-A _ 120
MDRI MDRI1 (5 uM) (10 uM)
LY
(40 pg/mL) A-B NA 120
Antipyrine R 2
(50 M) A-B NA 30

The following equation was used to calculate apparent permeability coefficient (Papp):

_do,

app dl

dQ: amount of transported test drug

dT: incubation time

1
AxC,

A: surface of porous membrane in cm? (standard: 0.7)
Co: initial concentration of the compound in the donor compartment

For MDCKII-MDR1 and MDCKII-BCRP cells, net efflux ratios (ER) were calculated as:
net ER = ER; — ER,,
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ER7: efflux ratios in the transfected cells
ERp: efflux ratios in the parental cells (used for negative controls)
Whel’e ER = Papp’B->A/ Papp’ A->B

Recovery (R) was calculated according to the following formula to allow for estimation
of metabolism and/or non-specific binding:

Quplc’ui + Qb asolateral

0
Qapicai: amount of test article in the apical chamber in pmol
Qsasolateral: @Mount of test article in basolateral chamber in pmol
Qo: amount of test drug detected at t = 0 in pmol

R (%)= x100%

ICso values were derived from a four parametric logistic equation fitted to the relative
activity vs. brivaracetam concentration plot using non-linear regression. Top (maximal
response) and Bottom (maximally inhibited response) values were not constrained to
constant values of 100 and 0, respectively, unless it is noted otherwise.

Top — Bottom

Y = Bottom + (log IC350-X )xHillSlope
1+10
Results:
Inhibition results
Transporter sad amny type maximun})inhibition at 650 pM ICso
(% of control) (uM)
BCRP ML NIO -
MDRI1 ML NIO -
BSEP VT NIO (15) -
MRP2 VT NIO (-19) -
MATEI UPT 28 -
MATE2-K UPT NIO (-4) -
OATI1 UPT NIO (-7) -
OAT3 UPT 55 541
OATPIBI UPT NIO* (11) -
OATPIB3 UPT NIO* (4) -
OCT1 UPT 30% -
OCT2 UPT 45 740

ML.: monolayer assay, VT: vesicular transport assay, UPT: uptake assay
NIO: <20% change of control is not considered as interaction
* at 1000 uM

Brivaracetam inhibited the OAT3-mediated methotrexate accumulation in a dose-

dependent manner, with a maximum inhibition of 89% at 6500 uM. The calculated ICs
was 541 pM (95% confidence interval (Cl): 293-996 uM).
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Brivaracetam inhibited the OCT2-mediated metformin accumulation in a dose-dependent

manner, with a maximum inhibition of 92% at 6500 uM. The calculated I1Csy was 740 uM
(95% CI: 450-1218 pM).

In the presence of brivaracetam, the net efflux ratio (ER) of prazosin changed from 25.08
+ 3.8 to 22.53 + 5.83, while the net ER of digoxin changed from 8.57 + 0.34 to 5.64 +
0.36. These results indicate that brivaracetam is not an inhibitor of either the BCRP or the
MDR1 transporter in the monolayer assay.

MDCKII parental cells

. . . Papp A-B Papp B-A
Compound Concentration (x 10 cmfs) (% 10 cmis) ER
Antipyrine 50 uM 46.61 +0.19 NA ND
LY 40 pg/mL 0.84 +0.09 NA ND
LY + 40 pg/mL
Brivaracetam + 650 uM 1.21+0.08 NA ND
Prazosin 1 uM 243+1.9 347+4.0 1.4+0.2
+Kol34 +1uM 21.3+48 28.8+£5.0 1.4+04
T +650 uM 21953 316462  14+04
Brivaracetam
MDCKII-BCRP cells Net ER
. Papp A-B Papp B-A _
Compound Concentration (x 10 cmfs) (% 10 em/s) ER ERT-ERP
Antipyrine 50 pM 4397 +3.93 NA ND ND
LY 40 pg/mL 0.48 +0.01 NA ND ND
LY + 40 pg/mL
Brivaracetam + 650 M 111004 NA ND ND
Prazosin 1 uM 3.1+£04 81.3+6.0 26.5+3.8 251+3.7
+Kol34 + 1 pM 189+3.0 33.0+28 1.7+0.3 04+04
- +650 uM 28+0.1 67.6+10.6 240+38 225+58

Brivaracetam
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MDCKII parental cells
Papp A-B Papp B-A

Compound  Concentration (10 cmls) (% 10% cm/s) ER
Antipyrine 50 uM 55.00 + 3.09 NA ND
LY 40 pg/mL 0.8+0.0 NA ND
LY + 40 ug/mL
Brivaracetam + 650 pM 0400 NA ND
Digoxin 5uM 1.0+£0.0 10.3+0.2 l%.(li
+ PSC833 +10 M 1.5+£0.2 2002 14+£03
+Brivaracetam + 650 uM 1.0+ 0.1 9.0+£0.8 87+1.3
MDCKII-MDRI cells Net ER
. Papp A-B Papp B-A
Compound  Concentration (<106 em/s) (X 10% cm/s) ER ERT-ERpP
Antipyrine 50 uM 4931 +2.46 NA ND ND
LY 40 pg/mL 1.1+0.1 NA ND ND
LY + 40 pg/mL
Brivaracetam  + 650 pM 0.8+00 NA ND ND
L . 18.6+
Digoxin 5uM 09+0.1 16.0£0.7 33 86+03
+ PSC833 +10 uM 22+03 40+03 1.8+03 04+03
- 650 UM 09+0.1 132:08  MHAE 56104

Brivaracetam 23

Reviewer’s Comment: The Drug-Interaction Guidance of FDA recommends calculating
the net efflux ratio as ER/ERp. Using this formula, the net ER of digoxin will be 1.86,
less than 2, a commonly used threshold indicating efflux transport. This seemed mainly
due to the background expression of MDRL1 in the parental MDCK-I1 cells which resulted
in an ER of 10. Nevertheless, the positive control worked as expected, greatly inhibiting
the ER of digoxin in both parental and MDR1-transfected cells. In contrast, brivaracetam
just slightly inhibited the ER of digoxin in either parental or MDR1-transfected cells.

Conclusion:
The findings from this study at higher concentration were consistent with the results from
a previously conducted study (NCD2207). Thus, the conclusion previously drawn
remains the same, i.e., brivaracetam is not expected to cause clinically important
inhibition of BCRP, BSEP, MDR1 (P-gp), OAT1, OAT3, OCT1, OCT2, OATP1B1, and
OATP1B3.

This study provided new information about the inhibitory potential of brivaracetam on
MRP2, MATE1, and MATE2-K. Currently, there is no recommended criterion in the
Drug-Interaction Guidance of FDA to judge in vivo DDI potential based on in vitro data
for these transporters. Considering that the location of MRP2 is same as BCRP and P-gp
(e.g., lumen membrane of enterocytes, cannalicular membrane of hepatocytes, tubular
membrane of kidney cells), the same criteria used for P-gp and BCRP are herein applied
to MRP2, and thus brivaracetam is not expected to significantly inhibit MRP2 in vivo.
For MATEL or MATE2-K, the International Transporter Consortium (ITC) proposed 0.1
as a cut-off for the ratio of unbound Cpa/ICso, While EMA recommend 0.02. The

10
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unbound C,ax Of brivaracetam at proposed therapeutic doses divided by its anticipated
ICso (> 650 uM) is just on the edge (0.02). Thus, it is not expected that brivaracetam
causes clinically important inhibition on MATE1 or MATE2-K.

Xinning Yang, Ph.D.
Division of Clinical Pharmacology |

Team Leader: Angela Men, M.D. Ph.D.

11
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4.3 Individual Study Review — Non-Clinical

4.3.1 Study PSM0937: In Vitro Interspecies Protein Binding and Distribution of [**C]-
ucb 34714 Between Erythrocytes, Plasma and Whole Blood

Objective: to evaluate the in vitro blood partitioning of ucb 34714 and the binding percentage
of ucb 34714 to plasma proteins in different species (mouse, hamster, rat, rabbit, dog,
monkey and human).

Method:

14C-ucb 34714 was added to blood at final concentrations of 1 and 100 ug/mL (4.7 and 470
MM). After an incubation period of 60 min at room temperature on a rotating agitator to allow
drug distribution between plasma and blood cells, aliquots of the suspension were dried,
combusted and measured for their content in radioactivity. The remaining blood was
immediately centrifuged and aliquots of the supernatant were transferred to counting vials to
determine the concentration of **C-ucb 34714 in plasma.

The concentration of radioactivity in the blood cells (E) was calculated according to the
following equation:
WB - [Px(1-H)]

H

where WB, P and H refer to the whole blood concentration, plasma concentration and
hematocrit, respectively. The following ratios were calculated:

Blood cell-to-plasma distribution = E/P
Whole blood-to-plasma distribution = WB/P

E=

Binding to plasma proteins was measured by equilibrium dialysis at 37°C. Fresh and frozen
plasma samples were brought to pH 7.4 with lactic acid in polypropylene tubes. They were
then spiked with 6 different **C-ucb 34714 concentrations (0.5-100 pg/mL) and left for
homogenization for at least 30 min at room temperature on a rotating agitator before dialysis.
200 uL of the plasma solution were introduced in the “retentate” chamber and dialyzed
against 200 uL of the dialysis buffer introduced in the “dialysate” chamber. After dialysis for a
period of 4 hrs, aliquots of each chamber were evaluated for **C-ucb 34714 concentrations.

The binding percentage of radioactivity to plasma proteins was calculated according to the
following standard equation:

Blﬂdll’lg (%) _ Crelenlale - Cdialysate % 100

C retentate

where Cretentate @aNd Cyiaysate @re the dpm/mL counted by liquid scintillation in the retentate and
the dialysate, respectively.

Results:

Throughout all species, blood-to-plasma ratios of ucb 34714 were neither concentration-
dependent (over a concentration range of 1-100 ug/mL), nor gender-related. Values ranged
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between 0.83 and 0.95 (B/P ratio in humans varied from 0.83 to 0.9). ucb 34714 was stable
during incubation. There was no non-specific binding.

Table 1. Blood Partitioning - Interspecies Differences

Blood cells /' Whole blood /

Species Gender H Concentration Time Plasma Whole blood  Blood cells Plasma Plasma
(ng/mL) (min)  (dpm/mL) (dpm/mL) (dpm/mL) Ratio Ratio

Human Male 0.443 1 60 28186 23424 17436 0.62 0.83
100 60 28168 24568 20042 0.71 0.87

Female 0.368 1 60 27750 24432 18735 0.68 0.88

100 60 27330 24523 19701 0.72 0.90

Rat Male 0.366 1 60 27507 23893 17633 0.64 0.87
100 60 26653 24341 20334 0.76 0.91

Female 0.349 1 60 27969 24515 18071 0.65 0.88

100 60 26857 24033 18766 0.70 0.89

Mouse  Male 0.394 1 60 26894 24693 21308 0.79 0.92
100 60 26569 25169 23015 0.87 0.95

Female 0.394 1 60 26637 24490 21181 0.80 0.92

100 60 26261 24633 22124 0.84 0.94

Dog  Female 0.402 1 60 27876 24935 20562 0.74 0.89
100 60 27175 24274 19958 0.73 0.89

Rabbit Female 0.347 1 60 27038 25095 21439 0.79 0.93
100 60 26204 24736 21975 0.84 0.94

Hamster Male 0.482 1 60 30895 25966 20669 0.67 0.84
100 60 30211 26012 21498 0.71 0.86

Female 0.511 1 60 20641 18241 15948 0.77 0.88

100 60 19041 17154 15351 0.81 0.90

Throughout all species, the binding percentage for ucb 34714 to plasma proteins was
constant in the range of 0.5-100 pg/mL. In all cases, the binding capacity for ucb 34714 was
low (20.7% with human plasma). No significant gender-related difference was noted in those
tested species (human, rat, mouse and hamster). No difference due to freezing was
evidenced either with human or rat plasma. There was no fluid shift or non-specific binding
during equilibrium dialysis. ucb 34714 was stable during incubation.
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Table 2. Protein Binding. Interspecies Differences

Human Rat Mouse Dog Rabbit Monkey Hamster
Male Female Male Female Male Female Female Female Male Male Female
Protein
concentration 734 81.6 57.1 58.2 443 443 52.8 493 67.3 61.1 66.8
(L)
Hematocrit* 0.443 0.368 0.366 0.349 0.394 0.394 0.402 0.347 - 0.482 0.511
ucb 34714
concentration Human Rat Mouse Dog Rabbit Monkey Hamster
(pg/mL)
Male Female Male Female Male Female Female Female Male Male Female
0.5 20.5 20.5 17.2 20.5 11.8 12.8 10.7 21.1 13.4 274 249
1 19.3 213 19.1 202 10.6 154 12.7 21.7 11.6 28.4 24.1
5 20.6 20.6 18.3 20.6 11.3 12.6 13.8 21.1 11.8 28.0 25.5
10 19.9 21.7 20.7 19.4 13.4 13.2 10.6 21.5 14.5 279 248
50 19.8 234 19.5 209 10.0 11.2 12.1 19.1 10.7 304 238
100 20.2 20.8 21.2 19.6 12.2 12.0 12.4 19.0 12.3 28.6 244

* Pertains to whole blood from which plasma was generated.
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4.3.2 Study NCD1674: Determination of Kinetic Parameters for the In Vitro Formation
of ucb-107092-1. Identification of the Enzymes Involved in its Biotransformation In
Vitro in Human Liver Microsomes and cDNA Expressed Enzymes

Background and Obijective: The metabolism of ucb 34714 in human leads to ucb-107092-
1through two possible pathways. The first pathway assumes that ucb 34714 is first converted
to ucb-100406-1 via various CYP isoforms. This would be followed by hydrolysis of ucb-
100406-1 into ucb-107092-1 via esterase/amidase enzymes. The second pathway assumes
that ucb 34714 is hydrolyzed to ucb 42145 via esterase/amidase enzymes, followed by
oxidation of ucb 42145 to ucb-107092-1 by CYP450 enzymes. The main objective of this
study was to investigate the two hydrolytic reactions in human liver and kidney homogenates,
as well as human whole blood. Another purpose was to characterize the CYP isoforms
responsible for the biotransformation of ucb 42145 into ucb-107092-1.

Figure 1. Major metabolic pathways of ucb 34714 in human

ﬂ—/ Hydroxylation [{_{OH
o o]

N —_— N
NH ~-NH
ucb 34714 ucb-100406-1
Hydrolysis I Hydrolysis
H

N
= OH Hydroxylation 2. OH
V‘E \/\rr
0
uch 42145 ucb-107092-1

Method:

1. Pooled human liver homogenate (HLH) and human kidney homogenate (HKH) at 2 mg/ml
were incubated with ucb 34714 or ucb-100406-1 (0.1, 1, and 10 mM) in 50 mM potassium
phosphate buffer for 6 hours with samples collected at 0.5, 1, 2, 3, 4, and 6 hours to
determine the optimum incubation time. Then, HLH and HKH (1, 2, 3, 4, and 5 mg/ml) were
incubated with ucb 34714 (0.1, 1, 10, and 100 mM) or ucb-100406-1 (0.1, 1, and 10 mM) in
50 mM potassium phosphate buffer for 60 min to determine the optimal protein concentration.
Finally, HLH and HKH (1 mg/mL) were incubated in potassium phosphate buffer with ucb
34714 (10, 25, 50, 100, 150, 200, 250, and 500 mM) or ucb-100406-1 (0.2, 0.5, 1, 2, 5, 10,
15, and 20 mM) for 60 min to determine the kinetic parameters.

2. Human female whole blood was incubated with ucb 34714 or ucb-100406-1 (0.05, 0.5 and
5 mM) in 50 mM potassium phosphate buffer for 6 hours, with samples collected at 0.5, 1, 2,
3, 4 and 6 hours to determine the optimal incubation time. Then, whole blood was incubated
with ucb 34714 (0.2, 0.5, 1, 2, 5, 10, 15 and 20 mM) or uch-100406-1 (0.3, 0.5, 1, 2, 5, 10,
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20, 30 mM) in potassium phosphate buffer for 60 min to determine the kinetic parameters.
Finally, human female or male whole blood was incubated with 1.6 mM ucb 34714 or 9.6 mM
uchb-100406-1 and the inhibitors listed below in potassium phosphate buffer for 60 min.

Esterase Inhibitor Concentration to use
Aromatic Esterase EDTA 1 mM
Choline Esterase Physostigmine 100 pM
Carboxylesterase BNPP 100 puh
Choline Esterase / Paraoxon 100 M
Carboxvlesterase
Human Carboxylesterase Benzil 150 nM
type 2
Human Carboxylesterase Benzil 500 nid
type | &2
Acetylcholine esterase bw284c51 [0 bt
Arylesterase 5,5 -Dithiobisi2- 200 uM
nitrobenzoic acid) - DTNB
Butyrylcholinesterase Ethopropazine [0 pM
hydrochloride
Serine Esterase & Phenylmethanesulfonyl 100 M
Carboxvlesterass fMuoride - PMSF
{type 1,2, 3)
Serine Esterase & Phenylmethanesulfonyl 2 uM
carboxylesterase fluoride - PMSF
(type 3}
Carboxylesterase Loperamide hydrochloride 20 uM
type 2
Carboxvlesterass RCL 5505-6 10 uM
type 2

3. Pooled human liver microsome (HLM, 1 mg/mL) was incubated with ucb 42145 (10, 100
and 1000 uM) for 45 min with samples collected at 5, 10, 20, 30, 45 min to determine the
optimal incubation time. Then, HLMs at 0.2, 0.5, 1, 1.5 and 2 mg/mL were incubated with ucb
42145 (10, 100 and 1000 pM) for 30 min to determine the optimal HLM concentration.
Following that, HLM (0.2 mg/mL) were incubated for 30 min with ucb 42145 (100, 250, 500,
750, 1000, 2500, 5000 and 10000 pM) to determine the kinetic parameters. For CYP
phenotyping, by chemical inhibitors, HLM (0.2 mg/mL) was incubated with 1.6 mM ucb 42145
(corresponding to its Ky,) and inhibitors at 10 times their reported Ki for 30 min. In addition,
proadifen (100 uyM) was used as universal inhibitor of all CYP450s. Incubation mixtures
containing furafylline, ticlopidine, diethyldithiocarbamate, and proadifen were pre-incubated in
the presence of NADPH and HLM for 10 min, since these inhibitors are mechanism-based.
When >50% inhibition was observed, the assay was repeated with several inhibitor
concentrations (0 x Ki, 0.1 x Ki, 0.3 x Ki, 1 x Ki, 3 x Ki, 10 x Ki and 30 x Ki) allowing ICso
determination.
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CYP4350 Inhibitor Ki (pM) on major target
CYP
|A2 furafylling’ 0.6
2A6 pilocarpine 4
2B6 ticlopidine® 0.2
2C8 montelukast 0.15
2Ce sulfaphenazole 0.3
2C1e omeprazole 3.5
2D6 guinidine 04
2EI diethyldithiocarbamate® 2
3A4 ketoconazole 0.015
Mon specific proadifen 100
(“universal™)

For CYP phenotyping using monoclonal antibodies, antibodies specific and highly inhibitory
to CYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1 and 3A4 were pre-incubated with HLM (0.2
mg/mL) for 15 or 20 min before 30-min incubation with ucb 42145 (1.6 mM). Under the
experiment conditions, 80% of the target CYP450 was expected to be inhibited.

Finally, supersome™ (0.25 mg protein/mL) for individual CYP1A2, 1B1, 2A6, 2B6, 2C8, 2C9,
2C19, 2D6, 2E1, 2J2, and 3A4 were incubated with 1.6 mM ucb 42145 for 1 hour.

ucb 42145 and ucb-107092-1 were analyzed by LC-MS/MS methods.

4. Calculation of intrinsic clearance
The in vitro intrinsic clearance CLi (ML/min/mg homogenate) for the two hydrolytic reactions
measured in tissue homogenates (i.e. ucb 34714 into ucb 42145 and ucb-100406-1 into ucb-
107092-1) were calculated as follows:

1

( r!f' =
. I.s'nf:rxrmrel

where v was the reaction rate (pmol formed/min/mg homogenate) and [substrate] was the
test item concentration used in the condition of the assay. The above equation is derived
from the Michaelis-Menten relationships where the substrate concentration is well below the
Km of the reaction. A mean CL;,; was obtained from the reaction rates measured in the time
linearity assay.
The in vitro intrinsic clearance CL;, values describing the hydrolytic reactions in blood (i.e.
ucb 34714 into ucb 42145 and ucb-100406-1 into ucb-107092-1) and the microsomal
oxidation of ucb 42145 into uch-107092-1 were calculated as follows :

CL,, = Yo

Km

The CLiy values were derived from the kinetic constants and were expressed as uL/min/mL
blood or yL/min/mg microsomal protein.

Intrinsic clearances were also normalized to g tissue and kg bodyweight using the scaling
factors listed below.
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Microsomal protein yield 48.8 mg protein /g liver
Homogenate liver 80 me protein /o live
protein yield &P 6 fver
Hon;n:};r;r::l;itﬂney 72 mg protein /g kidney
Blood volume 0.074 Likg
Kidney weight 4.4 g kidney/kg body
Liver weight 23 g liver/kg body

Results:

1. Hydrolysis of ucb 34714 to ucb 42145 in HLH

Following incubation of ucb 34714 with HLH (2 mg/ml), a single metabolite known as ucb
42145 was identified. According to the sponsor, the reaction was linear up to 6 hours and the
optimal incubation time was set at 60 min for further experiments. The mean reaction rate
(0.3, 1.9, and 25.7 pmol/min/mg protein) roughly increased linearly with the substrate
concentrations (0.1, 1, and 10 mM).

Figure 2. ucb 42145 Production Versus Incubation Time in Human Liver Homogenates

100
1{] /
s
=
'y
2 ll
a1 .
=+ m B
F- ||
s ™ .
.
0.1 - e L ]
. .  uch 34714 0.1 mM
much 34714 1 mM
auch 34714 10 mM
0.01
10 100 1000
time (min)

(Values were corrected for mean signal in the blank controls.)

Reviewer's Comment: It should be noted that the scales in the above figure are in logarithm.
Thus, the formation of ucb 42145 was log-linear to the incubation time but not really linear vs.
time (except at 10 mM ucb 34714 the formation of ucb 42145 appeared roughly linear). This
is clearly shown by the table below. It is unclear why the sponsor considered 60 min as the

optimal incubation time.
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Table 3. ucb 42145 Production Versus Incubation Time in HLH

tirne uch 42145 formed (UM}
{min} uch 34714 [0.1 miA] uch 3714 [1 mM] uch 34714 [10 mM]
ki 0.042 0.203 187
18] 0.054 0255
120 0.070 0.389 6.42
180 0.073 0.559 .37
240 0.093 D654 11.31
380 0.120 0.892 15.28

Mean ucb 42145 concentration in zero-protein incubates with 10 mM ucb 34714 was 2.77 uM (2.60 and 2.96
MM at 0 and 360 min, respectively). A fixed value of 0.0277% of test item concentration was used for all the
experimental points. Values presented in the table were corrected for mean signal in the blank controls.
Underlined value are > upper limit of quantitation.

According to the sponsor, after 60-min incubation, ucb 42145 production increased linearly
with HLH protein concentrations (up to 5 mg protein/mL) and 1 mg/mL was set as the optimal
protein concentration. The mean reaction rate increased with the substrate concentration
(0.85, 4.3, 230, and 2359 pmol/min/mg protein at 0.1, 1, 10 and 100 mM ucb 34714,
respectively).

Figure 3. ucb 42145 Production Versus HLH Concentration
1000

100

uch 42145 (uM)

1
’/‘ ® uch 34714 1 i)
o

— Wuch 14714 10 mM
& uch 34714 100 md

'R

HLH [mgJrl)
(Values were corrected for mean signal in the blank controls.)

Reviewer's Comment: Similar to the relationship between ucb 42145 formation vs. time, the
sponsor presented the log-linear relationship rather than the true linearity. As shown in the
table below, ucb 42145 formation did not increase linearly with HLH concentrations except at
1 mM ucb 34714 where the production of ucb 42145 roughly increased in a linear manner
with HLHL concentrations.
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Table 4. ucb 42145 Production Versus HLH Protein Concentration

HLH concentration uch 42145 formed (uM)
mg/mL uch 34714 [0.1 mM] ___uch 34714 [1 mM] uch 34714 [10 mM] uch 34714 [100 mM]
1 0.095 0.272 19.0 225
2 0.119 0.476 207 281
3 0.119 0.858 358 340
4 0.133 102 499 438
5 0.133 117 528 602
Mean ucb 42145 concentration in zero-protein incubates with 0.1, 1, 10 and 100 mM ucb 34714 was 0.009,
0.094, 0.954 and 8.07 uM. Values presented were corrected for mean signal in the blank controls. o)

In the assay looking for the kinetic constants, the measured ucb 42145 e

Thus, no
enzymatic reaction could be accurately quantified and no kinetic parameters could be
determined. However, the data listed in the table above suggest that the K, = 100 mM, since
the reaction rate seemed not approaching plateau yet.

2. Hydrolysis of ucb 34714 to ucb 42145 in HKH

When incubated with HKH, ucb 34714 was hydrolyzed into ucb 42145. According to the
sponsor, the hydrolytic reaction was roughly linear up to 360 min. The mean reaction rate
increased with the substrate concentration (0.1, 0.7 and 14.0 pmol/min/mg protein at 0.1, 1
and 10 mM ucb 34714, respectively). The optimal incubation time was set at 60 min.

Figure 4. ucb 42145 Production Versus Incubation Time in HKH
16

12

uch 42145 (uM)
o«

S uch HATI40 1 M
BUch 34714 1 v
A UCD 34714 10 m

PR S — ] [ ] | | |
0 60 120 180 240 300 360
tirme (min)

Values were corrected for mean signal in the blank controls.
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Table 5. ucb 42145 Production Versus Incubation Time in HKH

time uch 42145 formed (uM)
{min) uch 34714 [0.1 mM] uch 34714 [1 mM] uch 34714 [10 mM)
30 0.0178 0.083 -0.13
60 0.0171 0.095 231
120 0.0231 0.141 591
180 0.024 0.204 54
240 0.029 0.317 73
360 0.043 0.388 85

Mean ucb 42145 concentration in zero-protein incubates with 10 mM ucb 34714 was 2.77 uM (2.60 and

2.96 uM at 0 and 360 min, respectively). A fixed value of 0.0277% of test item concentration was used for all the
experimental points. Underlined value are > upper limit of quantitation.

Reviewer's Comment: It remains unclear why the sponsor considered the formation of ucb
42145 was linear relative to time in HKH. Nevertheless, considering minimal production of
ucb 42145 (after correction by blank control) after 30-min incubation at 10 mM ucb 34714,
selection of 60 min for further experiment seemed reasonable.

After 60-min incubation, ucb 42145 production increased linearly with HKH protein
concentration (up to 5 mg protein/mL). The mean reaction rate increased linearly with the
substrate concentration (0.2, 1.5, 11.8 and 98.0 pmol/min/mg protein at 0.1, 1, 10 and 100
mM ucb 34714, respectively). The optimal protein concentration was set at 1 mg/mL.

Table 6. ucb 42145 Production Versus HKH Concentration

HKH concentration uch 42145 formed (pM)
mg/mL uch 34714 [0.1 mM]  ucb 34714 [1 mM] uch 34714 [10 mM] ucb 34714 [100 mM]
1 0.020 0.107 09 7
2 0.025 0.179 14 ND
3 0.036 0.262 20 15
a 0.040 0.33 23 24
5 0.041 0.37 34 26

Mean ucb 42145 concentration in zero-protein incubates with 0.1, 1, 10 and 100 mM ucb 34714 was 0.009,
0.094, 0.954 and 8.07 uM (ca 0.01%). Values(b%esented were corrected for mean signal in the blank controls.

In the assay looking for the kinetic constants, the ucb 42145 detected w8

Thus, no
enzymatic reaction could be accurately quantified and no kinetic constants could be
determined. However, the data listed above suggest that the K, = 100 mM, since the reaction
rate seemed not reaching plateau yet.

Reference ID: 3803545
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3. Hydrolysis of ucb 34714 to ucb 42145 in blood

When incubated with human whole blood, ucb 34714 was transformed into a single identified
metabolite, ucb 42145. The extent of conversion was up to 6% (i.e. much higher than the
background signal in the blank controls, thus no correction was made). The mean reaction
rate increased with the substrate concentration (10, 103 and 371 pmol/min/mL blood at 0.05,
0.5 and 5 mM ucb 34714, respectively). The reaction was in general linear versus time. The
optimal incubation time was set at 60 min.

Table 7. ucb 42145 Formation Versus Incubation Time in Whole Blood

time: uch 42145 formed (UM}

{rmin uch 34714 [0.05 mM] uch 34714 [0.5 mM] uch 34714 [5 mM]
30 0.368 327 11.4
&0 0.641 B5.01 207

120 1.1 16.3 5.0

180 1.85 154 55.4

240 214 19.0 831

360 277 28.0 113

In the assay looking for the kinetic constants, ucb 42145 formation rate started to plateau
from 2 mM ucb 34714. The K, and the Vnha Of the reaction were estimated to be 12.7 + 0.864
mM and 991 + 318 pmol/min/mL blood, respectively.

Paraoxon (100 uM), an inhibitor of all serine esterase, inhibited the hydrolysis of ucb 34714
by 68%. All the other tested inhibitors remained without significant effect (< 23% inhibition).

4. Hydrolysis of ucb -100406-1 to ucb ucb-107092-1 in HLH

Following incubation of ucb-100406-1 with HLH, a single metabolite known as ucb-107092-1
was identified. According to the sponsor, the hydrolytic reaction was linear up to 360 min. The
test substance ucb-100406-1 was converted by up to 0.007%. The mean reaction rate at 10
mM ucb-100406-1 was 1 pmol/min/mg protein. Because of the very low reaction rate
observed (at least 20-fold lower than the one observed for the hydrolysis of ucb 34714 into
ucb 42145 at the same concentration of substrate), there was no attempt to further
characterize either the protein linearity or the kinetic constants.

Reference ID: 3803545
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Figure 5. ucb-107092-1 Production Versus Incubation Time in Human Liver
Homogenates.
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Reviewer's Comment: If the relationship between ucb-107092-1 production is linear versus
time, the line (at 10 mM ucb-100406-1) should pass the origin point. It should be noted that
the data presented here were already corrected for mean signal in blank control. 04

Table 8. ucb-107092-1 Production versus Incubation Time in HLH

time e eaa- uch-107092-1 formed (WM) _ _ _ _ _ ________.
(min) ucb-100406-1 [0.1 mM]  ucb-100408-1[1 mM]  ucb-100406-1 [10 mM]
30 0.0320 0.177 0.15

80 0.0338 0.187 0.20

120 0.0301 0.188 0.31

180 0.030 0.180 04

240 0.027 0.191 05

360 0.253 0.209 07

Mean ucb-107092-1 concentration in zero-protein incubates with 10 mM ucb-100406-1 was 0.41 uM (0.45 and
0.36 pM at 0 and 360 min, respectively). A fixed value of 0.0041% of test item concentration was used for all the
experimental points. Values were corrected for mean signal in the blank controls H®

5. Hydrolysis of ucb -100406-1 to ucb ucb-107092-1 in HKH

When incubated with HKH, ucb-100406-1 was hydrolyzed into ucb-107092-1. According to
the sponsor, the hydrolytic reaction was essentially linear up to 360 min. The mean reaction
rate at 10 mM was 1 pmol/min/mg protein. Because of the low reaction rate observed (i.e. at
least 10-fold lower than the one observed for the hydrolysis of ucb 34714 into ucb 42145),
there was no attempt to characterize either the protein linearity or the kinetic constants.

Reference ID: 3803545
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Figure 6. ucb-107092-1 Production Versus Incubation Time in Human Kidney

Homogenates
]

0.75

uch-107092 (M)
o
h

& uch-100406 0.1 mibd

W uch-100406 1 mkd

& uch-1004065 10 mhl
——Linear (uch-100406 40 mM}

0.25

a 60 120 180 240 300 360

time (min}

6. Hydrolysis of ucb -100406-1 to ucb ucb-107092-1 in blood

When incubated with human whole blood, ucb-100406-1 was hydrolyzed into a single
identified metabolite, ucb-107092-1. The reaction was linear up to 360 min. The test
substance was converted by up to 1% (i.e. much higher than the background signal in the
blank controls, thus no correction was made). The mean reaction rate increased with the
substrate concentration (2.4, 22 and 161 pmol/min/mL blood at 0.05, 0.5 and 5 mM ucb-
100406-1, respectively). The optimal incubation time was set at 60 min.

Figure 7. ucb-107092-1 Formation Versus Incubation Time in Whole Blood
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Table 9. ucb-107092-1 Formation Versus Incubation Time in Whole Blood

Page 17 of 268

tirre

uch-107092-1 formed (M)

{min) uch-100406-1 [0.05 mM] _ueb-100406-1 [0.5 mM]  uch-100406-1 [5 mM]
30 0.0779 0.824 4.58

60 0.141 1.33 8.75

120 0.252 250 222

180 0.424 3.38 38

240 0.520 408 304

360 0.679 6.13 468

In the assay looking for the kinetic constants, the ucb-107092-1 formation rate started to
plateau from 2 mM ucb-100406-1. The K, and the V. Of the reaction were estimated to be
14.7 £ 1.46 mM and 536 + 274 pmol/min/mL blood, respectively.

Paraoxon (100 uM) inhibited the hydrolysis of ucb-100406-1 by 66%. All the other tested
inhibitors remained without significant effect (< 27% inhibition).

7. Conversion of ucb 42145 to ucb-107092-1 in HLMs.

According to the sponsor, when incubated with 1 mg/mL HLMs, ucb 42145 was oxidized into
ucb-107092-1 in a reaction that was linear up to 45 min. The mean reaction rate increased
with the substrate concentration (3, 28 and 184 pmol/min.mg microsomal protein at 10, 100
and 1000 uM ucb 42145, respectively). The optimal incubation time was set at 30 min.

Figure 8. ucb-107092-1 Formation Versus Incubation Time in Human Liver Microsomes
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Reviewer's Comment: Similar to some previous plots, the scales are in logarithm. The
relationship between ucb-107092-1 formation and time will be linear only when the slope of
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the log-linear line is 1. Based on the following table, it remains unclear why the sponsor
considered the reaction was linear up to 45 min.

Table 10. ucbh-107092-1 Formation versus Incubation Time in Human Liver Microsomes

time e e e ao..lcb-107092-1 concentration (WM} ________
(min) uchb 42145 [10 uM]  uch 342145 [100 uM] __ uch 42145 [1000 pM]
5 0.0278 0.244 165
10 0.0326 0.280 1.98
20 0.0448 0.506 2.99
30 0.0636 0.588 293
45 0.0778 0.831 5.23

Blank control signal was negligible and thus no correction was made. Underlined value are > upper limit of
guantitation.

Km and Vnax for ucb-17092-1 formation were calculated to be 1.59 + 0.201 mM and 460 + 207
pmol/min/mg, respectively. The reaction was inhibited by 3 pM sulfaphenazole (73%;
CYP2C9 inhibitor), and to a lower extent by 40 uM pilocarpine (46%; CYP2AG6 inhibitor). The
non-specific CYP inhibitor proadifen inhibited the reaction by 68%. All the other inhibitors
remained without significant effect (< 25% inhibition). In a subsequent assay, sulfaphenazole
was shown to inhibit the reaction with an ICso of 0.597 uM.
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Table 11. Effect of Prototypical CYP Inhibitors on ucb-107092-1 Formation in Human
Liver Microsomes

Page 19 of 268

ueh-107092-1 (ngiml)y

Targat CYP Inhibitar [eoncantrabon] Everega (n=31) G\ RS0 (%) % of residual activity vs MeOH % of inhibition vs MaOH
142 fufanylling |5 s 192 5.1 27 o3 T
250 pilocarpine [40 whd)] 112 9.9 a9 54 48
266 ticlopiding [2 ] 20 17 a3 a7 31
2Ca monelukasi [1.5 phi] 170 8.8 57 B2 18
29 sulfaphenazole [3 ph) 556 1.2 21 27 T3
2. ormeprazole [35 UM] 170 12 73 2 18
206 quiniding [4 ph] n 59 7 106 -G
2E diethyldithiocarbamate [20 uM] 170 i3 T8 B2 12
3Ad katpconezoke [0.15 pM| 213 12 5T 102 -2

niveral proadifen [100 ] 672 1,0 1.5 323 (1]
L mathanal {&.1%) 208 14 9.4 100 O
[ buffer 329 a2 10 154

Monoclonal antibody against CYP2C9 inhibited the conversion of ucb 42145 by 75%. All the

other antibodies remained without significant effect (< 20% inhibition).

Experiments using recombinant CYPs (Supersomes™) suggested that the oxidation of ucb
42145 to ucb-107092-1 is primarily mediated by CYP2C9 with a minor contribution of
CYP2C8 (2.5 and 0.1 pmol/min/pmol CYP, respectively). All the other tested CYP isoforms
showed a marginal activity if any.

Table 12. ucb-107092-1 Formation in Recombinants Human CYP Isoforms

(Supersomes)

Supersomes uch-107092-1 velocity
(UM {pmal/min/pmal CYP)
1A2 0.013 0.0
1B1 0 0.0
2A8 0.0090 0.0
2B6 0.0098 0.0
2c8 0.27 01
2C9 7.5 2.5
2C19 0.021 0.0
206 0.017 0.0
2E1 0.034 0.0
A4 0.040 0.0
Contrel 0 na

The three metabolic reactions described above were compared for their intrinsic clearance.
The clearance of ucb 34714 into ucb 42145 was found to be much higher than the hydrolysis
6- and 2-fold difference in

of ucb-100406-1

Reference ID: 3803545
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homogenates and blood, respectively). Data expressed on a kg bodyweight basis suggested
that blood and liver contribute equally to the hydrolysis of ucb 34714, with a negligible
contribution of the kidney. For the hydrolysis of ucb-100406-1, blood seems to play the major
role based on data expressed on a kg body weight. The intrinsic clearance associated with
the CYP-mediated oxidation of ucb 42145 into ucb-107092-1 was much lower than the
hepatic blood flow (i.e. 19 versus 1320 mL/h/kg) and was at least 30 times higher than the
clearance of the hydrolysis reactions.

Table 13. Intrinsic Clearances

Substrate  Metabolite  Tissue Km Ymax Cln
mifd pLimindg tissue or mLrkg bw
plimindmlL
uch 24714 uch 42145 liver homagenate =100 na 0.0026 () 0.208 0287
kidney homogenate =100 na 0.0011 (g) 0.079 Q.021
bdaod 12.7 991 (a)  0.0780d) 0.078 0.346
uch-100406 uck-107092  liver homogenate =100 na 0.0001 () 0.008 0.011
kidney homogenate > 100 na 0.0002 (c) 0.014 0.004
bload 147 536 (a)  0.0385 (d) 0.036 0.162
uch 42145  uck-107092  liver microsomes 1.59 460 (b} 0.2553 (e) 14,42 15.48

(a) pmol/min/mL blood

(b) pmol/min/mg microsomal protein
(c) yL/min/mg homogenate

(d) yL/min/mL blood

(e) yL/min/mg microsomal protein

Conclusions:

1. Overall, the hydrolysis of ucb 34714 into ucb 42145 was found to be much more effective
than the hydrolysis of ucb-100406-1 into ucb-107092-1. When scaled-up and expressed on a
per kg bodyweight basis, the intrinsic clearance measured in liver, kidney or blood remained
<1 mL/hr/kg.

2. In an attempt to further characterize the enzymes involved, the reactions were measured in
the presence of various prototypical inhibitors of arylesterase, aromatic esterase, choline
esterase, acetylcholinesterase, butyrylcholinesterase. Only high concentration of the non-
specific inhibitor paraoxon showed significant inhibitory effect (> 70% inhibition) of the
hydrolysis reactions, suggesting the involvement of serine esterase enzyme(s) other than
classical cholinesterase, carboxylesterase or aromatic esterase.

3. Incubations with recombinant enzymes, chemical inhibitors, monoclonal antibodies overall
suggested that CYP2C9 is the principal CYP isoform responsible for the conversion of ucb
42145 to ucb-107092-1.
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4.3.3 Study NCD2232: Identification of the enzymes involved in ucb 34714 hydrolysis
(formation of ucb 42145) in vitro in cNDA expressed enzymes

Objective: to identify the enzymes involved in the hydrolysis of ucb 34714 into ucb 42145.

Method: ucb 34714 (10, 100 and 1000 pM) was incubated with each recombinant human
enzymes (acetylcholinesterase, amidase, butyrylcholinesterase, and carboxylesterases 1 and
2) at 1, 10 and 100ug/mL in potassium phosphate buffer (60 mM pH 7.4 for amidase and
carboxylesterase; 50 mM pH 8.0 for acetylcholinesterase, and 50 mM pH 8.0 containing NaCl
0.15M for butyrylcholinesterase), at 30°C or 37°C (depending on the enzyme). After a 2-min
pre-incubation of buffer and recombinant enzymes, reactions were initiated with the addition
of test item for 60-min incubation. The formation of ucb 42145 was quantified by a LC/MS-MS
method. Zero test item incubation served as blank. The stability of the test item during
incubation was assessed using zero-protein incubation.

Results: The hydrolysis of ucb 34714 is only mediated by amidase but not
acetylcholinesterase, butyrylcholinesterase, or carboxylesterases 1 and 2. In zero-substrate
incubations, ucb 42145 was below limit of quantification whereas small amounts of ucb
42145 were detected in zero-protein incubations. ow

which remained insignificant with regard to
enzymatic hydrolysis.
Kinetic parameters (Ky and Vmax) for ucb 42145 production by amidase could not be
estimated as enzyme saturation was not reached at the highest concentration of ucb 34714
tested (1000 uM), implying that ucb 34714 has a low affinity (K, > 1 mM) for amidase.

Reference ID: 3803545
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Figure 9. ucb 42145 production by recombinant human enzymes (after subtraction of
ucb 42145 produced by chemical hydrolysis in zero test system samples)
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4.3.4 Study PSMO0976: Identification of the CYP450 Isoforms Involved in ucb 34714
Biotransformation In Vitro in Human Liver Microsomes and Supersomes.

Objective: to investigate which cytochrome P450 (CYP) isoforms were responsible for the
biotransformation of ucb 34714 into the major hydroxylated metabolite, ucb-100406-1 in
pooled human liver microsomes (HLM).

Method: 1) HLM were incubated with ucb 34714 and the production of ucb-100406-1 was
determined by LC/MS-MS. The incubation time of ucb 34714 with HLM and the
concentrations of HLM were optimized in pilot experiments to ensure that the production of
ucb-100406-1 was linear versus time and the relationship between ucb-100406-1 formation
and HLM concentration fall in a linear range. A HLM concentration of 0.5 mg/mL and an
incubation time of 15 minutes were selected for further experiments. Kinetic parameters (Vmax
and K;,) were determined for the reaction (using a range of ucb 34714 concentrations from 10
MM to 10 mM). The CYP isoforms implicated in the reaction (at 50 uM ucb 34714) were
investigated by the use of chemical inhibitors and monoclonal antibodies. Each inhibitor was
used at 1-fold and 10-fold of its published Ki, so that the inhibition of target CYP450 activity
was in the range of 50% and 80-90% respectively, depending on the mechanism of the
inhibition. 100 uM proadifen (a mechanism-based inhibitor) was used as universal inhibitor of
all CYPs. Antibodies were used at concentrations expected to give more than 80% inhibition
and incubated with HLMs for 15 or 20 min.

CYP Inhibitor Ki uM
on major target CYP
1A2 furafylline® 0.6
2A6/2C9 pilocarpine 4
2C8/3A4 quercetin 1.3
2C9 sulfaphenazole 0.3
2CI19 omeprazole 1,3.1
2 D6 quinidine 04
2E1/2A6/2B6 diethyldithiocarbamate® 2
3A4 ketoconazole 0.015

a. pre-incubation with HLM for 10 min

The stability of ucb 34714 during incubations and its possible NADPH-independent
metabolism were assessed using zero-protein incubations and zero-NADPH incubations,
respectively. Zero-substrate incubations served as blanks. In these control conditions, ucb-
100406-1 was not detected.

2) Radiolabeled ucb 34714 (100 uM) was incubated with insect cell microsomes expressing
recombinant human CYP isoforms (100 pmol/ml Supersome™, CYP1A2, 1B1, 2A6, 2B6,
2C8, 2C9, 2C19, 2D6, 2E1, and 3A4) for 2 hours and the extracts analyzed by Radio-HPLC.
Selected samples were subjected to further analysis for structural characterization of
metabolites. To further confirm the role of CYP2C19 and CYP2CS8 in the metabolism of ucb
34714, additional incubations were performed with these CYPs in the presence of inhibitors
at 20 x Ki (75 uM ticlopidine and 20 uM omeprazole for CYP2C19, and 25 uM quercetin for
CYP2CS8).
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Results:

The Kmgpp and Vpyax for ucb-100406-1 formation from ucb 34714 by HLM were calculated to
be 2438 + 147 uM (mean = SD) and 392 + 9 pmol/min/mg, respectively, resulting in an in
vitro intrinsic clearance (Vmax/ Kmapp) of 0.161 pL/min/mg. This was extrapolated using the
well-stirred model and scaling factors (48.8 mg protein/g liver for microsomal protein yield, 23
g liver/kg body for liver weight) to give a predicted in vivo hepatic clearance of 0.16
mL/min/kg for ucb 34714.

At 50 pM ucb 34714, the production of ucb-100406-1 in HLMs was inhibited by ketoconazole
(32%, CYP3A4 inhibitor), pilocarpine (31.7%, CYP2A6 and 2C9 inhibitor), omeprazole (18%,
CYP2C19 inhibitor) at concentrations 10 times of their Ki values compared to quercetin
(50.8%, CYP2C8 inhibitor). At their Ki values, only quercetin displayed an inhibition of 21.4%.
No inhibition was observed with specific inhibitors for CYP1A2, CYP2C9 and CYP2D6.

In another two following experiments, an ICso of 5.7 or 9.1 pM was further determined for
guercetin on inhibition of ucb-100406-1 production. Ticlopidine displayed 14.5 or 20.4%
inhibition on ucb-100406-1 formation at 3.7 pM (its literature reported Ki for CYP2C19).
However, the ICso of ticlopidine (CYP2B6 and 2C19 inhibitor) exceeded the highest
concentrations tested (74 pM).

Figure 10. Effect of Chemical Inhibitors (10 Ki) on the Conversion of ucb 34714 to ucb-
100406-1 by Human Liver Microsomes

Methanol (1)
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Diethyldithiocarbamate
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Omeprazole 30puM
Omeprazole 10puM
Sulfaphenazole
Quercetin

Pilocarpine
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(1. Inhibition effects of the inhibitor drugs were determined with average rate of ucb-100406-1 formation
compared to control incubations with methanol (1%, vehicle used to dissolve inhibitor drugs).
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2. Inhibition effects of methanol (1%, vehicle) were determined with average rate of ucb-100406-1 formation
compared to control incubations with buffer.)

At 50 puM ucb 34714, the CYP2C8 monoclonal antibody inhibited ucb-100406-1 formation in
HLM by 49% confirming the result using chemical inhibitor. Inhibition was also observed with
monoclonal antibodies to CYP2C9 (37.9%), CYP2C19 (40.8%) and CYP3A4 (18.2%). In the
presence of the CYP2B6 monoclonal antibody, weak inhibition was observed at a substrate
concentration of 2.5 mM but not at 50 pM.

(Reviewer's comment: The concentration 2.5 mM is much higher than the in vivo
concentrations after 100 mg bid dosing. Thus, the metabolic profile at this concentration may
not be clinically relevant, since there could be shift in metabolic pathways at higher
concentrations.)

Figure 11. Effect of Monoclonal Antibodies on the Conversion of ucb 34714 (50 uM) to
ucb-100406-1 by Human Liver Microsomes
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Following the incubation of ucb 34714 with Supersomes, 6 metabolites were identified in
addition to the parent drug. The metabolism of ucb 34714 occurred by two initial pathways:

» monohydroxylation, in the w-1 position of the propyl chain, leading to M1a (ucb-100023-1)
and M1b (ucb.100406.1) and in an unspecified position leading to M1c and M1d;

* desaturation leading to M2a and M2b.
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Figure 12. Proposed Metabolic Pathways for ucb 34714 in Supersomes.
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The formation of ucb-100406-1 was observed with CYP2B6, 2C8, 2C9, 2C19 and 3A4
isoforms. The involvement of CYP2C8 and 2C19 was further confirmed by incubation with
chemical inhibitors. The formation of M1lb (ucb-100406-1) was inhibited by 90.5% with
omeprazole, and *C-ucb-100406-1 was not detected in the presence of ticlopidine or
guercetin. In the presence of methanol (vehicle used to dissolve inhibitors), an inhibition of
49.7% and 24% was found in incubations with CYP2C19 and CYP2CS8, respectively.

Conclusion: Overall, these experiments suggested that the biotransformation of ucb 34714
into uch-100406-1 was mediated by multiple enzymes, with CYP2C8 being the major isoform,
lesser contribution from 2C19, 2C9 and 3A4, and minor contribution from 2B6. It should be
noted that the results were preliminary. A clinical drug interaction study showed that
gemfibrozil, whose glucuronide metabolite is a potent CYP2C8 inhibitor, did not have
significant effect on PK of ucb 34714 and ucb-100406-1 in humans. This was further
confirmed by an in vitro study (NCD2050) demonstrating that gemfibrozil/gemfibrozil
glucuronide only had limited effects on ucb 34714 hyroxlation to ucb-100406-1.
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4.3.5 Study NCD1998: Identification of the CYP450 Enzymes Involved in ucb 34714
Hydroxylation (Formation of ucb-100406-1) In Vitro in Human Liver Microsomes and
cDNA Expressed Enzymes

Objective: to complete results obtained in a previous study (PSM0976) in order to
characterize the human CYP isoform(s) responsible for ucb 34714 hydroxylation into ucb-
100406-1.

Method: A HLM concentration of 0.5 mg/mL and an incubation time of 20 minutes were
selected based on pilot experiments. ucb-100406-1 was determined by LC-MS/MS. Kinetic
parameters (Km, Vmax and CLjy) of formation of ucb-100406-1 were determined in pooled
HLM incubated with 0.2 — 20 mM of ucb 34714. Experiments were further performed with
specific CYP inhibitors (chemical inhibitors and monoclonal antibodies). Inhibitors were used
at concentrations corresponding to 10 x their respective Ki.

CYP Inhibitor KipM
on major target CYP
All proadifen NA
1A2 furafylline® 0.6
2A6 tranylcypromine 0.2
2B6 Thio TEPA 2.8
2C8 montelukast 0.15
2C9 sulfaphenazole 0.3
2C19 omeprazole 35
2D6 quinidine 0.4
2El diethyldithiocarbamate® 2

3A4 ketoconazole 0.015

a. 10 min pre-incubation (metabolism-based inhibitors)

Monoclonal antibodies specific to CYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1 and 3A4
were used.

Finally, 1-hr incubations were carried out with insect microsomes expressing specific human
CYP450 isoforms (Supersomes™, 50 pmol/ml protein CYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19,
2D6, 2E1, 2J2, 3A4, 4F12) and 20 uM ucb 34714 (for CYP3A4, the incubation time was 10
min instead of 1 hr, since the formation was linear up to 20 min). Additional incubations were
performed with Supersome™ (CYP2B6, 2C8, 2C9, 2C19 and 3A4) at varied ranges of ucb
34714 concentrations to determine kinetic parameters (Kn, Vimax and CLjn).

Results:

In HLMs, K and Vpyax values of ucb 34714 for the formation of ucb-100406-1 were 1.88 *
0.123 mM (mean + SD) and 171 + 3.6 pmol/min/mg proteins, respectively, resulting in a low
intrinsic clearance of 0.091 pL/min/mg of proteins.

In HLMs, at 100 pM ucb 34714, significant inhibition was observed with montelukast
(CYP2CS8, 30.5%), sulfaphenazole (CYP2C9, 20.8%), omeprazole (CYP2C19, 26.4%), and
ketoconazole (CYP3A4, 20.3%). The other CYP inhibitors did not exhibit any relevant
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inhibition (< 15%). In an additional assay at 2 mM ucb 34714, a cocktail of CYP2C8, 2C9 and
3A4 inhibitors produced 71.9% inhibition, confirming the involvement of multiple isoforms.

For experiments performed with monoclonal antibodies, significant inhibition (i.e. >20% at
100 M ucb 34714) depended on the sources of antibodies. Inhibition was only observed for
CYP2C8 and 2C9 for the supplied from two vendors, while significant inhibition was observed
for CYP2C8, 2C9, 2C19 and 3A4 when using the antibodies from another source.

Table 14. Effects of Monoclonal Antibodies on the Formation of ucb-100406-1 in HLM

Monoclonal antibodies
| O® _ % inhi(gi: 4i)on -
(1st assay) (2nd assay)

uchb 34714 : 100 M 2 mM 100 pM 2 mM 100 uM 2 mM
CYPIA2 -13 -4 \ \ \ \
CYP2A6 0,6 -2 \ \ \ \
CYP2B6 15,6 17,1 \ \ \ \
CYP2C8 26,8 13,9 322 16,9 41,8 28,4
CYP2C9 30,1 27.1 37,7 349 522 393
CYP2CI19 5,1 -3 7,6 -3 46,3 36,6
CYP2D6 85 -4 \ \ \ \
CYP2EI 0 -3 \ \ \ \
CYP3A4 -8 2,1 2,0 -17 24 .4 21,7

Kinetic parameters of ucb 34714 for ucb-100406-1 production were further determined for
individual CYP isoforms using recombinant CYPs. Relative activity factors (RAF) were used
to scale up CLjyt from recombinant CYPs (SupersomesTM) to HLMs and to determine the
involvement of each CYP450 in the formation of ucb-100406-1.

Table 15. Summary of Kinetic Parameters in SupersomesTM, Predicted Clearances in
HLM and Involvement of each CYP450 in Formation of ucb-100406-1 in HLM

CYP Kinetic Model Km Vmax CLint RAF CLintpred in HLM | % involvment
mM pmol/min/pmol P450 | ul/min/pmol P450 | pmol P450/mg prot ul/min/mg prot %

2B6 Michaclis Menten 2,64 290 0,00110 945 0,0104 12,2

2C8 Michaelis Menten 0,897 0,482 0,000537 17,1 0,00918 10,8

209 Michaelis Menten 1,27 0,336 0,000265 75,0 0,0198 233

2C19 Michaelis Menten 0,0712 0,494 0,00694 2,79 0,0193 2277

3A4 Hill 1,36 1.89 0.00139 19,1 0,0265 311

ucb 34714 showed a high affinity for CYP2C19 (K, ~ 70 pM) whereas its affinity for CYP2B6,
2C8, 2C9 and 3A4 was much lower (Ky = 900 pM).

(Reviewer’'s comment: This was consistent with the results obtained from chemical inhibitor
experiments. The inhibitory effect of omeprazole (CYP2C19 inhibitor) was only observed at
100 uM and 500 uM but not at 2mM at which CYP2C19 may be already saturated.)
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The prediction from recombinant CYPs for the involvement of CYP isoforms in ucb-100406-1
formation was close to the results obtained from chemical inhibitor experiments (in HLMS)
except the contribution of CYP2CS8.

Table 16. Summary of Results Obtained with Chemical Inhibitors and Supersomes

Percentage of involvment
Chemical inhibitors Supersomes
uch 34714 : 100 uM 500 uM 2mM
CYP1A2 (-12) (-22) (-6) -
CYP2A6 (-1) (-1 (-2) -
CYP2B6 (14,3) 16,6 (11,3) 12,2
CYP2C8 30,5 21,9 19,1 10,8
CYP2C9 20,8 20,2 15,3 233
CYP2C19 26.4 20,3 (4.4) 22,7
CYP2D6 4,3) 17,1 (-10) -
CYP2EI (13,4) (6,6) (6,7) -
CYP3A4 20,3 23,1 17,6 31,1

Values in parenthesis are not significant

(note: the comma symbol should be decimal point.)

Conclusion: Combined in vitro approaches demonstrated that the hydroxylation of ucb 34714
into uch-100406-1 involved multiple CYP isoforms (CYP2C8, 2C9, 2C19, and CYP3A4).
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4.3.6 Study NCD2050: Evaluation of gemfibrozil as a potential inhibitor of ucb 34714
and ucb 42145 hydroxylation (formation of ucb-100406-1 and ucb-107092-1,
respectively) in human liver microsomes and human hepatocytes

Background and Objectives: ucb 42145 is the hydrolysis product of ucb 34714. A previous
phenotyping study described that CYP2C8 was the main CYP isoform involved in the
hydroxylation of brivaracetam. However, a clinical drug-drug interactions study, using
gemfibrozil as CYP2C8 inhibitor, showed no statistically significant effect on brivaracetam
hydroxylation (formation of ucb-100406-1), while ucb 42145 hydroxylation (formation of ucb-
107092-1) was inhibited by ~ 35%. Gemfibrozil is known to be a reversible inhibitor of
CYP2C9 (Ki of 5.8 uM), 2C19 (Ki of 24 yM), 1A2 (Ki of 82 uM) and 2C8 (ICs of 120 uM) and
gemfibrozil-O-glucuronide is a potent mechanism-based inhibitor of CYP2C8 (K, of 20 to 52
UM and kinact Of 0.21min™Y). The aim of this study was to evaluate the ability of gemfibrozil to
inhibit hydroxylation of ucb 34714 and ucb 42145 in vitro, in order to explain the clinical data
and further explore the CYPs involved.

Methods: First, kinetic parameters (K, and Vnax) were determined for ucb 34714 and ucb
42145 hydroxylation in pooled HLM (plasma/buffer, 50/50, v/v) and cryopreserved pooled
human hepatocytes suspensions (buffer and buffer/plasma (50/50, v/v). ucb 34714 (0.1, 0.3,
0.5, 1,15, 2, 4 and 10 mM) and ucb 42145 (0.15, 0.5, 0.75, 1.5, 3, 6 and 15 mM) were
incubated in triplicate with HLM.

. HLM concentration Incubation time
Test item i
(mg/mL) (min)
ucb 34714 0.5 20
ucb 42145 0.2 30

ucb 34714 (0.4, 1, 2, 4, 8, 16, 40 mM) and ucb 42145 (0.15, 0.5, 0.75, 1.5, 3, 6, 15 mM) were
incubated in triplicate with hepatocytes suspensions for 30 min and 60 min, respectively. .

Then, HLM and human hepatocytes suspensions (0.5x10° cells/mL) were incubated with
different concentrations of ucb 34714 or ucb 42145 and with varied ranges of gemfibrozil
concentrations, to determine inhibitory parameters (ICso and/or Ki).

In addition, the potential of gemfibrozil to act as mechanism-based inhibitor was evaluated in
human hepatocytes monolayers (from one donor, 0.75 x 10° cell/mL in 24-well plate cultured
overnight) pre-incubated for 3 hrs with gemfibrozil (0, 25, 75, 150, 250, 750, 1500, 2500 uM)
for ucb 34714 incubations (3 mM, 1 hour), and O, 1, 3, 6, 10, 30, 100, 300 pM) for ucb 42145
incubations (2.5 mM, 1 hour).

Finally, gemfibrozil-O-glucuronide (0, 2, 6, 10, 20, 60, 120 and 200 yM) was tested as a direct
or metabolism-dependent (pre-incubated for 30 min) inhibitor of ucb 34714 (2 mM) or ucb
42145 (1.5 mM) in HLM.ucb-100406-1 and ucb-107092-1 formed were determined by LC-
MS/MS.
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Results:

For ucb 34714 hydroxylation, similar K., values were obtained in all tested conditions, with K,
values of 4.59 = 0.523 mM, 2.94 mM = 0.633, and 5.65 + 0.663 mM, in HLM (buffer/plasma,
50/50), hepatocytes (buffer), and hepatocytes (buffer/plasma, 50/50), respectively. These
values were in accordance with those generated previously from HLM in buffer (1.88 mM or
2.44 mM). The Vpnax values were 312 + 17.7 pmol/min/mg, 34.0 £ 3.42 pmol/min/lO6
hepatocytes, 31.1 + 2.07 pmol/min/10° hepatocytes, respectively. These resulted in a low
intrinsic clearance (0.068 uL/min/mg, in HLM, 0.0116 and 0.0055 pL/min/10° cells, in
hepatocytes with buffer and with buffer/plasma, respectively).

For ucb 42145 hydroxylation, similar K, values were obtained regardless of the tested
conditions: 0.956 + 0.056 mM, 0.611 + 0.099 mM, and 1.07 = 0.123 mM for HLM
(buffer/plasma), hepatocytes (buffer) and hepatocytes (buffer/plasma), respectively. Maximal
velocity (Vmax) values were 488 + 8.1 pmol/min/mg in HLM, 37.8 + 1.53 pmol/min/10° cells in
hepatocytes (buffer), and 47 + 1.58 pmol/min/10° cells in hepatocytes (buffer/plasma). Using
the Vmax to Ky, ratio, intrinsic clearance values obtained for ucb 42145 hydroxylation were
approximately 5- to 10-times higher than for ucb 34714 hydroxylation.

Gemfibrozil seemed to be a weak mixed inhibitor of ucb 34714 hydroxylation in HLM and
hepatocytes suspensions (buffer), with Ki,c (competitive) values of 153 + 33.3 uM and 284 +
74.4 uyM, and Ki,u (uncompetitive) values of 451 + 63.3 uM and 2982 + 586 uM, respectively.
As gemfibrozil displayed a high plasma protein binding (99%), inhibition observed in
plasma/buffer (50/50, v/v) was very low (ICso = 2.20 £ 0.12 mM and > 2.5 mM in HLM and
hepatocytes, respectively).

Gemfibrozil caused a more potent inhibition of ucb 42145 hydroxylation in HLM and
hepatocytes (buffer), with ICso values of 22.9 + 0.718 or 19.8 + 1.87 pM (HLM) and 6.05 +
2.00 yM (hepatocytes), and Ki values of 11.8 £ 1.86 uM (competitive, in HLM) and 11.5 +
0.72 uyM (non-competitive, in hepatocytes), respectively. Inhibition of ucb 42145 hydroxylation
was lower in plasma/buffer (50/50, v/v) due to gemfibrozil protein binding, with 1Csy value of
464 + 21.8 uM in HLM and > 500 uM in hepatocytes. Ki values observed in HLM incubated in
buffer/plasma were 163 + 49.6 uyM (Ki,c) or 452 £+ 91.8 uM (Ki,u), and was 801 + 49.3 uM
(non-competitive) in hepatocytes (buffer/plasma), respectively. Gemfibrozil was not a
mechanism-based inhibitor of ucb 34714 and ucb 42145 hydroxylation.

Gemfibrozil-O-glucuronide caused a marginal direct inhibition (23.5% at 200 pM) of ucb
34714 hydroxylation in HLM. Similar weak inhibition (24.6%) was observed at lower
concentration of gemfibrozil-O-glucuronide (60uM) when it was pre-incubated 30 minutes as
expected from this metabolism-based inhibitor. Gemfibrozil-O-glucuronide did not cause any
significant direct or metabolism-dependent inhibition of ucb 42145 hydroxylation.

Conclusion: Limited effect of gemfibrozil-O-glucuronide, a mechanism-based inhibitor of
CYP2C8, on ucb 34714 hydroxylation suggested that production of uch-100406-1was not
primarily mediated by CYP2C8. Gemfibrozil-O-glucuronide did not affect ucb 42145
hydroxylation, indicating that CYP2C8 was not responsible for the reaction. The observed Ki
of gemfibrozil on this metabolic pathway is in the same range as its Ki on CYP2C9,
suggesting that CYP2C9 may be involved (reviewer’s note: this was demonstrated by another
study NCD1674 which provided firm evidence.)
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4.3.7 Study PSM1175: In Vitro Inhibition of ucb 34714 Biotransformation to ucb-
100406-1 by AEDs in Human Liver Microsomes

Objective: to investigate the potential for anti-epileptic drugs (AEDS) to inhibit the formation of
uch-100406-1 from ucb 34714 in human liver microsomes.

Method: Inhibition studies were conducted with pooled HLM. A sequential approach was
used.

* First, AEDs were tested for their inhibition potential at 100 uM and at a concentration close
to the Chax In the high range of therapeutic doses.

* In a second step, if inhibition exceeding 25% was observed at either concentration of

AED, an ICs, determination would be performed using a range of AED concentration
(solubility permitting).

Table 17. AEDs Cax at Therapeutic Doses, Actual Concentration Used and Vehicle

AEDs Cinax at therapeutic doses Concentration in Vehicle
incubates

Carbamazepine 12 pg/mL (51 pM) @ 50 uM Methanol

Phenytoin 20 pg/mL (79 pM) @ 80 uM Methanol
Valproic Acid 100 pg/mL (693 pM)? 700 uM Water

Lamotrigine 14 pg/mL (55 pM) @ 55 uM Methanol
Gabapentin 5 pg/mL (29 pM)® 30 uM Water

Zonisamide 40 pg/mL (188 pM) @ 190 uM Methanol
Phenobarbital 40 pg/mL (172 pM) @ 170 uM Water

Felbamate 80 pg/mL (336 uM) 340 uM Methanol

Direct inhibition and metabolism-dependent (10-min pre-incubation) inhibition were tested for
each AED.

ucb 34714 was used at final concentrations of 2.5 mM (the K, value for ucb-100406-1
production, from Study PSM0976) and 50 uM (which is a more pharmacologically relevant
concentration). Concentration of HLM was 1 mg/mL and incubation time was 15 minutes.
The concentrations of ucb-100406-1 were determined by a LC/ESI/MS method.

Results:

In incubations with 50 uM ucb 34714, felbamate inhibited ucb-100406-1 production by 18.1%
at 100 uM and by 26.0% at 340 uM. Phenytoin also inhibited ucb-100406-1 production by
21.2% at 80 uM and by 28.5% at 100 uM. The other AEDs tested did not display an inhibition
higher than 20.8%. Gabapentin was found to increase ucb-100406-1 production by 11.9%
and 60.2% at 30 uM and 100 uM, respectively. Felbamate and phenytoin where not further
investigated to determine an ICsy because of their limited solubility which was insufficient.

In incubations with 2.5 mM ucb 34714, none of the AEDs were found to inhibit ucb-100406-1
production by more than 11.4%. Gabapentin was found to increase ucb-100406-1 production
by 18.5% and 53.5% at 30 yM and 100 pM, respectively.
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Figure 13. Effect of AEDs as Direct Inhibitors on the Conversion of ucb 34714 (50 uM)
to ucb-100406-1
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3. inhibition determined with average rate of ucb-100406-1 formation in control incubations with buffer

With per-incubation, at a concentration of 50 uM ucb 34714, no AED was found to inhibit ucb-
100406-1 production by more than 19.2%. Gabapentin was found to increase ucb-100406-1
production by 54.8% at 100 uM. There was no evidence that any of the tested AEDs was
mechanism-dependent inhibitor for ucb-100406-1 formation.

In incubations with ucb 34714 (2.5 mM), no AED was found to inhibit ucb-100406-1
production by more than 18.2%. Gabapentin was found to increase ucb-100406-1 production
by 18.4% at 30 uM and by 47.9% at 100 uM.
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Figure 14. Effect of AEDs as Metabolism-Dependent Inhibitors on the Conversion of
ucb 34714 (50 pM) to ucb-100406-1
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Reviewer's Comments:

According to literature, felbamate did not inhibit CYP1A2, 2A6, 2C9, 2D6, 2E1, 3A4, but
inhibited CYP2C19 with a Ki of 225 pM (Glue P, et al. Clin Pharmacokinet. 1997
Sep;33(3):214-24). This may explain the observation here. As shown by the previous studies,
CYP2C19 was one of the CYP enzymes involved in ucb-100406-1 formation.

Felbamate increased phenytoin plasma concentrations in humans. This may be due to its
inhibitory effect on CYP2C19. The effect of felbamate on ucb 34714 PK in humans has not
been investigated but is not expected to exceed the effect of CYP2C19 poor metabolizers.

A study in Japanese subjects showed that the clearance of ucb 34714 was reduced from
0.99 mL/min/kg in homozygous CYP2C19 extensive metabolizers to 0.81 mL/min/kg (18%
reduction) in heterozygous extensive metabolizers and 0.70 mL/min/kg (30% reduction) in
CYP2C19 poor metabolizers, suggesting that there is at most 43% increase of ucb 34714
plasma concentrations (AUC) in lack of CYP2C19 activity in humans. Such change is not
considered clinically significant to warrant dose adjustments.
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The BRV (brivarcetam, ucb 34714) exposure-safety relationship for the common adverse events (e.g.
somnolence, dizziness, and fatigue) indicates a modest increase of adverse event risk with increasing
BRV exposures. As such, default starting dose of 50 mg bid (100 mg/day) is acceptable and a
reduction of the maximum dose, 100 mg bid (200 mg/day) is unnecessary. For these reasons, it is hot
necessary to assess the CYP2C19 genotype of patients receiving BRV.

Phenytoin was reported to inhibit several CYPs (2C9, 2C19, and 3A4) in vitro, with the most
potent inhibitory effects observed for CYP2C9 (Ki ranged from 4.04 to 56 pM). The ICso of
phenytoin for CYP2C19 was reported as 35, 75, and 84 uM in literature. An in vivo study in
CYP2C19 extensive and poor metabolizers suggested that CYP2C19 is the predominant
enzyme responsible for ucb-100406-1 formation in humans. Thus, the inhibitory effect of
phenytoin on CYP2C9 may not be relevant. On the other hand, phenytoin is an inducer of
multiple enzymes including CYP2Cs. Thus, it has potential to induce metabolism of ucb
34714, which seems to be confirmed by in vivo findings, ‘The population PK results indicate a
30%, 27%, and 24% reduction in BRV Css with concomitant carbamazepine, phenytoin, and
phenobarbital use’.

Conclusion:

In human liver microsomes, felbamate and phenytoin appeared to be weak direct inhibitors of
ucb-100406-1 production at low ucb 34714 concentrations (up to 26% for approximate Cpax
of felbamate, up to 28.5% for 100 uM of phenytoin whose approximate Cyax is 80 pM).
Felbamate is not expected to result in clinically significant change in ucb 34714 PK in vivo to
warrant dose adjustments. The effect of phenytoin on ucb 34714 PK in humans has been
characterized by population PK analysis which showed that phenytoin reduced ucb 34714
concentrations by 27% (due to induction effects of phenytoin).

Carbamazepine, valproic acid, lamotrigine, zonisamide and phenobarbital did not significantly
affect the conversion of ucb 34714 to ucb-100406-1.

Gabapentin increased the production of ucb-100406-1 up to 1.6 fold at 100 uM, but by less
than 1.2 fold at its Cmnax (30 pM). Therefore, this finding is unlikely to be physiologically
relevant at therapeutic concentrations of ucb 34714.
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4.3.8 Study TAQ776: Evaluation of ucb 34714 as a potential inhibitor of human
cytochrome P450 enzymes

Objective: to evaluate the ability of ucb 34714 to inhibit the major P450 enzymes in human
liver microsomes (namely CYP1A2, 2A6, 2C9, 2C19, 2D6 and 3A4/5).

Method: To evaluate ucb 34714 as a direct-acting (metabolism-“independent”) reversible
inhibitor of CYP450 activity, HLM from a pool of nine individuals were incubated with a
marker substrate at a concentration equal to approximately K, in the presence or absence of
uch 34714 at concentrations equal to 25, 100 and 200 uM (5, 21, 42 pug/mL). The metabolites
formed were measured by fluorimetric or HPLC methods.

N o |Subsl;'ate| Incubation Protein’ ’ lncu!:n(nion uch 34714
_I-',rIIYmc P450 Activity ' (1M) - -_'v‘('::l"")"“ (ng/ml) lr:":; ' Concentration" (M) Volume *(uL)
CYP1A2 7-Ethoxyresorufin O-dealkylase 0.25 1000 100 10 0, 25, 100, 200 10
CYP2A6 Coumarin 7-hydroxylase 0.50 1000 25 5 0, 25, 100, 200 10
CYP2C9 Diclofenac 4°-hydroxylase 4.0 1000 100 S 0, 25, 100, 200 10
CYP2C19  S-Mephenytoin 4'-hydroxylase 35 200 1000 30 0, 25, 100, 200 2
CYP2D6 Dextromethorphan O-demethylase 5.0 1000 100 10 0, 25, 100, 200 10
CYP3A4/5 T one 6B-hydroxylase 100 500 50 10 0, 25, 100, 200 S

The human liver microsomal sample used for these experiments was a pool of nine individuals (samples 71, 72, 76, 79, 99, 101, 105, 140 and 142).
ucb 34714 concentrations =25 uM (5 pg/mL), 100 pM (21 pg/mL), 200 pM (42 pg/mL)

N Water was the vehicle used to dissolve the test article.

Positive controls were included as

P450 Enzyme Positive Control Diluent Concentration
Studied
CYPIA2 a-Naphthoflavone Methanol 1.0 uM
CYP2A6 Nicotine Methanol 200 uM
CYP2C9 Sulfaphenazole Methanol 10 pM
CYP2C19 Modafinil DMSO 250 pM
CYP2D6 Quinidine Water 1.0 pM
CYP3AA4/5 Ketoconazole Methanol 0.1 uM

In addition, ucb 34714 was evaluated for its ability to function as a metabolism-dependent
“reversible” inhibitor, where ucb 34714 was pre-incubated with HLM and NADPH for 15 min
to allow for the generation of metabolizes that could inhibit CYP450. Incubations containing
no ucb 34714 and incubations that contain ucb 34714 but were not pre-incubated, served as
negative controls.

- [Substrate] Incubadon .2 Preincubation  Incubati — uch 34714
Enzyme P450 Activity (kM) Volume (ng/mL) TIF‘C T"_'“ Concentrations " Volume ©
: (uL) (min) . (min) L (uM) (L)
CYP1A2 7-Ethoxyresorufin O-dealkylase 0.25 1000 100 15 10 25,100, 200 10
CYP2A6 Coumarin 7-hydroxylase 0.5 1000 25 15 5 25, 100, 200 10
CYP2C9 Diclofenac 4"-hydroxylase 4.0 1000 100 15 5 25, 100, 200 10
CYP2C19 S-Mephenytoin 4°-hydroxylase 35 200 1000 15 30 25, 100, 200 2
CYP2Do6 Dextromethorphan O-demethylase 5.0 1000 100 15 10 25, 100, 200 10
CYP3A4/5 Testosterone 63-hydroxylase 100 500 50 15 10 25, 100, 200 5

! Human liver microsomal sample used for these experiments was a pool of nine individuals (samples 71, 72, 76, 79, 99, 101, 105, 140 and 142).

®  ucb 34714 concentrations = 25 pM (5 pg/mL), 100 uM (21 pg/mL), 200 uM (42 pg/mL)
¢ Water was the vehicle used to dissolve the test article.

ucb 34714 was also evaluated for its ability to function as a metabolism-dependent
“irreversible” inhibitor, where ucb 34714 was pre-incubated with HLM and NADPH for 15 min.
Then, aliquots of the pre-incubated solutions (typically 100 ul) were removed and added to
triplicate incubations. The marker substrate (at a concentration equal to approximately Kp)
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was added to these incubation mixtures and the additional incubations were carried out to
measure the marker CYP450 activity. This experimental design allowed ucb 34714 to be
diluted by a factor of 10 for the final incubation with the marker substrate, thereby minimizing
any “reversible” inhibitory effects. Pre-incubations containing no ucb 34714 and incubations
that contain ucb 34714 but were not pre-incubated, served as negative controls.

. PRE-INCUBATION o INCUBATION WITH MARKER SUBSTRATE
‘o Protein® Volume Time M— —-— Protein Volume Time uch 34‘“? Substrate

Enzyme P450 Activity o _(':‘%}"i ) - f"im)V 7?‘fnc::;;=)mon Vo(l}:lir)ne (g/ml)  (uL)  (min) Cunc(:nb:[rilmn (“Mli
CYPIA2 7-Ethoxyresorufin O-dealkylasc 1000 1000 15 200 10 100 1000 10 20 0.25
CYP2A6 Coumarin 7-hydroxylase 250 1000 15 200 10 25 1000 5 20 0.5
CYP2C9 Diclofenac 4'-hydroxylase 1000 1000 15 200 10 100 1000 5 20 4.0
CYP2CI19 S-Mephenytoin 4’-hydroxylase 10000 200 15 200 2 1000 200 30 20 35
CYP2D6 Dex horphan O-d hylase 1000 1000 15 200 10 100 1000 10 20 5.0
CYP3A4/5 T one 6B-hydroxylase 500 50 15 200 5 50 500 10 20 100

Human liver microsomal sample used for these experiments was a pool of nine individuals (samples 71, 72, 76, 79, 99, 101, 105, 140 and 142).
®  uch 34714 concentrations = 20 uM (4 pg/mL), 200 uM (42 pg/mL)
Water was the vehicle used to dissolve the test article.

Positive controls were included as following,

P450 Enzyme Positive Control Diluent Concentration
o Studied
CYP1A2 Furafylline DMSO 10 uM
CYP2A6 8-Methoxypsoralen Methanol 0.5 uM
CYP3A4/5 Troleandomycin Acetonitrile 50 uM

Results: As a reversible inhibitor, ucb 34714 at 200 uM (42 pg/mL) inhibited CYP2C19 (46%
inhibition) and CYP3A4/5 (12% inhibition). ucb 34714 did not inhibit CYP1A2, 2A6, 2C9 or
2D6. ucb 34714 has little or no capacity to function as a “reversible” or “irreversible”
metabolism-dependent inhibitor of any of the CYPs examined.

The 1Cso of ucb 34714 for CYP2C19 was estimated to be about 230 pM. Thus, the
approximate Ki value could theoretically be as low as 115 uM if the mechanism of inhibition
was competitive, or as high as 230 uM if the mechanism of inhibition was noncompetitive.

Table 18. Evaluation of ucb 34714 as an inhibitor of human P450 enzymes

Metabolism-“independent” inhibition Metabolism-dependent inhibition ®
Enayme P450 Activity Percent inhibition at 200 uM “Reversible” “Irreversible”
(42 mg/mL) o
CYP1A2 7-Ethoxyresorufin ()—dr:-élkylase <10% Little or no inhibition Little or no inhibition
CYP2A6 Coumarin 7-hydroxylation <10% Little or no inhibition Little or no inhibition
CYP2CY Diclofenac 4-hydroxylase <10% Little or no inhibition Little or no inhibition
CYP2C19 S-Mephenytoin 4'-hydroxylase 46%* Little or no inhibition Little or no inhibition
CYP2D6 Dextromethorphan O-demethylase <10% Little or no inhibition Little or no inhibition
CYP3A4/5 Testosteronc 6B-hydroxylase 12% Lintle or no inhibition Little or no inhibition

*  The estimated 1C50 value for the reversible (metabolism-“independent™) inhibition of CYP2C19 by ucb 34714 was approximately 230 pM. Thercfore, the approximate Ki value
theoretically could be as low as 115 pM if the mechanism of inhibition was competitive, or as high as 230 uM if the mechanism of inhibition was noncompetitive.

Metabolism-dependent inhibition:

Little or no inhibition : 0 — 10 % Inhibition; Weak inhibition : 11 — 20 % Inhibition

Moderate inhibition : 21 — 40% Inhibition; Marked inhibition : > 40 % Inhibition

Reviewer's Comment: At therapeutic dose, the steady-state Cax Of ucb 34714 was expected
to be around 16 pM (3.5 pg/mL). Since the ratio of total Crnax/Ki was 0.14, just marginally
above the cut-off of 0.1, it is less likely for ucb 34714 to have clinically significant inhibitory
effect on CYP2C19 in vivo.

b
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4.3.9 Study NCD1677: Evaluation of ucb 34714 as a Potential Inhibitor of Human
Cytochrome P450 2C8 and 2B6

Objective: to evaluate the ability of ucb 34714 to inhibit cytochrome P450 (CYP) 2C8 and 2B6
enzyme in human liver microsomes.

Method: To evaluate ucb 34714 as reversible inhibitor of CYP2C8, pooled HLM (0.3 mg/ml)
were incubated with 20 uM paclitaxel for 10 min in the presence or absence of ucb 34714 at
concentrations of 25, 100 and 200 uM. The formed metabolite (6a-hydroxypaclitaxel) was
guantitated with Radio-HPLC. To evaluate ucb 34714 as reversible inhibitor of CYP2B6,
pooled HLM (0.5 mg/ml) were incubated with 100 uM bupropion for 20 min with or without
ucb 34714 (25, 100, and 200 pM). The amount of hydroxybupropion formed was determined
by a LC/MS/MS method. The concentrations of marker substrates were their K, values
determined for CYP2C8 and 2B6, respectively. Montelukast (1.5 pM) and ticlopidine (2 yM)
were used as positive controls for CYP2C8 and 2B6, respectively. The concentrations used
were 10 times of their Ki for corresponding enzymes.

To evaluate ucb 34714 as metabolism-dependent inhibitor of CYP2C8 and 2B6, ucb 34714
(200 uM) was pre-incubated with HLM and NADPH for 15 min. Then, marker substrates
(paclitaxel and bupropion) were added and the incubation continued to measure residual
CYP450 activities.

Results: ucb 34714 was neither a direct nor a metabolism-dependent inhibitor of CYP2C8
and 2B6.

Table 19. ucb 34714 as a Direct Inhibitor of CYP2C8 and 2B6: Initial Screening Results

Mean percentage velocity of control

CYP2CS8 CYP2B6
Paclitaxel 6a-hydroxylation Bupropion hydroxylation
ucb 34714 25 uM 110% 102%
ucb 34714 100 uM 125% 101%
ucb 34714 200 pM 116% 99.0%
Positive Control 25.5% (Montelukast 1.5 uM) 8.46% (Ticlopidine 2 uM)
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Table 20. Evaluation of ucb 34714 as a Metabolism-Dependent Inhibitor of CYP2C8

Group Velocity Mean Velocity % Velocity | Mean % Velocity
Name (pmol/min/mg protein) | (pmol/'min/mg protein) | of Control of Control YCV
254 110 !
Control w/o pre-incub Paclitaxel 20 pM 231 230 100 100 (1 I
207 89.7 !
196 85.1 !
uch 34714 200 pM w/o pre-incub Paclitaxel 20 pM| 219 208 95.2 90.4 56 |
209 90.8 !
165 87.6 :
Control w pre-incub Paclitaxel 20 pM 194 189 103 100 11
207 110
204 108
uch 34714 200 pM w pre-incub Paclitaxel 20 pM 179 206 95.1 109 13
235 124
196 96.0 N
Control for Positive Reference Paclitaxel 20 pM 201 204 98.3 100 510
216 106 !
68.0 333 *
Montelukast 1.5 pM Paclitaxel 20 uM 56.0 56.4 274 276 20 f
453 22.2 N
'': Control velocity determined with average rate of paclitaxel 6a-hydroxylation in “Control w/o pre-incub”
incubations;
?: Control velocity determined with average rate of paclitaxel 6a-hydroxylation in “Control w pre-incub”
incubations;

? - Control velocity determined with average rate of paclitaxel 6a-hydroxylation in “Control for positive
reference” incubations.

Table 21. Evaluation of ucb 34714 as a Metabolism-Dependent Inhibitor of CYP2B6

Group Velocity Mean Velociry % Velocity | Mean % Velocity
Name (pmol/min/mg protein)| (pmol/min/mg protein) | of Control of Control %oCV

248 103 ¥

Control w/o pre-incub Bupropion 100 pM 240 241 99.7 100 29 |
234 97.2 '
222 922 !

uch 34714 200 pM w/o pre-incubation Bupropion 100 pM 218 214 90.6 88.9 49 I
202 83.9 !
204 107 :

Control w pre-incub Bupropion 100 pM 181 191 94.9 100 61 [
188 983 g
161 84.5 :

uch 34714 200 yM w pre-incubation Bupropion 100 pM 171 170 89.3 88.8 46 |
177 92.6 :
220 98.2 I

Control for Positive Reference Bupropion 100 pM 220 224 98.2 100 31 P
232 104 ?
7.50 3358 }

Ticlopidine 2 pM Bupropion 100 pM 8.26 7.46 3.69 333 1 F
6.62 2.96 d

'': Control velocity determined with average rate of bupropion hydroxylation in “Control w/o pre-incub”

incubations;

?: Control velocity determined with average rate of bupropion hydroxylation in “Control w pre-incub”

incubations;

*  Control velocity determined with average rate of bupropion hydroxylation in “Control for positive reference”

incubations.
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4.3.10 Study NCD1678: Evaluation of ucb 34714, ucb 42145 and ucb-100406-1 as
Potential Inhibitors of Phenytoin 4-Hydroxylation Activity In Vitro

Background and Objective: During a clinical study (UCB N01172), co-administration of ucb
34714 and phenytoin was associated with 20% increase in the steady-state concentration of
phenytoin. This study was designed to investigate the in vitro potential of ucb 34714 and its
major metabolites to inhibit the conversion of phenytoin to its major metabolite 4-
hydroxyphenytoin, which was exclusively mediated by CYP2C9 and 2C19, with 2C9 playing
the major role.

Method: Recombinant human rhCYP2C9 and rhCYP2C19 enzymes were used
(Supersomes™). Kinetic parameters were first determined for both enzymes to provide
suitable incubation conditions for subsequent evaluation of inhibition. For CYP2C9, [*C]-
phenytoin concentrations were 1.5, 4, 6, 8, 12, 15, 20, 30, 50, 90 and 150 yM. For CYP2C19,
[**C]-phenytoin concentrations were 4, 8, 15, 20, 30, 50, 90, 150, 240 and 400 uM. The
incubation time (40 min) and CYP2C9 and 2C19 Supersome™ concentrations (200 pmol/mL
for both) were selected based on pilot experiments to ensure the formation of 4-
hydroxyphenytoin was linear vs. time and vs. supersome concentrations.

To evaluate ucb 34714, ucb 42145 and ucb-100406-1 as direct inhibitors of phenytoin 4-
hydroxylation, rCYP2C9 and rCYP2C19 were initially incubated with phenytoin in the
presence or absence of test items at concentrations of 25, 100 and 200 pM. The
concentrations of phenytoin were 15 uM for CYP2C9 and 45 uM for 2C19 (approximate
values of Km as determined prior). Positive controls (sulfaphenazole for CYP2C9, Ki = 0.3
MM; omeprazole for CYP2C19, Ki = 3.0 pyM) were also performed with an inhibitor
concentration of 10 x Ki.

To evaluate ucb 34714, ucb 42145 and ucb-100406-1 as metabolism-dependent inhibitors of
phenytoin 4-hydroxylation, test items were pre-incubated with both rCYP2C9 and rCYP2C19
for 15 min. ucb 42145 and ucb-100406-1 concentrations were 200 uyM. ucb 34714
concentration was 100 uM for CYP2C19 and 200 uM for CYP2C9.

The samples were analyzed by Radio-HPLC method.

Results:

Km and Vmax for 4-hydroxyphenytoin production via rhCYP2C9 isoform were calculated to be
16.5 yM and 0.315 pmol/min/pmol CYP450, respectively. Ky, and Vnyax for 4-hydroxyphenytoin
production via rCYP2C19 isoform were 46.2 uyM and 0.355 pmol/min/pmol CYP450,
respectively.

ucb 34714, ucb 42145 and ucb-100406-1 did not cause significant inhibition of phenytoin 4-
hydroxylation mediated by rhCYP2C9. For rhCYP2C19, ucb 42145 did not significantly inhibit
phenytoin 4-hydroxylation. ucb-100406-1 weakly (< 20%) inhibited this activity when
incubated at 200 uM. ucb 34714 (200 pyM) was found to inhibit this activity by 50.4% in the
presence of ucb 34714, which was consistent with the result from Study TA0776. Results for
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positive control were as expected (73.7% and 76.1% inhibition for rhCYP2C9 and
rhCYP2C19, respectively).

The basal activity of phenytoin 4-hydroxylation was increased following pre-incubation with
vehicle for both enzymes. Due to this reason, compared to incubations in the presence of
vehicle, there was some extent of inhibition observed for ucb 34714, ucb 42145, or ucb-
100406-1. However, the inhibition in general was small (< 20%), except CYP2C19 inhibition
by ucb 34714 (25.4%). Yet, the magnitude of this inhibition was similar to that without pre-
incubation (31.8%), suggesting that ucb 34714 was not a time-dependent inhibitor for
CYP2C19, which was also consistent with the result from Study TA0776.

Table 22. Evaluation of ucb 34714, ucb 42145 and ucb-100406-1 as Metabolism-
Dependent Inhibitors of Phenytoin 4-Hydroxylation via CYP450 2C9

Giroup Velocity Mean Velocity % Velocity | Mean % Velocity | %OV
Mame A pmyol minpamec] PA30) | pmolminpmol P4500 ] of Contral of Condrol

Control Phenvioin 15 pM wo pre-incub 0138 0146 43 1041 .1 '
0,143 wrT
0.15% 108

uch 34714 2F phd Phenvioan |5 phd wo presincub 0138 140 4.3 R 4.4 '
0. 14% 101
0.136 934

wch 42145 200 wh Phenyioin |5 phd wo pre-incub 0144 0142 100 @74 FER |
0,135 6
0. 145 O 4

uche THRA06-1 200 pM Phenytoin 15 ph wo pre-incub 0,130 nis3 Ll 105 15 '
0175 1246
0,153 105

Control Phenyiom 15 pM w pre-incub 0156 194 T 14K} 19
0231 118
0. 3K1 103

wch 34714 200 uM Phenytoan |5 pM w pre-incub 0,203 w7 103 R 8 19
073 LR
0,136 4

uch 42145 20dF wM Phenvtoan |5 pM w pre-incub INE R Wil 30 413 15
001, 2K 05
1, 1449 Ta R

uch=10006-1 200 M Phenytoan 15 pM w pre-incub 0,130 163 bfe. I LA 20
0. 145 4
0. 164 LEE!

Zero-Inhibiteur Phenytoin 15 jM 02l 0126 Q58 100 71
0,134 108
0121 0. |

Sulfaphenazole 3 pM Phenviom |5 phd ik Ed 0Tl 146 1 5.6 a5
53 12.1
(AN T 14.0

1. Control velocity determined with average rate of phenytoin 4-hydroxylation in Control without pre- incubation;
2. Control velocity determined with average rate of phenytoin 4-hydroxylation in Control with pre-incubations;
3. Control velocity determined with average rate of phenytoin 4-hydroxylation in Zero Inhibitor incubations.
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Table 23. Evaluation of ucb 34714, ucb 42145 and ucb-100406-1 as Metabolism-
Dependent Inhibitors of Phenytoin 4-Hydroxylation via CYP450 2C19

Giroup Velnoity Mean Velocity % Welogity | Mean %o Vebocry W
Maimi [psal e penol PAS0) | (penolininposol P450) | of Contred of Control

Control Phenyioin 15 p™M wo pre-incub 00143 0152 837 100 B
0155 102
01359 104

wch 34714 T p™ Phenytoan 15 pM wo pre-inoub LR i k104 Th.Y hE2 1l !
0GR 6536
00474 4.0

Juch 42145 200 pd Pherytein 15 pM wo pre-incub 0,140 0152 421 100 &2 !
0,165 108
0151 L

che 0061 200 b Phenytoin 15 g wo pre-imcub 00155 138 102 104 &3
LN k] 113
0,146 .2

Control Phemytoan 15 pM w pre-iscub L ] k153 114 LU1] 13
0 LR
0161 EK.d

wch 34714 100 p™ Phenytoin 13 pM w pre-incub 0146 LLRE & | T4 92
0,140 Th7
0122 (.5

uwch 42145 200 ™ Pheryeoan 153 pM w pre-incuh 0a7l 17l 038 1R 1.5
o.1ed G2
0,074 55,2

wh= LD 1 20 b Phenylom 15 pM w pre-mculs 0144 k153 THE R0 5E
0155 849
0161 EKd

Zero-Inhibdieur Phenytmin 15 M 016 143 (1] [L11] 13
0.13% .2
01235 &7.4

Crmepriznle 30 phd Phenviam 15 phd 074 01,0402 335 181 I
0.0a435 il
00281 19,7

1. Control velocity determined with average rate of phenytoin 4-hydroxylation in Control without pre-incubation;
2. Control velocity determined with average rate of phenytoin 4-hydroxylation in Control with pre-incubations;
3. Control velocity determined with average rate of phenytoin 4-hydroxylation in Zero Inhibitor incubations.

Conclusion:

ucb 42145 was neither a direct nor a metabolism-dependent inhibitor of phenytoin 4-
hydroxylation by rCYP2C9 and rCYP2C19. ucb-100406-1 was a weak direct inhibitor of
rCYP2C19 mediated phenytoin 4-hydroxylation but had no effect on the reaction mediated by
rCYP2C9 and was not a metabolism-dependent inhibitor of either enzyme. ucb 34714 is a
direct inhibitor of phenytoin 4-hydroxylation via CYP2C19 (ICso estimated to be around 200
MM) but has no direct inhibition effect on this activity via rCYP2C9. ucb 34714 was not a
metabolism-dependent inhibitor of rCYP2C9 or rCYP2C109.

(Reviewer's comment: Though the ICso of ucbh 34714 on CYP2C19-mediated phenytoin-4-
hydroxylation was not formally determined, it was estimated to be around 200 uM since
phenytoin hydroxylation was inhibited by about 50% at this concentration. The ratio of total
Cmax Of ucb 34714 at steady state after 100 mg bid, the recommended therapeutic dose,
divided by its ICs5 will be 0.16 which is marginally above the cut-off of 0.1. Thus, ucb 34714 is
less likely to cause significant DDI due to CYP2C19 inhibition in vivo. It should be noted that,
though Study NO1172 showed that ucb 34714 increased phenytoin AUC by approximately
20%, the other Study N01082 reported that ucb 34714 reduced phenytoin AUC by about
13%.)
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4.3.11 Study PSM0815: In Vitro Induction of CYP1A and CYP3A4 in Human
Hepatocytes

Objective: to determine the ability of ucb 34714 to induce CYP1A and CYP3A4 in human
hepatocytes in vitro.

Method: Human hepatocytes were prepared from liver tissues and planted on 9 cm tissue
culture dishes at a density of 5 x 10° cells/dish. After 24 hrs, hepatocytes were exposed to
phenobarbital (0.75 mM), 3-methylcholanthrene (3-MC, 10 pM), omeprazole (10 pM),
rifampicin (25 pM), and the test substance ucb 34714 (25, 200, and 500 uM) for 72 hrs with
renewal of medium containing test and reference substances (dissolved in 0.5% DMSO) at
24 h intervals. After 72-hr incubation, the cells were collected and homogenized. The
homogenates were used for enzyme assays. 7-Ethoxyresorufin-O-deethylase (EROD)
activity mediated by CYP1A was measured using a spectrofluorometer in the presence of 1.5
MM 7-ethoxyresorufin, 10 uM dicumarol (a Phase Il enzyme inhibitor), and 6 mM NAD. The
testosterone hydroxylation activity mediated by CYP3A4 was measured using HPLC after 10-
minute incubation with 1.33 mM testosterone.

Results: The viability of hepatocytes was 84%, 70%, 87.4%, and 93% for donors 1, 2, 3, 4,
respectively, as determined by Trypan blue method. Results from Donor 2 were not
presented as unexpected data were obtained for testosterone 6B3-hydroxylase activity with
reference substances (i.e., induction activity in the presence of 3-MC but not with
phenobarbital).

Little or no induction of CYP 1A activity was observed with ucb 34714. CYP1A activities at all
concentrations of ucb 34714 tested were at least 15-fold less than those observed in the
presence of 10 uM omeprazole.

(Reviewer's Comment: It is unknown why 3-MC, one of the positive controls for CYP1A, did
not show induction effect. Per the Drug Interaction Guidance (2006 version), 6-26 fold
induction of CYP1A2 is generally achieved with 1 or 2 uM 3-MC. According to the sponsor,
higher concentrations of 3-MC may compromise induction of CYP1A based on personal
communication with a researcher in academic. Nevertheless, omeprazole exerted induction
effect as expected.

It should be noted that the CYP1A activities were below the detection limit in a number of
treatments including solvent controls for Donor 3.)
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Table 24. Induction factors of EROD activities in hepatocyte cultures of donors No. 1 —
4

Induction factor of EROD activity versus solvent control

Donor No. 1 3% 4
PB

(0.75 mM) 0.3* 1.0 0.4*
3-MC

(10 upM) 08 1.0 0.4*
Omeprazole 16.9 423 17.1
(10 pM)

Rifampicin - 0.3* 20 0.8
(25 uM)

ucb 34714

(500puM) 0.5 12 0.4*
ucb 34714

(200uM) 1.0 28 0.4*
uchb 34714

(25uM) 0.3* 1.0 0.4*

* activity below detection limit
** activity of the solvent control below detection limit
In all cases (* and **) the detection limit (1.0 pmol x mg™ x min™) was used to calculate the induction factors

At 25 pM, ucb 34714 had little or no effect on CYP 3A4 activity. The effect increased in a
concentration-dependent manner with an induction factor between 1.4 and 3.0 at 500 pM.
Yet, for all the three donors, the increase in CYP 3A4 activity in the presence of ucb 34714
was less than (< 40% of) that observed with the positive controls rifampicin and
phenobarbital, suggesting that the induction effect of ucb 34714 on CYP3A is weak.
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Table 25. Induction factors of formation of 6B-Hydroxytestosterone in hepatocyte
cultures of donors No. 1 -4

Induction factor of 6p3-Hydroxytestosterone activity versus solvent control

Donor No. 1 3 4
PB

(0.75 mM) 35 42 14.5
3-MC

(10 pM) 03 0.1 02
Omeprazole 1.1 1.2 1.5
(10 uM)

Rifampicin 5.5 45 173
(25 pM)

ucb 34714

(500uM) 14 2.0 30
ucb 34714

(200uM) 1.0 1.7 24
ucb 34714

25uM) 0.6 1.3 1.1
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4.3.12 Study NCD1710: In Vitro Evaluation as Cytochrome P450 Inducer in Cultured
Human Hepatocytes

Objective: to evaluate the ability of ucb 34714 to induce cytochrome P450s (CYPSs).

Method: Fresh human hepatocytes from 4 donors were supplied at a density of 1.5 x 10°
viable cells per well in a 6-well plate pre-coated with a single film of collagen. The
hepatocytes were treated with ucb 34714 or controls for 72 hrs with medium renewed every
24 hrs. The potential induction of CYP1A1/2, CYP2B6 or CYP3A4/5 by ucb 34714 (10, 30
and 100 uM) was determined by measuring specific marker activities (ethoxyresorufin O-
dealkylase, bupropion hydroxylase and midazolam 1’-hydroxylase activity, respectively) in
microsomes freshly prepared from hepatocytes after 72-hr incubation. The O-dealkylation of
ethoxyresorufin by CYP1A was measured by a fluorimetric method after incubating
microsomes (100 pg/mL) with 10 yM ethoxyresorufin for 60 min. Bupropion hydroxylation
activity was determined by a LC/MS/MS method after incubating 0.5 mg/mL microsomes with
200 pyM bupropion for 20 min. Midazolam 1’-hydroxylation activity was determined by a
LC/MS/MS method after incubating 0.05 mg/mL microsomes with 3 yM midazolam for 5 min.
B-Naphtoflavone (B-NF, 25 uM) and omeprazole (OMP, 30 uM) were used as reference
inducers of CYP1A. Phenobarbital (PB, 500 uM) and phenytoin (PHE, 50 uM) were used as
reference inducers of CYP2B6 while rifampicin (1 yM) was used as reference inducer of
CYP3A4.

Results: The activity of CYP1A was reduced by around half in the presence of ucb 34714
compared to vehicle control.

(Reviewer's comment: It is unknown why the activity of CYP1A was reduced in the presence
of ucb 34714. According to Study TAQ776, ucb 34714 at concentrations up to 200 uM did not
inhibit CYP1A2. In addition, Study NCD1902 showed that ucb 34714 at concentrations up to
10 uM did not alter mRNA expression of CYP1A2. Thus, the effect observed here with 10 uM
ucb 34714 cannot be explained by down regulation of CYP1A2 expression.)

Table 26. Effect of ucb 34714 on CYP1A1/2 Activity in Human Hepatocytes (expressed
as fold-induction of vehicle-treated cells, mean data of triplicate)

Fold-induction of vehicle-treated cells

Treatment Concentration Hepatocytes Preparation
FHH-021 FHH-023 FHH-032

Vehicle : DMSO 0.1% (v/v) 1.00 1.00 1.00
ucb 34714 10 uM 0.573 0.522 0.496
ucb 34714 30 uM 0.432 0.443 0.591
ucb 34714 100 uM 0.620 0.322 0.357
B-NF 25 uM 9.11 15.7 7.00
OMP 30 uM 7.45 14.4 4.09
PB 500 uM 1.69 1.84 1.04
PHE 50 uM NP NP 0.936
RIF 1 uM 1.46 1.58 0.756

NP: not performed.

Reference ID: 3803545



NDA 205,836 205,837 205,838 (0000) Page 47 of 268
®) @™ (Brivaracetam oral tablet / IV solution / oral solution)

The activity of CYP2B6 was slightly induced by ucb 34714 in a dose-dependent manner (2.6-
fold induction at the highest tested concentration — 100 uM). Nevertheless, the increase in
CYP 2B6 activity in the presence of ucb 34714 was less than (< 40% of) that observed with
the positive control phenobarbital, suggesting that the induction effect of ucb 34714 on
CYP2B6 is weak.

Table 27. Effect of ucb 34714 on CYP2B6 Activity in Human Hepatocytes (expressed as
fold-induction of vehicle-treated cells, mean data of triplicate)

Fold-induction of vehicle-treated cells

Treatment Concentration Hepatocytes Preparation
FHH-021 FHH-023* FHH-025%*

Vehicle : DMSO 0.1% (v/v) 1.00 1.00 1.00
ucb 34714 10 uM 1.63 1.42 1.23
ucb 34714 30 M 1.92 1.85 1.80
uch 34714 100 uM 2.67 2.61 2.52
B-NF 25 uM 2.84 2.95 3.76
OMP 30 uM 2.36 4.64 4.30
PB 500 M 8.29 5.81 36.5
PHE 50 uM NP NP 13.9
RIF 1 uM 2.50 4.68 8.45

* single value; ** : mean of duplicate; NP: not performed;
BLQ (below level of quantification) but > LOD (the limit of detection)

The activity of CYP3A4/5 was not induced by ucb 34714.
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Table 28. Effect of ucb 34714 on CYP3A4/5 Activity in Human Hepatocytes (expressed
as fold-induction of vehicle-treated cells, mean data of triplicate)

Fold-induction of vehicle-treated cells

Treatment Concentration
Hepatocytes Preparation
FHH-021 FHH-023 FHH-025

Vehicle : DMSO 0.1% (v/v) 1.00 1.00 1.00
ucb 34714 10 uM 1.33 1.37 1.56
ucb 34714 30 uM 1.39 1.49 1.20
ucb 34714 100 uM 1.42 1.51 1.48
B-NF 25 uM 0614 0.508 0.344
OMP 30 uM 1.02 1.22 1.97
PB 500 uM 2.12 416 8.02
PHE 50 uM NP NP 3.60
RIF 1 uM 2.08 436 6.00

NP: not performed.
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4.3.13 Study NCD1902: In Vitro Evaluation of the Potential of ucb 34714 to Interfere
with Induction of Cytochrome P450 and Related Gene Expression by Phenytoin in
Cultured Human Hepatocytes

Objective: to investigate the potential of ucb 34714 to interfere with induction of cytochrome
P450 and related gene expression by phenytoin in primary cultures of human hepatocytes.

Method: Cultured hepatocytes from three separate human livers were treated once daily for
three consecutive days with DMSO (0.1% v/v, vehicle control), phenytoin control, ucb 34714
(0.5, 2, or 10 M) with and without phenytoin, or known human CYP inducers, namely, B-
naphthoflavone (33 pM), phenobarbital (750 uM), CITCO (1 yM) and rifampin (10 uM). After
treatment, cultures were treated with TRIzol reagent to isolate RNA, which was analyzed by
RT-PCR to assess the effect of ucb 34714 on CYP1A2, 2B6, 2C9, 2C19, 3A4, microsomal
epoxide hydrolase (EPHX1), RXR, AhR, CAR, PXR, GR and HNF-a mRNA levels. The
relative quantity of the target cDNA compared with that of the control cDNA (GAPDH) was
determined by the AACT method. Relative quantification measures the change in mRNA
expression in a test sample relative to that in a control sample (e.g., DMSO). Calculations are
as follows:

1. ACt = Ct (target) — Ct (endogenous control)
2. AACt = ACt (treated sample) - ACt (untreated control)
3. Fold change in expression = 2744%

Results: Treatment of human hepatocytes with ucb 34714 alone (up to 10 uM) caused little or
no change in the mMRNA levels of any of the transcripts examined.

Treatment of human hepatocytes with phenytoin alone increased CYP2B6, 2C9, 2C19, 3A4,
and EPHX1 mRNA levels. The extent of induction observed with the combination of ucb
34714 and phenytoin was similar to that of phenytoin alone.
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Table 29. The effects of treating cultured human hepatocytes with ucb 34714 (with and
without phenytoin) or prototypical inducers on mRNA expression: Fold increase
(treated/ vehicle control)

Fold increase *

: Epoxide
Treatment Concentration  ~vp1a2) (CYP2BS) (CYP2C9) (CYP2C19) (CYP3A4) hydrolase
(EPHX1)
Dimethyl sulfoxide 0.1% (viv) 1.00 £ 0.00 1.00 + 0.00 1.00 + 0.00 1.00 £ 0.00 1.00 £ 0.00 1.00 £ 0.00
Phenytoin 50 uM 0.792 + 0.280 6.75+ 3.44 211+048¢ 210+ 0.60 341+1.50 268+094 1
uch 34714 0.5 uM 0.987 +0.232 1.110.19 1.06 +0.26 1.01£0.15 105£023 129028
uch 34714 2 M 0.900 £ 0.192 1.04 £ 0.11 0.974£0.119 1.0110.16 089040177  1.10£0.32
uch 34714 10 uM 1,03 +0.06 147 +0.21 1.25+0.21 1164013 110£022  122+0.16
uch 34714 + 50 M phenytoin 0.5 M 1.27 +0.91 856+5201  220+0511" 2.44+0.83 3734127  285+1181°
ucb 34714 + 50 pM phenytein 2 M 1.22 £ 0.55 84052271 223+x042¢%" 2.30+1.06 3.90+1.66 282+0851"
uch 34714 + 50 pM phenytoin 10 uM 0.830 + 0.374 6.45 + 3.87 212+031¢ 235+0.88 3.79+1.47 242+063
B-Naphthoflavone 33 uM 1235172 175+ 1.06 1.09  0.32 139 0.38 036140207 1224031
Phenabarbital 750 uM 1294117 774£348°  318+101° 541+282" 7214379  3424102°
cITCOo 1 M 1.90 +1.37 962+6.44" 201018 1.42+0.40 162+076 254005
Rifampin 10 pM 1,06 + 0,67 6.20 £ 3.12 3474077* 612351 8894666 290070
a Values are the mean + standard deviation of three determinations (human hepatocyte preparations H868, H876 and HB77).

Data are shown graphically in Figures 2 - 13.

* Significantly different from the vehicle control (dimethyl sulfoxide) as a result of One-way Analysis of Variance (p < 0.05) with all treatment groups included
in the statistical analysis.

1 Significantly different from the vehicle control (dimethyl sulfoxide) as a result of One-way Analysis of Variance (p < 0.05) with the positive control groups
(B-naphthoflavone, phenobarbital, CITCO and rifampin) excluded from the statistical analysis.

Fold increase *

e ot o BT GO e ooris | P

receptor receptor iy o factor-a

(RXR) (AHR) ICAPI;} (PXR) (GR) (HNF-q)
Dimethyl sulfoxide 0.1% (viv) 1002000 1002000 1.00 £ 0.00 1.00%0.00 1.00%0.00 1.00 0,00
Phenytoin 50 uM 0.803 £ 0.060 1.27 £ 0.1 0.603 £0.125 1.07 £ 0.40 1.46 £ 0.30 1.15+0.26
uch 34714 0.5 uM 1064018  1.01+0.10 1394023 1314029 1294023 1.15+0.06
uch 34714 2 uM 005040143 0862£0196 1054023  0093+0118 1184044 1,004 0.09
uch 34714 10 uM 099540026 09822£0203 1364021 117 £0.07 1114031 1234018
ucb 34714 + 50 M phenytoin 0.5 M 000640074 122£042  0013+0243 1214051 1.35+0.20 1.14 £ 0.20
uch 34714 + 50 uM phenytoin 2 M 088240004  1.22+0.31 1.08 40.18 142+ 0.54 1.8740.70 1224027
ucb 34714 + 50 uM phenytoin 10 uM 0.791£0052 118034  0.821+0208  1.18+0.38 1.50 + 0.39 1.1640.27
B-Naphthoflavone 33uM 074740112 0889+0218  132+1.18 1954050  0.820+0.368 1.584 0.63
Phenobarbital 750 uM 0.768+0.188  1.73+0.80 1.25+0.83 1441058  261:037* 123023
cITco 1M 093640113  1.11+0.30 1224021 1.35+0.41 1.70 + 0.66 1224034
Rifampin 10 pM 0676+0025° 1574047  0749+0418 1234046  2.04+0.76 1.14+0.35

a Values are the mean * standard deviation of three determinations (human hepatocyte preparations H868, H876 and H877).

Data are shown graphically in Figures 2 - 13.

* Significantly different from the vehicle control (dimethyl sulfoxide) as a result of One-way Analysis of Variance (p < 0.05) with all treatment groups included
in the statistical analysis.

On average, treatment of cultured human hepatocytes with ucb 34714, phenytoin or ucb
34714 in combination with phenytoin, caused little or no change (< 2-fold) in transcription
factor/nuclear hormone receptor mRNA levels (RXR, AhR, CAR, PXR, GR, or HNF-a). In
contrast, the prototypical inducers phenobarbital and rifampin increased GR mRNA levels, on
average, by 2.61- and 2.04-fold, respectively.
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4.3.14 Study PSM1033: In Vitro Evaluation as a Potential Inhibitor of Human Liver
Microsomal Epoxide Hydrolase

Objective: to evaluate the ability of ucb 34714 and its metabolites (ucb 42145, ucb 47074 and
ucb-100406-1) to inhibit microsomal epoxide hydrolase (mEH) in vitro, as a result of reports
of elevated levels of carbamazepine-10,11-epoxide after co-administration of ucb 34714 and
carbamazepine (CBZ) in healthy subjects. mEH plays an important role in the hydrolysis of
electrophilic epoxides (including carbamazepine-10,11-epoxide).

Method: The mEH activity was investigated using pooled HLM. Styrene oxide (SO) was used
as the marker substrate for mEH that catalyses the hydrolysis of SO to phenylethanediol
(PED). It was reported that carbamazepine-10,11-epoxide and SO are substrates for the
same isoform of epoxide hydrolase and that in vitro inhibition of this enzyme is unaffected by
the choice of the substrate. Progabide, valpromide and sodium valproate were used as
reference items for inhibition of the mEH activity. HLM (30 pg/mL) were incubated with SO
(10 pM) for 10 minutes at 37°C in 0.1M tris buffer (pH 9) and test items or reference items
(250 pM) in a final volume of 1 mL. For the evaluation of ucb 34714 as a metabolism-
dependent inhibitor, HLM (30 pg/mL) were pre-incubated with ucb 34714 (250 yM) for 15 min
before adding SO. ucb 34714 concentration-dependent inhibition was evaluated by
incubating SO (at 5, 10, 15 or 20 uM) and ucb 34714 (at 50, 150, 300, 600 and 900 uM) with
10 pg/mL HLM for 10 minutes. Formation of PED was measured by HPLC-UV analysis.

Results:

Maximal inhibition of mEH activity was obtained for valpromide (88.2%) and progabide
(86.1%). No significant mEH inhibition was observed for sodium valproate, ucb 42145, ucb
47074 and ucb-100406-1. These results for the reference compounds were in general
agreement with the Ki values reported in similar test systems.

The activity of mEH was inhibited by 50.2% with ucb 34174. A similar inhibition (50.8%) was
observed when HLM were pre-incubated with ucb 34714, indicating that no metabolism-
dependent inhibition of mEH occurred.

Table 30. Inhibition Screening of Microsomal Epoxide Hydrolase (mEH)

Inhibition of mEH activity (%)

Mean (n=3) SD

ucb 34714 50.2 4.0

ucb 34714 (with a 15 min preincubation) 50.8 2.0

ucb 42145 l16.1 14.0

ucb 47074 21.6 84

ucb-100406-1 9.8 438

sodium valproate 19.0 9.2
valpromide 88.2* -

progabide 86.1 1.4

*n=2

The ICso of ucb 34714 for mEH was calculated to be 92 yM when SO was used at 5 yM
which is close to its Ky, (4.1 = 0.6uM). Thus, the Ki of ucb 34714 may be estimated to be 46
MM if competitive or uncompetitive inhibition is assumed or 92 yM if non-competitive inhibition
is anticipated.
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4.3.15 Study NCD2328: In vitro Evaluation of ucb 34714 and ucb-100406-1 as
Potential Inhibitors of Epoxide Hydrolase using Carbamazepine Epoxide as Probe
Substrate

Objective: to evaluate the potential of ucb 34714 and its hydroxylated metabolite, ucb-
100406-1, to inhibit epoxide hydrolase using carbamazepine epoxide as a clinically more
translatable probe substrate.

Method: Pooled HLM (0.5mg/mL) and cryopreserved human hepatocyte suspensions
(0.5x10° cells/mL) were incubated with carbamazepine 10, 11-epoxide (400 pM) for 30 min
and 60 min, respectively, in the presence or absence of ucb 34714 and ucb-100406-1. The
formation of trans 10, 11-dihydroxycarbamazepine was quantified using a LC/MS-MS
method. Progabide was used as a positive control at concentrations of 10 uM and 200 uM,
which corresponded to 10-fold of its ICso values, in human hepatocytes and human liver
microsomes, respectively. An initial screening was performed with 0, 10, 100 and 500 uM of
ucb 34714 or ucb-100406-1. As ucb 34714 caused a significant inhibition of epoxide
hydrolase activity, another experiment was performed in order to determine its ICsp values.
The concentrations of ucb 34714 used for this experiment were 0, 0.7, 2, 4, 7, 10, 20, 40, 70
and 140uM in human hepatocytes suspensions and 0, 8, 25, 50, 80, 120, 240, 500 and
800uM in HLM.

Results: Epoxide hydrolase is inhibited by ucb 34714 in HLM (ICso = 108 £14.5 uyM, mean %
standard error) and human hepatocytes suspensions (ICsp = 8.2 £1.0 uM, mean + SE), while
uch-100406-1 did not cause significant inhibition of epoxide hydrolase activity (21% and 9%
of inhibition, in HLM and human hepatocytes, respectively, at 500uM).
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4.3.16 Study NCD1663: Transport Through the Caco-2 (HTB-37) Model

Objectives
Objectives Final concentration of working solutions
(uM)
1) A>B and B>A transport 5, 10, 20, 50, 100
i) A>B and B>A transport in the presence of a 20
prototypic P-gp inhibitor
. iii) A>B transport in the presence of BSA 20

The concentrations referred to **C- ucb 34714.

Method: Caco-2 cell monolayers (passage numbers between 29 and 31) were grown for 20
days to confluence on 1.0 uyM pore size inserts (12-well plate). Monolayers were pre-
incubated with transport medium (0.5 mL, pH 6.5 in A compartment and 1.5 mL, pH 7.4 in B
compartment) for 1 hr. Cells were then incubated with test and reference items for 3 hrs for
transport studies. For A to B transport, 100 pyL of transport medium from the B compartment
were sampled at pre-specified timepoints (e.g., 0.5 h, 1 h, 2 h and 3 h) and replaced with 100
uL fresh medium. For B to A transport, 50 uL of transport medium from the A compartment
were sampled at pre-determined incubation time (e.g., 0.5 h, 1 h, 2 h and 3 h) and replaced
with 50 uL fresh medium. Except lucifer yellow (LY) which was measured using fluorimeter,
all the other test and reference items were quantitated using scintillate counting.

Monolayers were analyzed for their integrity before treatment by measuring the transepithelial
electrical resistance (TEER) and after treatment by measuring the passage of LY (20 ug/mL).
1C-Antipyrine (20 pM) and **C-mannitol (20 pM) were used as high and low permeability
reference items, respectively. **C-PEG 4000 (20 uM) was used as zero permeability marker.
®H-Digoxin (5 uM) was used as marker for the P-gp mediated transport. **C-Urea (20 uM)
was used as a marker for the reduced paracellular transport in the presence of BSA.

Transport of test and reference items was expressed as P,y according to the following
equation:

Papp (cm/s) = (dc/dt) * (V/A) * (1/3600 * C))

where dc/dt = the slope of cumulative receiver concentration versus time plot (dpm/mL/h) (the
slope was calculated from the linear part of the curve);

V, = the volume of transport medium in the receiver compartment (mL);
A = the surface area of monolayer (0.9 cm?);
Ci = the initial measured concentration in donor compartment (dpm/mL).

Results: The A-to-B transport of ucb 34714 did not vary as a function of concentration (5 to
100 yM) and was similar to the B-to-A transport (Papp values around 15 x 10® cmi/s). The
permeability was comparable to that of the high permeability marker antipyrine (Papp, a-to-8 Of
16.7 x 10°° cm/s, Papp, B-to-a Of 18.4 x 10°° cm/s).
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The efflux ratio (Papp, A-to-8/Papp, B-10-a) Of ucb 34714 approximated 1.0 and was not significantly
modified by the presence of quinidine (100 uM), a P-gp inhibitor, suggesting that P-gp is not
involved in the transport of ucb 34714.

Table 31. A-to-B and B-to-A Transport of ucb 34714 and Digoxin through Caco-2 Cell
Monolayers in the Absence and in the Presence of Quinidine

Results expressed as Papp (10°® cm/s) (Mean + SD, n=6 for ucb 34714, n=3 for Digoxin)

Transport Item Presence of Pop
direction (uM) quinidine (100 pM) (10°° cm/s)
A>B uchb 34714 - 12.1 + 0.50
(20) + 11.6 =5 1.01
digoxin - 0629 =+ 0.04
(5) + 1.71 = 0.32
B>=A ucb 34714 - 9.89 £ 0860
(20) + 11.3 + 0.85
digoxin - 2.78 + 0.15
(5) + 232+ 0.8

D=5 (LY > 2%/h)
Results expressed as efflux ratio

ltem Presence of Efflux ratio
(nM} guinidine
uch 34714 - (8]
(201 + (88
digoxin - 442
5] + |35

In the presence of BSA, the transport of ucb 34714 was not modified indicating that the
permeation of ucb 34714 occurs principally via the transcellular rather than the paracellular
route. In contrast, the passage of the paracellular markers urea, mannitol, and PEG 4000
was decreased in the presence of BSA.

On the basis of comparison of the permeability with reference compounds with a known
fraction absorbed in humans, ucb 34714 may be classified as highly permeable according to
the biopharmaceutical classification system.
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Figure 15. Caco-2 Curve in the Culture Conditions Used in the Laboratory
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4.3.17 Study NCD2207: Assessment of ucb 34714 and its metabolites (ucb 42145,
ucb-100406-1, and uch-107092-1) as potential inhibitors of human OAT1-, OAT3-,
OCT1-, OCT2-, OATP1B1-, OATP1B3-, BCRP-, BSEP- and P-gp-mediated transport

Objective: to determine if ucb 34714 (200 uM) or its metabolites (10 uM ucb 42145, 10 uM
ucb-100406-1, or 2 uM ucb-107092-1) tested at a single concentration corresponding to 10-
fold total Crax following repeat administration of 100 mg BID, potentially inhibit the transport
of substrate by OAT1, OAT3, OCT1, OCT2, OATP1B1, OATP1B3, BCRP, P-gp, or BSEP.

Method: Polarized monolayers of MDCK-II cells transfected with individual transporters were
used to measure uptake by OAT1, OAT3, OCT1, OCT2, OATP1B1, and OATP1B3. The cells
(passage numbers 22-40) were plated at 1.5 x 10° cells/well in 24-well transwell plates for
approximate 24 hours before being transfected. Transport assays were performed about 24
hours after transfection. MDCK-MDR1 cells were used for P-gp assay, in which the cells
(passage numbers 5-90) were seeded at 1.5 x 10° cells/well in 24-well transwell plates for
approximate 3 days before the assays were conducted. For BCRP, the experimental system
was monolayer of Caco-2 cells which relied on the endogenous expression of BCRP. The
cells (passage numbers 7-20) were seeded at 1.5 x 10° cells/well in 24-well transwell plates
for about 7 days before the assays were carried out. For BSEP, the membrane vesicles
prepared from transfected Sf9 cells (an insect cell line) were applied as a suspension onto a
96-well plate. Substrate transport (see below) is determined by radiometric detection.

OCT1: 10 pM ["*C]-metformin

OCT2: 10 pM, ["*C]-metformin

OAT1: 2 pM [PH]- P -aminohippurate

OAT3:0.75 uM [* H] -estrone-3-sulfate

OATP1B1: 2 uM [ H]-estradiol-17B-d-glucuronide
OATP1B3: 2 pM [ H]-bromosulfophthalein
BCRP: 25 nM [3H] genistein

P-gp: 100 nM [ H]-digoxin

BSEP: 1 pM [*H]-taurocholic acid

Positive control groups:

QCT1: 100 ph quinidine + 10 pM [ C] rmetfarmin

OCT2: 100 pM quinidine + 10 pM [ C] metfarmin

OAT1: 100 pM probenecid + 2 pM ['H]-p-aminchippurate

QAT3: 100 pM prabenecid + 0.750 pM [ H]-estrone-3-sulfate

OATP1B1: 100 pM rifampicin + 2 pW [H]- estradiol-17B-d-glucuronide
OATP1B3: 100 pM rifampicin + 2 pM [H]-bromosulfophthalein

BCRP: 100 pM chrysin + 25 nM ['H]-genistein

P-gp: 100 pM verapamil + 100 nM ["H]-digoxin, 50 pM ketoconazole + 100 n
[(H]-digaxin {to determine background)

BSEP: 200 pM rifampicin + 1 pM ['H]-taurechalic acid

Incubation time of substrates with corresponding experimental system:

5 for OAT1, OAT3, OCT2, OATP1B1 and OATP1B3
120 for BCRP and P-gp
15 for BSEP

Calculations for uptake transporter assays:
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Net Transporter-mediated _|  Cellular accumulation | | Mean cellular accumulation |
Substrate Uptake {in the presence of transporter)| | (in the absence of transporter)

Percent inhibition is calculated by dividing the net transporter mediated substrate uptake in
the presence of the test article or reference inhibitor by the net transporter mediated
substrate uptake in the absence of inhibitor:

ﬁ 00 x (transporter-mediated uptake),nmmﬂ

Percent Inhibition = 100-
| (transporter-mediated uptake)susstrate

Calculations for BCRP and P-gp assays:

The net basal (B) to apical (A) flux of substrate transported by BCRP is calculated by
subtracting A — B flux from B — A flux:

Net (B — A) flux = (B — A) flux — (A — B) flux

The net (B — A) flux of substrate transported by P-gp is calculated as follows:

Net (B — A) flux = [(B — A)supstrate flux — (A — B)substrate flux] — [mean (B — A)supstrate+keto flUX —
mean (A — B)substrate+keto fIUX]

where (B — A)substrate flux or (A — B) substrate flux is the appearance of substrate in the
receiver compartment as a function of time and mean (B — A) substrate+keto flux and mean
(A — B) substrate+keto flux represent the chemical abrogation of transport in the presence of
ketoconazole to determine background transporter activity.

Percent inhibition is calculated by dividing the net (B — A) flux in the presence of the test
article or reference inhibitor by the net (B — A) flux in the absence of inhibitor:

Percent Inhibition = 100—-[100*(Net B — A flux)innivitor / (mean Net B — A flux)supstrate]

Calculations for BSEP (Vesicle) assays:

ATP-dependent substrate accumulation in Sf9 control vesicles and vesicles containing BSEP
is calculated by subtracting the mean substrate accumulation in vesicles treated with AMP
from the substrate accumulation in vesicles treated with ATP:

Vesicular Accumulation

(ATP-dependent) = (Vesicular accumulation)re = (Mean vesicular accumulation) aye

Net, ATP-dependent, BSEP-mediated transport is then calculated by subtracting the mean,
ATP-dependent substrate accumulation in control vesicles from that in Sf9 vesicles
containing BSEP:

Net Transporter-mediated (Mean ATP-dependent vesicular  (Mean ATP-dependent vesicular

Vesicular Accumulation = accumulation)ssep vesicie = accumulation)se control vesicle
(ATP-dependent)
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fT 00 x (Net ATP-dependent, transporter-mediated accumulation),, mm‘mmﬂ

Percent Inhibition = 100~ L

Results:

(Net ATP-dependent, transporter-mediated accumulation)out inhibitor J

» At a concentration of 200 yM, ucb 34714 showed statistically significant inhibition of OAT3
(18.1%), OATP1B1 (29.6%), and OCT1 (21.7%).

« At a concentration of 10 uM, ucb 42145 showed statistically significant inhibition of
OATP1B1 (24.8%), OATP1B3 (18.4%), BCRP (12.3%), and OCT1 (20.5%).

« At a concentration of 10 uM, ucb-100406-1 showed statistically significant inhibition of
BCRP (14.5%) and OCT1 (38.5%).

* At a concentration of 2 yM, ucb-107092-1 showed statistically significant inhibition of
OATP1B1 (28.8%) and BCRP (11.8%).

Table 32. In vitro data for the inhibition of OAT1-mediated transport by ucb 34714, ucb
42145, ucb-100406-1, and ucb-107092-1

Cellular Cellular Net Transporter-
Accumulation Accumulation Mediated Cellular
(transporter) (control) Accumulation Inhibition
Test Conditions {pmol.-'mim‘cmz) (pmollmin!cmz} (pmol!minfcmzl (%)

2 yM PAH? 155 + 0.104 0.176 % 0.00257 137 % 0.104 0.00 % 7.60
2 yM PAH + 100 yM Probenecid 0.336 = 0.113 0.141 + 0.0661 0.195 + 0.113 858 + 8.22
2 pM PAH + 200 pM ucb 34714 1.48 + 0.0511 0.118 * 0.0263 1.36 * 0.0511 0.840 * 3.72
2 UM PAH + 10 uM ucb 42145 154 + 0.152 0.0812 + 0.0128 146 =+ 0.152 -6.67 £ 11.1
2 pM PAH + 10 pM ucb-100406-1 1.46 * 0.0755 0.129 = 0.0219 1.33 £ 0.0755 296 =* 5.50
2 pyM PAH + 2 pM ucb-107092-1 1.59 * 0.0809 0.112 + 0.0373 1.48 + 0.0809 764 + 589

Table 33. In vitro data for the inhibition of OAT3-mediated transport by ucb 34714, ucb
42145, ucb-100406-1, and ucb-107092-1

Cellular Cellular Net Transporter-
Accumulation Accumulation Mediated Cellular
(transporter) (control) Accumulation Inhibition
Test Conditions (pmol/min/cm?) (pmol/min/cm?) (pmol/min/cm?) (%)

750 nM E3S? 0.883 + 0.0455 0.259 + 0.0539 0.624 + 0.0455 0.00 + 7.30
750 nM E3S + 100 pM Probenecid 0.495 + 0.130 0.594 + 0.0493 -0.0981 + 0.130 116 + 20.8
750 nM E3S + 200 pM ucb 34714 0.815 + 0.0364 0.304 + 0.0242 0.511 + 0.0364 18.1 + 5.83
750 nM E3S + 10 pM ucb 42145 0.869 + 0.0317 0.325 + 0.0357 0.544 + 0.0317 12.8 + 5.08
750 nM E3S + 10 yM ucb-100406-1 0.849 + 0.0371 0.248 + 0.0526 0.601 + 0.0371 3.69 + 595
750 nM E3S + 2 yM ucb-107092-1 0.854 + 0.0454 0.285 + 0.0652 0.569 + 0.0454 8.74 + 7.28

a. E3S = Estrone-3-Sulfate
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Table 34. In vitro data for the inhibition of OATP1B1-mediated transport by ucb 34714,
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ucb 42145, ucb-100406-1, and ucbh-107092-1

Cellular Cellular Net Transporter-

Accumulation Accumulation Mediated Cellular
(transporter) (control) Accumulation Inhibition

Test Conditions (pmol/min/cm?) (pmol/min/cm?) (pmol/min/cm?) (%)

2 uM E217G® 1.72 + 0.0833 0.322 + 0.00757 140 + 0.0833 0.00 + 5.97
2 uM E217G + 100 pM Rifampicin 0.384 + 0.0414 0.309 + 0.0289 0.0752 + 0.0414 946 + 2.96
2 pM E217G + 200 uM ucb34714 1.31 % 0.0600 0.326 = 0.0151 0.982 * 0.0600 296 + 4.30
2 UM E217G + 10 uM ucb42145 1.36 + 0.0813 0.305 * 0.0447 1.05 + 0.0813 248 + 583
2 uM E217G + 10 uM ucb100406-1 160 + 0.129 0.286 * 0.0580 131 + 0129 599 + 922
2 M E217G + 2 pM ucb107092-1 1.30 * 0.0984 0.309 * 0.0393 0.993 * 0.0984 28.8 + 7.06

a. E17BG = Estradiol-17B-d-Glucuronide

Table 35. In vitro data for the inhibition of OATP1B3-mediated transport by ucb 34714,

ucb 42145, ucbh-100406-1, and ucb-107092-1

Cellular Cellular Net Transporter-
Accumulation Accumulation Mediated Cellular
(transporter) (control) Accumulation Inhibition
Test Conditions (pmollminlcmz) (pmollminlcmz) (pmollminlcmz) (%)

10 uM BSP? 3.07 + 0.0751 169 + 0.136 1.38 + 0.0751 0.00 + 544
10 M BSP + 100 yM Rifampicin 1.72 + 0.0726 1.79 + 0.0549 -0.0727 + 0.0726 105 + 5.26
10 yM BSP + 200 yM ucb 34714 278 + 0.109 160 + 0.132 1.18 + 0.109 146 + 7.92
10 yM BSP + 10 pM ucb 42145 2.81 + 0.0758 1.69 + 0.0676 1.13 + 0.0758 18.4 + 548
10 yM BSP + 10 yM ucb-100406-1 2.93 + 0.0904 1.72 + 0.0440 1.21 + 0.0904 12.5 + 6.55
10 yM BSP + 2 uM ucbh-107092-1 3.10 + 0.0827 1.71 + 0.0797 1.39 4+ 0.0827 -0.965 + 5.99

a. BSP = Bromosulfophthalein

Table 36. In vitro data for the inhibition of OCT1-mediated transport by ucb 34714, ucb

42145, ucb-100406-1, and ucbh-107092-1

Cellular Cellular Net Transporter-
Accumulation Accumulation Mediated Cellular
(transporter) (control) Accumulation Inhibition
Test Conditions (pmol/min/cm?)  (pmol/min/cm?) (pmol/min/cm?) (%)
10 uM Metformin 529 + 0.145 144 =+ 0.307 385 £ 0.145 0.00 * 377
10 uM Metformin + 100 uM Quinidine 175 £ 00415 123 * 0.239 0515 + 0.0415 866 * 1.08
10 pM Metformin + 200 pM ucb 34714 431+ 0190 129 + 0346 302 + 0190 217 + 493
10 pM Metformin + 10 pM ucb 42145 435 + 0.400 128 £ 0.290 306 £ 0.400 205 * 104
10 pM Metformin + 10 pM ucb-100406-1 424 + 0471 187 * 0343 237 * 0471 385 * 122
10 uM Metformin + 2 pM ucb-107092-1 487 + 0510 149 * 00254 338 * 0510 123 * 132
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Table 37. In vitro data for the inhibition of OCT2-mediated transport by ucb 34714, ucb
42145, ucb-100406-1, and ucb-107092-1

Cellular Cellular Net Transporter-
Accumulation Accumulation Mediated Cellular
(transporter) (control) Accumulation Inhibition
Test Conditions (pmolimin/cm?) (pmolimin/cm?) (pmolimin/cm?) (%)
10 pM Metformin 109 * 0689 292 * 0460 794 * 0689 000 * 867
10 uM Metformin + 100 uM Quinidine 408 + 0849 232 * 0275 176 + 0849 778 * 107
10 pM Metformin + 200 uM ucb 34714 101 + 0.854 216 T 0.0360 798 <t 0.854 -0453 = 107
10 uM Metformin + 10 uM ucb 42145 960 + 0525 229 * 0.170 731 + 0525 801 * 6.60
10 yM Metformin + 10 uM ucb-100406-1 978 + 0728 293 + 0540 685 <+ 0728 137 t 916
10 uM Metformin + 2 pM ucb-107092-1 104 * 00749 229 * 0.198 812 t 00749 -227 * 0943

Table 38. In vitro data for the inhibition of BSEP-mediated transport by ucb 34714, ucb
42145, ucb-100406-1, and ucb-107092-1

Net Net
Accumulation, Accumulation, Net Accumulation, Inhibition
Test Conditions transporter control transporter - control (%)
(ATP - AMP) (ATP - AMP) (pmol/min/mg) °
(pmol/min/mg) (pmol/min/mg)
1 pM Taurocholate 212 + 467 0.370 + 0.0148 209 + 467 0.00 + 224
1 uM Taurocholate + 300 pM Rifampicin 0.559 + 0.0499 0.0546 + 0.0212 0.505 + 0.0499 97.6 + 0.239
1 pM Taurocholate + 200 pM ucb 34714 204 + 295 0.449 + 0.0525 199 + 295 444 + 142
1 uM Taurocholate + 10 yM ucb 42145 224 + 337 0.395 + 0.141 220 + 337 -5.66 + 16.2
1 pM Taurocholate + 10 uM ucb-100406-1 186 + 269 0.341 + 0.0891 183 + 269 12.3 + 129
1 pM Taurocholate + 2 M uchb-107092-1 19.9 + 0.723 0.381 +0.00924 196 + 0.723 6.21 + 347

Table 39. In vitro data for the inhibition of BCRP-mediated transport by ucb 34714, ucb
42145, ucb-100406-1, and ucb-107092-1

Mean Net
Papp B—A Papp A—B Efflux Ratio B—A Flux Inhibition
Test Conditions (nm/s) (nmi/s) (B—A)/(A—B) (pmol/hricm?)A (%)
25 nM Genistein 463 + 123 812 £ 7.07 5.70 344 % 0137 0.00 £ 3.97
25 nM Genistein +
100 M Chrysin 314 + 8.26 257 + 13.8 1.22 0.511 £ 0.0790 852 + 2.30
25 nM Genistein + 0.36
200 UM ucb 34714 459 + 206 64.2 £ 3 7.15 355 % 0.186 -3.33 £+ 540
25 nM Genistein +
10 UM uch 42145 413 + 247 776 £ 19.7 5.32 3.02 + 0172 12.3 + 5.00
25 nM Genistein +
10 uM uch-100406-1 408 + 146 809 + 11.0 5.04 294 + 0.161 145 + 467
25 M Genisiein + 402 + 9.37 65.3 + 5.18 6.16 303 + 0.0667 18 + 1.94

2 UM ucb-107092-1

The mean net B—A flux values were based on a membrane surface area of 0.7 cm?.
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Table 40. In vitro data for the inhibition of P-gp-mediated transport by ucb 34714, ucb
42145, ucb-100406-1, and ucb-107092-1

Mean Net
Papp B—A Papp A—B Efflux Ratio B—A Flux Inhibition
Test Conditions {nmis) {nm/s) (B—AN[A—B) (pmolhricm®) (%)
100 ik Digaxin 112 ¢ 7.25 GE2 £ 0.240 16.4 381 % 0268 000 £ 741
100 nM Digoxin + .
100 M Verapamil 387 £ 1.80 232 £ 0ETE 1.67 0.381 % 0.0587 B9.5 % 162
100 ni Digoxin + . _
50 M Ketoconazole BT £ 1.89 318 £ 0.8 1.16 0 £ 0.0433 100 +120
100 nM Digoxin + -
1 + & -
200 M uch 34714 12 £ 4.98 711 £ 0370 159 185 + 0187 0883 + 462
100 nk Digoxin + .
% 4
10 UM ueh 42145 112 £ 1.46 681 £ 0.160 16.2 381 = 0.053 0.0868 £ 1.48
100 nkd Digoxin + . _
10 ubd b 1004061 112 £ 3.20 B899 £ 0394 16.0 359 x 0109 0.740 £ 3.02
100 nM Digaxin + 108 = 287 7O & 0246 1585 348 + 0104 376 % 288

2 uM uch-107082-1

The mean net B—A flux values were based on a membrane surface area of 0.7 cm?.

Reviewer's Comments:

For BCRP, the efflux ratio of genistein was slightly altered in the presence of ucb 34714 or its
metabolites, suggesting that these compounds did not inhibit BCRP at tested concentrations.
For P-gp, since MDCK cells were used, supposedly wild-type MDCK cells should have been
included, so that the efflux ratio values can be adjusted to derive net efflux ratios.
Nevertheless, the efflux ratio for digoxin in MDCK-MDR1 cells was as expected, and the
directional transport was inhibited by positive controls (ketoconazole and verapamil),
indicating that the system was reasonably established. Since the efflux ratios of digoxin were
not altered in the presence of ucb 34714 or its metabolites, these compounds did not inhibit
P-gp at tested concentrations. For the potential of inhibition of BCRP or P-gp in intestinal
tract, the metabolites are not relevant, since they are formed after absorption of ucb 34714.
The recommended dose of ucb 34714 will be 100 mg BID. At the dose of 100 mg, the
estimated gut concentrations of ucb 34714 is 1.88 mM (Dose/250 mL), thus the [l]./ICsq ratio
will be at most 9.4 (using 200 uM as ICs. It should be noted that the true 1Cso has not been
determined and will be surely larger than 200 uM for BCRP or P-gp). Since the ratio is less
than a cut-off of 10, ucb 34714 at the recommended therapeutic dose is not expected to
inhibit BCRP or P-gp at intestine. As to the potential of inhibition of BCRP of P-gp at systemic
level (e.g., liver, kidney, etc.), the ratios of total Cnax at steady state/ICso (i.e., [I]1/ICso) are
less than 0.1, indicating that ucb 34714 or its metabolites unlikely inhibit BCRP or P-gp in
liver, kidney, or brain.

For uptake transporters, overall, the effects of ucb 34714 and its metabolites were weak, with
ICso values larger than the tested concentrations. For renal uptake transporters, the ratios of
unbound plasma Cpax at steady state/ICso will be less than a threshold of 0.1. For liver uptake
transporters, the ratios of unbound liver inlet Cyax at steady state/ICso will be less than a
threshold of 0.25. Thus, ucn 34714 and its metabolites are not expected to inhibit these
transporters in vivo at the recommended therapeutic dose.

As to BSEP, there is no recommended criterion in the Guidance to judge in vivo DDI potential
based on in vitro data. Considering that the location of BSEP is same as BCRP and P-gp on
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cannalicular membrane of hepatocytes, ucb 34714 and its metabolites may not inhibit BSEP
in vivo.
4.3.18 Study NCD2061: Involvement of MDR1, MRP1 and MRP2 in the Transport of
14C-ucb 34714 using LLC-PK1 Cells and Membrane Vesicles

Objective: to investigate the potential interaction properties of ucb 34714 with P-glycoprotein
(P-gp or MDR1) and MRPs (MRP1 and MRP2) in vitro and plasma membrane vesicles
expressing MRP1 or MRP2.

Method:

— Using LLC-PK1 cell line expressing human MDR1 (and the corresponding Mock/LLC-PK1
cells):

- ability of ucb 34714 (at 1, 10, 100 uM) to inhibit the transport of a reference MDR1
substrate, ®H-digoxin (10 uM), measured over an incubation period of 6 hours.

- ability of **C-ucb 34714 (at 1, 10, 100 pyM) to act as a substrate of MDR1 in two different
incubation conditions, i.e., concentration equilibrium (drug added at the same initial
concentration in the donor and receiver compartments, incubated for 6 hours) and
concentration gradient (drug added in the donor compartment only, incubated for 5 hours).

— Using membrane vesicles prepared from sf9 cells transfected by human MRP1 and
MRP2:

- after determination of the suitable experimental conditions, assessment of the ability of

14C-ucb 34714 (at 1, 10 and 100 M), incubated with vesicles for 2 hours to be transported by
MRP1 and MRP2.

Results:

1. ucb 34714 at concentrations up to 100 uM did not inhibit P-gp-mediated transport of
digoxin.
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Figure 16. Effect of ucb 34714 on the active transport of digoxin in MDR1 transfected
cells (concentration equilibrium conditions). Mean data presented.
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Top graph: Radiolabelled digoxin was added to the basolateral compartment in the concentration
equilibrium conditions (10 uM cold digoxin in both compartments). Radioactive material in the apical
(solid symbols) and basolateral (open symbols) compartments was measured in MDR1-transfected
LLCPK1 cells and in mock cells.

Bottom graph: as above except that ucb-34714 was added at the indicated concentrations in both
compartments. Data reported as digoxin transported in MDR1-cells minus transport in mock cells.

2. ucb 34714 did not show evidence of P-gp-mediated transport irrespective of the final
concentration (from 1 to 100 uM). Absence of P-gp substrate activity was demonstrated both
in the conventional concentration gradient conditions and in the concentration equilibrium
conditions. In contrast, there was active transport of digoxin.
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Figure 17. Ability of **C-ucb 34714 to be actively transported in MDR1 transfected cells
(concentration equilibrium conditions).
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Radiolabelled uch 34714 was added to the basolateral compartment in the concentration equilibrium
conditions (indicated final concentrations in both compartments). Radioactive material in the apical (A)
and basolateral (B) compartments was measured at different incubation times in MDR1-transfected
LLCPK1 cells and in mock cells. Digoxin was tested as positive control (10 uM).
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Figure 18. Ability of **C-ucb 34714 to be actively transported in MDRL1 transfected cells
(concentration gradient conditions).
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Radiolabelled ucb 34714 was added to the donor compartment in the concentration gradient
conditions (no test substance in the receiver compartment). Basolateral to apical (A) and apical to
basolateral (B) transports were measured at different incubation times in MDR1-transfected LLCPK1
cells and in mock cells. Digoxin was tested as positive control (10 uM).

3. Assays in membrane vesicles showed that ucb 34714 (1-100 uM) was not a substrate of
either MRP1 or MRP2. In contrast, the positive controls (*H-Estradiol-17-B-D-glucuronide, 10
MM for MRP1 and 50 uM for MRP2) provided the expected response.
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Table 41. Ability of **C-ucb 34714 to be transported by human MRP1 expressed on
purified plasma membrane vesicles
uch 34714 1M

uch 34714 uptake

MRP1 ATP AMP
Tima (min) [:umc:ul.'n».'vall'1 pmol.mg |::ar-:]-t'1 pmcl.well” pmal.mg p:-n::ul'1

5 ] 12 0.5 10

10 0.6 12 0.7 14

20 0.6 12 0.6 12

40 0.6 12 0.7 14

60 0.7 14 0.6 12
120 0.5 10 0.7 14

uch 34714 10uM

uch 34714 uptake

MRP1 ATP AMP
Time {min} pmol well’ pmal.mg prot'1 prolwell”’ pmol.mg prat’

5 0.9 18 0.7 14

10 0.6 12 0.7 14

20 0.6 12 0.6 12

40 0.8 16 0.7 14

60 0.5 10 1.0 20
120 0.6 12 1.3 26

uch 34714 100uM

uch 34714 uptake

MRP1 ATP ANP
Time (min) prmal well’ pmol.mg prot” pmolwell’ pmal.mg prat’
5 1.6 32 1.0 20
10 1.3 26 1.0 20
20 1.2 24 1.0 20
40 1.8 36 1.3 26
G0 1.5 30 1.1 22

120 1.3 26 1.2 24

Estradiol-17-B-D-glucuronide uptake
MRP1 ATP AMP ATP-AMP
Time (min) pmol.well’ pmol.mg prot” pmol.well”’ pmol.mg prot’ pmol.well”’ pmol.mg prot’
1.5 6.4 127.5 0.9 17.4 5.5 110.2
3 10.4 208.3 1.5 29.3 9.0 179.0
5 11.6 232.0 1.7 33.9 9.9 198.1

(Reviewer's note: At a concentration of 100 puM, ucb 34714 seemed to have more
accumulation in the vesicles in the presence of ATP than AMP. However, the differences
were much smaller than the ones observed for the positive control. In addition, active
transport was not observed at lower concentrations which are more clinically relevant
considering the location of MRP1 in tissues. It should also be noted that control vesicles
(from sf9 cells not transfected with MRP1) were not included in the experiments.)
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Table 42. Ability of **C-ucb 34714 to be transported by human MRP2 expressed on
purified plasma membrane vesicles
uch 34714 1uM

uch 34714 uptake

MRFP2 ATP AMP
Time (min) prol, well! pmal.mg prot’ prmol well'' pmol.mg prot’

5 0.7 14 0.4 ]

10 0.7 14 0.6 12

20 0.6 12 0.5 10

40 0.8 16 0.5 10

&0 0.5 10 0.5 10
120 0.6 12 0.5 10

uch 34714 10uM

uch 34714 uptake

MRP2 ATP AMP
Time {min} |::um|.:|l.".l.-'ell'1 pmol.mg |:|-n.'.|t'1 pmg|_|,.-.~e||" pmol.mg |:|rtc:-t'r

8 0.6 12 0.7 14

10 0.5 12 0.7 14

20 0.6 12 0.7 14

40 0.5 12 0.7 14

&0 0.8 12 1.0 20
120 0.6 12 0.7 14

uch 34714 100pM

uch 34714 uptake

MRP2 ATP AMP
Time (min) p:nmn:ul.".-.-'ﬁ:ll'1 pmaol.mg |J-mt'1 pmol.well” pmol.mg prot”

5 0.90 18 0.9 18

10 1.20 24 1.1 22

20 1.00 20 1.0 20

40 1.10 22 1.0 20

&0 1.00 20 1.0 20

120 1.20 24 1.1 22

Estradiol-17-B-D-glucuronide uptake
MRP2 ATP AMP ATP-AMP
Time (min) pmol.well” pmol.mg prot” pmol.well”’ pmol.mg prot”’ pmol.well” pmol.mg prot”’

1.5 311 622.9 35 69.9 27.6 553.0
3 741 14_82.4 5.1 102.0 69.0 133_0.4
5 125.5 2509.2 6.6 131.2 118.9 2378.0

Conclusion: ucb 34714 was neither a substrate nor an inhibitor of P-gp. ucb 34714 was not
transported by MRP1 or MRP2.

Reference ID: 3803545



NDA 205,836 205,837 205,838 (0000)

Page 68 of 268

®) @™ (Brivaracetam oral tablet / IV solution / oral solution)

4.4 Individual Study Review - Clinical

4.4.1 NO01066: SAD of BRV Capsules: Phase 1

Study RPCEO01E3101 / NO1066

Report#

Title Randomized, monocenter, double-blind, placebo-controlled, 3-alternating
panel, 3-period rising single oral dose (10 to 1400 mg), safety, tolerability,
pharmacokinetic and pharmacodynamic study of ucb 34714 (capsule without
excipient) in 27 healthy male volunteers.

Objectives Primary: Assess safety and tolerability, determined MTD

Secondary:
1. Determine plasma and urinary PK of BRV

2. Assess proportionality of AUC and Ciax
3. Assess dose-dependence of tnay, A, CL/A, V.If, fo, and CLg
Exploratory: Assess CNS PD and relationship to dose

Study Design

Randomized, monocenter, double-blind, placebo-controlled, 3-alternating panel, 3-
period rising single oral dose.

Duration

3 days of confinement in the CRU

Dosage and
Administration

3-alternating panel study where healthy volunteers were administered 3 single doses
(10, 20, 40, 80, 150, 300, 600, 1000, or 1400 mq) in 3 periods as a BRV capsule.

Panel 1 (n=9): Placebo, 10, 80, 600 mg
Panel 2 (n=9): Placebo, 20, 150, 1000 mg
Panel 3 (n=9): Placebo, 40, 300, 1400 mg

Each period was separated by a 28-day washout period. At each occasion, n=6
received BRV capsules and n=3 received placebo. Within each of the 3 dosing
periods, n=2 received BRV oral capsules and n=1 received placebo.

PK Plasma Samples: pre-dose, 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12, 16, 24, and 48 hours
Assessment | Urine Samples: predose, 0-3h, 3-6h, 6-9h, 9-12h, 12-24h
PK Analyses: AUC, AUC., Craxs tmaxs Az tiz, MRT, CL/, V. /f, A, fe, CLr and CLyg. A
power model was used to assess dose proportionality of AUC, AUCy., Crax- A power
model was also used to assess dose independence of A, ti, MRT, CL/, V. /f, A, fe,
CLg. The median tya« values were compared between dose groups.
Bioanalytical HPLC-MS/MS Analytical Methods for Plasma Concentrations
Methods Analyte Name Brivaracetam
Analyte ID uch 34714
Internal Standard (1S) i
Standard curve 50, 100, 250, 500, 750, 1000, 1500, 2000
concentrations ng/mL
Standards accuracy -2.3103.1%
Standards precision 2.11t0 4.6%
QC concentrations 152, 607, 1769 ng/mL
QC Accuracy -2.910 1.7%
QC Precision 5.6 t0 6.8%
LLOQ 50 ng/mL

[Reviewer comment: The validation of analytical assay for BRV is acceptable.]
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HPLC-MS/MS Analytical Methods for Urine Concentrations

Analyte Name | Brivaracetam | Carboxylic Hydroxy Hydroxy
Acid Metabolite 1 Metabolite 2
Metabolite | (stereocisomer) | (stereocisomer)
Analyte ID ucb 34714 ucb 42145 | ucb-100406-1 | ucb-100023-1
Internal ®® ® @
Standard (IS)
Standard 0.25,05,1, [0.25,05,1,| 1,25,5,10, 1,25, 5,10,
curve 2.5,5,10,25, | 25,5, 10, 25, 50, 100 25, 50, 100
concentrations 50 pg/mL 25, 50 Mg/mL Mo/mL
pg/mL
Standards -461t056% -8.7 to -9.6t07.8% -9.7 10 6.6%
accuracy 9.2%
Standards 3.5t06.4% Not reported
precision
QC 0.75,7.5, 40 0.75, 7.5, 1.5,15,75 1.5,15,75
concentrations pg/mL 50 pg/mL pg/mL pg/mL
QC Accuracy -3.8106.4% | 1.4t04.8% | -4.7t05.7% -4.91t0 3.7%
QC Precision 3.4105.3% 43 to Sponsor did not report QC
10.8% precision for these metabolites
in urine (one run each).
20-fold dilution n/a n/a 77.0 uyg/mL 75.8 ug/mL
QC
Concentration
20-fold dilution n/a n/a 14.4% 11.3%
Accuracy
20-fold dilution n/a n/a 1.7% 1.6%
Precision
LLOQ 0.25 pg/mL Sponsor did not provide a LLOQ for the
metabolites in urine.

*The metabolites are presented as “effective concentrations” (ng eq ucb 34714/mL).
IS ® @9

IS OO

[Reviewer comment: The urine assay is validated for BRV. However, Sponsor
indicates that the urine assays for ucb 42145, ucb-100406-1, and ucb-100023-1 (aka
ucb 100023-1) were partially-validated. Precision estimates and LLOQ values were
not provided for the metabolites. As such, the measurements of metabolites in the
urine may not be reliable.]

Population / N=27 healthy male volunteers age 18 to 55 years with BMI 19 — 27 kg/m?
Demographic | Inclusion Criteria:
s

Male subjects age 18 to 55 years

Good physical and mental health

ECG is normal or abnormal but not clinically significant
Laboratory test results are within the reference range

PON=
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Exclusion Criteria:

1. Female subjects
2. hepatic, renal, gastrointestinal or other disorder that may affect drug ADME or
constitute a risk factor when taking the study drug
3. Concomitant or chronic acute illness
4. Any drug treatment, prescription or OTC, within 14 days of first study drug intake
(except for paracetamol [acetaminophen] < 2 g/day). Use of drugs during clinical
trial
5. Current smoker or had given up smoking in the last 6 months
PK Results Figure NO1066-1: BRV Mean PK Profile After Single Doses for 48 Hours
100
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Table N01066-1: Mean + SD BRV Plasma PK Parameters After Single Oral
Capsule Administration

Parameter uch 34714 dose (mg)™

Uit N=6)
10 20 40 80 150 300 600 1000 1400

Coam 0.305 0.429 (0.071) |0.945(0.227) | 2.18(0.37) 4.24(0.85) 8.58(1.36) 16.2Q2.0) 28.5(4.6) 41.3(10.0)
(ug/mL) (0.118)

o ¥ 0.58 1.00 1.26 0.51 0.75 1.01 0.75 1.27 1.75
(k) (0.50-2.02) | (0.50-3.00) | (0.50-2.00) (0.50-1.50) | (0.50-3.00) [ (0.25-2.00) (0.25-1.50) | (0.50-4.00) | (1.02-4.00)

AUC(0-1) 1.79(0.40) | 3.65(1.20) 8§35(1.04) 17321 3724 81.2(163) 165 (33) 31349 432 (58)
(pgh/ml)

AUC 2.54(0.38) | 4.50(1.48) 9.74(1.62) 19.7(2.5) 43.1(6.0) 84.3(15.1) 170 (30) 317 (52 465 (8T)
(ugh/ml)

Wy 8.06 (0.87) | 8.18(1.56) 8.05(1.38) 7.71 (0.96) 504 (1.04) 743 (1.09) 7.26(1.02) 7.41(1.26) 7.31(1.25)
(b)

CcLf 66.9(10.8) | 81.7(28.5) T70.0(10.9) 688 (8.8) 59.0(8.5) 60.9 (10.6) 60.5(11.2) 53.7(8.5) 519(11.1)
(mL/min)

CcL¥ 0.876 1.07(0.32) |0.954(0.163) |0.945 (0.080) |0.822(0.088) |0.858 (0.097) |0.831(0.103) |0.725 (0.064) P.696 (0.151)
(mL/minkg) (0.086)

CcLf 59.5(7.5) T2.0(23.5) 62.8(10.5) 62.5 (6.6) 53.9(6.1) 56.9(7.6) 55.3(8.3) 481 (4.7 46.7 (10.0)
(mL/min/1 73m”

v/ 46.5(8.4) 55.1(10.8) 47.8(4.0) 456 (6.5) 40.5(3.3) 384(33) 37.6(6.1) 339(43) 324(6.1)
@

Vi 0.610 0.730 (0.112) [0.649(0.025) [0.628 (0.065) |0.568 (0.064) |0.545(0.028) |0.518(0.062) |0.461 (0.058) D.436 (0.090)
Lkg) (0.079)

Table N012066-2: Mean = SD BRV PK Parameters After Single Oral Capsule
Administration

Parameter uch 34714 dose (mg)
Unit N=6)
10 20 40 80 150 300 600 1000 1400
2am 4009 5703 55018 6.1(1.8) 804D 6.9Q.0) 58019 75(1.4)
(%)
CLg
(mL/'minkg) 0.0700 0.0521 0.0634 0.0594 0.0570 0.0805 0.0657 0.0488 0.0614
(0.0553) (0.0226) (0.0161) (0.0218) (0.0117) (0.0478) (0.0223) (0.0162) (0.0230)
CLuw
(mL/'minkg) 0.806 1.02 0.890 0.886 0.765 0.778 0.765 0.676 0.635
(0.105) (0.30) (0.155) (0.074) (0.096) (0.063) (0.093) (0.073) (0.132)

[Reviewer comment: BRV CLyr appears to be ~10-fold greater than BRV ClLgen,
across the full dose range. The BRYV fraction excreted in the urine appears to vary
from 3 — 7% across the full dose range.]

Figure N01066-2: Dose-AUC Relationship Following Single Doses to HV
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Figure N01066-3: Dose-Cmax Relationship Following Single Doses to HV
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Sponsor assessed dose-proportionality using the power model according to Smith et
al., 2000 (PMID: 11145235). For equivalence boundaries of 70%-143%, using the
power-model, Sponsor could conclude dose-proportionality if the 90% CI of the slope
was contained with the acceptance interval of {0.928, 1.072}.

Table N01066-3: Dose-Proportionality of AUC and C,.x from 10-1400 mg

Parameter Estimate slope SE 90% CI
AUC (ngh/mL) 1.0693 0.0127 (1.048 11,091}
| Copax (ng/mL) 1.0301 0.0177 {1.000 : 1.060}

Sponsor indicated that the AUC value exceeded upper limit of the no-effect boundary
for dose-proportional. Sponsor re-conducted the analysis for AUC on a subset of
doses where the highest two dose values were eliminated

Table N01066-4: Dose-Proportionality of AUC from 10-600 mg (Excluding
Highest Two Dose levels; 1000 mg and 1400 mg)

Estimate SE
1.0287 0.0123

90% C1
{1.006 : 1.051}

Parameter
AUC (ug.h/mL)

Table N01066-5: Non-Dose-Proportionality of AUC at 1000 mg and 1400 mg

Parameter Dose Ratio 90% CI
AUC (ug.h/mL) 1000 mg 1.28 {1.13:1.67}
1400 mg 1.24 {0.98 : 1.48}
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Table N01066-6: Exploratory Estimation of Dose-Proportionality of Other BRV
Plasma and Urinary PK Parameters

Parameter Estimate slope SE 090% CI
CL/f (mL/'min/kg) -0.0652 00124 {-0.086 ;-0.044}
CLyg (mL/minkg) -0.0675 0.0129 {-0.089 ; -0.046}
CLz le/min/kg) 0.0030 0.0338 {-0.054 ; 0.060}
A (h) 0.0220 0.0102 {0.006 ; 0.040}
f: (%) 0.1385 0.0204 {0.089; 0.188}
V/f (Lkg) -0.0864 0.0115 {-0.105 ;-0.067}

The dose-dependent increase in CL/F was mainly due to CLyg.

Figure N01066-4: Mean 24-Hour Urinary Excretion of BRV and Major
Metabolites Following 150 and 1400 mg Single Oral Doses
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[Reviewer Comment: Sponsor reports that The hydroxylation at the w-1 position of
the propyl chain was stereoselective and led to 2 ©@ ,cb-100023-1
and ucb-100406-1. However, the hydroxy metabolite ucb-100023-1 was found in
negligible amount in urine.]
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Table N01066-7: Mean 24-Hour Urinary Excretion of BRV and Metabolites
Cumulative uninary excretion (expressed in % of the dose given)

Compound Dose (mg)
150 1400
Parent compound
uch 34714 6.1 75
Metabolites
uchb 42145 279 36.1
ucb-100023-1 03 04
ucb-100406-1 7.5 54
Total 357 418

Parent compound + metabolites
Total excreted 41.9 493

e 3-7% of BRV is excreted unchanged into the urine during 24 hours.
e Systemic BRV clearance (58 mL/min) was lower than hepatic blood flow (1450
mL/min)

Safety Assessments: Physical examination, vital signs, respiratory rate, ECG, clinical EEG,
safety laboratory tests, AEs
Results: TEAEs were reported in 92.6% of subjects. The main TEAE were dizziness
(44.4%) and somnolence (33.3%), especially at higher dose levels. Both events
resolved within 1 day. One SAE (severe drowsiness) occurred at 1400 mg.
Sponsor’s e Due to the SAE (severe drowsiness) observed at 1400 mg, 1000 mg was
Conclusions determined to be the MTD.
e Cmax increased proportionally dose from 10 to 1400 mg and AUC increased
proportionally from 10 to 600 mg.
¢ AUC increase was less than proportional above 600 mg.
e Parent drug was the major circulating species at 16 hours post-dose
o BRV is a low-extraction drug and non-renal clearance is the major part of the total
body clearance (CL, of unchanged BRV is 5-10% of total CL).
e UCB 34714 is mainly metabolized into ucb 42145 and to a lesser extent into ucb-
100406-1. These metabolites were detected in the urine.
Reviewer’s e This reviewer concurs that the single-dose MTD of BRV capsules in healthy
Comments volunteers is at least 1000 mg based on the current study.

e The actual BRV CLna (4 mL/min) is far less than what would be expected if
CLena depended only on GFR (CLena = GFR * fu = 125 mL/min * 0.8 = 100
mL/min). This reviewer agrees with the Sponsor that this finding suggests that
extensive tubular resorption of BRYV is taking place.

e Total BRV CL (58 mL/min) is far less than hepatic blood flow (1100 mL/min). This
reviewer agrees with the Sponsor this is finding suggests that BRV is a low-
extraction drug.

e This reviewer agrees that the dose-proportionality can be concluded from 10 to
1400 mg for Cpax, and 10 to 600 mg for AUC.
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4.4.2 NO01067: Multiple-Dose PK and CYP3A4 Induction

Study Report#

RPCE02C0101 / NO1067

Title

Objectives

Randomized, monocenter, double blind, placebo-controlled, parallel group, 2 weeks
repeated oral dose, safety, tolerability, pharmacokinetic and pharmacodynamic study
of ucb 34714 100 mg, 200 mg and 400 mg (100 and 200 mg o

) twice daily in 36 healthy male volunteers.

Primary: Assess safety and tolerability of repeat BRV doses for 2 weeks
Secondary:

e Assess Plasma PK of BRV, urinary PK of BRV and metabolites
Assess metabolism induction potential

Assess dose proportionality

Assess PD effect effects

Assess feasibility of BRV monitoring through saliva

Study Design

Monocenter, randomized, double-blind, placebo-controlled, parallel-group, single-2-
week-period, repeat dose study.

Duration

2 weeks of treatment

Dosage and
Administration

There were 4 treatment groups with n=9 subjects per group. Subjects received
placebo (bid), 200 mg/day (100 mg bid), 400 mg/day (200 mg bid), or 800 mg/day
(400 mg bid) as oral capsules for 2 weeks.

PK Plasma BRYV, urinary BRV, urinary metabolites, as well as urinary 6-beta-
Assessments | hydroxycortisol and cortisol (as an indicator of whether BRV induces CYP3A4) were
measured.
Plasma PK Samples:
e Pre-dose, 05,1, 2,3,4,6,9, 12 and 16 hours, on Day 1 and 14.
e Pre-dose, 0.5, 1, 2, 3,4, 6,9 and 12 hours post-dose on Day 7.
e Pre-dose on Day 2, 5, 6, 8, 12 and 13 (morning only).
e 24,36 and 48 after the last dosing on Day 15 and 16
Urine PK Samples: Pre-dose, 0-12h and 12-24h on Day 1 and 7. At Day 14, urine will
be collected up to 48h after the last dose, in 12 hours fractions. Urine will be used to
assess BRV, metabolites, cortisol, and 6-beta-hydroxycortisol.
Saliva PK Samples: pre-dose and 0.5, 1, 2, 3, 4, 6, 9 and 12 hours post-dose on Day
7.
Bioanalytical urinary 6-beta-hydroxycortisol and cortisol were measured using commercially-
Methods available Kkits.
HPLC-MS/MS Analytical Methods for BRV in Plasma and Saliva
Analyte Name Brivaracetam
Analyte ID ucb 34714
Internal Standard (IS) ® @
Media Plasma Saliva
Standard curve 50, 100, 250, 400, 750, 50, 100, 250, 500, 750, 1000,
concentrations 1000, 1500, 2000 ng/mL 1500, 2000 ng/mL
Standards accuracy -1.4t0 3.5% -2.410 1.9%
Standards precision 3.2106.1% 2.4105.4%
QC concentrations 151, 605, 1764 ng/mL 150, 600, 1750 ng/mL
QC Accuracy 0.3t02.1% -6 10 -2.5%
QC Precision 5.0 t0 7.0% 6.4 t0 8.0%
LLOQ 50 ng/mL 50 ng/mL
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[Reviewer comment: The plasma and saliva assays for BRV are validated.]

HPLC-MS/MS Analytical Methods for BRV and Metabolites in Urine

: Carboxylic Acid .
Analyte Name Brivaracetam Metabolite Hydroxy Metabolite
Analyte ID ucb 34714 ucb 42145 uch-100406-1
Internal )@ ® @
Standard (1S)
0.252, 0.504
: ! 0.250 0.500 1.25 0.253 0.506 1.27
Coitcae”:t‘;";f.léns é'gj* §§§ ibSi' 2503.805.00 | 2.533.855.067.59
: s (99, 25, 7.50 10.0 pg/mL 10.1 pug/mL
pg/mL
Standards 2310 4.7% -2.910 2.5% 1.6 10 2.6%
Accuracy
Standards 1.310 6.8% 1.7 10 5.7% 1.6 t0 6.2%
Precision
QC 0.755 3.02 8.86 0.752 3.01 8.83 0.765 3.06 8.98
Concentrations pg/mL pg/mL pg/mL
QC Accuracy -5.810-4.3% -3.71t0 0.4% -8.9t0 -6.5%
QC Precision 5.5t0 8.0% 3.6t05.6% 4.51t04.8%
LLOQ 0.25 pg/mL. 0.25 pg/mL. 0.25 pg/mL.

[Reviewer comment: The urine assays for BRV and metabolites are validated.]

Population/
Demographics

N=36 healthy male volunteers age 18 to 55 with normal ECG, EEG, and clinical

laboratory parameters

Inclusion Criteria:

1. Male subjects age 18 to 55 years
2. Good physical and mental health

3. ECG is normal or abnormal but not clinically significant

4. Laboratory test results are within the reference range

Exclusion Criteria:
5. Female subjects

6. hepatic, renal, gastrointestinal or other disorder that may affect drug ADME or
constitute a risk factor when taking the study drug

7. Concomitant or chronic acute illness

8. Any drug treatment, prescription or OTC, within 14 days of first study drug intake
(except for paracetamol [acetaminophen] < 2 g/day). Use of drugs during clinical
trial

9. Current smoker or had given up smoking in the last 6 months

Reference ID: 3803545
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PK Results

Figure N01067-1: Mean = SD PK Profile for BRV On Days 1, 7, and 14 of Repeat
100 mg bid Administration
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Figure NO1067-2: Mean + SD PK Profile for BRV On Days 1, 7, and 14 of Repeat
200 mg bid Administration
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Figure N01067-3: Mean = SD PK Profile for BRV On Days 1, 7, and 14 of Repeat
400 mg bid Administration
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[Reviewer comment: Steady State PK appears to be achieved by Day 7 for all 3 dosing
regimens.]

Figure N01067-4: Mean = SD Trough Concentration In Morning and Evening for
BRV On Days 1, 7, and 14 of Repeat 100, 200, and 400 mg bid Administration
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Table N01067-1: Geometric Mean (%CV) Plasma PK Parameters BRV On Days 1,
7, and 14 of Repeat 100 mg bid Administration

ucb 34714 100 mg bid
Day 1 Day 7 Day 14

 — Median 2.00 2.00 2.00
(h) Range (1.02-4.03) | (0.98-3.00) | (1.00-2.00)
Cax G. mean 2.23 3.50 3.54

| (ng/mL) CV% 14.1 21.5 19.6
AuCtY G.mean | 1733 27.65 2799
(ug*h/mlL) CV% 15.8 21.1 241
AUC(0-1) G.mean | 23.94 - -
(ng*h/mL) CV% 18.1 - -
AUC G.mean | 27.53 - -
(pg*h/mlL) CV% 228 - -
Az G. mean 0.09 - 0.094
(1/h) CV% 104 - 263
ts, G. mean 7.67 - 7.33
(h) CV% 19.9 - 25.7
CLF® G.mean | 0.833 0.827 0.817
(mL/min’kg) | CV% 20.5 213 22.6
V,/F G.mean | 0.551 - 0.518
(L'kg) CV% 87 - 113

[Reviewer comment: AUCy,, increases 60-62% by Day 7 and Day 14 compared to Day
1 for the 100 mg bid regimen.]

Figure N01067-5: Plasma PK Parameters BRV On Days 1, 7, and 14 of Repeat 100
mg bid Administration
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Table N01067-2: Geometric Mean (%CV) Plasma PK Parameters BRV On Days 1,

7, and 14 of Repeat 200 mg bid Administration

uch 34714 200 mg bid
Day 1 Day 7 Day 14

| — Median 2.00 2.00 2.00

(h) Range (0.50-2.05) | (0.50-3.00) | (0.52-4.00)
Can G.mean | 4.74 7.26 7.65
(pg/mL) CV% 103 10.5 26.2
AUCT™ G. 36.51 55.19 55.38
(pg*h/mL) CV% 10.8 144 183
AUC(0-t) G.mean |49.78 - -
(pg*h/mL) CV% 12.8 - -
AUC G.mean | 56.04 - -
(ug*h/ml) CV% 152 - -

Az G. mean |0.095 - 0.10
(1/h) CV% 15.0 - 175

ts G.mean | 727 - 6.82

(h) CV% 158 - 107
CLF® G.mean |0818 0.831 0.828
(mL/'min’kg) | CV% 14.0 16.2 194
V,/F G.mean |0515 - 0.488
(L'kg) CV% 7.7 - 6.1

[Reviewer comment: AUCy,, increases 51-52% by Day 7 and Day 14 compared to Day

1 for the 200 mg bid regimen.]

Figure N01067-6: Plasma PK Parameters BRV On Days 1, 7, and 14 of Repeat 200

mg bid Administration
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Table N01067-3: Geometric Mean (%CV) Plasma PK Parameters BRV On Days 1,
7, and 14 of Repeat 400 mg bid Administration

uch 34714 400 mg bid
Day 1 Day 7 Day 14

| — Median 2.00 1.00 1.00

(h) Range (0.50-3.03) | (0.50-2.00) | (0.50-3.00)
Can G. mean 805 12.39 13.32
(pg/mL) CV% 227 21.0 245
AUCT™ G. 65.61 93.10 90.79
(pg*h/mL) CV% 140 221 196
AUC(0-t) G.mean | 90.34 - -
(ng*h/ml) | CV% 14.7 - -
AUC G.mean | 104.1 - -
(ug*h/ml) CV% 179 - -

Az G.mean | 0.088 - 0.109
(1/h) CV% 16.9 - 18.6

t:, G. mean 7.80 - 6.32

(h) CV% 177 - 205
CLF® G.mean | 0.829 0.925 0.948
(mL/'min’kg) [ CV% 16.3 18.0 154
V./F G.mean | 0.558 - 0.519
(L'kg) CV% 80 - 104

[Reviewer comment: AUCy,, increases 39-42% by Day 7 and Day 14 compared to Day
1 for the 400 mg bid regimen.]

Figure N01067-7: Plasma PK Parameters BRV On Days 1, 7, and 14 of Repeat 400
mg bid Administration

120 18
W AUC tau L 16
100
M Cmax - 14
=
£ 80 - 12 =
= €
X - 10 ~
2 60 o
3 -8 =
£
S 40 -6 ©
<
- 4
20
-2
0 -0
Day 1 Day 7 Day 14

Reference ID: 3803545



NDA 205.836 205,837 205.838 (0000)

Page 82 of 268

® @™ (Brivaracetam oral tablet / IV solution / oral solution)

Table N01067-4: Geometric Mean (%CV) Urinary PK Parameters BRV and
Metabolites On Days 1, 7, and 14 of Repeat 100, 200, and 400 mg bid
Administration

Daose level: 100 mg bid
Parameter Units Dav 1 Day 7 Day 14
fe uch 34714 % 4.62 (0.296) 5.13(0.474) 5.74 (0.486)
fe uchb 42145 % 16.5 (0.390) 17.6 (0.422) 22.3(0422)
fe uch-100406-1 % 11.4 (0.620) 15.1 (0.662) 20.6 (0.552)
CLy mL/min/kg | 0.038 (0.303) 0.042 (0.421) 0.047 (0.389)
CLxr mL/minkg | 0.790 (0.209) 0.780 (0.234) 0.765 (0.242)
CLf ueb 42145/F mL/min/kg | 0.158 (0.367) 0.145 (0.416) 0.182 (0.351)
CLfm ueb-100406-1/F mL/minkg | 0.109 (0.677) 0.125 (0.705) 0.169 (0.660)
Dose level: 200 mg bid
Parameter Units Dav 1 Day 7 Day 14
fe uch 34714 % 5.37 (0.381) 8.18 (0.232) 6.78 (0.324)
fe ucb 42145 % 21.7 (0.342) 28.4 (0.398) 26.7(0.277)
fe uch-100406-1 % 11.4 (0.505) 21.8 (0.358) 22.3(0.401)
CLz mL/min/kg | 0.043 (0.421) 0.068 (0.300) 0.056 (0.359)
CLar mL/min/kg | 0.753 (0.125) 0.762 (0.163) 0.769 (0.198)
CLm ucb 42145/F mL/min/kg | 0.196 (0.335) 0.236 (0.309) 0.222 (0.277)
CL ucb-100406-1'F mU/minkg | 0.103 (0.557) 0.181 (0.451) 0.184 (0.493)
Dose level: 400 mg bid
parameter units Day 1 Day 7 Dayv 14
fe ucb 34714 % 6.00 (0.384) 6.62 (0.405) 5.46(0.443)
f, ucb 42145 % 243 (0.248) 25.6 (0.299) 25.4(0.370)
fe ucb-100406-1 % 9.64 (0.405) 19.2 (0.383) 21.3(0.476)
CLy mL/min/kg | 0.050 (0.451) 0.061 (0.305) 0.051 (0.460)
CLxr mL/mmkg | 0.774 (0.163) 0.859 (0.197) 0.864 (0.162)
CLg ueb 42145/ F mL/muin/kg | 0.231 (0.327) 0.237 (0.272) 0.236 (0.393)
CLftm ucb-100406-1/F mL/min/kg | 0.092 (0.448) 0.177 (0.408) 0.198 (0.504)

[Reviewer comment: The CLtomation uco-100406-#/F increases over two weeks as dose the
fraction excreted in the urine. In the 400 mg bid arm, both of these parameters are
doubled on Day 14 compared to Day 1. In addition, the non-renal clearance increases
~11% between Day 1 and Day 14. Taken together, the Sponsor concludes that CYP
induction occurs over this time period. However, the Sponsor does not clarify which
enzyme or enzymes are likely to be induced. Please refer to the discussion at the end
of this ISR for additional comments.]

Dose Proportionality: Sponsor assessed dose-proportionality using the power model
according to Smith et al., 2000 (PMID: 11145235). For equivalence boundaries of 80%-
125%, using the power-model, Sponsor could conclude dose-proportionality if the 90%
Cl of the slope was contained with the acceptance interval of {0.831, 1.161}.
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Table N01067-5: Dose-Proportionality Assessment Via Slope Estimation Using
the Power Model

Day Estimate SE DF 909% CI
AUC Day 1 0.959 0.061 25 (0.855;1.063)
AUCt Day 7 0.876 0.064 25 (10.767 ; 0.985)
[ug*h/mL] Day 14 0.850 0.067 25 (10.735; 0963 )
Cmax Day 1 1.002 0.056 25 (0.908;1.097)
[ng/mL] Day 7 0912 0.061 25 (0808;:1017)

Day 14 0.956 0.073 25 (0.830:1.081)

The data provided in this table are denived from Table 14.2.1:4.

Table N01067-6: Dose-Proportionality Assessment Via Slope Estimation Using

the Anova Model
200/100 mg bid Ratio
(90% CT)
AUC Day 1 1.018 (0.880; 1.178)
AUCt Day 7 0.998 (0.858; 1.161)
[ng*h/mL] Day 14 0.989 (0.845; 1.158)
p Day 1 1.062 (0.930; 1212)
(ol ] Day 7 1.038 (0.900; 1.196)
M Day 14 1.079 (0.908; 1.282)
400/100 mg bid Ratio
(90% CI)
AUC Day 1 0.045 (0.817: 1.004)
AUCt Day 7 0.842 (0.724; 0.979)
[ug*mL] Day 14 0.811 (0.693; 0.950)
c Day 1 1.003 (0.879. 1.145)
[;;7 - Day 7 0.886 (0.768; 1.021)
Day 14 0.940 (0.792:1.117)
100/200 mg bid Ratio
(90% CI)
AUC Day 1 0.928 (0.802: 1.075)
AUCt Day 7 0.843 (0.725; 0.981)
[ug*h/mL)] Day 14 0.820 (0.700; 0.959)
¢ Day 1 0945 (0.828.1.078)
= Day 7 0.854 (0.740; 0.984)
[ug/mL] Day 14 0.871 (0.733: 1.035)

[Reviewer comment: Both the ANOVA model and the power model demonstrate that
Cmax a@s well as AUCy,, increases less than proportionally on Day 7 and Day 14
compared to Day 1. Inspection of the PK data demonstrates that the less than
proportional increase on Days 7 and 14 only manifests in the 400 mg bid arm, and is
not evident in the 100 mg bid arm or 200 mg bid arm (see the figure below). The
reduced exposures in the 400 mg bid group on Days 7 and 14 may be due to auto-
induction (see the discussion at the end of this review for additional details).]
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Figure N01067-8: LS Mean BRV AUC During Single and Repeated Doses of 100,
200, and 400 mg BRV Capsules
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[Reviewer comment: The reduced exposures in the 400 mg bid group on Days 7 and
14 (see the figure above) may be due to auto-induction.]

Table N01067-7: Assessment of BRV Auto-Induction by Pairwise Comparisons

Day 7/Day 1
(90% CT)
CLF 100 mg bid 0.993 (0.958:1.030)
[mL/min’kg] 200 mg bid ' (0.950; 1.085)
400 mg bid (1.080; 1.152)
Day 14/Day 1
(90% CI)
CLF 100 mg bid 0.981 (0.946; 1.018)
[mL/min’kg] 200 mg bid (0.947; 1.082)
400 mg bid 1.144 (1.108; 1.181)
Day 14/Day 7
(90% CI)
CLF 100 mg bid 0.988 (0.953; 1.025)
[mL/min/'kg] 200 mg bid 0.997 (0.933; 1.065)
400 mg bid 1.025 (0.993: 1.059)

[Reviewer comment: In the 400 mg bid group, there appears to be an increase of about
12% in BRV CL/F by Day 7 (compared to Day 1) and an increase of about 14% BRV in
CL/F by Day 14 (compared to Day 1).]
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Table N01067-8: CYP3A4 Induction Activity Over Time As Determined by Ratios
of Urinary 6-Beta-Hydroxycortisol/Cortisol Ratios

Treatment Day N Arithmetic (SD) Minimum Median Maximum
mean
Placebo Day 1 9 8.091 (3.145) 388 7.11 12.02
Day7 9 7537 (2.599) 2.80 8.06 10.14
Day14 | 9 6.541 (2.542) 443 6.41 12.83
100 mg Day1 9 10.832 (4.550) 416 10.36 19.44
Day7 8 10.674 (5.765) 449 10.61 17.64
Day14 | 9 10.000 (6.703) 4.56 9.82 26.77
200 mg Day 1 9 7284 (2.803) 3.80 6.82 11.18
Day 7 9 8449 (4.820) 462 6.06 19.11
Day14 | 9 8352 (2.426) 4.16 7.94 12.37
400 mg Day 1 9 10.996 (5.597) 438 10.10 21.30
Day 7 9 13.175 (5.953) 4.74 14.15 23.79
Day14 | 9 13.046 (5.593) 7.50 11.04 22.18

[Reviewer comment: The mean ratio and median ratio of 6-Beta-
Hydroxycortisol/Cortisol is greater on Day 7 than Day 1 and greater on Day 14 than
Day 1 for both the 200 mg bid group and the 400 mg bid group. However, considering
the magnitude of the variability in the ratio, these results do not confirm a CYP3A4
induction (e.g. the increase in means may be due to random chance).]

Table N01067-9: BRV Renal Clearance Over Time Assess by Pairwise
Comparisons

Day 7/Dav 1 Day 14/Day 1 Day 14/Day 7
Geometric means Geometric means Geometric means
(90% CI) (90% CI) (90% CI)
CLp 100 mg bid | 1.108 (0.859;1429) | 1223 (0.949;1.577) | 1.104 (0.856;1.424)
[mL/minkg] 200mg did | 1612 (1.323;1963) | 1.332 (1.094;1.622) | 0.827 (0.684;0.999)
400 mg bid | 1232 (0.891:1.704) | 1036 (0.740:1453) | 0.841 (0.600;1.179)

Sponsor indicates that, while CLr is slightly increased overall, due to the magnitude of
variability in the 90% ClI, interpretations should be made with caution.

[Reviewer comment: It is not clear why the renal CL of brivaracetam increases over
time. However, renal CL is a minor pathway of BRV elimination and represents ~10%
of total BRV clearance (see study NO1066). So the observed change in BRV CLr
observed over the 14-day duration is not likely to be clinically significant.]

Table N01067-10: Change in BRV Non-Renal Clearance Over Time Assessed by
Pairwise Comparisons

Day 7/Day 1 Day 14/Day 1 Day 14/Day 7
Geometric means Geometric means Geometric means
(90% CI) (90% CI) (90% CI)
CLaz 100 mg bid | 0.988 (0.949;1.028) | 0.968 (0.930;1.008) [ 0.980 (0.942;1.021)
[mL/min’kg] 200mgbid | 0.996 (0.924;1.073) | 1.005 (0.932;1.083) | 1.009 (0.939;1.084)
400mg bid | 1.110 (1.064:1.158) [ 1.145 (1.096:1.197) | 1.032 (0.987:1.078)

[Reviewer comment: There was a 10% increase in BRV CLyg starting at Day 7 and
persisting through Day 14.]

Reference ID: 3803545



NDA 205.836 205.837 205.838 (0000)
® @™ (Brivaracetam oral tablet / IV solution / oral solution)

Page 86 of 268

Table N01067-11: Change in Metabolite CL of Formation Over Time Assessed by
Pairwise Comparisons

Dose of
uch 34714

Day 7/Day 1
Geometric means
(90% CI)

Day 14/Day 1
Geometric means

(90% CI)

Day 14/Day 7
Geometric means
(90% CI)

0.920
1.201
1.022
1.149

1.155
1.125
1.013
1.553

1.255
0.937
0.991
1.351

CLfw ueva2145F
[mL/min’kg]

CLgw wev-100406-1'F
[mL/min’kg]

100 mg bid
200 mg bid
400 mg bid
100 mg bid

(0.740: 1.144)
(0.973;1.483)
(0.824:1.268)
(0.896; 1.474)

(0.929; 1.435)
(0.911;1.389)
(0.810; 1.267)
(1211;1.991)

(1.010; 1.560)
(0.765; 1.148)
(0.792:1.239)
(1.053:1.732)
200mg bid | 1.649 (1.338:2.032) | 1.681 (1.364:2.072) | 1.019 (0.834:1.245)
400 mg bid | 1.931 (1.518:2.456) [ 2.172 (1.690:2.793) | 1.125 (0.875: 1.446)

[Reviewer comment: There is no consistent change in the CLiymation ucba2145/F @Cross
doses or across the two week period. However, the CLomation ucb100406-#/F Shows an
increase that is apparent across all 3 dose levels at Day 7 (15% - 93% increase) as
well as Day 14 (65% to 117% increase).]

Figure N01067-9: Relationship Between Day 7 BRV Plasma PK and Day 7 BRV
Saliva PK
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Safety

TEAE occurred in 77.8%, 66.7%, 88.9%, and 100% of subjects in placebo, 100 mg bid,
200 mg bid, and 400 mg bid groups respectively. All AEs were mild or moderate.
Dizziness or euphoric mood appeared to increase in frequency with increasing dose.
All AEs resolved within during the first day of treatment except for 1 dizziness event
(100 mg bid group) and 2 events of somnolence (200 and 400 mg bid groups).
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Sponsor’'s 1. The MTD was not reached after 14 days of 400 mg bid dosing
Conclusions | 2. Vz/F was 0.5 to 0.55 L/kg (slightly less than total body water)

3. Cmax and AUC increased proportionally with dose after a single dose

4. Cmax was hypo-proportional on Day 7 and 14.

5. CLss/F (Day 7 or Day 14) / CL/F Day 1 suggests auto-induction of the metabolism
for the 400 mg bid dose. The observed auto-induction does not warrant an increase
in dosing frequency.

6. The effect of BRV on CYP3A4 activity did not show statistical significance

7. Steady state was reached within 1 week

8. CLgen Was 5-10% of the total CL/F

9. Saliva and plasma BRYV concentrations were correlated

10. The increase in BRV CLyr over 2-weeks and 2-fold increase of CLiymaion/F Of uch-
100406-1 metabolite is likely due to induction of oxidative enzymes for ucb-100406-
1 formation (but not for ucb 42145 metabolite).

Reviewer o Observed BRV accumulation, based on AUC,,,, was 1.62 to 1.60 (Days 7 and 14)
Comment for the 100 mg bid group, 1.52 to 1.51 (Days 7 and 14) for the 200 mg bid arm, and

1.39to 1.42 (Days 7 to 14) for the 400 mg bid arm.

The CLiormation,ucb-100406-1/F iNCreases over 14 days in this in-vivo study. Sponsor
indicates that BRYV likely induces its own metabolism at 400mg but does not specify
which enzyme or enzymes may be induced. Based on in-vitro studies, 2C19 is the
enzyme responsible for creation of ucb-100406-1and BRYV is not expected to
induce CYP2C19. As such possible self-induction occurs at 400mg, not at the
proposed doses (up to 200mg/day), no futher investigation is needed.

There was an increase in the mean ratio of 6-beta-hydroxycortisol / cortisol on Day
7 compared to Day 1, and Day 14 compared to Day 1, for the 200 mg bid arm and
the 400 mg bid arm. However, considering the magnitude of the variability in the
ratio, possibility that the increase in the ratio was due to random chance (rather
than an actual CYP3A4 induction) cannot be ruled out. As such, this reviewer
agrees with the Sponsor that a 3A4 induction effect was not demonstrated by the
data in this study.

Results from study NO1261 are consistent with these findings as the midazolam
AUC values were not statistically significantly different from before BRV treatment
compared to 21 days on BRYV treatment

The AE profile appears to be consistent with the AE profile reported in other trials.
This reviewer concurs with the Sponsor that saliva and plasma concentrations were
correlated in study N01067.
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4.4.3

N01068: Mass Balance Study (Phase 1)

Study Report#

RPCE02A3001 / N01068

Title

Open-label, monocenter, excretion balance, pharmacokinetics and metabolism of
[**C]-labelled ucb 34714 after single 150 mg oral dose administration in 6 healthy
male volunteers

Objectives

Primary objectives:

e Assess PK of radioactivity after single oral dose of [**C]-ucb 34714 ([**C]-BRV)

e Assess excretion balance of [**C]-ucb 34714 (BRV, parent drug, aka M7 in this
study)

e Assess PK of parent compound and known major metabolites (M9[ucb 42145,
carboxylic acid metabolite], M1b[ucb 100406-1, hydroxyl metabolite], M4b[ucb-
107029-1, hydroxyl acid metabolite])

Secondary objectives:

e Further identify and quantify metabolites

e Further characterize safety of ucb 34714

Study Design

Phase 1, monocenter, open-label, single oral dose ADME study

Duration Single-dose study
Dosage and Subjects received a single dose of 150 mg of BRV as a capsule containing 2.775
Administration | MBq (75 uCi) of [**C]-uch 34714.
PK Plasma PK Samples: pre-dose and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12, 24, 36, 48, 72,
Assessment 96, 120, 144, and 168 h post-dose
Urine PK Samples: 0-6, 6-12, 12-24, 24-48, 48-72, 72-96, 96-120, 120-144, 144-168
hour intervals
Expired Air Samples: pre-dose, 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12 and 24 h post dose
PK Analyses: Crax, tmax, AUCo.1, Az, ti, AUC, CL/, Ao
Bioanalytical Metabolite profiling in plasma and urine was performed using radio-HPLC. Sponsor
Methods assessed specific radioactivity using liquid scintillation counter directly (plasma,

urine) or after combustion (whole blood, feces). Unchanged BRYV in plasma was
measured using LC-MS.

HPLC-MS Analytical Methods for Plasma Concentrations

Analyte Name Brivaracetam
Analyte ID uch 34714
(b) (4)

Internal Standard (1S)
Standard curve concentrations

50.1 100 251 501 752 1002 1503 2004 ng/mL

Standards accuracy -4.4 10 6.6%
Standards precision 0.6t05.1%
QC concentrations 150 601 1752
QC Accuracy -1.7t0 7.4%
QC Precision 2.9t0 5.5%
LLOQ 2 ng/mL

[Reviewer comment: The plasma and assay for BRV is acceptable.]

The Sponsor utilized NMR spectroscopy to identify parent and metabolites in the
urine. The following figures show the chromatograms for M7 (parent, BRV), M9(ucb
42145, carboxylic acid metabolite), M1b(ucb 100406-1, hydroxyl metabolite),
M4b(ucb-107029-1, hydroxyl acid metabolite).
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Figure N01068-1: Radiochromatogram (a) and Parallel Mass Chromatogram for
the MH+ lons (m/z 213) of M7 (Parent Drug, BRV) in Urine (b). Mass
Chromatogram for the MH+ lons (m/z 213) of the Reference Standards ucb
34714 and ucb 34713 (c). Recorded Using the TFA Mobile Phase.
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Figure N01068-2: Radiochromatogram (a) and Parallel Mass Chromatogram for
the MH+ lons (m/z 214) of Metabolite M9 (ucb 42145) in Urine (b). Mass
Chromatogram for the MH+ lons (m/z 214) of the Reference Standards ucb
42145 and uchb 42144 (c). Recorded Using the TFA Mobile Phase.
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Figure N01068-3: Radiochromatogram (a) and Parallel Mass Chromatogram for
the MH+ lons (m/z 229) of Metabolites M1a and M1b (ucb 100406-1) in Urine (b).
Mass Chromatogram for the MH+ lons (m/z 229) of the Reference Standards
ucb-100023-1, uch-100406-1 and ucb-102993-1 (c). Recorded Using the TFA

Mobile Phase.
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Figure N01068-4: Radiochromatogram (a) and Parallel Mass Chromatogram for
the [M-H]- lons (m/z 228) of Metabolites M4a and M4b (ucb-107029-1) in Urine
(b). Recorded Using the AcNH4 Mobile Phase.

PSMO0963 : RSRR C3019 : urine human uch 34714; 150 mg; PO 12-24h sujet 003

QTof S3/MS/008
Agilent 1100 S3HPI014
quf007775 - FSA-[14C]
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- M4\a‘
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10.00 20.00 20.00 40.00 50.00 80.00 70.00
Population/ N=6 healthy male volunteers

Demographics | Inclusion Criteria:

Male subjects age 18 to 55 years

Good physical and mental health

Regular intestinal transit

ECG is normal or abnormal but not clinically significant
Laboratory test results are within the reference range

aOrwNE
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Exclusion Criteria:

1. Female subjects

2. hepatic, renal, gastrointestinal or other disorder that may affect drug ADME or
constitute a risk factor when taking the study drug

3. Concomitant or chronic acute iliness

4. Any drug treatment, prescription or OTC, within 14 days of first study drug intake
(except for paracetamol [acetaminophen] < 2 g/day). Use of drugs during clinical
trial

5. Current smoker or had given up smoking in the last 6 months

PK Results Ex-vivo protein binding results indicate protein binding of BRV and metabolites was
18.7+ 1.7% at 1 hour, 17.6 + 2.0% at 12 hours, and 16.2 + 3.5% at 24 hours after
administration.

Table N01068-1: PK Parameters of Plasma Radioactivity

Parameter [unit] N Mean SD Median Minimum Maximum
Caux [ng-eq/g] (4] 3.61 0.427 3.56 3.00 425
Tmax 6 1.22 0.68 1.51 0.27 202
AUCqy [ng-eq.h/g] 6 489 792 474 40.5 58.7
AUC [ng-eq.h/g] 6 498 830 48.5 414 60.5
12 [h] 6 882 145 8.97 6.96 11.0
Protein binding [%] 6 175 143 17.2 157 194

Table N01068-2: PK Parameters of Plasma BRV

Parameter [unit] N Mean SD Median  Minimum Maximum
Coax [ug/mL] 6 404 0.539 412 3.4 4.60
| - [h] 6 139 0.58 1.52 0.27 2.00
AUC [ugh/mL] 6 434 10.8 431 316 577
AUC [ugh/mL] 6 44.6 113 439 324 594
tyaz [h] 6 7.61 1.67 738 5.69 10.1
CLA [mL/min/1.73 m?) 6 516 116 495 40.8 679
Vz/f [L’kg] 6 0487 0.0529 0.499 0.397 0.552

[Reviewer comment: The mean half-life of the radioactivity is comparable to the half-
life of BRV in plasma.]

Reference ID: 3803545



NDA 205,836 205,837 205,838 (0000) Page 94 of 268
®) @™ (Brivaracetam oral tablet / IV solution / oral solution)

Figure N01068-5: BRV Plasma Mean PK Profile and Radioactivity Mean Profile.
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Figure N01068-7: Cumulative Urinary Excretion of BRV (ucb 34714, M7) and
Metabolites
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Table N01068-3: Cumulative Radioactivity Excretion (% Dose)
Excretion route N Mean SD Minimum Median Maximum
Urine (0-48 h): Total Radioactivity 6 922 12 90.8 922 035
ucb 34714 M7) 6 8.7 37 5.2 79 140
ucb 42145 (M9) 6 342 6.1 26.5 323 444
ucb 100406-1 (M1b) 6 15.9 74 6.35 17.3 23.7
M4b 6 15.2 24 128 15.0 18.5
___________ Othermetabolites” | 6 183 19 154 185 207
Unine (0-144 h): Total Radioactivity 6 96.8 0.7 96.1 96.5 97.9
Feces: Total Radioactivity 6 0.7 0.2 0.5 0.6 1.0
Total 6 97.5 07 96.7 975 985

Individual expired air concentrations of total radioactivity was negligible (quantifiable
concentrations only found in 3 samples, h post-dose in subject 001-004, and 3 and
12 h post-dose in subject 001-006)

Safety TEAEs were experienced by 100% of subjects (n=6). The TEAEs were mild and
started within 9 hours after administration, and included dizziness (100%), fatigue
(50%). Dizziness resolved within a few hours and fatigued resolved within 24 hours.

Sponsor’s e Tmax Was generally 1.5 and mean half-life was about 7.6 hours

Conclusions | ¢« Mean protein binding was 17.5 + 2.6% for ucb 34714 and related metabolites at 1

h, 12 h or 24 h post-dose
e Renal BRV CL represents 5-15% of total body BRV CL (suggests tubular
resorption).

e 90% of the radioactivity was excreted into the urine after 48 hours after a dose
150 mg. Fecal excretion accounted for < 1% of the radioactive dose.
¢ The 48 hour cumulative urinary excretion of parent compound BRV 8.7%, M9
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(ucb 42145, carboxylic acid) was 34.2%, M1b (ucb 100406-1, hydroxyl
metabolite) was 15.9%, and M4b (ucb-107029-1, hydroxyl acid metabolite) was
15.2% of the dose, respectively.

The parent drug, BRV (M7), was the main radioactivity compound in the plasma
up to 24 hours (represented ~80% of the circulating radioactivity).

Reviewer
Comment

Though the mean protein binding for BRV and metabolites, when considered
together, appeared to be < 20% protein bound, these results do not clarify the
protein binding of BRV alone, or any particular metabolite alone.

The safety profile is consistent with other studies.

This reviewer concurs with the other PK conclusions listed above.
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4.4.4

NO01075: Food Effect Study With Oral Capsule (Phase 1)

Study Report#

RPCEO01K0101 / N01075

Title

Randomized, monocenter, open label, two-way cross-over, food interaction pilot
study of a single dose (150 mg) of ucb 34714 (oral capsule ®@yin 8
healthy male volunteers

Objectives

Primary: Assess the effect of food (high-fat breakfast) on rate and extent of BA after
single 150 mg dose of BRV as an oral capsule
Secondary: Further characterize safety and tolerability

Study Design

Randomized, open-label, 2-way cross-over, single dose, food-effect study

Duration

Single dose

Dosage and
Administration

Subjects were randomized to receive a single 150 mg dose of BRV as an oral
capsule in a fed state (standard high-fat breakfast) or a fasted state with = 7 day
washout duration between doses.

Plasma PK Samples: before dosing and at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12, 24, 36

PK
Assessment and 48 h after dosing
Urine PK Samples: pre-dose, 0-3 h, 3-6 h, 6-9 h, 9-12 h, 12-24, 24-36 and 36-48 h.
PK Analyses: AUC, AUCq., Ciax, tmaxs tw, Az, Vo/f, CLI, MRT, A, CLg, CLyr and fe
derived from the 48-hour plasma and urine ucb 34714 (BRV) profiles. Food-effect
bioavailability comparisons were made using a univariate ANOVA, adaptive to
cross-over design. The model included period sequence and treatment as fixed
effects and subjects nested in sequence as a random effect. The ANOVA analysis
was conducted using Cpax, AUC, and AUC,,
Bioanalytical HPLC-MS Analytical Methods for Plasma Concentrations
Methods Analyte Name Brivaracetam
Analyte ID uch 34714
Internal Standard (IS) el
Standard curve concentrations 50.3 101 251 503 754 1005 1508 2010 ng/mL
Standards accuracy -2.410 1.9%
Standards precision 5.0 to 6.5%
QC concentrations 155 619 1806 ng/mL
QC Accuracy -3.91t0 1.8%
QC Precision 4310 7.4%
LLOQ 2 ng/mL
[Reviewer comment: The plasma assay for BRV is acceptable.]
Population/ N=8 healthy male volunteers age 18 to 55 years

Demographics

Inclusion Criteria:

1. Healthy males age 18 to 55 years
2. Good physical and mental health
3. ECG normal or without clinically significant abnormalities

Exclusion Criteria:

1. Female subjects

2. hepatic, renal, gastrointestinal or other disorder that may affect drug ADME or
constitute a risk factor when taking the study drug

3. Concomitant or chronic acute illness
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4. Any drug treatment, prescription or OTC, within 14 days of first study drug

intake

5. Current smoker or had given up smoking in the last 6 months

PK Results

Table N01075-1: Mean £ SD BRV PK Parameters After a Single Oral Capsule of 150
mg BRV Administered Under Fed and Fasted Conditions

Fasting Fed
Parameter Mean (SD) *Median (Range) Mean (SD) *Median (Range)
Cpax (ng/mL) 4.41 (0.64) 3.16 (0.15)
tmax (h) * 0.51 (0.5-2) 3.50 (1-6)
AUC4 (ngh/mL) 404 (8.2) 40.2 (8.3)
AUC (ugh/mL) 41.7 (8.6) 41.4(9.2)
tin (h) 7.61(1.62) 7.98 (1.81)
CL/f (mL/min/kg) 0.79 (0.19) 0.80(0.22)
V. /f (L/kg) 0.50 (0.07) 0.53 (0.06)
Ae (mg) 10.2 (3.3) 9.8(1.8)
fe (%) 6.80(2.19) 6.55(1.22)
Clg (mL/min/kg) 0.0536 (0.0180) 0.0533 (0.0168)
Clyg (mL/min/kg) 0.736 (0.180) 0.749 (0.207)

Figure N01075-1: Mean BRV PK Profile After a Single Oral Capsule of 150 mg BRV
Administered Under Fed and Fasted Conditions
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Table N01075-2: Table of Geometric Mean PK Parameters and Bioavailability
Comparison Results Between Fasted and Fed State

Parameter AUC AUCO-t Coax
(unit) (pg.b/mL) (pg.h/mL) (ng/mL)
Number of Evaluable Subjects 8 8 8

Analysis of log transformed data

Geometric Mean (a) Fasted 40.8618 39,6260 436549
95% CI 35.9053 46.5025 34,9740 44.8961 4.04095 4.70910
Geometric Mean (a) Fed 405342 304304 3.15279
05%CI 35.6174 46.1297 348019 446745 202270  3.40100
Geometric Mean (a) Fasted / Fed 0.99198 0.99506 0.72221
90% CI 091764 1.07235 0.92927 1.06552 0.66160  0.78837

Safety

TEAE occurred in 60% (5 of 8) subjects. All TEAEs were mild. One AE occurred
pre-treatment (pharyngolaryngeal pain). Upon administration in fed state, 2 AEs
occurred (fatigue and vasovagal attack). Upon administration in the fasted state, 4
AEs occurred (3 dizziness, and somnolence). None of the AEs lead to
discontinuation.

Sponsor’s
Conclusions

Food decreases Cmax 28% (GM Cmax = 3.15 yg/mL in a fed state, GM Cmax
=4.37 ug/mL in a fasted state, GMR was 0.722).

Food delays Tmax by 3 hours (median tmax in fasted state is 0.51 h, median
tmax in fed state is 3.50 hours).

Food did not affect the extent of absorption as measured by AUCO-t and AUCinf
values (which were contained within the 0.8 — 1.25)

Other PK parameters were not affected by Food

BRV was well-tolerated in both the fasted and fed state

Reviewer
Comment

This reviewer concurs with the BA comparison results between fasted and fed
state and that food does not significantly affect the extent of BRV absorption.
The effect of food on Cmax and Tmax do not warrant a dose adjustment.

Other than the vasovagal attack, the AE profile is consistent with BRV use in
other studies. Overall, the safety profile favors BRV administration in fasted and
fed state.

The oral capsule formulation used in this study is not being pursued for
marketing. Study NO1287 conducts a food-effect study using a tablet
formulation. Sponsor ultimately selected a tablet formulation for marketing.
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4.45 N01080: DDI - LVN + EES (Phase 1)

Study Report#

RPCEO02E0201 / Study NO1080

Title Randomized, monocenter, open label, two-way crossover, multiple oral dose
interaction study between ucb 34714, 200 mg (oral capsule ®@ twice
daily and oral contraceptive (ethinylestradiol 30 ug and levonorgestrel 150 ug) once
daily in 24 healthy female volunteers.

Objectives e Assess PK interaction potential BRV (200 mg twice daily) during 20 days with

oral contraceptive (ethinylestradiol 30 ug and levonorgestrel 150 ug) given once
daily during 21 days.

e Assess the impact of BRV on follicular and luteal activity (LH, FSH, 17(3-
estradiol, progesterone, sex hormone binding globulin and daily episodes of
spotting/bleeding)

e Assess steady-state plasma BRV PK and relate it to oral contraceptive
exposure change.

o Assess BRYV safety in female subjects

o Assess the CYP3A4 activity and induction potential of BRV (by measuring the
urinary 63-hydroxycortisol/cortisol excretion).

e Assess potential neurological effects of BRV

Study Design

Open-label, randomized, two-way crossover, multiple oral doses interaction study

Duration

16 weeks (from screening to discharge)

Dosage and
Administration

N= 24 healthy female volunteers were randomized to undergo the following two
treatment regimens in a randomized cross-over manner

A: ethinylestradiol 30 ug and levonorgestrel 150 ug + BRV 200 mg bid
B: ethinylestradiol 30 ug and levonorgestrel 150 ug

Over two 28-day contraceptive cycles, subjects received oral contraceptives (OC)
either alone (Treatment B) or in combination with BRV (200 mg b.i.d., Treatment A),
with treatment commencing on Day 1 of the first contraceptive cycle after
randomization.

OC tablets were taken at approximately 8 AM from Day 1 to Day 21 of both 28-day
contraceptive cycles, followed by 7 days without oral contraceptive. BRV was taken
orally at approximately 8 AM and 8 PM from Day 1 to Day 20 of one cycle only.
After the two treatment periods, subjects were followed up during the next 28-day
contraceptive cycle during which OC was taken as normal for 21 days.

PK
Assessment

Plasma PK samples:

e Days 1, 3, 8 and 15 at pre-dose in the morning and in the evening

e Day 20, at pre-dose, 0.5, 1, 1.5, 2, 3, 4, 6, 9, and 12 hours after the morning
dose.

Urine PK Samples (cortisol, cortisol metabolite): 24-hour urine collection was

conducted on Day 20 and Day 21 of both treatment periods

PK Analyses:

EES + LEV: AUCtau, Cmax, tmax, Cmin.

BRV:

e Days 1, 3, 8, 15, 20: Cmin at morning and evening

e Day 20, AUCtau, Cmax, tmax, Cmin, Az, t'2, CL/F

CYP3A4 Activity: urinary 63-hydroxycortisol/cortisol ratio

Reference ID: 3803545




NDA 205,836 205,837 205,838 (0000) Page 101 of 268
®) @™ (Brivaracetam oral tablet / IV solution / oral solution)

Lack of pharmacokinetic interaction in this study was concluded if 90% confidence
intervals for the LEV+EES AUC and Cmax ratios (with/without ucb 34714) were
included in the standard 80-125% no-effect boundary.

Demographics

Bioanalytical The cortisol assay was performed using a commercially available
Methods radioimmunoasssay kit (CIS bio international). The 6R-hydroxycortisol assay was
performed using a commercially available enzyme-immunoassay kit (STABILIGEN).
HPLC-MS/MS Analytical Methods for Plasma Concentrations
Analyte Name Brivaracetam
Analyte ID uch 34714
Internal Standard (IS) el
Standard curve concentrations | 50.0 100 250 500 750 1000 1500 2000 ng/mL
Standards accuracy -0.6 t0 1.2%
Standards precision 2.6105.6%
QC concentrations 150 600 1750 ng/mL
QC Accuracy -0.4t0 0.7%
QC Precision 3.810 6.6%
LLOQ 0.05 pg/mL
[Reviewer comment: The assay for brivaracetam is acceptable.]
Population/ N=24 (n=23 included in PK analyses)

Inclusion criteria:

1.
2.
3.
4,

5.
6.

Healthy, nonsmoking, premenopausal, non-pregnant and non-lactating female
subjects at 18 to 45 years

Good physical and mental health

Receiving OC of interest (EES 30ug and LVN 150ug, Microgynon30®, or
Ovranette®) for at least 3 consecutive cycles prior to Cycle 1

Use of additional appropriate birth control method

ECG considered normal or abnormal but not clinically significant

Clinical laboratory tests within reference range or outside range but not clinically
significant.

Exclusion criteria:

1.

No

Hepatic, renal, gastrointestinal or other disorder capable of altering ADME of
drugs (or causing a risk factor for use of the medication)

Clinically significant chronic or acute illness

Contraindication to prescription Minidril

Any prescription or OTC medications including herbs within 14 days before
study drug administration in cycle 1 (paracetamol [acetaminophen] up to 2
g/day is permitted)

Blood pressure and heart rate outside normal range (unless clinically not
significant)

Current tobacco smoker

Heavy caffeine drinker
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PK Results

Table N0O1080-1: BRV PK Parameters After 20 Days of 200 mg BID Administration

Crax tpar ™ Avuct®™ Cin CL,,/F CL./F
(ng/mL) () (ng*h/mL) (pg/mL) (mL/min/kg) (mL/min)
9.23 (13) 1.5 (0.5-3.1) 69.51 (17) 32227 0.77 (16) 47.60 (20)

®r=12h

Figure NO1080-1: Comparison of Day 20 Mean + SD EES Exposure With BRV versus

CV =100 x SD / Arithmetic Mean.
@ v alues presented for tygy are median and range.
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Figure N01080-2: Comparison of Day 20 Mean * SD LVN Exposure With BRV versus
Without BRV (200 mg bid for 20 days) on Day 20
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Table N01080-2: PK Parameters of EES and LVN With BRV and Without BRV

Ethinylestradiol Levonorgestrel

Parameter Without With Without With

ucb 34714 uchb 34714 uch 34714 ucb 34714
Coax (pg/mL) 102.52 (29) 88.29 (33) 5897 (24) 5296 (27)
- (11)’) 20(1.0-3.3) 1.5(1.0-3.1) 1.5(1.0-2.0) 1.5(0.5-3.1)
AUCt (pg*h/mL)“’) 1077 (33) 788 (29) 71524 (34) 55433 (33)
Coin (Pg/mL) 2222 (47) 13.25(38) 1944 (46) 1373 (42)
CLF (mL/minkg) 7.50 (26) 10.25 (25) 0.56 (42) 0.73 (48)
CV =100 x SD / Arithmetic Mean.
@ Values presented for tpyy are median and range.
®1 =24h.

Table N01080-3: BE Analyses Results of EES With BRV versus EES Without BRV

Test™: Test versus Reference'®
Reference® : cv®
Parameter ) ) 200 mg ucb 34714 + Point
Oral Contraceptive Oral Contraceptive (%) estimate 20% C1
Coux (pg/mL) 102.85 88.63 17.5 86.2 78.9 -94.1
(90.73 - 116.58) (78.19 - 100.47)
AUCTt (pg*h/mL) 1077.13 789.71 12.5 733 68.8-78.1
(948.99 - 1222.58) (695.76 - 896.35)
toax (h) 2.00 1.50 NA -0.23 -0.50-0.25
(100 - 3.25) (1.00-3.05)

@ Values are geometric LS means (95% confidence interval). for tyyy: median (range).

® Intra-individual coefficient of variation (%).

© Ppoint estimate and 90% confidence interval (90% CI) for the Test/Reference geometric LS mean ratio (%) derived
from ANOVA for continuous parameter. for ty,,: median point estimate and 90% non-parametric confidence interval of
the difference Test-Reference (h).
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Table N01080-4: BE Analyses Results of LVN With BRV versus EES Without BRV

@. o N ©
Parameter Reference ® : 200 mgT :?b 3;4714 + ’ T;z:;: e
. - 0, 0,

Oral Contraceptive Oral Contraceptive (%) estimate 90% CI
Cpax (pg/mL) 5896.38 5294.05 10.1 89.8 85.3-945

(5234.56 - 6641.87) (4699.85 - 5963.39)
AUCT (pg*h/mL) 71206.9 55189.2 13.9 71.5 72.2-83.2

(61575.4 - 82344.9) (477243 - 63821.7)
T (1) 1.47 1.50 NA 0.25 -0.01-028

(0.97-2.02) (0.50-3.05)

@ Values are geometric LS means (95% confidence interval). for tyy,: median (range).

® Intra-individual coefficient of variation (%).

© Ppoint estimate and 90% confidence interval (90% CI) for the Test/Reference geometric LS mean ratio (%) derived
from ANOV A for continuous parameter. for tg,y: median point estimate and 90% non-parametric confidence interval of
the difference Test-Reference (h).

Figure N01080-3: BE Assessment of EES With and Without BRV and LVN With and

Without BRV
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Figure N01080-4: Correlation of AUCtau Ratios for EES with BRV AUCtau
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Figure N01080-5: Correlation of AUCtau Ratios for LVN with BRV AUCtau
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Table N01080-5: Assessment of BRV on CYP3A Activity In Terms of 6-Beta-
Hydroxycorticol / Cortisol Ratio

Test™: Test versus Reference
Reference™ : cv® =
Parameter ) ' 200 mg uch 34714 + o Point
Oral Contraceptive Oral Contraceptive (%) estimate 90% CI
68-HCTL/CTL 6.38(420-9.67) 1048 (6.44 -17.04) 31 161.55 137.86-189.31

@ values are geometric means (Exponential (mean + SD. computed on In-transformed data)).

® Intra-individual coefficient of variation (%).

© Point estimate and 90% confidence interval (90% CI) for the Test/Reference geometric LS mean ratio (%) derived
from ANOVA for continuous parameter.

Safety ¢ All subjects experienced at least 1 TEAE.

e All subjects experienced at least one TEAE following administration of
ucb34714 plus OC.

e 58.3% and 73.9% experienced at least one TEAE following OC and Follow-up,
respectively

¢ Most TEAEs were moderate and related to study treatment
The most common TEAEs were dizziness and headache, nausea, and fatigue.

e 4 Severe TEAEs were reported in BRV + OC arm (headache, dysmenorrhea,
night sweats and pruritus)

e more subjects reported spotting and bleeding pattern following administration of
ucb 34714 plus OC compared to OC alone and Follow-up

[Reviewer comment: The increased spotting and bleeding in patients with BRV+OC
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compared to OC alone may be due to the reduced OC exposures associated with
concomitant BRV treatment. However, this is not considered clinically significant AE
per the safety reviewer’s conclusion.]

Sponsor’'s
Conclusions

6-beta-hydroxycortisol/cortisol ratio, an endogenous biomarker of CYP3A4
activity, was too variable in study NO1067 to conclude an effect. In the current
study, this ratio increased during BRV co-treatment by 62%.

Compared to male volunteers (e.g. study NO1067), exposure to BRV is higher in
this population of female subjects

The higher exposure to parent drug could explain the induction of CYP3A4,
confirmed by the increased 63-hydroxycortisol/cortisol ratio in females, not
observed in the population of male volunteers (e.g. study N01067)

Concomitant BRV administration with OC seemed safe and well-tolerated

Reviewer
Comment

BRYV 200 mg bid for 20 days resulted in decreases of 14% and 27% in Cmax
and AUC of EES, respectively.
BRYV 200 mg bid for 20 days resulted in decreases of 10% and 22% in Cmax
and AUC of LVN, respectively.
The current labels of two products containing levonorgestrel and ethinyl
estradiol (Seasonique label, 07-29-2010 version and Quartette label, 03-28-
2013 version ) both include the following statement regarding drug interactions
such as those caused by BRV:
“Drugs or herbal products that induce certain enzymes, including
CYP3A4, may decrease the effectiveness of combination oral
contraceptives (COCSs) or increase breakthrough bleeding. Counsel
patients to use a back-up method or alternative method of contraception
when enzyme inducers are used with COCs”
Study N01082 indicated a 26% and 22% decrease in EES and LVN,
respectively, from BRV 200 mg bid (400 mg/day). However, study N01282
demonstrated a 10% and 7% AUC decrease in EES and LVN, respectively from
BRYV 50 mg bid (100 mg/day). This finding suggests that the reduction in EES
and LVN exposure may increase with increasing BRV dose. It should be noted
that the 200 mg bid dose utilized in study N01082 2-fold greater than the
®@nroposed dose for the label, 100 mg bid. It is not clear what the change
in EES and LVN exposure is at the BRV 100 mg bid.

At the time of this review, there is no exposure-response data to assess the
effect these reductions in EES + LVN on oral contraceptive efficacy. As such,
from a PK/PD standpoint, it is not clear whether a dose increase in combined
oral contraceptive products is required when used with concomitant BRV.

The medical officers have reviewed the safety data from the brivaracetam
clinical trials and concluded that a dose adjustment of combined oral
contraceptives is not necessary.

A 61% increase in 6-beta-hydroxycortisol/cortisol ratio with BRV treatment was
observed in the current trial, suggesting that BRV may increase CYP3A4
activity. However, this finding is inconsistent with other trials conducted by the
Sponsor:

0 Instudy N0O1081, BRV 200 mg bid did not alter the 6-beta-
hydroxycortisol/cortisol ratio, yet carbamazepine 300 mg bid (a CYP3A4
inducer) increased the ratio 3-fold.

o A smaller increase in the mean 6-beta-hydroxycortisol/cortisol ratio was
observed in study NO1067 (compared to the current study), but the
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variability was too large to conclude an effect of BRV on 3A4 activity.
0 In Study N01261, BRV 75 mg bid did not significantly alter the
concentration of midazolam or 1-hydroxymidzolam plasma
concentrations.
e Overall, BRV does not appear to have a consistent effect on 3A4 activity
as assessed by the 6B-hydroxycortisol/cortisol ratio.
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4.4.6 NO01081: DDI — Carbamazepine (Phase 1)

Study RPCE02G0401 / N01081

Report#

Title Monocenter, open label, bilateral pharmacokinetic interaction study of ucb 34714
(200 mg oral capsules b.i.d.) and carbamazepine (100 mg oral tablets/300 mg b.i.d.)
during single and multiple oral administrations in 14 healthy male subjects

Objectives Assess effect of steady-state BRV on the steady-state carbamazepine PK

Assess effect of steady-state carbamazepine on the single dose and steady-state
BRV PK

Study Design

Monocenter, open label, bilateral pharmacokinetic interaction study

Duration

35 days on treatment

Dosage and
Administration

N=14 healthy male subjects each received the same treatment sequence:

BRV:

¢ single dose of ucb 34714 (200 mg) on Days 1, 22 and 35

o multiple doses of uch 34714 (200 mg b.i.d) on Days 24 to 34.

CBZ: CBZ (Tegretol®) twice daily from Day 4 to Day 35, in a dose escalation manner
e 100 mg b.i.d on Days 4 to 7,

e 200 mg b.i.d on Days 8 to 14
e 300 mg b.i.d on Days 15 to 35

PK Plasma samples:
Assessment e Days 1, 22, and 35 (for the determination of BRV and BRV metabolite plasma
concentrations)
o Days?9, 12,16, 19, 23, 26, 30, and 33 (for predose carbamazepine plasma
concentrations only)
e Days 21 and 35 (for the determination of carbamazepine plasma concentrations
up to 12h).
PK Analyses: Observed Cmax and tmax, plus:
BRV: AUC(0-t), AUC, AUCT, Az, t1/2,Vz/F, CL/F, Ae, CLR
BRV metabolites: AUC(0-t), AUC, AUCT, Az, t/4, Ae, CLR
CBz: Cmin, AUCtau, CL/F
CBZ-10,11-epoxide: Cmin, AUCtau
CYP3A4 Enzyme Activity: Urinary 6-B-hydroxycortisol/cortisol ratio on 24 h urine
collection.
Bioanalytical | The cortisol analysis was performed using a commercial radio-immunoassay (RIA)
Methods kit. The 6-B-hydrocortisol analysis was performed using a commercial enzyme-

immunoassay Kkit.
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HPLC-MS/MS Analytical Methods for Plasma Concentrations

Analyte Name | Brivaracetam Carboxylic Acid Hydroxy Metabolite
Metabolite
Analyte ID uch 34714 ucb 42145 uch-100406-1
Internal ®) ) (b) (4)
Standard (IS)
Standard 50.0 100 250 500 | 1.99 4.98 19.9 1.86 4.65 18.6 46.5 93.0
curve 750 1000 1500 49.8 100 498 995 | 465 930 1860 ng/mL*
concentrations | 2000 ng/mL 1991 ng/mL*
Standards -7.3109.2% -4.1t0 1.8% -2.410 2.5%
accuracy
Standards 2.8106.5% 0.91t05.1% 1.2t03.2%
precision
QC 150 600 1750 10.0 74.7 1792 9.30 69.7 1674 ng/mL*
concentrations | hg/mL ng/mL*
QC Accuracy |-1.8t01.1% -5.310 2.7% -4.6 t0 -0.5%
QC Precision 6.2t0 8.5% 5.4t0 14.3% 5.6t0 13.7%
LLOQ 0.05 pg/mL 2 ng/mL* 2 ng/mL*
*The metabolites are presented as “effective concentrations” (ng eq ucb 34714/mL).
IS ®)@
IS 0@

HPLC-MS/MS Analytical Methods for Urine Concentrations

Analyte Name | Brivaracetam Carboxylic Acid Hydroxy Metabolite
Metabolite
Analyte ID uch 34714 ucb 42145 ucb-100406-1
Internal ©@ )@
Standard (IS)
Standard 0.250 0.500 1.25 | 0.2500.500 1.25 0.253 0.506 1.27 2.53
curve 2.50 3.80 5.00 2.50 3.80 5.00 7.50 3.855.06 7.59 10.1
concentrations | 7.50 10.0 uyg/mL | 10.0 ug/mL* Hg/mL*
Standards -2.0t0 2.5% -2.0t0 1.6% -3.41t0 3.5%
accuracy
Standards 1.0t03.7% 1.9 10 6.0% 1.81t05.3%
precision
QC 0.750 3.00 8.80 0.752 3.01 8.83 0.765 3.06 8.98 pg/mL*
concentrations Hg/mL*
QC Accuracy | -4.61t0-3.1% -3.810-0.7% -7.6 10 -6.2%
QC Precision 4.8 10 6.9% 3.9106.3% 4.1t05.4%
LLOQ 0.25 pg/mL 0.25 pg/mL * 0.25 pg/mL *
*The metabolites are presented as “effective concentrations” (ng eq ucb 34714/mL).
IS 0@
IS 0@

[Reviewer comment: The assays are acceptable.]

Reference ID: 3803545




NDA 205,836 205,837 205,838 (0000) Page 110 of 268
®) @™ (Brivaracetam oral tablet / IV solution / oral solution)

Population/ Key Inclusion Criteria:
Demographic | 1. Male subjects age 18 to 55 years
S 2. Good physical and mental health
3. ECG is normal or abnormal but not clinically significant
4. Laboratory test results are within the reference range
Key Exclusion Criteria:
1. Female subjects
2. disorders capable of altering the ADME of drugs, or constituting a possible risk
factor when taking the study medication
3. Any concomitant chronic or acute iliness.
4. Any drug treatment, including prescribed or OTC medicines, taken in the 14 days
(2 months for enzyme-inducing drugs, including St John’s Wort — Hypericum
perforatum) preceding the first intake of the study drug, with the exception of
occasional paracetamol (max dose of 2 g/day and max dose of 10 g/2 weeks).
5. Heavy coffee drinkers (= 5 cups/day), or equivalent caffeinated beverages.
6. Subjects who smoked or had given up smoking for less than 6 months.
PK Results Figure N0O1081-1: Geometric Mean + SD BRV Concentration Profile Following Single

200 mg (Day 1 and 22) and Repeated (Day 35) Administration of Oral 200 mg bid BRV
Capsules
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Table N01081-1: Geometric Mean (CV%) Pharmacokinetic Parameters of BRV after
Single (Days 1 and 22) and Repeated (Day 35) Administration of 200 mg BRV b.i.d.

Parameter / N=13 Day 1 Day 22 Day 35
Coax (Mg/mL) 4.51 (37.31) 3.92(21.39) 5.07 (20.36)
toax (1)@ 1.50 (0.27 - 3.00) 1.05 (0.50-3.02) | 1.03 (0.47 - 3.00)
AUC (png.vmL) 48.30 (15.43) 34.19 (11.06) -
AUC(0-1) (ng.hymL) 42.77 (14.74) 31.67 (11.69) -
AUCT (ug.lymL) - - 33.73 (13.07)
Conin (g/mL) . - 1.25 (16.44)
t, (h) 7.51 (14.55) 6.37 (7.51) 6.06 (8.14)
V./F (L/kg) 0.60 (12.49) 0.72 (13.33) 0.69 (13.95)
CL/F (mL/min/kg) 0.92 (13.20) 1.30 (12.06) 1.32(13.12)
CLg (mL/min/kg) 0.0564 (32.3) - 0.0435 (60.2)
Ac(0-48) (mg) 12.249 (32.4) - -
Aet (ng) - - 6.882 (63.4)™

@ Values presented for .
®N=11

mg b.i.d. Carbamazep

CV = 100 x arithmetic mean / SD

are median and range

ine

Table N01081-2: Single Dose Pharmacokinetics of 200 mg BRV With and Without 300

Reference® - Test‘f’ : o Test versus Reference®
Parameter /N =13 uch 347:)4 single dose 11_52313427 ;'églgf‘gl ebfi;:js.c C(‘:/, 5 Pg'mt 90% CI
(Day 1) (Day 22) Estimate
AUC (ng.h/mL) 48.30 (46.56-50.11) 34.19 (32.96-35.47) | 7.55 70.79 67.16-74.62
AUC(0-t) (ng.lvmL) | 42.77 (41.27-44.33) 31.67 (30.56-32.83) | 5.92 74.05 71.05-77.17
Conax (1g/mL) 4.51 (4.20-4.84) 3.92(3.65-4.21) 23.09 86.96 74.15-101.98
CL/F (mL/min/kg) 0.92 (0.89-0.95) 1.30 (1.25-1.35) 7.55 141.25 134.00-148.89

© Values are least squares means (Exponential (LS-mean+/-SD computed on In-transformed data)).

® Intra-individual coefficient of variation (%)
© Point estimate and 90% confidence interval for the expected Test/Reference geometric mean ratio (%). derived from

[Reviewer comment: CBZ resulted in a 41% increase in BRV CL on Day 22 compared to BRV
single-dose CL on Day 1. BRV AUC was reduced by 29%.]

Table N01081-3: Single-Dose BRV PK (Day 22) and Multiple-Dose BRV PK (Day 35) With

300 mg b.i.d. Carbamazepine
Reference®™: Test®: . Test versus Reference'
Parameter/ N= 13 | Ue% 3VTLE SIvgle o8¢ | ey 34714 bid + Bz | (50| point o0 C1
Day22)  |300mebid (Day3) | Estimate ’
CLF (mL/minkg)® 1.30 (1.26-1.35) 132(1.27-1.36) | 429 | 10136 |9837  104.44

@ CLg/F on Day 35

@ Values are least squares means (Exponential (LS-mean+/-SD computed on In-transformed data)):.

® Intra-individual coefficient of variation (%).
© Ppoint estimate (PE) and 90% confidence interval (90% CI) for the expected Test/Reference geometric mean ratio (%).

derived from ANOVA for continuous parameters

[Reviewer comment: The increase in BRV clearance caused by CBZ was consistent on Day
22 (single dose of BRV administer while at SS CBZ) as well as Day 35 (14 days of BRV

administration while at SS CBZ).]
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Table N01081-3: Geometric Mean (CV%) Pharmacokinetic Parameters of ucb 42145
(carboxylic-acid metabolite) after Single (Days 1 and 22) and Repeated (Day 35)
Administration of 200 mg BRV b.i.d.

Parameter / N=13 Day 1 Day 22 Day 35
Comax (g €q 34714/mL) 0.29 (22.42) 0.21 (26.73) 0.36 (27.72)
taax (1)@ 4.00 (2.00 - 9.00) 3.02(1.98-4.07) | 3.00(1.00-6.02)
AUC (ug eq 34714./mL) - 2.31 (21.45™ -
AUC(0-1) (ug eq 34714.h/mL) 3.41(19.50) 2.10(19.90) 3.53 (22.69)
AUCTt (g eq 34714.v/mL) - - 2.62(24.42)
ty, (h) - 6.85 (12.17)® 6.48 (13.06)™
Ae(0-48) (mg) 43.843 (26.4) - -
Aet (ng) - - 22.989 (31.4)©

CV= 100 x arithmetric mean / SD
@ Yalues presented for ty,y are median and range

Table N01081-4: Interaction Effect of 300 mg b.i.d. Carbamazepine on the Single Dose
Pharmacokinetic Parameters of ucb 42145 (carboxylic-acid metabolite) after
Administration of 200 mg ucb 34714

Test®: Test versus Reference®
Reference™ : uch 34714200 mg | e
Parameter /N =13 ucb 34714 200 mg single dose and (%) Point 90% CI
single dose (Day 1) | carbamazepine 300 mg ° Estimate °
b.1.d. (Day 22)
AUC(0-t) (ngeq 3.41(3.22-3.61) 210(1.98-2.22) [10.89 61.64 57.13 - 66.50
34714.h/mL)
Cuax (g eq34714/mL)|  0.29 (0.27-0.31) 021(0.20-0.23) |15.31 72.64 65.31 - 80.80

@ Values are least squares means (Exponential (LS-mean+/-SD computed on In-transformed data)):.

® Intra-individual coefficient of variation (%).

© Point estimate and 90% confidence interval for the expected Test/Reference geometric mean ratio (%), derived from
ANOVA for confinnons narameters

[Reviewer comment: Concomitant CBZ administration is associated with a 39% decrease in
uch 42145 (carboxylic-acid metabolite).]
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Table N01081-5: Geometric Mean (CV%) Pharmacokinetic Parameters of ucb-100406-1
(hydroxy metabolite) after Single (Days 1 and 22) and Repeated (Day 35) Administration

of 200 mg BRV b.i.d.

Parameter / N=13 Day 1 Day 22 Day 35
Cunax (I1g €q 34714/mL) 0.25 (42.40) 0.30 (20.31) 0.74 (20.66)
tnax (1)@ 9.00 (9.00-12.00) | 6.00(3.98-9.00) | 3.00(1.00-6.02)
AUC(0-1) (g eq 34714.VmL) 4.55 (42.70) 5.31(20.23) 11.72 (20.82)
AUCT (ug eq 34714./mL) - - 7.43 (21.63)
ty. (h) NE® NE® 9.68 (12.38)@
Ae(0-48) (mg) 37.310 (46.5) - -
Aet (mg) - - 38.048 (47.0) @

®) Not Estimable
©@N=11

of 200 mg uch 34714

CV= 100 x arithmetic mean / SD
@ Values presented for tyy are median and range

Table N0O1081-6: Interaction Effect of 300 mg b.i.d. Carbamazepine on the Single Dose
Pharmacokinetic Parameters of ucb-100406-1 (hydroxy metabolite) after Administration

Reference® - Test@ ) Test versus Reference'®
Parameter/N=13 | ucb34714200mg | Uc034714200mg |CVEI ) L ,
single dose (Day 1) smgle dose + CBZ 300 (%) Estimate 90% C1
= mg b.i.d. (Day 22)
AUC(0-t) 4.55(4.04-5.13) 531(4.71-598) [32.92 116.52 93.12 - 145.81
(ng eq 34714./mL)
|Cax (g €9 34714/mL)|  0.25 (0.22 —0.28) 030(027—-034) [34.45| 12326 |97.53-155.77

ANOVA for continuous parameters
[Reviewer comment: Concomitant CBZ administration is associated with a 16% increase in
uch-100406-1 (hydroxy metabolite) AUC. However, the AUC increases about 3-fold on Day

35 compared to Day 1.]

@) Values are least squares means (Exponential (LS-mean+/-SD computed on In-transformed data)).

® Intra-individual coefficient of variation (%).
© Point estimate and 90% confidence interval for the expected Test/Reference geometric mean ratio (%). derived from
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Table N01081-7: Geometric Mean (CV%) Pharmacokinetic Parameters of

Carbamazepine and Carbamazepine-Epoxide after Repeated Administration of 300 mg
Bid without (Day 21) and with (Day 35) 200 mg b.i.d. BRV

N — Carbamazepine Carbamazepine-epoxide
Paraweter /N =13 Day 21 Day 35 Day 21 Day 35
Camax (Ug/mL) 8.33(14.10) 7.44 (10.79) 1.15(14.95) 3.03(13.90)
Tmax (hH® 4.00 (1.98-7.78) | 3.78 (1.02-8.00) | 4.00 (0.28-8.00) | 6.00 (2.00-8.03)
AUCTt (pg.hvmL) 85.81(14.48) 75.23 (14.54) 12.48 (15.97) 32.12(16.00)
Comin (Ug/mL) 5.79 (19.52) 4.56 (27.53) 0.87(21.51) 2.10(22.48)
CLss/F (mL/min/kg) 0.78 (15.14) 0.89 (16.61) - -

CV=100 x arithmetic mean / SD
® Values presented for t,, are median and range

Table N01081-8: Effect of 200 mg b.i.d. BRV on the Steady State CBZ PK

Reference® - N 347'11'352((‘; 0 b |y Test versus Reference™
o )4
Parameter /[N=13 | CBZ 300 mg bii.d. and CBZ 300 ml;li-).i.ld. (%) | Point 90% CI
(Day 21) (Day 35) Estimate

Cpax (g/mL) 8.33 (8.04-8.62) 7.44 (7.19-7.70) 5.33 89.33 86.06-92.72
AUCT (uglvymL) 85.81 (82.39-89.36) 75.23 (72.24-78.35) | 4.10 87.68 85.20-90.22
CLsg/F (mL/minvkg) 0.78 (0.74-0.81) 0.89 (0.85-0.93) 4.10 114.06 110.8-117.4
Cpig (ng/mL) 5.79 (5.37-6.24) 4.56 (4.23-4.92) 15.99 78.74 70.47-87.99

@ Values are least squares means (Exponential (LS-mean+/-SD computed on In-transformed data)).
® Intra-individual coefficient of variation (%).
© Point estimate and 90% confidence interval for the expected Test/Reference geometric mean ratio (%), derived from
[Reviewer comment: Other than Cmin slightly dropping below the standard 80-125%
boundary, the CBZ exposures when co-administered with CBZ can be considered
bioequivalent with CBZ exposures without BRV.]

Table N01081-9: Effect of 200 mg b.i.d. BRV on the Steady State CBZ-Epoxide PK

Reference® - Test®: ' o Test versus Reference'®
Parameter /N = 13 CBZ 300 mg b.i.d. uch 34714 200 mg .bld C}// Point o
(Day 21) + CBZ 300 mg b.id. | (%) Estimate 90% CI
(Day 35)
Cpax (g/mL) 1.15 (1.10-1.19) 3.03(291-3.15) 1299 264.00 [241.18-288.98
AUCT (ng.ymL) 12.48 (11.94-13.05) | 32.12(30.73-33.57) | 9.08 257.31 241.51-274.13
Chin (ng/mL) 0.87 (0.81-0.92) 2.10(1.97-2.24) 1572 242.73 217.62-270.74

® Values are least squares means (Exponential (LS-mean+/-SD computed on In-transformed data)).
® Intra-individual coefficient of variation (%).

© Point estimate and 90% confidence interval for the expected Test/Reference geometric mean ratio (%). derived from
ANOVA for continuous parameters.

[Reviewer comment: Co-administration of CBZ with BRV results in 2.5-fold increase in Cmax,

Cmin, and AUCtau of CBZ-epoxide. This is likely due to inhibition of epoxide-hydrolase by

BRV]
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Table N01081-10: Treatment Related Increases of the 6-8-Hydroxycortisol/Cortisol

Ratios Compared to Day 1
© Test versus Reference™
Day/N=13 Test Values Ppmt 90% CI
Estimate
Screening 10.59 (9.27-12.10) 101.97 76.33-136.23
Day 21 30.80 (27.10-35.00) 296.53 223.37-393.65
Day 35 29.83 (26.25-33.90) 287.21 216.35-381.27

® Values are least squares means (Exponential (LS-mean+/-SD computed on In-transformed data))
®)Reference value = 10.39 (9.14-11.80): Intra-individual coefficient of variation = 44.76%
© Point estimate and 90% confidence interval for the expected Test/Reference geometric mean ratio (%).

[Reviewer comment: Though variability in the 6-B-Hydroxycortisol/Cortisol ratio is high, the
results suggest that BRV alone had a minor impact on the ratio (Screening visit compared to
Day 1). After 21 days CBZ treatment (without concomitant BRV), the ratio increases 196.53%.
By Day 35 of CBZ treatment (with 14 days of concomitant BRV treatment), the ratio increases
slightly to 187.21% increase from Day 1. ]

Safety

All included subjects experienced at least one TEAE

The most frequently reported TEAEs were dizziness, fatigue, somnolence, and
headache.

Most AEs were mild or moderate in intensity, although 3 of them were rated
severe (one headache, one somnolence and one dizziness); all 3 occurred during
the CBZ titration period

Three subjects presented clinically significant increases in hepatic enzymes
which tended to return to normal values under continuing treatment

safety profile in this study is consistent with the safety profile observed in the
previously performed phase | studies with ucb 34714

AE profile observed during the study gives no indication that the concomitant
administration of both drugs would increase the incidence of any event compared
to the administration of each drug separately.

Sponsor’s
Conclusions

When co-administered with CBZ,

o BRV plasma concentrations were decreased,

o ucb 42145 (carboxylic acid metabolite) were decreased, and

o ucbh-100406-1 (hydroxy metabolite) were increased.
This suggests that CBZ increases the metabolic clearance of BRV through an
increase of the oxidative biotransformation
CBZ-E/CBZ Cmax and AUCtau ratios increased from 14% at baseline to 42%
after two weeks of coadministration
The decrease in CBZ concentrations is likely due to CYP3A4 induction
The increase of CBZ-epoxide is most likely due a decrease in its elimination
(inhibition of the epoxide hydrolase, as previously observed in vitro).
The 6-B-hydroxycortisol/cortisol ratio was greatly increased under CBZ steady
state, due to induction of CYP 3A4 by CBZ, but no further increase was seen
under co-administration of BRV.
The co-administration of ucb 34714 and carbamazepine was well tolerated.

Reviewer
Comment

CBZ is a weak inhibitor of 2C19, a moderate inducer of 2C9, a strong inducer of
3A4, and an inducer of P-gp. Co-administration of CBZ resulted in

o decrease of BRV concentration,

o decrease in uchb 42145 (carboxylic acid metabolite)

o 16% increase in ucb-100406-1 (hydroxy metabolite) AUC
CYP2C19 metabolizes BRYV into ucb-100406-1 (hydroxy metabolite). As CBZ is a
2C19 inhibitor, then 2C19 inhibition is expected to contribute to an increase in
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BRV and a decrease in uch-100406-1 (hydroxy metabolite). However, the
observation was the opposite (BRV decreases, and ucb-100406-1 increases
when CBZ is co-administered).

¢ As amidase metabolizes BRV into ucb42145 (carboxylic acid metabolite) and
amidase also metabolizes ucb100406-1 (hydroxy metabolite) into ucb-107092-1
(hydroxyacid metabolite), the observation that BRV decreases while ucb-100406-
1 increases is not likely due to induction of amidase

e The reduction of ucb 42145 (carboxylic acid metabolite) is likely due to 2C9
induction by CBZ

e Overall, the mechanism by which CBZ affects BRV PK is complicated, involves
several CYP isoenzymes, and is not fully understood

¢ No BRV dose adjstument is necessary when co-adminiteresting with CBZ

Figure NO1081-2: Main Metabolic Pathways for BRV in Humans
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A “positive control” (CBZ, a strong 3A4 inducer) produced a 3-fold increase
(+196.53%) in the 6-B-hydroxycortisol/cortisol ratio yet BRV produced only a 1.97%
change in this ratio. Though variability was high in the ratio estimates, this study
suggests that BRV does not substantially induce 3A4 activity.

The observed 157.31% increase in CBZ-E AUC,, is likely due to BRVs inhibition of
epoxide hydrolase. While the potential for increased toxicity is possible with
increased carbamazepine-epoxide, it may also result in increased efficacy.

A carbamazepine dose reduction should be considered if tolerability issues
arise. Please see section 3.0 of the QBR for details.
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4.4.7

NO01082: DDI — Phenytoin (Phase 1)

Study Report#

RPCE02G402 / N01082

Title

Monocenter, open label, interaction study between ucb 34714 at steady state
(200 mg oral capsules, twice daily) and single dose phenytoin 600 mg (2 x 300
mg oral capsules) in 20 healthy male volunteers

Objectives

Primary: assess whether BRV at steady state alters the single dose PK of
phenytoin.

Secondary:

e assess the effect of BRV on the metabolic pathways of phenytoin.

e assess safety of concomitant BRV and phenytoin administration

Study Design

Monocenter, open label, interaction study

Duration

15 days of treatment

Dosage and
Administration

N=20 healthy male subjects underwent the same treatment regimen, consistent
of 3 phases:

1) phenytoin alone (Day 1-3),
2) BRV alone (Day 4 to 13),
3) BRV + phenytoin (Day 13-15):

BRV: 200 mg bid oral capsules from Day 4 to Day 15 morning (11.5 days)

Phenytoin: a single 600 mg dose (2 x 300 mg capsules), was administered on
Day 1 and Day 13.

PK
Assessment

Plasma Samples:

BRV: Trough levels on Days 7, 10, and 13.

Phenytoin: Day 1 and 13 at pre-dose, 1, 2, 4, 6, 8, 10, 12, 14, 16, 24, 48 and 72
hours after the morning dose

Urine Samples:
p-HPPH: predose, 0-24, 24-48, 48-72 hours post-dose on Day 1 and Day 13

PK Analyses:
Phenytoin (after Day 1 and Day 13 doses): Cmax, tmax, AUC(0-t), partial

metabolic clearance to produce (R) and (S)-HPPH, Ae and fe of total,
conjugated and unconjugated (R) and (S)-HPPH.

Bioanalytical
Methods

HPLC-MS/MS Analytical Methods for Plasma Concentrations
Analyte Name Brivaracetam

Analyte ID uch 34714

Internal Standard (IS) e

Standard curve concentrations | 50.0 100 250 500 750 1000
1500 2000 ng/mL

Standards accuracy -3.1t0 2.6%
Standards precision 1.1t06.1%
QC concentrations 150 600 1750 ng/mL
QC Accuracy 2.7 10 3.5%
QC Precision 3.71t0 8.6%
LLOQ 0.05 pg/mL

[Reviewer comment: The assay is acceptable]
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Population/
Demographics

Key inclusion criteria:

1. Healthy male subjects age 18 to 55 years

2. Good physical and mental health with

3. no abnormal cardiovascular findings (or “abnormal but not clinically
relevant”)

4. No abnormal clinical laboratory tests

Key exclusion criteria:

1. Female subjects

2. Presents of disorders capable of altering the ADME of drugs or posing a
possible risk factor when taking the study medication(s)

3. Any concomitant chronic or acute illness.

4. Any drug treatment, including prescribed or OTC medicines and vitamin and
mineral salt supplements, taken in the 14 days (2 months for enzyme-
inducing drugs, including St John’s Wort — Hypericum perforatum)
preceding the first dose of the study drug, with the exception of occasional
paracetamol (acetaminophen)

5. Heavy caffeine drinkers (= 5 cups/day), or equivalent caffeinated beverages.

6. Subjects who currently smoke or have given up smoking for less than 6
months.

PK Results

Table N01082-1: BRV Plasma Trough Concentrations After Repeat Oral 200 mg
BID Administration

Day N  Geometric SD Ccv Min Median Max
mean

Day 7 19 2.85 0.656 2245 1.73 2.92 4.58
Day 10 | 19 291 0.675 2266 1.82 293 4.36
Day 13 | 19 2.98 0.788 2558 1.77 2.94 4.38

Figure NO1081-1: Geometric Mean + SD Phenytoin Plasma Concentration Profile
With Brivaracetam and Without Brivaracetam
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Table N01082-2: Phenytoin PK after a Single Administration of Phenytoin 600 mg
(Reference) or after Administration of Both Phenytoin 600 mg and ucb 34714 200
mg b.i.d. in 19 Healthy Subjects

@) . . ()
Parameters Reference®: phenym]i-l? 51;00. mg and cv® Te;;zletrsus A
: g o, ,
phenytoin 600 mg ucb 34714 200 mg b.i.d. (%) Estimate 0% C1
Crax (1g/mL) 8.833 (8.386-9.304) 7.519 (7.138-7.920) 13.8 85.12 78.8 -91.9
AUC(0-1) (ncg.lvmL) 313.7 (294.6-334.1) 272.7 (256.1-290.4) 12.3 86.93 81.1-93.1
e (1) 6.00 (4.0-24.0) 4.10 (2.0-16.0) - - -

[Reviewer comment: Though BRV is known to inhibit CYP2C19, an enzyme that
metabolizes phenytoin, the phenytoin exposures appear to decrease upon concomitant
administration with BRV.]

Table N01082-2: Effect of Concomitant BRV Administration on Phenytoin
Metabolite Formation

)

Reference®: Test™: cy® | Testversus Reference
Parameters - ) phenytoin 600 mg and o -
phenyoin600 mg |1, '34714 200 mg bid | % oot | 909 CI
fe(0-72) free 0.354 0.379 PO 11215
(S)-p-HPPH (%) (0.313-0.400) (0.335-0.428) 229 | 1070 | 943-1213
£e(0-72) free 0.095 0.100
(R)-p-HPPH (%) (0.084-0.109) (0.088-0.114) 2569 | 1049 | 91.0-120.9
fe(0-72) conj. 44.83 47.05 N
(S)-p-HPPH (%) (41.63-48.27) (43.69-50.67) 2132 | 1050 | 93.2-1182
£e(0-72) conj. 1284 1337 .
(R)-p-HPPH (%) (1.118-1.474) (1.164-1.535) 3013 | 1041 | 38.2-122.9
CLwF
0.00670 000775

g){f"'."’ 1‘? :) (0.00602-0.00745) |  (0.00697-000862) | >*60 | [HSI | 1009-132.6
(;Lﬁ“’ml o 0.202 0.244 ; 204 13
Em)l-.]/)- kD) (0.182-0.224) (0.220-0.270) 1878 | BI2088 | 108.7-134.]
(mL/min/kg

[Reviewer comment: Formation of (S) and (R)-p-HPPH was increased by 21% and
16%, respectively, when phenytoin is co-administered with BRV (versus phenytoin
administration alone).]

Safety

Most AEs were mild and related to study medication, none were severe
Dizziness, somnolence, and fatigue were the most common AEs. Most of
these AEs occurred after the first dose, lasted less than 24 hours, and did
not re-appear after the next doses.
e More AEs of dizziness (6 vs 4) and somnolence (2 vs 1) occurred after the
2" phenytoin dose (administered with BRV) compared to the 1% phenytoin
dose (administered without BRV)
e Sleep disorders were reported in 3 subjects 2-3 days after the 2" phenytoin

dose

Sponsor’s

Conclusions

e The major pathway of phenytoin metabolism is 2C9, however, at therapeutic
concentrations, 2C9 is saturated, and 2C19 is becomes more relevant.
Since BRV is a weak reversible inhibitor of CYP2C19, an inhibition of
phenytoin metabolism by BRV can thus not be ruled out.

¢ BRYV does not inhibit phenytoin metabolism (rather, phenytoin Cmax
decreases 15% and AUC,; decreased 13%, respectively). HPPH formation
CL increased, suggesting induction of phenytoin metabolism.

e Comparison of the (S)/(R)-p-HPPH ratios found in this study with those
reported in the literature cannot ensure that the study conditions are
relevant for chronically-treated and often polymedicated patient population.
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More subjects reported AEs after the 2™ phenytoin dose.
Safety profile is in agreement with prior BRV studies.

Reviewer
Comment

Sponsor conducted this study becuase BRYV is a weak 2C19 inhibitor and
thus may inhibit phenytoin metabolism.

While BRV is known to inhibit 2C19, an enzyme responsible for phenytoin
metabolism, the phenytoin exposures actually decrease when co-
administered with BRV. Sponsor concludes that this may be due to an
induction of phenytoin metabolism. However, based on the results from
study NO1067, as well as in-vitro induction studies, brivacetam does not
appear to sibnifincatly induce 2C19. The mechanism by which phenytoin
exposures decrease with concomitant brivaracetam use is not clear.
However, Sponsor indicates that the study conditions may not be relevant
for chronically-treated and often polymedicated patient population. Sponsor
has also conducted a trial (NO1172) where phenytoin and brivaracetam
were co-administered and both drugs had reached steady-state (whereas
the current study administered single phenytoin doses).

When phenytoin and BRV are coadministered and both reach steady state,
the phenytoin Cmax increases 20% and phenytoin AUCtau increases 20%
(see ISR for study N01172). According to the phenytoin label, phenytoin
concentrations should be monitored when changing from one dosage form
to another, during a loading dose, or during enteral feeding. Thus, due to
the increase of up to 20% in phenytoin exposures with BRV, and due to the
practice of monitoring phenytoin concentrations during dose adjustments or
changing dosage forms, phenytoin levels should be monitored when
initiating brivaracetam with existing phenytoin or intiating phenytoin
with existin brivaracetam.
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4.4.8

NO01109: Renal Impairment Study (Phase 1)

Study Report#

N01109 (protocol number RPCE02G0312)

Title

Monocenter, open-label, parallel group, not randomized, pharmacokinetic study of a
single oral administration of 200 mg capsule of UCB 34714, in subjects with normal
renal function and with renal function impairment

Objectives

Primary: Assess plasma pharmacokinetics and urinary excretion of UCB 34714
(brivaracetam) and metabolites in subjects with renal impairment compared to

healthy subjects.

Secondary: Assess the safety in subjects with renal impairment

Study Design

Phase 1, open-label, parallel group, not randomized, single-dose trial

Dosage and Subijects received a single dose of 200 mg brivaracetam as an oral capsule
Administration
PK Blood Samples: dose, 0.25h, 0.5h, 1h, 1.5h, 2h, 3h, 4h, 6h, 9h, 12h, 24h, 36h, 48h,
Assessment and 72h pOSt-dOSG.
Urine Samples: Day 1, Day 2, Day 3 and Day 4 at 12h intervals until 48 hrs post-
dose and at 24h interval until 72h post-dose
Analyses:
Ucb 34714 (brivaracetam): Crax, tmax, AUC.y, AUC, A, t,, CLIF, V/F, A, fe, CLg
ucb 42145, ucb-100406-1 and ucb-107092-1 (metabolites): Cmax, tmax, AUC 0.,
AUC1 )\21 tl/21 AEl fea CLR
Bioanalytical HPLC-MS/MS Analytical Methods for Plasma Concentrations
Methods Analyte Name | Brivaracetam | Carboxylic Hydroxy Hydroxy Acid
Acid Metabolite Metabolite
Metabolite
Analyte ID uch 34714 uch 42145 uch-100406-1 | ucb-107092-1
Internal ®)@ ® @
Standard (IS)
Standard 50, 100, 250, 1.99, 4.98, 1.87, 4.68, 1.87, 4.67,
curve 500, 750, 19.9, 49.8, 18.7, 46.8, 18.7, 46.7,
concentrations | 1000, 1500, 99.5, 498, 93.5, 468, 93.3, 467, 933,
2000 ng/mL 995, 1991 935, 1871 1867 ng/mL*
ng/mL* ng/mL*
Standards -6.7t0 7.6% -7.0t03.0% | -3.3t03.1% -4.2 t0 6.9%
accuracy
Standards 4.3 10 8.9% 2.110 8.4% 1.1t03.5% 1.3t05.7%
precision
QC 151, 602, 1757 | 10.1, 75.4, 9.37, 70.3, 9.26, 69.4,
concentrations ng/mL 1810* 1687 ng/mL* 1667 ng/mL*
QC Accuracy 5.1t0 6.8% -11.1t0-09 | -3.2t0-9.7% -4.8 10 5.5%
QC Precision | 9.41t0 18% 7.1t013.1% | 6.2109.7% 4.010 6.3%
LLOQ 0.05 pg/mL 0.002 pg/mL | 0.002 pg/mL 0.002 pg/mL
*The metabolites are presented as “effective concentrations” (ng eq ucb 34714/mL).
IS ®@
IS ®) @

[Reviewer comment: The plasma assays are acceptable.]
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HPLC-MS/MS Analytical Methods for Urine Concentrations

Analyte Name | Brivaracetam Carboxylic Hydroxy Hydroxy Acid
Acid Metabolite Metabolite
Metabolite
Analyte ID uch 34714 ucb 42145 uch-100406-1 | uch-107092-1
Internal ® @ ® @ ® @ ® @
Standard (IS)
Standard 0.251t0 10.0 0.25t09.99 | 0.235t09.35 1.87 to 1870
curve Mg/mL pg/mL Mg/mL ng/mL
concentrations
Standards -6.0 t0 6.3% -26t01.1% | -3.1t03.8% -14.310 6.1%
accuracy
Standards 0.5t06.7% 04t07.2% | 0.61t08.5% 4.0t0 8.1%
precision
QcC 0.765, 3.06, 0.758,3.03 | 0.703, 2.81, 9.26, 69.4,
concentrations | 8.93 pg/mL 8.85 ug* 8.20 pyg/mL* 1667 ng/mL*
QC Accuracy | -1.9t0-0.3% -6.810-2.4% | -6.2t0-3.6% | -4.2t010.4%
QC Precision | 3.21t07.6% 1.4t03.0% | 2.4t03.6% 2.0t0 8.1%
LLOQ 0.25 pg/mL 0.25 pg/mL 0.25 pg/mL 0.02 pg/mL
*The metabolites are presented as “effective concentrations” (ng eq ucb 34714/mL)
IS )@
IS )@
IS ® @

[Reviewer comment: The metabolite assays are acceptable.]

Population/
Demographics

N=18 subjects (n=9 with severe renal impairment, n=9 healthy). Sponsor recruited
male and female subjects age 18 to 65 years, BMI 19 to 31 kg/m®.

Group A (9 subjects): Normal renal function, CRCL > 80 mL/min/1.73 m?

Group D (9 subjects): Severe renal impairment, CRCL < 30 mL/min/1.73 m2 and not
requiring dialysis

Groups A and D were included in the first step. Groups B and C were to be included
if Sponsor determined that a dose adjustment was warranted based on Groups A
and D.

Group B (6 subjects): Mild renal impairment (50 < CRCL < 80 mL/min/1.73 m?).
Group C (6 subjects): Moderate renal impairment (30 < CRCL < 50 mL/min/1.73%

Inclusion Criteria (General):

1. Male and female subjects age 18 to 65 years

2. Females of childbearing potential must use adequate birth control
3. ECG is normal or abnormal but not clinically significant

4. Non-smoker or mild smoker (< 10 cigarettes per day)

Inclusion Criteria (Healthy Subject Group):

5. Good physical and mental health
6. Normal vital signs
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7. ECG is normal or abnormal but not clinically significant
8. Clinical laboratory tests within reference range of laboratory
9. CRCL >80 mL/min/1.73 m2

Inclusion Criteria (Renal Impairment Group):

10. Medical history and physical examination (within 2 weeks of treatment start) are
consistent with clinical criteria for renal insufficiency)

11. Results of clinical tests within references range, except parameters usually
found in subjects with renal insufficiency.

12. Group B: Mild impairment (50 < CLCR < 80 mL/min/1.73 m?, 50 < CLCR <70
mL/min/1.73 m2 considered for recruitment),
Group C: Moderate impairment (30 < CLCR < 50 mL/min/1.73 m?),
Group D: Severe impairment (CLCR < 30 mL/min/1.73 m2 and not requiring
dialysis).

Exclusion Criteria (General):

1. Pregnant or lactating women

2. Gastrointestinal disease with potential to influence the absorption, including
motility disorders.

3. Use of drugs known to affect tubular secretion within 2 weeks of study drug
administration

4. Unstable renal function

Exclusion Criteria (Health Subject Group):

5. Systemic disease, e.g. urinary infection, hepatic impairment, on basis of hi story
and clinical tests

6. Any drug treatment, prescription or OTC, within 14 days of first study drug intake
(except for paracetamol [acetaminophen] < 2 g/day, hormonal contraceptives for
post-menopausal hormonal replacement therapy). Use of drugs during clinical
trial

Exclusion Criteria (Renal Impairment Group):

6. Other clinical important systemic disease (aside from renal impairment)

7. Acute renal failure

8. Dialysis

9. Use of drugs for care of renal impairment, unless established in dose and
scheduled or at least 7 days prior to administration of study drug
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PK Results

Table N01109-1: Geometric Mean * SD PK Parameters and 90% CI of GMR for BRV
(ucb 34714) after a single 200 mg administration to health (Group A) and Severe RI
(Group D) (PP population)

. Severe Renally Ratio®
Healthy Subjects . .
Parameter (gn.mp Al) Impaived Subjects
=9 (group D) (90% CI)
n=9
Cow (ng/mL) 642  (521-790)| 640 (531—771)| 99.72% (84.78-117.29)
tonae (h) 0.50 (05-15)| 150 (0.5-4.0)
AUC(0-t) (ng.h/mL) 61.8 (52.7-72.5)| 75.2 (57.5-98.3)
AUC (pg.h/mL) 63.1 (54.0-73.7) 765 (58.5-100.1)| 121.25% (101.19 - 145.29)
A (@) 0.083 (0.068-0.101) | 0.071 (0.058-0.087)
[ 835 (686-10.17)| 9.78 (7.94-12.03)
CL/F (mL/min/1.73 m?) 51.8 (43.7-61.3)| 423 (34.451.9)| 81.60%  (69.84-95.33)
V./F (Lkg) 0.55 (0.44-0.69)| 0.52 (0.44-0.60)
Ae (mg) 17.3 (123-243)( 784 (6.31-9.74)
f. (% dose) 866 (617-12.15)| 392 (3.15-4.87)
CLz (mL/min/1.73 m?) 4.48 (3.32-6.06) | 1.66 (1.21-2.27)

“® Ratio of severe renally impaired subjects (group D) divided by healthy subjects (group A), in %.
® Median and range are siven for t....

Table N01109-2: Geometric Mean £ SD PK Parameters and 90% CI of GMR for

(Group D) (PP population)

Metabolites after a single 200 mg administration to health (Group A) and Severe Rl

Severe Renally

Healthy Subjects Ratio®
Parameter (group A) Imp::::':l;;jeﬂs
o,
n=9 n=9 (90% CI)
uch 42145
Cpoax (g eq/mL) 0.270 (0211-0.345) [ 0.646 (0.514-0813) [ 2395%  (196.9 -291.3)
ton” (h) 400 (2.0-6.0 400 (20-9.0)
AUC(0-t) (ug eq.lvmL) 344 (2.65-4.46) 11.3 (791-16.0)
AUC (pg eq.h/mL) 351 (2.71-4.55) 114 (797-16.3) 3240%  (250.7 -418.5)
Az (b 0.087 (0.075—0.101) | 0.069 (0.056—0.086)
t.. (h) 796 (6.89-9.21) | 10.03 (8.05-12.49)
Ae (mg eq) 4423 (37.73-5185) | 1631 (12.17-2187)
f, (% eq dose) 22.12 (18.86-2593) | 8.16 (6.09-10.93)
CLg (mL/min/1.73 m?) 205.6 (169.2-2499) | 232 (16.6-32.2)
uch-100406-1
Cox (ng eq/mL) 0.498 (0.296-0.838) | 0.978 (0.662—-1.445) | 196.5%  (134.6 - 286.8)
toe (h) 120  (9.0-12.0) 240 (120-240)
AUC(0-t) (ug eq.h/mL) 140 (8.66-225) 472 (32.0-69.5)
AUC (ug eqh/mL) 141 (8.78-227) 575 (39.1-848) | 407.7%  (285.3 —582.6)
Az (h™) 0.074 (0.065-0.085) | 0.029 (0.024-0.035)
t (h) 9.38 (8.19-10.75) | 23.8 (19.7-283)
Ae (mg eq) 525 (37.8-73.0) 178 (112-281)
f, (% eq dose) 262 (189-365) 888 (5.62-14.05)
CLp (mL/min/1.73 ny?) 614 (49.5-76.0) 609 (4.26-8.69)
uch-107092-1
Crax (g eq/mL) 0.074 (0.061-0.090) | 0.868 (0.690-1.092) | 1165% (978 - 1388)
tmax > (h) 60 (6.0-9.0 120 (9.0-240)
AUC(0-t) (ug eq.h/mL) 157 (1.23-2.01) 312 (21.0-463)
AUC (ug eq.h/mL) 167 (1.31-2.13) 358 (238-54.0) | 2148%  (1627-2836)
A () 0.041 (0.029-0.059) | 0.030 (0.026-0.036)
t«: () 168 (11.7-24.0) 227 (192-27.0)
Ac (mg eq) 351  (30.2-408) 68.7 (56.4-838)
f, (% eq dose) 176 (15.1-204) 344 (282-419)
CLg (mL/min/1.73 m?) 364.7  (290.5-457.9) | 356  (24.6-51.7)

"™ Ratio of severe renally impaired subjects (group D) divided by healthy subjects (group A). in %.

® Median and range are given for to,,
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Figure N01109-1: Geometric Mean £ SD (on In-data) of BRV (ucb 34714) and
Metabolites after a single 200 mg administration to health (Group A) and Severe RI
(Group D) (PP population)
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Safety

The most common TEAEs were mild somnolence (55.6% in both arms) and mild
dizziness (44.4% in severe Rl arm, 22.2% in healthy subjects). Clincal laboratory
evaluations indicated abnormal values for more severe RI patients but the
investigator considered these abnormalities as typical for severe RI. Severe RI
patients had elevated systolic and diastolic blood pressure (though SBP, DBP, and
HR were also increased at baseline). Sponsor reports a slight decrease of the
diastolic blood pressure, systolic blood pressure, and heart rate. Sponosr reports
minor modifications to QTc.

Sponsor’'s
Conclusions

¢ Renal dysfunction has minimal effects on brivaracetam clearance and
elimination rate (respectively decreased by 18% and 14%).

e Overall, in severe RI patients, the renal clearance of the metabolites was 10-fold
decreased compared to healthy subjects, especially ucb-107092-1 (hydroxy acid
metabolite).

e The clinical significance of metabolite accumulation is not fully understood

o Daily exposures of the carboxylic acid metabolite (ucb 42145) and hydroxyl
metabolite (ucb-100406-1) in monkey were in excess of compared to observed
exposures in this study and was associated with no adverse events

e The pharmacological activity of uch-107092-1 is still not known. Daily exposures
in rat and dog were much lower than those found in this study in the severe
renally-impaired group.
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Proposed label language
¢ Dose adjustments are not required for patients with impaired renal function. -

e Brivaracetam is not recommended in patients with end-stage renal disease that
are undergoing dialysis due to a lack of data.

[Reviewer comment: ® @

Comments on labeling for renal
impairment can be found at the end of this ISR.]

Reviewer
Comment

The following table summarizes BRV and metabolite exposures in subjects with
severe Rl relative to healthy subjects.

Table N01109-2: Effect of Severe Renal Impairment on PK of BRV and
Metabolites Compared to Healthy Subjects

C,.ax Geometric Mean Ratio AUC Geometric Mean Ratio
(90% Confidence Interval) (90% Confidence Interval)
Brivaracetam 99.72% (84.78 - 117.29) 121.25% (101.19 - 145.29)
(uch 34714)
carboxylic acid 239.5% (196.9 — 291.3) 324.0% (250.7 — 418.5)
metabolite
(uch 42145)
hydroxy metabolite 196.5% (134.6 — 286.8) 407.7% (285.3 — 582.6)
(uch-100406-1)
hydroxyacid 1165% (978 — 1388) 2148% (1627 — 2836)
metabolite
(uch-107092-1)

*Geometric mean ratio is expressed as the geometric mean of the PK parameter for subjects
with severe renal impairment divided by the geometric mean of the PK parameter for healthy
subjects.

As there are no significant safety issues identified by the safety officer that may
warrant a dose adjustment, then no dose adjustment is required based on 21%
increase in BRV exposures observed in patients with severe RI.

The metabolite exposures increased between 324% - 2148% in patients with severe
RI compared to healthy volunteers. None of the three metabolites are
pharmacologically active at the target site(s). While the Safety Reviewer did not
raise any concerns regarding the safety profile for BRV use in in this severe Rl
single-dose study, this study does not provide safety data on the long-term use of
BRYV in patients with severe RI. In addition to a lack of long-term safety data in
patients with severe RI, one particular safety concern regarding the metabolite
exposures in patients with impaired renal function is that the results of the TQT
study may not be representative of patients with severe renal impairment. A
comparison of exposures in the TQT study (N01233) demonstrated that BRV
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exposures after repeated 400 mg bid for 6.5 days to healthy volunteers were lower
than exposures to the single 200 mg BRV oral dose to patients with severe Rl in
study NO1109. As such, the TQT study does not appear to be representative of the
metabolite exposures experienced in patients with severe renal impairment.

To help assess risk of metabolites exposures such as those observed in severe RI
patients, the human BRV PK in study N01109 was compared with non-clinical PK.
The AUC,... after a single dose was used as an estimate of AUC,ss for each
metabolite. However, as the non-clinical toxicology studies reported AUCg.24n0ur at
steady state the AUC,,, ss for metabolites in humans was multiplied by 2 (as the tau
is 12 hours) before comparison with the non-clinical AUCq 24 hour-

Though metabolite exposures in severe Rl patients were over 3-, 4-, and 21-fold
greater than in healthy volunteers, the Sponsor has conducted in-vivo non-clinical
studies 4 to 13 weeks in duration which achieved metabolite exposures in 8.5-, 10.7-
, and 25-fold excess of predicted SS metabolite exposures in patients with severe
renal impairment (see the table below).

Table N01109-3: Comparison of Metabolite Exposures in Patients with Severe
RI, Healthy Patients in TQT Study, and Animals:

Study TQT Renal Impairment (N01109) Animal Safety
(N01233) Studies Margin
Name AUC 65 in | AUC.. in AUC,... in | Predicted AUCq.an Fold-
healthy Healthy severe Rl | AUCp qnat [atSSin Increase
Volunteers | Volunteer after SSin animal in animal
receiving after single | single Severe RI studies AUCy.04 1
6.5 days oral 200 oral 200 Patients at SS
400 mg mg dose mg dose (AUCay s = compared
BID AUC,... 'singls to severe
- RI
dose» .
_ predicted
AUC0-24h,ss - AUC0_24h at
2X ss
AUCas5)
BRV 123 63.1 76.5 153 6795 44-fold
(Uch pg*h/mL Hg*hr/mL pg*hr/mL | o*hr/mL pg*hr/mL
34714) (4-week
rat study)
carboxylic | 7.52 3.51 11.4 22.8 195 8.5-fold
acid ug*hr/mL ug*hr/mL ug*hr/mL | pg*hr/mL ug*hr/mL
metabolite (4-week
(ucb rat study)
42145)
hydroxy 10.8 14.1 57.5 115 1231 10.7-fold
metabolite | yg*hr/mL ug*hr/mL ug*h/mL ug*hr/mL ug*hr/mL
(ucb- (4-week
100406-1) monkey
study)
Hydroxy- 254 1.67 35.8 71.6 1818 25-fold
acid ug*hr/mL ug*hr/mL ug*h/mL ug*hr/mL ug*hr/mL
metabolite (13-week
; rat study)
(ucb
107092-1)
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These animal exposures exceed predicted SS exposure in severe Rl patients, the
actual clinical dose (100 mg bid, or 200 mg/day) will be half of the single 200 mg
dose administered in this study, there were no significant safety signals identified in
these non-clinical studies (please refer to the pharmacology/toxicology review of Dr.
Edward Fisher for details) and the metabolites are not pharmacology active at the
intended target site(s). Though altered blood pressure, heart rate, and so-called
“minor” QT modifications were reported by the Sponsor, the safety reviewer
indicates that the main safety signals of BRV are neurologic disorders (dizziness,
fatigue/somnolence), psychiatric disorders (aggression/irritability, suicidality), and
falls/injuries. Overall, the use of BRV with no dose adjustment in patients with
severe Rl is acceptable.
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4.4.9

NO1111: Hepatic Impairment Study (Phase 1)

Study Report#

RPCEO3L0501 / NO1111

Title Open-label, parallel group, not randomized, pharmacokinetics study of a single
oral administration of 100 mg ucb 34714 (50 mg capsules) in health subjects and
patients with impaired liver function (Child-Pugh classes A, B, and C)

Objectives Primary: Assess the effect of hepatic impairment on BRV PK

Secondary: Assess safety and tolerability of BRV use in patients with hepatic
impairment

Study Design

Open-label, monocenter, parallel group, single dose administration study

Duration

4 weeks maximum (3 weeks screening, 4-day treatment period)

Dosage and
Administration

Subijects received a single 100 mg oral BRV dose (2 x 50 mg capsule)

PK
Assessment

Plasma PK samples: pre-dose and 0.5 h, 1 h, 1.5h,2h, 3 h, 4 h, 6 h, 9h, 12 h,
24 h, 36 h, 48 h, 60 h, 72 h, 84 h and 96 h post-dose.

Urine PK samples: Days 1, 2, 3, 4 and 5 after the study drug administration
(collection intervals were in 12-hour intervals until 96 hours post-dose).

PK Analyses (all species): Cmax, tmax, Az, t1/2, AUC(0-t), AUC, Ae, fe , and
CLR

PK Analyses (BRV only): CL/F, CLu/F, CLNR, CLRu, CLNRu, Vz/F, Vzu/F, and
MRT

PK Analyses (metabolites only): CLfm/F.

Ninety percent (90%) confidence intervals around Cmax, and AUC ratios (each
Child-Pugh class and healthy subjects) were computed. No effect of hepatic
impairment on the pharmacokinetics of ucb 34714 would be concluded if the
confidence interval for AUC and Cmax was lying entirely within 80.0-125.0% of
reference boundaries.

Protein binding was measured in plasma one hour post-dose.

Bioanalytical
Methods

The parent drug ucb 34714 and metabolites uch 42145, ucb-100406-1 and ucb-
107092-1 were measured in urine samples using the same LC-ESI/MS/MS assay
after 10-fold dilution with blank plasma. The results are presented together.

HPLC-MS/MS Analytical Methods for Plasma and Urine Concentrations

Analyte Name | Brivaracetam Carboxylic Hydroxy Hydroxy Acid
Acid Metabolite Metabolite
Metabolite
Analyte ID uch 34714 ucb 42145 ucb-100406-1 | ucbh-107092-1
Internal ®@ ® @
Standard (IS)
Plasma
Standard 10, 20, 45, 10, 20, 45, 10, 20, 45, 10, 20, 45, 100,
curve 100, 200, 450, | 100, 200, 100, 200, 450, | 200, 450, 1000,
concentrations | 1000, 2000 450, 1000, 1000, 2000 2000 ng/mL*
ng/mL 2000 ng/mL* | ng/mL*
Standards -1.6to 1.6% -1.6t04.2% | -3.3t04.3% -3.210 6.6%
accuracy
Standards 1.9t0 4.0% 1.7t05.0% 1.41t04.3% 2.21t07.4%
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precision | | | |
Plasma and Urine (Results Averaged Over All Runs

QC 35, 150, 1800 9.95, 74.7, 9.34, 70, 1681 | 9.5, 71.3, 1710

concentrations | hg/mL 1792 ng/mL* | ng/mL* ng/mL*

QC Accuracy | -0.9t0 1.3% -4.9102.6% |-2.3t010.3% | -6.410 2.4%

QC Precision 7.210 9.0% 8.91012.9% | 3.31t05.4% 8.41012.3%

Storage Conditions at Investigator’'s Sites (-20 degrees C)

Plasma QC 35.2, 151 and

Concentrations | 1811 ng/mL

Plasma QC 2.1t0 12.8%

Accuracy

Urine QC 352, 1509 and

Concentrations | 18108 ng/mL

Urine QC -4.8t0-10.3%

Accuracy

LLOQ’s

Plasma LLOQ | 10 ng/mL 1.99 pg/mL* | 1.86 pg/mL* 1.85 pg/mL*

Urine LLOQ 100 ng/mL 19.9 pg/mL* | 18.6 pg/mL* 18.5 pg/mL*
*The metabolites are presented as “effective concentrations” (ng eq ucb
34714/mL).

IS (b) (4)
IS (0) @)

[Reviewer comment: The assay validation is acceptable.]

Population/ N=26 male or female subjects age 18 to 65 years that were healthy or suffered
Demographics | from chronic liver disease (Child-Pugh A, B, or C). Creatinine clearance was 2 80
mL/min in Healthy subjects (Group D) and subjects with Child-Pugh score A or B.
Subijects with Child-Pugh score C (Group C) had creatinine clearance = 70
mL/min. Severity of the hepatic impairment was assessed according to the
classification of Child-Pugh i.e., a score from 5 to 6 for group A, from 7 to 9 for
group B and from 10 to 15 for group C.

Inclusion Criteria (general):

1. Male or female age between 18 and 65 years inclusive.
2. Non smokers or smokers less than 20 cigarettes per day.
3. Females of childbearing potential must use adequate birth control

Inclusion Criteria (healthy group, Group D):

Good physical and metnal health

Normal vital signs

ECG is normal or abnormal but not clinically significant
Results of clinical laboratory tests within the reference ranges.
Estimated CRCL (Cockroft Gault method) above 80 mL/min

©NOOA

Inclusion Criteria (Hepatic Impairment Groups: A,B,C):

9. Subjects with clinical criteria usually found in patients with chronic hepatic
insufficiency using Child-Pugh classification (a score from 5 to 6 for group A,
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7 to 9 for group B and from 10 to 15 for group C.)
10. Results of laboratory tests within the reference ranges excepte those usually

found abnormal in subjects with chronic hepatic insufficiency.

11. ECG is normal or abnormal but not clinically significant
12. Estimated CRCL > 80 mL/min (Cockroft Gault method) for groups A and B, >
70 mL/min for group C

Exclusion Criteria (general):

1. Pregnant or lactating women
2. Use of proton pump inhibitors

Exclusion Criteria (healthy group, Group D):

3. gastrointestinal disease that could potentially influence absorption, including

motility disorders.
4. With any clinically important systemic disease

5. Any drug treatment, prescription or OTC, within 14 days of first study drug
intake (except for paracetamol [acetaminophen] < 2 g/day, hormonal
contraceptives for post-menopausal hormonal replacement therapy). Use of
drugs during clinical trial

6. Use of drugs within past 2 months that induce or inhibit metabolizing

enzymes

Exclusion Criteria (Hepatic Impairment Groups, A.B.C):
7. Clinically important systemic disease, other than hepatic insufficiency

8. Acute liver failure
9. Biliary cirrhosis

10. Drugs indicated for hepatic impairment, unless on stable dose for at least 14
days prior to first dose
11. Drugs known to affect hepatic metabolism within the 2 months prior to the
first liver function test

PK Results

Table N01111-1: BRV PK Parameters (Geometric Mean, %CV) By Arm

Pharmacokinetic Parameters of Bnivaracetam (Geometnc Mean (CV%)) (ITT Population)

Healthy Child-Pugh A | Child-PughB | Child-Pugh C
(N=6) (N=6) N=7) (N=T7)
AUC (0) (ugh/ml) 29.5(25.2) 442(410) 46.1(168) 464 (16.1)
AUC (ugh/ml) 297(52) 446(41.1) 46.7(174) 471(16.2)
Coue (ug/mL) 2.86 (39.3) 321(174) 286 (143) 2.62 (26.6)
tow” (1) 1.00 (0.47-15) | 0.50(0.50-2.00) | 0.50(0.50-1.00) | 0.53(0.50-1.5)
te () 9.79 (30.0) 14.2(245) 16.4 (104) 174 (10.8)
CLF_(mL/'minkg) 0.711 (26.4) 0.537(26.2) 0.481(14.5) 0.464 (13.7)
V,F (Lkg) 0.60(17.6) 0.66 (12.5) 0.68 (9.35) 0.70 (13.1)
Ae (mg) 7.47 (61.0) 823(45.7) 642 (638) 8.41 (35.6)
fo (%) 7.47 (61.0) 823(457) 642 (638) 8.41 (35.6)
CL; (mL'minkg) 0.0531 (51.5) 0.0442 (53.0) 0.0309 (74.7) 0.0390 (42.7)
(L (mL/'minkg) 0.651(29.2) 0.489 (27.1) 0.444(13.9) 0.423 (12.8)
CLys /CLF (%) 91.6 91.1 923 912
MRT (b) 12.0 21.6) 16.5 (18.3) 20.5 (13.1) 20.5 (9.6)
CL,F (mL/'minkg) 0.893 (30.9) 0.676 (28.5) 0.575(18.6) 0.558 (15.8)
V. F Lkg) 0.76 (14.7) 0.83 (12.0) 082 (125) 0.84 (13.5)
CLy, (mL/minke) 0.0666 (53.0) 0.0556 (55.2) 0.0369 (75.6) 0.0468 (44.8)
CLyg (mL/minkg) 0817 (33.7) 0.616 (29.1) 0.532(18.1) 0.509 (14.7)
" Median (range)
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Figure N01111-1

: BRV Exposure by HI Status

Cmax | T CPA Vs HV - BRV
AUC | | | * CPA vs HV - BRV
Cmax ¢ : CPB vs HV - BRV
AUC § § ; * CPB vs HV - BRV
CMmay ——— § CPC vs HV - BRV
AUC i ' § ¢ CPC vs HV - BRV
I I I T
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GMR Estimate and 90% ClI
This plot shows AUC.
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Table N01111-2: Carboxylic Acid Metabolite Exposure By HI Status

Child-Pugh  Child-Pugh  Child-Pugh
Healthy A B C
n 6 6 7 7
AUC == geometric mean 1823 3098 3485 2839
AUC e %CV 32.1 55.8 15.5 13.9
Cmax geometric mean 138 177 149 144
Cmax % CV 18.1 51.5 25.4 15.7

Figure N01111-2: HI Effect on Carboxylic Acid Metabolite (ucb 42145) PK
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Results are expressed as mean + SD

Reference ID: 3803545




NDA 205.836 205.837 205.838 (0000) Page 134 of 268
® @™ (Brivaracetam oral tablet / IV solution / oral solution)

Table N01111-3: Hydroxy Metabolite Exposure By HI Status

Child-Pugh  Child-Pugh  Child-Pugh
Healthy A B C
n 6 6 7 7
AUC o= geometric mean 3734 2323 1302 797
AUC o= %CV 69.7 93 53.9 48.9
Cmax geometric mean 131 67.9 27.8 20.6
Cmax % CV 79.2 95.1 32.6 45.7

Figure N01111-3: HI Effect on Hydroxy Metabolite (ucb-100406-1) PK
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Results are expressed as mean + SD
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Table N01111-4: Hydroxyacid Metabolite Exposure By HI Status

Child-Pugh  Child-Pugh  Child-Pugh
Healthy A B C
n 6 6 7 7
AUC o= geometric mean 699 1001 921 350
AUC o= %CV 40.3 87.7 50.3 21.3
Cmax geometric mean 32.3 42 30.8 12.7
Cmax % CV 40.5 76.7 42.1 24.4

Figure: N01111-4: HI Effect on Hydroxy Acid metabolite (ucb-107092-1) PK
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Results are expressed as mean + SD

Safety

The most frequent TEAEs were somnolence (42.3%), orthostatic hypotension
(26.9%), vertigo (23.1%) and hypotension (11.5%). All TEAEs were mild or
moderate. No SAEs were reported. The incidence of TEAEs was comparable in
each of the 4 arms (healthy versus CPA, B, and C).

Table N01111-2: Overall TEAE Rate By Treatment Arm

Healthy Croup A Croup B Croup C
(N=6) N=6) N=T7) N=7)
n (%) n (%) n (%) n (%)
Total number of TEAEs 20 13 9 9
Subjects with at least one TEAE 5(83.3%) 4 (66.7%) 5(714%) 5(71.4%)
Subjects with drug-related TEAE= 5 (83.3%) 3 (50.0%) 5 (714%) 3(429%)
Subjects with severe TEAEs 0 0 0 0
Subjects with Serious AEs 0 0 0 0
Number of deaths 0 0 0 0
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Table N01111-3: Detailed TEAE Rate By Treatment Arm

Primary SOC He.altiy Cr?up A Cr?up B Cr?up C
Preferred Term N=6) (N=6) N=7) N=7)
n (%) n (%) n (%) n (%)
Cardiac Disorders 2@333) 0 1(14.3) 0
Sinus bradycardia 1(167) 0 0 0
Sinus tachyeardia 1(167) 0 1(14.3) 0
Ear and Labyrnth Disorders 2(333) 1(16.7) 1(14.3) 2(28.6)
Vertigo 2(333) 1(16.7) 1(14.3) 2(28.6)
Gastrointestinal Disorders 1(16.7) 2(33.3) 0 1(14.3)
Diarrhoea 1(16.7) 0 0 0
Nausea 0 1(16.7) 0 0
Saliva altered 0 0 0 1(14.3)
Toothache 0 1(16.7) 0 0
Nervous System Disorders 5(833) 3(50.0) 4(57.1) 0
Dizziness 1(16.7) 0 0 0
Headache 1(16.7) 0 0 0
Somnolence 4 (66.7) 3(50.0) 4(57.1) 0
Vascular Dizorders 4(66.7) 1(167) 1(14.3) 4(57.1)
Drastohic hypertension 1(167) 0 0 0
Hypertension 1(167) 0 0 0
Hypotension 1(16.7) 1(16.7) 0 1(14.3)
Orthostatic hypotension 3 (500) 0 1(14.3) 3(42.9)

[Reviewer comment: Overall, the TEAE rates are comparable or lower in the
hepatic impairment arms compared to the healthy subject arm.]

Sponsor’s
Conclusions

e BRV CLyr represented 92% of the apparent total body CL in healthy
subjects.

e Cumulative renal urinary excretion of brivaracetam was comparable between
the 4 arms (6.4% to 8.4%).
BRV was safety and well-tolerated in the present study

BRYV exposure increased 50% - 58% in subjects with hepatic impairment.
® @)

[Reviewer comment: LA

the current submission recommended
a reduced starting dose and a reduced maximum dose. See the Reviewer
Comments below for details. ]

Reviewer
Comment

A 50%-58% increase in BRV AUC,.. was observed in subjects with Child-Pugh
A, B, as well as C compared to healthy controls. The exposure-efficacy
relationship for BRV indicates a “plateau” of efficacy change at the exposures
achieved from the clinical doses. However, relatively flat dose/exposure-safety
relationships for BRV were observed for the most common adverse events
(somnolence, dizziness, and fatigue are common adverse events).

As the three metabolites are not pharmacology active at the intended target
site(s), the decreases of hydroxy metabolite (ucb-100406-1) exposure in Child-
Pugh A, B, C as well as decreases of hydroxy-acid metabolite (ucb-107092-1) in
Child-Pugh C are not expected to result in a loss of efficacy.
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Both the increased carboxylic acid metabolite (ucb 42145) exposures in Child-
Pugh A, B, and C as well as the increased hydroxy-acid exposures in Child-Pugh
A and B were increased in comparison to healthy subjects. However, these
metabolite exposure increases are not expected to result in safety or tolerability
issues. This conclusion is based on non-clinical studies which rats and monkeys
experienced metabolite exposures in excess of those observed in hepatic
impairment subjects for several weeks (see the ISR for study NO1109 for details).

® @

in the current submission proposes a dose
reduction. The Sponsor’s proposed dosing for patients with hepatic impairment of
any severity is 50 mg/day (25 mg twice/day) as the starting dose, and a
maximum dose of 150 mg/day (75 mg twice/day).

However, due to the flat BRV exposure-safety relationship for the common
adverse events (e.g. somnolence, dizziness, and fatigue are common adverse
events), as well as the safety profile reported in the current study, and the non-
clinical support of the metabolite exposures, the Sponsor’s upper dose limit of
150 mg bid seems unnecessary. For the same reasons, the reduced starting
dose is unnecessary. Overall, no dose adjustment is required for hepatic
impairment.

Please refer to section 3.0 for detailed labeling recommendations.
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4.4.10

NO1114: Dose-Ranging, 50 and 150 mg/day oral capsules (Phase 2)

Study Report#

RPCEO02K0301 / N01114

Title

A multicenter, double-blind, randomized, placebo-controlled, 3 parallel groups,
dose-ranging trial evaluating the efficacy and safety of ucb 34714 used as
adjunctive treatment at doses of 50 and 150 mg/day in b.i.d. administration (oral
capsules of 25 mg) for a maximum of 12 weeks in subjects from 16 to 65 years with
refractory epilepsy suffering from partial onset seizures whether or not secondarily
generalized

Objectives

Primary: Assess efficacy 50 mg/day bid and 150 mg/day bid

Secondary: Assess dose/response, safety and tolerability, seizure-free days
Exploratory: Assess population PK (identify covariates and impact of BRV on
concomitant AED plasma levels), quality of life measures

Study Design

International, double-blind, randomized, placebo-controlled, parallel-group, dose-
ranging study

Administration

Duration 18 weeks, 12 weeks exposure to BRV (4-week baseline period, 10 week treatment
period [3-week up-titration, and 7-week maintenance period], 2-week down titration
or conversion period, 2-week study-drug-free period [for down-titrated subjects])

Dosage and After baseline period, patients were randomized 1:1:1 to placebo, BRV 50, or 150

mg/day as oral capsules administered BID (2 equal intakes, morning and evening).
Subijects were titrated over a period of 3 weeks, and underwent a 7-week
maintenance period (for a total of 10 weeks as the Treatment Period). Patients were
down-titrated over a period of 2-weeks and then underwent a 2-week study-drug-
free period.

1
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\ "
| ] H
I '
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PK Trough BRYV (parent only) plasma level was determined at Week O (randomization),
Assessment | Weeks, 3, 4, 7, 10, 13 (or early discontinuation).
Bioanalytical HPLC-MS/MS Analytical Methods for BRV Plasma Concentrations
Methods Analyte Name Brivaracetam
Analyte ID ucb 34714
Internal Standard (IS) s
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Standard curve concentrations | 10, 20, 50, 100, 200, 500,
1000, 2000, 4000 ng/mL

Standards accuracy -4.0 to0 3.9%

Standards precision 2.8106.2%

QC concentrations 30, 300, 900, 3600 pg/mL

QC Accuracy -4.6 to 4.4%

QC Precision 9.2t0 11.7%

LLOQ 10 ng/mL

[Reviewer comment: The assay is acceptable.]

Population/ N=157
Demographics | Inclusion Criteria:

1. Male and female patients with epilepsy age 16 to 65 years

2. Focal epilepsy or epileptic syndrome, history of partial onset seizures

3. Refractory while receiving 1 or 2 co-AEDs (Vagal nerve stimulation allowed, but
not counted as a co-AED).

4. Females of childbearing potential must use acceptable birth control

Exclusion Criteria:

1. Use of felbamate or vigabatrine

2. Use of drugs with possible CNS effects unless stable for 1 month prior to Visit 1
and for whole study period. Benzodiazepines taken more than once/week (for
any indication) is considered as a concomitant AED.

Use of drugs that influence BRV metabolism (2C or 3A potent inhibitors) unless
stable for 1 more before visit 1 and for entire study duration.

Impaired hepatic function (ALAT/SGPT, ASAT/SGOT, ALP, GGT > 3 x ULN)
Creatinine CL < 50 mL/min

Clinically significant ECG abnormalities

Pregnant/lactating women

w

NO O

[Reviewer comment: Use of levetiracetam was permitted in this study.]

PK Results The population pharmacokinetics (PK) of brivaracetam (BRV) in two Phase Il
studies (NO1114, NO1193) and three Phase lll studies (N01252, N01253, N01358)

PK results from these studies are pooled and provided in the ISR for N01358.

Efficacy Table N01114-1: Percent Reduction Compared to Placebo in POS Per Week
Throughout Maintenance Period
Partial onset seizure frequency per PBO BRV 50 BRV 150
week (type I) (Maintenance period) N=52 N=5§3 N=52
LS means (log transformed) 1.278 1.119 1.132
LS means (back-transformed) 2.590 2.062 2.103

Difference vs. Placebo

% reduction over Placebo 14.7% 13.6%
2-sided 95% confidence interval (-2.7%, 29.2%) (-4.1%, 28.3%)
p-value 0.093 0.124

The estimated percent reductions over placebo in the partial onset seizure
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frequency per week (type I) over the Maintenance period were 14.7% and 13.6% in
respectively the BRV 50 and BRV 150 groups. Those reductions over placebo were
not statistically significant at the 5% significance level (see table below).

Safety

1.

TEAESs were experienced by 76.9%, 73.6%, and 67.3% of subjects in the
placebo, BRV 50 mg bid, and BRV 150 mg bid group, respectively. The most
frequent TEAEs were headache (10.2%), fatigue and nausea (8.9%),
nasopharyngitis (7.6%), somnolence (7.0%), and dizziness (6.4%).

There were no medically relevant differences between the three treatment
groups.

5 SAEs occurred in PBO group, 1 SAE in the BRV 50 mg bid group, 3 in BRV
150 mg bid group

Sponsor’'s
Conclusions

Though BRYV did not present a statistically significant improvement over
placebo, the 14.7% and 13.6% improvement compared to placebo 50 mg/day
bid and 150 mg/day bid demonstrate a clear differentiation from placebo on
secondary analyses.

There was no evidence of additional benefit after brv 150 mg/day

BRV 50 mg/day and 150 mg/day as bid were well-tolerated

Reviewer
Comment

The study did not appear to present any new safety signals due to BRV.

The efficacy results from this study and study N01252 are not consistent with
the results from study N01193 or N01253. While the 50 mg dose in this study
did not provide a statistically significant reduction in seizure frequency over
placebo (13.6% reduction compared to placebo, p=0.093) in this study or study
NO01252, in study N01193 and N0125 showed that the 50 mg dose did provide a
statistically significant improvement compared to placebo. The reason for the
difference in the efficacy of the 50 mg dose across the studies is not clear.
Please refer to the medical officer’s review for more information about the
acceptability of the 50 mg/day bid (25 mg twice per day) dose level.

For insight into the population pharmacokinetic analyses and exposure-efficacy
analyses, please refer to the pharmacometric portion of this review.
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4.4.11 NO1118: Elderly PK Study (Phase 1)

Study Report#

RPCE02L0401 / N01118

Title Multicenter, open-label, pharmacokinetic, safety and tolerability study of a single
dose followed by a 10 day b.i.d. dosing regimen of ucb 34714 administered twice a
day orally as 200 mg capsules in healthy elderly volunteers.

Objectives Primary: Assess oral BRV PK in elderly volunteers

Secondary: Gain information on BRV safety in volunteers

Study Design

Multicenter, open-label study

Duration

7 weeks from screening to discharge (10 days BRV treatment)

Dosage and
Administration

N=16 subjects received a single oral dose of ucb 34714 (200 mg, oral capsule) on
Day 1 followed by a twice daily oral dose from Day 3 to Day 11 (400 mg/day). A
single oral dose was administered on the last treatment day (Day 12).

PK
Assessment

Plasma Samples:

Day 1: pre-dose, 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12 hours post single dose;
Day 2: 24 and 36 hours post single dose;

Day 3: 48 hours post single dose;

Days 6, 8 and 10: pre-morning dose;

Day 12: pre-dose, 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12 hours post-dose.

Urine Samples:

Day 1 : pre-dose and fraction 0-12 h;
Day 2 : fractions 12-24 h and 24-36 h;
Day 3 : fraction 36-48 h;

Day 12: fraction 0-12 h.

PK Analyses:

For ucb 34714:
Day 1: AUC(0-t), AUC, Cmax, tmax, t¥2, CL/F, Ae, fe, CLR.
Day 12: AUCtau, Cmax, tmax, CLSS/F, Ae,tau, fe, CLR, LF, R.

For ucb-100406-1, ucb 42145 and ucb-107092-1:
Day 1: AUC(0-t), AUC, Cmax, tmax, t¥2, Ae, fe, CLR
Day 12: AUCtau, Cmax, tmax, Ae,tau, fe, CLR.
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Bioanalytical
Methods

The parent drug ucb 34714 and metabolites ucb 42145, ucb-100406-1 and ucb-
107092-1 were measured in urine samples using the same LC-ESI/MS/MS assay
after 10-fold dilution with blank plasma. The results are presented together.

HPLC-MS/MS Analytical Methods for Plasma Concentrations

HPLC-MS/MS Analytical Methods for Urine Concentrations

Analyte Name Brivaracetam | Carboxylic Hydroxy Hydroxy Acid
Acid Metabolite Metabolite
Metabolite
Analyte 1D uch 34714 uch 42145 uch-100406-1 | uch-107092-1
Internal ®®@ ® @
Standard (IS)
Standard curve 50.0 100 250
concentrations 500 750
1000 1500 0.002 to 2 ug eg/mL
2000 ng/mL
Standards -511t04.2% | -4.8t0 3.0% -3.31t0 3% -4.8t0 3.9%
accuracy
Standards 3.4109.8% 1.8t06.1% 1.2t03.1% 1.7 t05.4%
precision
QC 0.150, 0.600 "
concentrations 1.75 pg/mL 0.010, 0.075 and 1.75 pg/mL
QC Accuracy -0.4 10 5.8% -9.2 10 3.5% -2.810 2.7% -1.310 9.7%
QC Precision 5.9, 8.9, 6.6 to 10.5% 4.4 t0 6.4% 5.2106.8%
18.2%
LLOQ 0.05 pg/mL 0.002 ug eg/mL
*The metabolites are presented as “effective concentrations” (ng eq ucb 34714/mL).
IS ®@
IS OIC)

Analyte Name Brivaracetam Carboxylic Hydroxy Hydroxy Acid
Acid Metabolite Metabolite
Metabolite
Analyte 1D uch 34714 uch 42145 uch-100406-1 | ucb-107092-1
Internal ®@ ® @ ®®@ ® @
Standard (IS)
Standard curve 0.25to0 10 1.854.6318.5
concentrations 0.251t0 10 0.25t0 10 pMg/mL* 46.3 92.6 463
pg/mL pg/mL* 926 1852
ng/mL
Standards -1.2t0 1.7% -1.2t01.7% | -3.1t0 2.9% -6.1t0 6.9%
accuracy
Standards 1.0to 5.5% 12t04.6% | 0.41t04.4% 1510 6.4%
precision
QC 0.750, 3.00 0.750, 3.00 0.750, 3.00 9.26, 69.4 and
concentrations and 8.80 and 8.80 and 8.80 1667 pg/mL
pgg/mL pg/mL* pg/mL*
QC Accuracy -3.310 -0.9% -3.210-1.5% | -4.5t0 0.1% -2.110 7.5%
QC Precision 3.5t04.1% 2.6 10 4.6% 2.4 10 3.7% 2.1t06.7%
Urine LLOQ 0.25 pg/mL 0.25 pg/mL* 0.02 pg/mL*
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[Reviewer comment: The assays are acceptable.]

Population/
Demographics

N=16 health male and postmenopausal female subjects age = 65 years. There
was 10 subjects age 65-75 years who finished the study and 5 subjects age > 75
years who finished the study.

Inclusion Criteria:

1.
2.
3.

Healthy male or postmenopausal female age = 65 years
Good physical and mental health (according to age group)
Renal function within normal for age and gender
a. For males from 65 to 75 years old inclusive: = 55 mL/min.
b. For females from 65 to 75 years old inclusive: = 50 mL/min.
c. Formales > 75 years old: 2 45 mL/min.
d. For females > 75 years old: 2 40 mL/min.
Normal liver function tests, absence of hepatic disease or impaired liver
function
ECG is normal or abnormal but not clinically significant (for age of subject)
Results of clinical laboratory tests within reference range from the laboratory

Exclusion Criteria:

1.

2.

4.

hepatic, renal, gastrointestinal or other disorder that may affect drug ADME or
constitute a risk factor when taking the study drug

Gastrointestinal disease with potential to influence the absorption, including
motility disorders.

Any drug treatment, prescription or OTC, within 14 days of first study drug
intake (except for paracetamol [acetaminophen] < 2 g/day, hormonal
contraceptives for post-menopausal hormonal replacement therapy). Use of
drugs during clinical trial

currently smoking and not able to stop during the clinical phase of the study

PK Results

Figure N01118-1: Mean + SD BRV (ucb 34714) PK Profile
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Figure N01118-2: Mean + SD Carboxylic Acid Metabolite (ucb 42145) PK Profile
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Figure N01118-3: Mean + SD Hydroxy Metabolite (ucb 100406-1) PK Profile
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Figure N01118-4: Mean * SD Hydroxy-Acid Metabolite (ucb-107092-1) PK Profile
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Table N01118-1: Geometric Mean (CV%) PK Parameters and Urinary Excretion of
BRV and Metabolites

Parameters ucb 34714 ucb-100406-1 ucb 42145 ucb-107092-1

Day 1 | Day 12 Day 1 Day12 | Dayl | Day12 | Dayl | Day 12

Conax (g/mL) 5935 | 8.751 0.4315 1253 | 0.3084 | 0.5016 | 0.1003 | 0.2285
(24.4%) | (19.9%) | (45.8%) (33.0%) | (28.0%) | (19.0%) | (26.1%) | (24.2%)

toax > (h) 1.50 1.50 12.00 4.00 4.00 3.00 6.00 4.00
(0.5-3.0) | (0.5-4.0) | (9.0-12.1) | (0.5-6.0) | (3.0-9.0) | (2.0-6.0) | (6.0-9.0) | (3.0-6.0)

AUCY (g.h/mL) 7294 | 63.59 13.89 1419 | 4625 | 3822 | 2281 | 2332
(18.2%) | (15.0%) | (39.3%) | (32.7%) | (27.4%) | (24.8%) | (25.1%) | (24.5%)

t, (h) 8.316 -© 11.34 - 8.215 -© 12.29 -©
(16.1) (18.7%) (23.1%) (6.1%)

CL/F” (mL/minkg) | 0.6624 | 0.7598 -© -0 O -9 -© -9
(15.0%) | (15.6%)

Ae®™ (mg) 1783 | 25.80 44.28 7201 | 3752 | 4087 | 27.40 | 37.86
(30.6%) | (21.3%) | (40.0%) | (31.3%) | (32.5%) | (22.9%) | (34.6%) | (22.5%)

f. (%) 8914 | 1290 22.14 36.00 | 18.76 | 2044 | 1370 | 18.93
(30.6%) | (21.3%) | (40.0%) | (31.3%) | (32.5%) | (22.9%) | (34.6%) | (22.5%)

CLg (mL/min/kg) 0.0588 | 0.0980 0.8532 1.226 1.972 2.583 3.099 3922

(30.1%) | (26.2%) | (32.4%) | (23.1%) | (30.7%) | (21.2%) | (34.6%) | (27.0%)

@ Median (min-max)
®) AUC. CL/F. Ae on Day 1 and AUCT. CLss/F. Aet on Day 12. respectively.
© Not determined

[Reviewer comment: The Cmax values of BRV as well as all metabolites increase on Day
12 compared to Day 1.

In the table above, the Sponsor is comparing AUCq. pay 1 to AUCy,, Day 12 (SS). In
theory, the AUC during one dosing interval at steady state is the same as the AUC from
zero to infinity after the first dose. However, the BRV AUCy,, on Day 12 is about 13% less
than the AUC ¢ pay 1. Please refer to the comments at the end of the review for discussion.

In terms of accumulation, Sponsor indicates that the mean BRV AUCy,, on Day 1 is 43.27
Hg*h/mL and on Day 12 is 63.59 ug*h/mL. The Sponsor computes an accumulation ratio of
1.47 based on AUCtau on Day 12 compared to Day 1.
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Table N01118-2: AUC,,, Comparison on Day 1 and Day 12

BRV (ucb 34714) .
Parameter Ratio
Day 1 Day 12
AUC,,
43.27 (19.1% 63.59 (15% 1.47
Mean (%CV) (19.1%) (15%)

This reviewer concurs with the accumulation ratio estimate based on AUC,,.Such
accumulation is comparable with that observed in non-elderly adults. ]

Safety Table NO1118-3: Summary of Treatment Emergent Adverse Events
. . 65-75 years| > 75 years Male Female Overall
Treatment-emergent AEs n=10 n=6 n=8 n=8 0= 16
n (%) With > 1 treatment-emergent AE | 9 (90.0%)[ 5 (83.3%)[ 6 (75.0%)| 8 (100%) [ 14 (87.5%)
n (%) discontinued due to an AE 0 1 (16.7%)| 1 (12.5%)| 0 1 (6.3%)
n (%) with = 1 drug-related AE 9 (90.0%)| 5 (83.3%)| 6 (75.0%)| 8 (100%) |14 (87.5%)
n (%) with = 1 severe AEs 0 1 (16.7%)| 1 (12.5%)| 0 1 (6.3%)
1 (%) with > 1 SAE 0 1 (16.7%)| 1 (12.5%)| 0 1 (6.3%)
General disorders
Fatigue 4 (40.0%)| 0 2 (25.0%)| 2 (25.0%) 4 (25.0%)
Feeling drunk 2 (20.0%)| 2 (33.3%)| 3 (37.5%)| 1 (12.5%)| 4 (25.0%)
Nervous system disorders
Dizziness 4 (40.0%)| 3 (50.0%)|2 (25.0%)|5 (62.5%)| 7 (43.7%)
Headache 4 (40.0%)| 2 (33.3%)| 3 (37.5%)| 3 (37.5%)| 6 (37.5%)
Sommnolence 4 (40.0%)| 5 (83.3%)| 3 (37.5%)| 6 (75.0%)| 9 (56.2%)
e All AEs related to study medications were mild
e The most frequent AEs were fatigue, feeling drunk, somnolence, dizziness, and
headache.
¢ Incidence of AEs was similar among age groups
e Cardiovascular findings (SBP, DBP, HR, and RF) were consistent with
previous observations in health subjects.
e The observed QTc prolongation was considered not clinically significant by
investigator
e One subject discontinued due to a SAE (spontaneous paroxysmal atrial
fibrillation) that was considered unlikely to be related to study medication
Sponsor’'s e On Day 12, Cmax and AUC were slightly lower than expected on the basis of
Conclusions single administration, indicating an auto-induction of the metabolism

e Typwas 8.3 hours overall, and 9.1 hours in male subjects. T1/2 in elderly male

subjects is 25% longer than observed in healthy younger male subjects (7.3
hours). This suggests a decrease in BRV metabolism in elderly subjects
compared to non-elderly subjects.

e The % of ucb 34714 (BRV), ucbh-100406-1 (hydroxy metabolite), ucb 42145
(carboxylic acid metabolite) and ucb-107092-1 (hydroxy-acid metabolite),
excreted in urine were higher in the elderly population (9%, 22%, 18% and
14% in N01118) than in the non-elderly adult population (5.4%, 11.4% and
21.7% in NO1067)

e BRV Accumulation from Day 12 to Day 1 based on AUC,, was 1.47

e The point estimate (90% CI) of AUCo. pay 1 / AUCiay, pay 12 GMR is 87.19%
(84.24 — 90.23%). The decrease in BRV Day 1 to Day 12 is likely due to an
auto-induction phenomenon.

e On the basis of these pharmacokinetic results and in the conditions of this
study, no dose adjustment would be necessary in healthy elderly male or
female subjects.
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Reviewer
Comment

Although the BRV C.« values increased by about 50% over 2 weeks, BRV
appeared to be reasonably well-tolerated in elderly subjects (e.g. only one
subject discontinued, and it was due to a SAE that was considered not likely
related to the study medication). Overall, the safety profile for 200 mg bid BRV
use in elderly subjects is comparable to non-elderly adults.

AUC,,, accumulation was comparable in elderly adults (Rauc tau = 1.47 in
current study) and non-elderly adults (Rauctau = 1.5 in NO1067)

Cmax Was 14% greater after multiple 200 mg bid doses to elderly subjects (Day
12 mean Cyax 8.751 [19.9%] ug/mL) compared to multiple 200 mg bid doses to
healthy non-elderly subjects (Day 14 mean C.x 7.65 [26.2%] ug/mL in study
N01067).

AUC,, was 15% greater after multiple 200 mg bid doses to elderly subjects
(Day 12 mean AUC,,, 63.59 [15.0%] ug*h/mL) compared to multiple 200 mg
bid doses to healthy non-elderly subjects (Day 14 mean AUC,,, 55.38 [18.3%]
ug/mL in study NO1067).

Considering the safety profile in the current study, and that the current study
administered 200 mg bid (double the maximum proposed dose for the label),
no dose reduction is required based on the observed Cmax and AUC
elevations in elderly subjects.

Overall, no dose adjustment is necessary in elderly subjects

In theory, the AUC during one dosing interval at steady state is the same as
the AUC,. .. after the first dose (if PK parameters do not change with time).
However, AUCi,, pay 12 IS ~13% lower than AUC,.., pay 1. This is likely due to the
increase in BRV CLyr as well as BRV CLg on Day 12 compared to Day 1

It is not clear why non-renal BRV CLyr increases over time (0.6036 mL/min/kg
versus 0.6618 mL/min/kg on Days 1 and 12, respectively; 9.6% increase over
12 days).

It is not clear why renal CL increases over time for BRV (66% increase) and for
all metabolites. However, the renal CL of BRV is a minor route of elimination
(10-15%) and the change is not likely to result in a clinically significant
reduction of efficacy or increase in AE risk. As the metabolites are not active,
an increase in metabolite renal CL over time is not expected to result in a
reduction of efficacy.
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4.4.12

NO01133: DDI — Carbamazepine (Phase 1)

Study Report#

RPCEO3D1101 /N01133

Title

Monocenter, open label, unilateral metabolic interaction study of ucb 34714 (100,
200 and 400 mg daily) on carbamazepine (= 600 mg daily) during a four-week
bid administration period in 9 adult male subjects suffering from epilepsy.

Objectives

Primary: to evaluate the effect of steady-state ucb 34714 (brivaracetam)
administration on the steady-state plasma levels of CBZ, CBZ-E, and CBZ-diol
Secondary: to gain information on the safety of concomitant ucb 34714 + CBZ.

Study Design

open-label, unilateral interaction trial

Duration

9 weeks

Dosage and
Administration

Subijects received BRV + CBZ extended release (=600 mg daily):

a) 1x50 mg capsule BRYV twice daily from Days 1to 7
(50 mg bid, up-titration, Period A)

b) 2x50 mg capsules BRYV twice daily from Days 8 to 14
(100 mg bid, up-titration, Period B)

c) 1x200 mg capsule BRYV twice daily from Days 15 to 21
(200 mg bid, maintenance, Period C)

d) 2x50 mg capsules BRYV twice daily from Days 22 to 28
(100 mg bid, down-titration, Period D)

PK Sponsor assessed PK of BRV, CBZ, CBZ-E (carbamazepine-10,11
Assessment epoxide), and CBZ-diol (carbamazepine-diol)
Plasma Samples: Plasma samples were obtained before the morning dose of 50
mg (Day 1), 100 mg (Day 8), 200 mg (Day 15), 100 mg (Day 22) and at the end
of the treatment (Day 29).
PK analyses: Sponsor conducted pairwise comparison of CBZ, CBZ-E, and CBZ-
diol exposures on Day 1 (without BRV) compared to Days 8, 15, 22, and 29 (with
BRV) and on discharge (without BRV).
Bioanalytical HPLC-MS/MS Analytical Methods for BRV Concentrations
Methods Analyte Name | Brivaracetam | Carboxylic Hydroxy Hydroxy Acid
Acid Metabolite Metabolite
Metabolite
Analyte ID ucb 34714 ucb 42145 ucb-100406-1 | uch-107092-1
Internal ®@ ®@
Standard (IS)
Standard 10.0 20.045.1 | 2.00 5.00 1.884.7118.8 | 1.87 4.67 18.7
curve 100 200 451 20.0 50.0 47.194.1 471 | 46.7 93.3 467
concentrations | 1002 2004 99.9 500 999 | 941 1882 933 1867
ng/mL 1999 ng/mL | ng/mL ng/mL
Standards -9.0 to 8.0% -7.3105.1% | -5.51t0 8.0% -5.11t0 3.7%
accuracy
QC 0.036, 0.154 10.0, 74.2 9.54, 70.6 and | 9.50, 70.3 and
concentrations and 1.82 and 1806 1717 ng/mL* 1710 ng/mL*
pMg/mL ng/mL*
QC Accuracy | -5.61t0-0.3% -5.9106.4% | 0.7109.7% -6.6 10 9.7%
LLOQ 0.01 pg/mL 0.002 0.002 pg/mL* | 0.002 pg/mL*
pg/mL*

*The metabolites are presented as “effective concentrations” (ng eq ucb 34714/mL).
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HPLC-MS/MS Analytical Methods for CBZ and CBZ-E Concentrations

Analyte Name

Carbamazepine

Carbamazepine-
Epoxide

Carbamazepine-diol

Analyte ID CBZ CBZ-E CBzZ-D
Internal ® @ ® @
Standard (IS)

Standard 2.5,5.0, 10, 1,25,5,75,10 | 1.25,25,5,7.5,10
curve 15, 20 pg/mL Mg/mL Mg/mL
concentrations

Standards -4.2to 11.5% -12.5t0 12.9% -46t07.1%
accuracy

QC 3,1218 pg/mL | 1.5, 6, 9 pg/mL 1.5, 6, 9 yg/mL
concentrations

QC Accuracy [ 1.2t03.3% 6.7 to 16% 4.2t010.7%
QC Precision | 4.0t06.8% 6.9 t0 9.8% 41t04.7%
LLOQ 2.5 pg/mL 1.25 pg/mL 1.25 ug/mL

*The metabolites are presented as “effective concentrations” (ng eq ucbh

34714/mL).
IS
IS

®) @
®) @)

[Reviewer comment: The assays for BRV, BRV metabolites, CBZ, and CBZ
metabolites are acceptable.]

Population/
Demographics

N=9 male subjects with epilepsy receiving steady-state carbamazepine

Inclusion:

1. Male patients with epilepsy age 18 to 65 years
2. Receiving CBZ extended release therapy (= 600 mg bid), on stable dose for 3

months before and during trial, CBZ plasma levels 4-12 pg/mL

Exclusion:

5 Use of other drugs with CNS effects
6 Drugs which may affect BRV metabolism (2C or 3A potent inducers
inhibitors) unless dose is stable or 3 months before and during trial

7 Clinically significant laboratory parameter deviations (ALT/SGPT, AST/SGOT,

GGT > 3 x ULN). Non-significant deviations must be stable for at least 6

months.

8 Clinically significant EGE abnormalities
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PK Results

Figure N01133-1: Mean (* SD on In-data) SS BRV Plasma PK Profile over 4 weeks
of BRV Administration
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Figure N01133-2: Mean (* SD on In-data) SS CBZ Plasma PK Profile Before, During,
and After 4 weeks of BRV Administration
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Figure N01133-3: Geometric Mean (* SD on In-data) SS CBZ-E and CBZ-Diol
Plasma PK Profile Before, During, and After 4 weeks of BRV Administration
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[Reviewer comment: The plot above displays the geometric mean. Sponsor reports the
following CBZ-E concentrations over time (arithmetic mean + SD) as:

1.48 (0.65) , 2.26 (0.74), 2.96 (1.26), 3.46 (1.67), 2.84 (1.01) 1.27 (0.42) on
Day 1 (pre-dose), Day 8, Day 15, Day 22, Follow-up, discharge]

Table N01133-1: Statistical Comparison of SS CBZ. CBZ-E. and CBZ-Diol Plasma
PK Parameters Before, During, and After 4 weeks of BRV Administration

Day pre- CBZ (ng/mL) CBZE (1g/mL) CBZ-diol (ug/mL)
dose Fixed Point Fixed Point Fixed Point
effect® estimate™ effect™ estimate®™ effect™ estimate™

Screening 1 [9.86(8.83:11.02) 1.48 (1.13: 1.94) 2.59(1.77.3.80)

Screening 2 [9.26(7.97:10.75) 1.33(1.01: 1.74) 2.41(1.64:3.53)

Day 1 8.34(6.57: 10.60) 1.38 (1.02: 1.85) 2.65(1.80:3.89)

Day 8 8.74 (7.25:10.53) 104.8% |2.16 (1.69:2.75) 156.6% |2.42 (1.65:3.55) 91.5%

Day 15 8.73(6.98:10.91) 104.6% |2.72(1.94:3.81) 197.7% |2.27(1.55:3.32) 85.7%

Day 22 6.92(4.83:9.93) 83.0% 3.02(1.91:4.79) 219.6% |1.94(1.32:2.84) 73.2%

Day 29 9.27(7.78:11.04) 111.1% |2.67(1.99: 3.59) 194.3% |2.38 (1.62:3.49) 89.9%

Discharge 9.31(6.98:12.43) 111.6% |1.22(0.97:1.52) 88.3% 2.39 (1.63:3.50) 90.2%

@Values are geometric LS means (95% CI)

® point estimate for the Day x / Day 1 pre-dose geometric LS mean ratio (%) derived from ANOVA

[Reviewer comment: The increase in CBZ-E trough concentration on Day 22 is
comparable to the CBZ-E trough increase observed in study N01135 (223%).]

Safety

e TEAESs occurred in 89% (8 of 9) subjects. Of these 6, were considered drug
related

e 1 subject had 2 severe TEAEs (post ictal state, and aggression) which
required hospitalization. These occurred 2-days after the last study drug
intake (during the down-titration).

e The most frequent TEAEs were fatigue (2 subjects) and nasopharynnagitis (2
subjects). Convulsion, dizziness, and “post-ictal state” were experienced by 1
subject each. Aside from the 2 SAEs, other TEAEs were mild.

e subjects exhibited borderline increases (from 430 to 450 ms), and 2 subjects
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showed a prolongation (>450 ms) of QTc, one at 100 mg up-titration Day 8
and one at 100 mg down-titration Day 22. Sponsor did not consider ECG
parameter modifications in this study to be clinically significant.

Sponsor’'s
Conclusions

1. BRV and metabolites increased dose-proportionally across 50, 100, and
200 mg bid BRV administration (when administered concomitantly with
CB2z).

2. BRV 200 mg bid administration resulted in higher BRV in this study
compared to study NO1081. This may be due to the fact that NO1081 was
conducted in healthy subjects and this study in epilepsy patients). Also,
this study utilized XR CBZ while N01081 utilized IR CBZ.

3. BRV dose-dependently increases CBZ-E trough levels, whereas CBZ
trough levels were unaffected at the lower two doses (50 and 100 mg bid
BRV) and reduced CBZ trough 17% after 200 mg bid BRV.

4. CBZ-E plasma concentration remained within the limits of “normal range”
for adults taking other AEDs (increase from 1.4 to 3.0, normal range 1.4
to 4.2 ug/mL), citing a 1998 article by Potter et al. (PMID: 9853982).

5. Theincrease in CBZ-E / CBZ ratio is comparable to the previous CBZ
interaction study (N01081).

6. CBZ-diol concentrations tended to decrease with increasing BRV
exposure

7. The SAEs were likely related to epileptic pathology or treatment. The
ECG findings do not suggest the need for specific precaution for
concomitant BRV + CBZ.

Reviewer
Comment

wn

BRV was administered up to 200 mg bid, whereas the current label is
proposing a maximum dose of 100 mg bid.

BRYV exposure change does not warrant a BRV dose adjustment

CBZ exposure change was not consistent across the 4 weeks of concomitant
BRYV treatment (e.g. +4.8% on Day 8, -17% on Day 22, and +11.1% on Day
29, +11.6% at discharge).

CBZ-E exposure increased 56.6% to 119.6% across Day 8 to 29. At
discharge, the CBZ-E exposure decreased to 11% below Day 1 levels. The
accumulation of the CBZ-E metabolite is likely due to the inhibition of epoxide
hydrolase by BRV.

Sponsor states that the increase in CBZ-E lead to CBZ-E levels that are
“normally” seen in patients receiving CBZ therapy (Sponsor reports normal
range to be 1.4 to - 4.2 ug/mL for CBZ-E).

No new safety findings are apparent from this study report. While the lack of
a safety signal can be viewed as supportive of concomitant CBZ-E and BRYV,
the 4-weeks of concomitant use may not provide adequate safety information
to assess concomitant BRV and CBZ use. However, patients were receiving
600 mg CBZ bid (1200 mg/day), and patients with greater CBZ doses (e.g.
2000 mg/day) may experience tolerability issues with concomitant BRV due
to increased CBZ-E levels.

While the potential for increased toxicity is possible with increased
carbamazepine-epoxide, it may also result in increased efficacy. A
carbamazepine dose reduction should be considered if tolerability
issues arise.
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4.4.13

NO01135: DDI — Carbamazepine (+ VPA) (Phase 1)

Study Report#

RPCEO3E1603/ N01135

Title

Multicenter, open label, unilateral metabolic interaction study of ucb 34714
(100, 200 and 400 mg daily) on carbamazepine (= 600 mg daily) during a four-
week bid administration period in 9 adult subjects suffering from epilepsy and
treated with carbamazepine and valproate (= 500 mg daily).

Objectives

Primary: Assess the effect of steady state BRV on SS plasma levels of CBZ
and metabolites

Secondary:

1. To gain information on the safety BRV use with CBZ + VPA

2. To confirm that BRV does not modify VPA trough levels.

Study Design

Two-center, open-label, unilateral interaction trial

Duration

4 weeks exposure for each subject (9 weeks total)

Dosage and
Administration

Subjects were already receiving CBZ (=600 mg daily) and VPA (=500 mg daily).
BRV was introduced with the background CBZ and VPA as follows:

e Baseline period (3 weeks) : screening.
e Evaluation period (3 weeks) :
0 Up-titration period (1 week) : 50 mg of ucb 34714 bid.
0 Up-titration period (1 week) : 100 mg of ucb 34714 bid.
0 Maintenance period (1 week) : 200 mg of ucb 34714 bid.
e Down-titration (1 week) : 100 mg of ucb 34714 bid.
e Follow-up : 2 weeks without study treatment.

PK
Assessment

Sponsor assessed the trough concentrations of brivaracetam and CBZ, CBZE
and CBZD and VPA. All PK samples were collected before the morning dose.

Plasma PK samples — BRV: Days 1, 8, 15, 22 and 29
Plasma PK samples — CBZ and VPA: Screening (two samples separated by 3-8
days), Days 1, 8, 15, 22, 29, and discharge.

PK Analyses: Sponsor conducted pairwise comparison of CBZ, CBZ-E, and
CBZ-diol exposures on Day 1 (without BRV) compared to Days 8, 15, 22, and
29 (with BRV) and on discharge (without BRV).

Bioanalytical
Methods

HPLC-MS/MS Analytical Methods for Plasma Concentrations
Analyte Name Brivaracetam

Analyte ID uch 34714

Internal Standard (1S) N

Standard curve concentrations | 40, 100, 250, 500, 750, 1000,
1500, 2000 ng/mL

Standards accuracy -4.4 10 5.9%
QC concentrations 150, 600, 1750 ng/mL
QC Accuracy -3.310 0.7%
LLOQ 0.05 pg/mL

[Reviewer comment: The BRV assay has been previously validated. The
performance of this assay is acceptable. Please refer to study N01133 ISR for
details regarding the assay for CBZ, CBZ-E, and CBZ-D.]
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Population/
Demographics

N=9
Inclusion Criteria;

1. Male and female epilepsy patients age 18 to 65 years

2. Reviving CBZ (= 600 mg/day) for at least 3 months and on a stable valproic
acid (VPA) dose for at least 3 months (= 500 mg/day),

3. CBZ concentration 4 to 12 ug/mL

4. VPA concentration 40 to 100 pug/mL (280 to 700 umole/L)

5. Women of childbearing potential were to use an acceptable birth control
method

Exclusion Criteria:

1. Pregnant or nursing

2. Use of other drugs with CNS effects

3. Drugs which may affect BRV metabolism (2C or 3A potent inducers
inhibitors) unless dose is stable or 3 months before and during trial

4. CRCL < 80 ml/min

5. Impaired hepatic function, clinically significant laboratory parameter
deviations (SGPT/SGPT, SGOT/SGOT, alkaline phosphatase, GGT> 3 x
ULN).
Non-significant deviations must be stable for at least 3-weeks (and
attributable to hepatic enzyme induction, due to CBZ or VPA).

6. Clinically significant EGE abnormalities

PK Results

BRYV trough concentrations were approximately proportional between 50 and 200 mg
bid.

Figure NO1135-1: Geometric Mean (+ SD on In-data) BRV Trough Concentration
Profiles
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[Reviewer comment: The Day 22 BRV gmean concentration in the current study is 1.41
pg/mL and the Day 22 BRV gmean concentration is 2.26 ug/mL in study NO1133 (37%

lower BRV concentration). Please refer to the comments at the end of this ISR for
details.]
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Figure N0O1135-2: Geometric Mean (x SD on In-data) CBZ Trough Concentration
Profiles (Grey Box is BRV Dosing Period)
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Figure N01135-3: Geometric Mean (+ SD on In-data) CBZ-D and CBZ-E Trough
Concentration Profiles (Grey Box is BRV Dosing Period)
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Figure N01135-4: Geometric Mean (* SD on In-data) VPA Trough Concentration
Profiles (Grey Box is BRV Dosing Period)
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Table N01135-1: Statistical Comparison of SS CBZ. CBZ-E. and CBZ-Diol Plasma
PK Parameters Before, During, and After 4 weeks of BRV Administration

Daypre. | CBZ (hg/ml) ' CBZE (ngml) CBZD (ngml)

dose Fixed Pox_nt Fixed Po§m Fixed Pon_nt
effect® estimate® | effect® estimate® |effect® estimate®

Screening 1 | 7.23 (5.15-10.16) 1.93 (1.26-2.95) 3.07 (2.14-4.40)

Screening 2 | 7.33(5.85-9.18) 1.83 (1.38-243) 3.10(2.33-4.11)

Day 1 7.51(6.18-9.12) 1.98 (1.46 - 2.69) 3.11 (2.36-4.10)

Day 8 7.26(5.78 -9.10) |96.6% 2.72(196-3.78) |137.3%  |3.19(2.38-4.29)|102.7%

Day 15 7.54(5.80-9.80) |[100.4% 3.53(2.52-496) | 178.3% 2.95(2.28-3.81)|94.9%

Day 22 6.99 (5.71 -8.56) |93.1% 4.43 (3.20-6.15) | 223.7% 3.08 (2.32-4.08) | 99.0%

Day 29 727 (5.67-9.31) |96.8% 3.22 (236 -4.40) [ 162.7% 2.87 (2.09-3.95) | 92.4%

Discharge 776(5.75-10.47) | 103.4% 1.94 (144 -261)|97.9% 2.76 (1.82 —4.18) | 88.8%

@ Values are geometric LS means (95% CI)

® Point estimate for the Day x / Day 1 pre-dose geometric LS mean ratio (%) derived from ANOVA

[Reviewer comment: The increase in CBZ-E trough concentration on Day 22 is
comparable to the CBZ-E trough increase observed in study N01133 (219%).]

Safety TEAEs were observed in 78% (n=7) of subjects, 33% (n=3) of subjects
experienced TEAESs that were considered drug related. 2 subjects experienced
SAEs (“feeling abnormal” and “epilepsy”) and required hospitalization. A limited
increase of SGOT, GGT, and to a lesser extent SGPT increase was observed
(but determined to be clinically insignificant). No QTc values were > 500 ms. A
limited SBP decrease was observed which was not-dose-related was
attenuated with repeat administration

Sponsor’s e CBZtrough levels did not vary significantly after the BRV regimen
Conclusions (compared to before the BRV regimen)

A dose-related increase of mean trough CBZ-E was observed.

VPA levels were not significantly altered after the BRV regimen (compared
to before the BRV regimen)

Reference ID: 3803545
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BRYV has a limited tendency to decrease SBP (no effect on DBP or heart
rate)

ECG changes do not warrant any special warning for BRV+CBZ+VPA.
This study does not suggest the need for any specific warnings for
BRV+CBZ+ VPA.

Reviewer
Comment

The Day 22 BRV mean concentration in the current study is 1.41 ug/mL and
the Day 22 BRV mean concentration was 2.26 ug/mL in study NO1133 (37%
lower BRV concentration). Concomitant VPA use, in combination with CBZ
use, may be causing a BRV decrease (as VPA is not permitted in study
N01133). However, considering the shallow exposure-response relationship
at the 200 mg/day dose level, the 37% BRV decrease from 2.26 to 1.41
ug/mL is not expected to result in a clinically significant reduction in efficacy.
Please refer to the pharmacometrics section of this review for additional
details.

CBZ and CBZz-Diol did not appear to be altered by BRV in the current study.
CBZ-E increased up to 123.7% in the current study. Please refer to the ISR
for study N01133 for labeling recommendations regarding CBZ-E increases
when CBZ is used concomitantly with BRV.

VPA concentrations showed a decreasing trend throughout the concomitant
BRYV treatment. However, in comparison to the changes in VPA PK profile
prior to BRV administration, there is no consistent effect of BRV on VPA.
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4.4.14 NO1170: DDI — Topiramate (Phase 1)

Study Report# | RPCE04K1904 / N01170

Title Monocenter, open label, unilateral interaction study of brivaracetam at steady-state
(200 mg twice daily) on topiramate (200 mg single dose) in 14 healthy volunteers.
Objectives Primary: Assess the effect of steady-state BRV affects single-dose topiramate PK

Secondary: Gain information on tolerability of TPM + BRV

Study Design | monocenter, open label interaction study.

Duration 17 days

Dosage and Brivaracetam (200 mg capsules twice daily) was taken morning and evening from
Administration | Day 5 to Day 16 and once the morning of Day 17. Topiramate (TPM, 100 mg
tablet) was taken on the morning of Day 1 and Day 14.

PK PK samples were acquired pre-morning dose.
Assessment
Plasma PK Samples - BRV: Days 7, 10, 13, 14, and 16

Plasma PK Samples — TPM: Day 1 and 14 at pre-dose, 0.5h, 1h, 1.5h, 2h, 3h, 6h,
9h, 12h, 24h, 48h, 72h and 96 hours after the morning dose

PK Analyses: Cmax, tmax, AUC(0-t), AUC, Az, t}5,CL/F and Vz/F.

Bioanalytical HPLC-MS/MS Analytical Methods for BRV Plasma Concentrations

Methods Analyte Name Brivaracetam
Analyte 1D uch 34714
Internal Standard (1S) ®®

Standard curve concentrations | 50, 100, 250, 500, 750, 1000,
1500, 2000 ng/mL

Standards accuracy -3.6 10 4.0%
QC concentrations 150, 600, 1750 ng/mL
QC Accuracy -4.7 10 1.3%
QC Precision 1.9t0 6.5%
LLOQ 0.05 pg/mL

HPLC-MS/MS Analytical Methods for TPM Plasma Concentrations

Analyte Name Topiramate
Analyte ID TPM

Internal Standard (1S) N
Recovery 99.4 to 105%

Standard curve concentrations | 1.25, 2.50, 6.25, 12.5, 25.0,
62.5, 125 ug/mL

Standards accuracy 97 t0 102%

Standards Precision 1.310 5.0%

QC concentrations 3.75, 37.5, 112.5 yg/mL
QC Accuracy 10510 113%

QC Precision 2.6t07.1%

LLOQ 1.25 yg/mL

*4032041101rep.pdf in module 4221
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[Reviewer comment: The assays are acceptable.]

Population/
Demographics

N=14
Inclusion Criteria:

1. healthy male and female subjects age 18-55 years.
2. Good physical and mental health, normal ECG or abnormal but not clinically
significant, laboratory test results within reference range.

Exclusion Criteria:

1. Hepatic, renal, gastrointestinal or other disorder that may affect drug ADME

2. Heavy caffeine drinkers

3. Current smokers (or smokers within 6 months)

4. Any concomitant treatment (prescription or non-prescription) within 14 days of
first drug administration (paracetamol 2 g/day and hormonal contraceptives 10
g/ 14 days are permitted)

5. Hepatic enzyme inducing drugs

6. Women of childbearing potential unless using acceptable birth control

PK Results

Figure N01170-1: Mean = SD Plasma Concentration Profile for Topiramate
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Table N0O1170-2: Geometric Mean (CV%) Topiramate Single Dose PK With BRV
Versus Without BRV

Parameters Topiramate 200 mg alone® b{iﬁgl:::::::nzlolijﬂn;?g‘zﬁn
Cpax (ng/mL) 3.817(104) 3.735(12.9)
tmax (h) 3.00 (1.50-9.00) 3.00 (0.50-6.00)
AUC g (ng*h/mlL) 126.5(17.6) 120.2 (18.1)
AUC (pg*h/ml) 1429 (18.4) 133.8(17.6)
ti; (h) 29.27(17.4) 26.46 (16.5)
CL/F (mL/min/kg) 0.335(16.9) 0.357 (19.2)
V./F (L'kg) 0.848 (10.9) 0.819 (9.36)

~®Values are geometric means (CV%), t,, values are median (minimum-maximum).
Source: Table 14.2.1:3

Table N01170-2: Statistical Comparison of Topiramate Single Dose PK With BRV
Versus Without BRV

Parameters Test™ topiramate Test versus reference"’
Reference™ : 200 mg and cv® Point
topiramate 200 mg | brivaracetam 200 mg | (%) om 90% CI
bid estimate

AUC (ng*h/mlL) 1429(129.1-158.1) | 133.8(120.9-1481) | 859 93.66 88.43-99.19
AUCqy(ug*hvmL) | 126.5(114.4-139.8) | 120.2(108.8-132.8) | 9.04 95.05 89.48-101.0

m(pg’mL) 3.817(3.576-4.074) | 3.735(3.500-3.987) 7.12 97.86 93.31-102.6
_au, 3.00(1.50 - 9.00) 3.00 (0.50 - 6.00) -0.52 -3.50-0.23
Values are geometric Ismeans (95% confidence interval), t,,, values are median (m.munum-mammum}

® Intra-individual coefficient of variation (%)
© Point estimate (90% confidence interval) for the Test/Reference geometric Ismeans ratio (%) derived from
ANOVA; for ty,,: median point estimate (90% non-parametric confidence interval) of the Test-Reference difference

The steady-state of brivaracetam was achieved by Day 14 when TPM 200 mg was
administered. The mean trough levels were higher than those previously reported possibly
due to the inclusion of female subjects in the study.

Figure N01170-2: Geometric Mean = SD Plasma Concentration Profile for
Brivaracetam
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Safety TEAESs were reported by 100% of subjects. The most common TEAES were
dizziness (n=14), fatigue (n=9), euphoric mood (n=5), headache and somnolence
(n=4 each). One SAE was reported (anxiety). All other AEs were mild.
The treatments were well-tolerated
Sponsor’'s ¢ BRYV does not significantly alter the pharmacokinetics of TPM
Conclusions e The overall safety profile is in agreement with previous BRV studies
Reviewer e Sponsor states that presence of females in the study may be responsible for
Comment the increased exposures compared to previous trials. According to the

population PK report (CL0028), females have approximately 13% greater Css
than men.

Though the BRV may be elevated in this trial compared to others, the
population PK analysis demonstrates that TPM decreases BRV Css by 8%.
Please refer to the Extrinsic Factors portion of this review for more details
regarding drug interactions.

The data support the Sponsor’sclaims that a) BRV does not significantly alter
the pharmacokinetics of TPM and b) that the overall safety profile is in
agreement with previous BRV studies.
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4.4.15 NO1171: DDI - Lamotrigine (Phase 1)

Study Report#

RPCE04C0101/NO01171

Title

Monocenter, open label, unilateral interaction study of ucb 34714 at steady-
state (200 mg twice daily) on lamotrigine (25 mg single dose) in 14 healthy
male volunteers.

Objectives

Primary: Assess whether steady state BRV alters single dose PK of lamotrigine
(LTG)
Secondary: Gain info on safety and tolerability of concomitant BRV + LTG

Study Design

monocenter, open label interaction

Duration

7 weeks per subject

Dosage and
Administration

BRYV capsules (200 mg bid) were administered for 12 days (from D5 to D16
and once on the morning D17)

A single oral LTG tablet (25 mg) was administered on D1 and D14

PK
Assessment

Plasma PK Samples — BRV: in the morning of Days 7, 10, 13,

14 and 16 (before the breakfast and before the new administration of ucb
34714).

Plasma PK Samples — LTG: Day 1 and Day 14 (before breakfast) at pre-dose,
0.5h,1h,1.5h,2h,3h,6h,9h,12h, 24 h, 48 h, 72 h and 96 h after the
morning dose.

PK Analyses: Cmax, tmax, AUC(0-t), Az, t1/2, AUC, Vz/F and CL/F.

Bioanalytical
Methods

HPLC-MS/MS Analytical Methods for BRV Plasma Concentrations
Analyte Name Brivaracetam

Analyte ID uch 34714

Internal Standard (1S) N

Standard curve concentrations | 50.0 100 250 500 750 1000
1500 2000 ng/mL

Standards accuracy -1.910 2.2%
Standards precision 1.4 10 5.0%
QC concentrations 151, 604, 1761 ng/mL
QC Accuracy 0.8 10 4.4%
QC Precision 2.7t05.1%
LLOQ 0.05 pg/mL

HPLC-MS/MS Analytical Methods for LTG Plasma Concentrations

Analyte Name Lamotrigine
Analyte ID LTG
Internal Standard (1S) ®®

Standard curve concentrations | 9.39, 2.98, 57.7, 7.13, 13.6,
23.4, 11.8 and 8.11 pg/mL

Standards accuracy -4.5 10 8.4%
QC concentrations 1.47,4.94, 10.0
QC Accuracy -6.8 10 -3.0%
QC Precision 3.2104.0%
LLOQ 0.5 ug/mL
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[Reviewer comment: The assays are validated.]

Population/ N=14
Demographics | Inclusion Criteria:

1. healthy male subjects age 18-55 years.
2. Good physical and mental health, normal ECG or abnormal but not
clinically significant, laboratory test results within reference range.

Exclusion Criteria;

1. Hepatic, renal, gastrointestinal or other disorder that may affect drug ADME

2. Heavy caffeine drinkers

3. Current smokers (or smokers within 6 months)

4. Any concomitant treatment (prescription or non-prescription) within 14 days
of first drug administration (paracetamol 2 g/day is permitted )

5. Hepatic enzyme inducing drugs

PK Results Figure N01171-1: Geometric Mean (+ SD) LTG Plasma Concentration after a
Single oral Dose Alone and With BRV 200 mg bid
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Table N01171-1: Statistical Comparison of LTG Plasma PK after a Single oral
Dose Alone and With BRV 200 mg bid

(b)

Reference: Test: Test versus Reference
Parameters Lamotrigine Lamotrigine 25 mg Ccv
25 mg alone®™ with ucb 34714 Point estimate 90% CI (%)©
200 mg bid®
AUC gy (pg.vmL) 10.78 (19.8) 12.57 (16.8) 116.6 108.8: 125.0 9.97
Comx (Hg/mL) 0.261(12.2) 0.288 (8.53) 110.0 103.1: 1174 9.28
tae (1) 3.00 (0.50: 6.00) 3.00(1.50: 3.00) -0.500 -1.750: 0.750 NA

T Values are geometric mean: (Exp(mean. In data)) and. between brackets. GeoCV(%a): (100 x sqrt[exp(SD?)-1]). with
SD of In data, tyy values are median (min-max).

) Point estimate (90% confidence interval) for the Test/Reference geometric lsmeans ratio (%) derived from ANOVA:
fOr gy median point estimate (90% non-parametric confidence interval) of the difference Test-Reference
) Intra-subject coefficient of variation (%)
NA: Not Applicable
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Figure NO1171-1: Geometric Mean (+ SD) BRV Plasma Concentration During 200
mg bid Administration From Days 5to 16
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Safety TEAES occurred in 100% of subjects. The most common AEs were feeling

drunk (n=12) and asthenia (n=4). All AEs were mild. Almost all AEs occurred
after the first BRV administration.

Sponsor’'s e Concomitant BRV use was associated with a 17% and 10% increase in

Conclusions lamotrigine AUC and Cmax. The 95% CI were contained within the no-
effect boundaries.

e LTG Tmax was not significantly modified

o BRV does not significantly affect the PK of LTG

e The treatments were safe and well-tolerated

Reviewer This reviewer concurs with the Sponsor’s conclusions.
Comment No dose adjustment of LTG is required when used concomitantly with
BRV.

Reference ID: 3803545



NDA 205,836 205,837 205,838 (0000)

Page 165 of 268

®) @™ (Brivaracetam oral tablet / IV solution / oral solution)

4.4.16

NO1172: DDI — Phenytoin (Phase 1)

Study Report#

RPCE04B1113/N01172

Title

A Multicenter, Open-label, Unilateral Interaction Study of ucb 34714 (400 mg daily)
on Stable Phenytoin Monotherapy During a 45 day b.i.d. Administration Period in 15
Adult Subjects Suffering from Epilepsy

Objectives

Primary: Assess the effect of steady state BRV on steady state PHT PK
Secondary: Gain information on the tolerability and safety of concomitant BRV + PHT
administration

Study Design

Multi-center, open-label, unilateral interaction study

Duration

45 days days

Dosage and
Administration

Subijects receiving stable daily PHT doses reieved the following BRV regimen over a

45-day period:

e up-titration period (3 days) : 100 mg bid

e maintenance period (21 days) : 200 mg bid

e down-titration period (21 days) : down titration every week to the next lower dose;
150 mg bid for 7 days, 100 mg bid for 7 days and 50 mg bid for 7 days.

PK Plasma PK Samples — BRV: Trough concentrations obtained Days 4, 5, 6, 8, and 11.
Assessment Plasma PK Samples — PHT: pre-dose and 1, 2, 4, 6, 8, and 12 hours after the
morning dose of PHT on Day -1 and Day 24. Trough concentration obtained on Days
3,4,5,6,8 and 11.
Bioanalytical HPLC-MS/MS Analytical Methods for BRV Plasma Concentrations
Methods Analyte Name Brivaracetam
Analyte ID uchb 34714
Internal Standard (IS) R

50.0 100 250 500 750 1000
1500 2000 ng/mL

Standard curve concentrations

Standards accuracy -2.410 2.7%
Standards precision 0.9t04.7%

QC concentrations 150, 600, 1750 ng/mL
QC Accuracy -4.510 -1.0%

QC Precision 3.3t03.7%

LLOQ 0.05 pg/mL

HPLC-MS/MS Analytical Methods for PHT Plasma Concentrations

Analyte Name

Phenytoin

Analyte ID

PHT

Internal Standard (1S)

Standard curve concentrations

(b) (4)

2.98 to 57.7 yg/mL

Standards accuracy

-3.4 10 2.5%

QC concentrations

4.86, 19.2, 29.0 pg/mL

QC Accuracy -4.0to -2.5%
QC Precision 2.3t03.3%
LLOQ 0.5 yg/mL
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[Reviewer comment: The assays are validated.]

Population/ N=19
Demographic | Inclusion criteria:
S 1. Male and female epilepsy patients age 18-65 years
2. Receiving PHT, stable for 3 months, in range of 7-23 ug/mL
3. Females of childbearing potential must utilize 2 acceptable birth control methods.
Exclusion criteria:
1. Taking any known CYP inducer
2. Use of other drugs with CNS effects
3. Drugs which may affect BRV metabolism (2C or 3A potent inducers inhibitors)
unless dose is stable or 3 months before and during trial
4. Severe hepatic disease
5. Creatinine CL < 50 mL/min
6. Clinically significant deviations from reference laboratory parameters
7. ECG abnormalities
8. Use of warfarin
PK Results Figure N01172-1: Geometric Mean (+ SD) PHT Plasma Concentration Before BRV and

After Repeated BRV
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Table N01172-1: Geometric Mean (%CV) PHT Plasma PK Parameters Before BRV and
After Repeated BRV

Treatment Conas tamae AUCT Cae CL./F
2/1;?;?1) PHT 1692 (37.5) | 4.0(1.0-12.0) | 2522 (54.8) | 1486 (433) | 1.063 (51.2)
(‘g‘:;; 4 [PHTBRV 2066 (38.1) |4.0(1.0-240)| 3058@26) | 1830(308) | 08564 (42.1)

Tar 7
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Table N01172-2: Statistical Comparison of PHT Plasma PK Parameters Before BRV and
After Repeated BRV

O] ®

Paramter | ") CHIERY) | R | CVeo©
Cpnax (Mg/mL) 1692 (14.16—-20.21) 20.34(1696—24.38) | 1.20(1.03-1.40) 25.2
AUC

N 2522 2- . 4(239.6-3792 2001011 .
(h*ug/mL) 52.2 (201 316.0) 301.4(239.6-379.2) | 1.20(1.01-142) 29.0
tnax (h) 40(1.0-120) 40(1.0-240) 0.00 (-1.98 -2.00)
@ Values are geometric LS means (95% confidence interval), for t,,: median (range)
® Point estimate (PE) and 90% confidence interval (CI) for Test/Reference geometric LS mean ratio derived from

ANOVA. For ty,, median point estimate (90% non parametric confidence interval) of the difference between
Test and reference (Test — reference)
@ CV (%): ANOVA residual error, representing intra-subject variability.

Cmax and AUCtau of PHT increase by about 20% after concomitant BRV administration.
Seizure frequency was 0.3 + 1.2 seizures/week during baseline and 0.3 + 1.0 seizures/week
during treatment and 0.4 + 1.1 seizures/week during follow-up.

Safety

TEAEs were reported by 94.7% of subjects, 89.5% were considered drug-related.
Most AEs occurred during the up-titration (10 subjects) and maintenance (16
subjects). 3 TEAEs were reported by 3 (15.8%) of subjects during down-titration.

One TEAE was severe (toothache) but was not considered drug-related.

The most common TEAEs were dizziness (14 subjects) and fatigue (9 subjects).
Headache and somnolence were reported by 2 subjects each.

Sponsor’s
Conclusions

e A statistically significant increase in PHT exposure was observed. Results should
be interpreted with caution as patients were receiving different PHT doses (200 to
700 mg/day).

e TEAESs observed in this study were consistent with previous BRV studies.

o Concomitant BRV and PHT were well-tolerated.

Reviewer
Comment

e The study demonstrated no apparent safety signals associated with concomitant
BRV and PHT administration. The mean seizure rate appears comparable before,
during and after introduction of BRV to existing steady state PHT.

e However, due to the increase of up to 20% in phenytoin exposures with BRV, and
due to the practice of monitoring phenytoin concentrations during dose
adjustments or changing dosage forms, phenytoin concentrations should be
monitored when used concomitantly with BRV. Please refer to section 3.0 for
details.
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4.4.17

NO01185: Intestinal Absorption Study (Phase 1)

Study Report#

RPCE04G2605 / N01185

Title

Pharmacoscintigraphic investigation of the regional drug absorption of ucb
34714 (200 mg) delivered using the Enterion™ capsule in 3 different sites of
the Gl tract in comparison with the 200 mg immediate release oral capsule:
open-label, randomized, four-way cross-over, single dose study, in 9
healthy adult male volunteers.

Objectives

Primary: Assess regional absorption profile for BRV (200 mg) from 3 different
regions of the gastrointestinal tract (proximal small bowel, distal small bowel, and
ascending colon) using the Enterion™ capsule drug delivery system as compared
to the 200 mg capsule absorption profile.

Secondary: Assess safety

Study Design

Randomized, open-label, four-way cross-over, single-dose study

Duration

7 weeks for each subject

Dosage and
Administration

Each subject received a single 200 mg BRV dose according to one of four
regimens:

A: immediate release oral capsule

B: Enterion™ capsule delivered to the proximal small bowel

C: Enterion™ capsule delivered to the distal small bowel

D: Enterion™ capsule administered to the ascending colon

There was a 7-day washout between treatment periods.

PK BRYV plasma samples: pre-dose, 15 min, 30 min, 45 min, 1 h, 1.5h,2h,3h, 6 h, 9
Assessment h, 12 h, 16 h, 20 h, 24 h, 30 h and 36 h post-dose or post-activation
PK measures: Chax, tmax, AUCo4, AUC, t,, CL/F, V,/F and F,, were assessed for
BRV.
Scintigraphy: gastric emptying time, small intestinal transit time, ileo-caecal
junction arrival time (ICJ), residence time in ICJ, colon arrival time, colon transit
time, total transit time, anatomical location and time of successful activation of
Enterion™ capsules
Statistical A mixed effects ANOVA was and the 95% CI was estimated for test/reference
Analysis geometric mean ratios for Cp,ax, AUCqy, and AUC. For T, a “distribution-free”
95% CI was computed for the median difference between test and reference. The
“test” formulation was the Enterion™ capsule and the “reference” formulation was
the immediate release capsule.
Bioanalytical HPLC-MS/MS Analytical Methods for Plasma Concentrations
Methods Analyte Name Brivaracetam
Analyte 1D uch 34714
Internal Standard (IS) @@
Standard curve concentrations 50.5, 101, 253, 505, 758, 1010, 1515, 2020
ng/mL
Standards accuracy -2.0to 3.0%
Standards precision 1.4t03.2%
QC concentrations 152, 607, 1771 ng/mL
QC Accuracy -2.0t0 1.2%
QC Precision 2.3 10 3.5%
LLOQ 0.05 pg/mL
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The internal standard, ®®

[Reviewer comment: The assay is validated.]

Population/
Demographics

N=7 healthy adult male volunteers
Inclusion Criteria:

1. Male subjects age 18 to 65 years

2. Good physical and mental health

3. ECG is normal or abnormal but not clinically significant

4. Laboratory test results are within the reference range

5. Must agree to minimize risk of impregnating females partners

Exclusion Criteria:

1. Female subjects

2. Hepaitic, renal, gastrointestinal or other disorder that may affect drug ADME or
constitute a risk factor when taking the study drug

Concomitant or chronic acute iliness

Any drug treatment, prescription or OTC, within 14 days of first study drug
intake (except for paracetamol [acetaminophen] < 2 g/day). Use of drugs during
clinical trial

Heavy caffeine drinker (> 5 cups of coffee, tea, etc. per day)

Current smoker or had given up smoking in the last 6 months

Use of hepatic enzymes inducting drugs within 2 months of first administration
Gastrointestinal disorders (unless, irritable bowel syndrome, etc.)

©ONOO

PK Results

Subjects 0004 and 0008 were not included in the per-protocol (PP) population due to
incorrect site of activation (Subject 0004) and withdrawal of consent (0008).

Table N01185-1: Geometric Mean (%CV) of PK Parameters After a Single Dose of
Each of the 4 BRV Regimens (PP Population) (n=6)

Treatment Crmas tmar’ AUC(0-t) AUC CLF | VJ/F | Fu |
(ug/mL) (h) (ng.h/mL) | (ngh/mL) (h) (L/h) | (L)

IR capsule &®

Proximal

small bowel

Distal small

bowel

Ascending

colon

@ median (min-max)

Time scale 15 tune after intake of the IR capsule and after activation of the Entenion™* capsule m the proximal small
bowel, 1n the distal small bowel, and in the ascending colon

® Subject 0007

Sponsor noted that subject 0005 had lower exposures for all treatments compared to other
subjects (particularly for AUC). The individual exposures are presented in the figure below.

Reference ID: 3803545




NDA 205.836 205.837 205,838 (0000) Page 170 of 268
-'m (Brivaracetam oral tablet / IV solution / oral solution)

Figure N01185-1: Individual BRV AUC Values After administration of IR 200 mg Oral
Capsule (A), 200 mg delivery in Proximal Small Bowel (B), Distal Small Bowell (C),
and Ascending Colon (D) via Enterion™ Capsule (PP population)

70

AUC (ug.h/mL)

10

Treatment

Figure N01185-2: Individual BRV Cmax Values After administration of IR 200 mg Oral
Capsule (A), 200 mg delivery in Proximal Small Bowel (B), Distal Small Bowell (C),
and Ascending Colon (D) via Enterion™ Capsule (PP population)

8

7

6

C gy (HG/ML)
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Figure N01185-3: Geometric Mean BRV Plasma Concentration Profile for IR 200 mg
Oral Capsule (Including Subject 5, with )
]

L.
w
£.
2
i.
=
3

0

0 1 2 3 4 5 6 7 8 e 0 11 12
Time (h)

Figure N01185-4: Geometric Mean BRV Plasma Concentration Profile for IR 200 mg

Oral Capsule (Excluding Subject 0005)
6

Time (h)

Safety Results | All 7 subjects experienced at least one TEAE. All AEs were mild or moderate and
the most frequently reported AEs were dizziness (7 subjects) and balance disorder
(2 subjects). All TEAE were resolved during the study and none led to

discontinuation.

Sponsor’s
Conclusions

e 200 mg BRV administered as IR capsule, Enterion™ capsule in 3 different sites
of the Gl tract appeared generally safe and was well tolerated in healthy

subjects.
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Reviewer
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4.4.18 NO1193: Dose Ranging, 5, 20, and 50 mg/day Oral Tablets (Phase 2)

Study Report#

RPCE05C2201 / N01193

Title

A multicenter, double-blind, randomized, placebo-controlled, 4 parallel groups,
dose-ranging trial evaluating the efficacy and safety of brivaracetam used as
adjunctive treatment at doses of 5, 20 and 50 mg/day in b.i.d. administration (oral
tablets of 2.5 or 10 mg) for a maximum of 7 weeks in subjects from 16 to 65
years with refractory epilepsy suffering from partial onset seizures whether or not
secondarily generalized.

Objectives

Primary: Assess BRYV efficacy

Secondary: Assess dose/response, narrow down dose range, explore tolerability,
assess seizure-free and days an seizure-free subjects, bridge efficacy and safety
results to study N01114

Exploratory: Asses population PK of BRV and drug interactions

Study Design

Double-blind, randomized, placebo-controlled, multicenter, 4-parallel groups,
dose ranging study

Administration

Duration 13 weeks total, 7 weeks BRV exposure, (4 week baseline, 7-week treatment
period, 2 week study —drug-free period)
Dosage and o After a 4-week Baseline Period (screening visit V1), subjects who entered the

Treatment Period were randomized (visit V2) to one treatment group:
o 5 mg/day, 20 mg/day, and 50 mg/day of Brivaracetam or placebo.
o Oral tablets were used, and all treatment were administered BID
e The Treatment Period at stable dose lasted 7 weeks and at the end of this
Treatment Period (evaluation visit V4), a decision was made on whether the
subject continued with Brivaracetam (i.e. entering LTFU trial NO1199) or not.
e Subjects that did not continue with Brivaracetam treatment entered a Trial
Drug-free Period for a minimum of two weeks.
o A Safety Visit (V5) was performed by all subjects that were not entered in
LTFU trial NO1199. This procedure was also applied in case of early
discontinuation (visit EDV).

: BASELINE : DOUBLE BLIND PERIOD : TRIAL :
| PERIOD (7-week treatment) DRUG-FREE |
| (4 weeks) 1 T ':' PERIOD |
" I ] " (2 weeks) "
I - ' '
| | '
1 50 mg/d T : :
\ X ' I
| ' ] ]
, | ! )
X . | |
1 ) ] ]
| 20 mg/d Y + I
' 1 | )
' 5 mg/d Y T |
| Placebo 1 ! !
Vi1 v2 v3 V4 /EDV Vs
W-4 Wo w3 w7 wo
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Demographics

PK Plasma Samples — BRV: One blood sample at visit V02, at EDV (early
Assessment | discontinuation visit) and by collecting two blood samples - with at least 15
minutes time interval between collections - at visit 3 and 4 (V03-0, V03-15,
V04-0 and V04-15
Plasma Samples — AEDs: one blood sample at visit V01, V02, V03-0,
V04-0, EDV and visit VO5.
Bioanalytical HPLC-MS/MS Analytical Methods for BRV Plasma Concentrations
Methods Analyte Name Brivaracetam
Analyte ID uch 34714
Internal Standard (IS) N
Standard curve concentrations | 10, 20, 50, 100, 200, 500,
1000, 2000, 4000 ng/mL
Standards accuracy -3.510 4.8%
Standards precision 2.6105.7%
QC concentrations 30, 300, 900, 3600 ng/mL
QC Accuracy -1.6t0 5.0%
QC Precision 6.3t0 7.7%
LLOQ 10 ng/mL
[Reviewer Comment: The assay is acceptable.]
Population/ N=210

Inclusion Criteria:

1. Male and female patients with epilepsy age 16 to 65 years

2. Focal epilepsy or epileptic syndrome with history on partial onset seizures

3. Receiving 1 or concomitant AEDs (vagal nerve stimulation was allowe4d but
did not count as a concomitant AED) that are stable for at least 1 month
before visit 1.

4. Females of childbearing potential must use adequate birth control

Exclusion Criteria:

1. Use of felbamate in last year

2. Use of phenaobarbital in last 6 months

3. Current use of vigabatrine

4. Use of drugs with possible CNS effects unless stable for 1 month prior to Visit
1 and for whole study period. Benzodiazepines taken more than once/week
(for any indication) is considered as a concomitant AED.

Use of drugs that influence BRV metabolism (2C or 3A potent inhibitors) u
unless stable for 1 more before visit 1 and for entire study duration.

Impaired hepatic function (ALAT/SGPT, ASAT/SGOT, ALP, GGT > 3 x ULN)
Creatinine CL < 50 mL/min

Clinically significant ECG abnormalities

Pregnant/lactating women

Ll

©CoNOo

[Reviewer comment: Use of |levetiracetam was permitted in this study.]

PK Results

The population pharmacokinetics (PK) of brivaracetam (BRV) in two Phase II
studies (N01114, N01193) and three Phase llI studies (N01252, N01253,
N01358)
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PK results from these studies are pooled and provided in the ISR for NO1358.

Efficacy

Table N01193-1: Primary Efficacy Analysis on the Partial Onset Seizure
Frequency Per Week over the Treatment Period

PBO | BRV 5mg BRV 20 mg BRV 50 mg
N=54 N=50 N=52 N=52

LS means 1.296 1.194 1.135 1.047
(log-transformed)

LS means 2.656 2.299 2.110 1.848
(back-transformed)

Percent reduction - 9.8% 14.9% 22.1%
over Placebo

95% CI = | (-7.2%,24.0%) | (-0.8%.,28.2%) | (7.6%34.3%)

p-value - 0.240 0.062 0.004

Only the 50 mg/day dose group (25 mg twice daily) demonstrated a statistically
significant improvement over placebo.

Safety

TEAES occurred in 53.7%, 52%, 55.8%, and 53.8% in the placebo, 5 mg/day,
20 mg/day, 50 mg/day groups, respectively.
TEAES include: headache in 5.3%, somnolence in 5.2%, influenza reported
in 4.3%, dizziness in 3.8%, neutropenia in 3.4%, and fatigue in 3.4%
TEAESs leading to permanent study drug discontinuation were reported in:

o 2inthe PBO group,

o 3inthe BRV 5 mg/day group,

o 1inthe BRV 20 mg/day group and

o none in the BRV 50 mg/day group.
One treatment-emergent SAE (Neurotoxicity) was reported in the BRV 20
mg/day group and was considered highly probably drug-related by the
Investigator.

Sponsor’s
Conclusions

Statistically significant efficacy was demonstrated in the 50 mg/day group.
Evaluation of TEAEs of special interest (blood and lymphatic disorders,
cardiac disorders, eye disorders, gastrointestinal disorders, hepatobiliary
disorders, infections and infestations, nervous system disorders, psychiatric
disorders, skin and subcutaneous disorders, and vascular disorders) did not
reveal any clinically significant differences between the treatment groups.
BRYV at a dose of 5, 20, or 50 mg/day bid was safe and well-tolerated in this
population in this study.

Reviewer
Comment

This study did not appear to present any new safety signals.

The 50 mg/day bid dose was statistically-significantly better than placebo in
the current study as well as N01253, but this dose level was not statistically
significantly better than placebo in study NO1114 or NO1252 regarding
efficacy.

Please refer to the review of the medical officer regarding the acceptability of
the 50 mg/day bid dose level.

For insight into the population pharmacokinetic analyses and exposure-
efficacy analyses, please refer to the pharmacometric portion of this review.
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4.4.19 NO1209a: Single-Dose PK in Japanese Subjects (Phase 1)

Study RPCEOQO7F1104 / NO1209

Report#

Title A double-blind, randomized, placebo-controlled study to evaluate the safety and
pharmacokinetics of single oral dose (Part A) and repeated oral doses (Part B) of
brivaracetam (BRYV) in Japanese healthy adult male subjects

Objectives Primary: Assess safety and tolerability of single BRV doses
Secondary: Assess PK of BRV and metabolites after single BRV doses
Genotype Analyses: Identify genotypic variation in BRV PK after single BRV doses

Study monocenter, randomized, parallel, double-blind, placebo-controlled, single rising oral

Design dose study

Duration 6 weeks maximum (4 weeks screening, 5 days confinement to CRU, follow-up 1 week
after administration)

Dosage and | N=50 subjects were randomized to a group to receive a single oral dose of BRV

Administration

2.5mg, 10mg, 25mg, 50mg, 100mg or placebo. The dose in the group was increased
stepwise based on the results of the safety variables in the previous dose.

Stepl: 2.5 mg BRYV or placebo (1 tablet)
Step2: 10 mg BRYV or placebo (1 tablet)
Step3: 25 mg BRYV or placebo (1 tablet)
Step4: 50 mg BRYV or placebo (1 tablet)
Step5: 100 mg BRYV or placebo, (2 tablets)

In each step (or group), n=8 subjects received BRV and n=2 subjects received
placebo.

N=43 subjects completed the genotype analysis.

PK
Assessment

Plasma Samples: pre-dose, 0.25h,0.5h,1h,1.5h,2h,3h,4h,6h,9h,12h, 16 h,
24 h, 36 h and 48 h post-dose.
In 100 mg group only, plasma sample was taken 72 h after administration.

Urine samples: pre-dose, 0-6 h, 6-12 h, 12-24 h, 24-36 h, 36-48 h post-dose.
In 100 mg group only, urine samples were collected at 48-72 h post-dose.

PK Analyses:
Plasma: Cmax, tmax, AUCO-t, AUC, t1/2 for BRV and its metabolites, MRT,CL/F, Vz/F

for BRV, CLfm/F for ucb 42145 and ucb-100406-1 and AUC Ratio
Urine: Ae, fe, and CLR, for BRV and its metabolites

Bioanalytical
Methods

The parent drug ucb 34714 and metabolites ucb 42145, ucb-100406-1 and ucb-
107092-1 were measured in urine samples using the same LC-ESI/MS/MS assay after
10-fold dilution with blank plasma. The results are presented together.
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HPLC-MS/MS Analytical Methods for Plasma and Urine Concentrations

Analyte Name | Brivaracetam Carboxylic Hydroxy Hydroxy Acid
Acid Metabolite Metabolite
Metabolite
Analyte ID uch 34714 ucb 42145 ucb-100406-1 | ucbh-107092-1
Internal ®@ (b) (4)
Standard (IS)
Standard 2 5 50 200 1.86, 4.65, 1.99, 4.98, 1.85, 4.63,
curve 660, 12’00 ' 18.6, 46.5, 19.9, 49.8, 46.3, 185, 556,
concentrations 1806 2006 93, 232, 99.5, 249, 1111, 1667,
n /mi_ 418, 465 448, 498 1852 ng/mL*
9 ng/mL* ng/mL*
Standards -310 4.2% -1.3t014% |-1.6t01.8% -1.4t0 4.1%
accuracy
Standards 2.3105.8% 2.2t05.1% | 2.21t06.2% 2.0t0 6.0%
precision
QC 6, 75, 1600 5.58, 27.9, 5.97, 29.9, 5.56, 69.4,
concentrations | ng/mL 372 ng/mL* | 398 ng/mL* 1481 ng/mL*
QC Accuracy -4.410 1.6% 1.1t01.8% | 1.0to2.5% -5102.2%
QC Precision 7.41011.7% 9.3t010.5% | 8.4109.2% 7.8109.5%
QC for Dilution of Urine Samples using Citrated Human Plasma
Dilution Factor | 5x dilution and | 5x dilution 5x dilution 5x dilution and
10x dilution of | and 10x and 10x 10x dilution of
1600 ng/mL dilution of dilution of 372 | 1481 ng/mL*
398 ng/mL* | ng/mL*
QC Accuracy -2.4t00.8 -7.2t01.5% |-10.5t0-1.6% | -4.1t0-2.1%
for dilution ng/mL
QC Precision 2.41010.8% 3.1t011.9% | 1.1to 10% 2.7t09.1%
for Dilution
LLOQ 2.00 ng/mL 1.99 ng/mL* | 1.86 ng/mL* 1.85 ng/mL*
*The metabolites are presented as “effective concentrations” (ng eq ucb 34714/mL).
IS @
IS O @

[Reviewer comment: The assays are acceptable.]

Population /

Demographic
S

N=50 Japanese healthy male adults age 20 to 40 years without clinically relevant
cardiovascular abnormalities (e.g. S/DBP, HR, ECG parameters) or laboratory
abnormalities.

Inclusion Criteria;

1. Japanese healthy men age 20 to 40 years

2. Physical and mental conditions judged to favorable by investigators

3. No clinically-relevant ECG abnormalities.

4. Clinical laboratory values iwhtin referene range at screening (or non-clinically
significant deviations)
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Key exclusion criteria:

1.
2.

3.

4.

5.
6.

Any condition which may affect BRV ADME

Subjects who used other drugs including OTC products (excluding topical
products) within 14 days before administration of the investigational drug

Subjects who used hepatic enzyme-inducing drugs (e.g., glucocorticoids,
phenaobarbital, isoniazid, phenytoin, rifampicin etc.) within 2 months before the first
administration

Subjects who are heavy caffeine drinkers (drinking more than 10 cups per day)
Smoker more than 5 cigarettes per day

Subjects who took grapefruit (as beverage or fruit) within 1 week before
administration of the investigational product.

PK Results

Figure NO1209a-1: Geometric Mean + SD Plasma Concentration Profile for BRV After
Single Oral Tablet Administration in Healthy Japanese Subjects

Brivaracetam Plasma Concentrations (ng/mL)

4000 =

3000

® BRV2.5mg SD
- BRV 10mg SD
-4 BRV 25mg SD
¥ BRV 50mg SD

2000 # BRV 100mg SD
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Time (hr)
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Table N01209a-1: Geometric Mean + SD BRV Plasma PK Parameters for BRV After Single
Oral Tablet Administration in Healthy Japanese Subjects

PK parameters Geometric Mean (geo CV[%])
(unif) BRYV 2.5mg BRYV 10mg BRYV 25mg BRYV 50mg BRYV 100mg
(N=8) N=8) ()] (N=8) (N=8)
Crnax (ng/mL) 86.6(17.8) 373 (18.0) 900 (18.8) 1921 (20.2) 3083 (17.3)
g () @ 0.50 0.50 0.50 0.50 1.5
max (0.25-0.50) (0.50-1.00) (0.50-1.50) (0.50-2.00) (0.50-1.50)
AUCo, (ng.h/mL) 827 (19.0) 3506 (12.4) 7456 (18.9) 17804 (17.2) | 32037 (14.0)
AUC (ng.h/mL) 865 (18.9) 3606 (13.5) 7649 (20.5) 18358 (18.2) | 32203 (14.1)
he (1) ® 0.0750 0.0755 0.0835 0.0748 0.0797
(0.0120) (0.00909) (0.0188) (0.0101) (0.0160)

tin () 9.34 (15.5) 9.24 (11.9) 8.49 (22.4) 9.34 (12.9) 8.84 (19.2)
CL/F (L/h) 2.89 (18.9) 2.77 (13.5) 3.27(20.5) 2.72 (18.2) 3.11 (14.1)
CL/F (mL/min/kg) 0.816 (16.8) 0.807 (18.0) 0.849 (18.2) 0.784 (13.1) 0.847 (19.2)
V,/F (L) 38.9 (9.71) 37.0 (6.24) 40.0 (7.87) 36.7(12.0) 39.6 (13.8)
V./F (Lkg) 0.660 (4.98) 0.645(11.4) 0.623 (6.15) 0.634 (4.67) 0.648 (4.56)
MRT (h) 13.1 (14.4) 12.7 (12.3) 12.1 (22.4) 13.1 (14.1) 12.2 (18.0)
Ae (mg) 0.205 (25.5) 1.07 (20.6) 1.88 (27.2) 4.27 (29.3) 10.0 (24.4)
fe (%0) 8.18 (25.5) 10.7 (20.6) 7.51(27.2) 8.55(29.3) 10.0 (24.4)
CLg (L/h) 0.236 (13.8) 0.296 (17.8) 0.245 (22.8) 0.233 (25.6) 0.311(24.4)
CLg (mI/min/kg) 0.0668 (22.0) | 0.0860 (24.0) | 0.0637 (24.7) | 0.0671 (25.7) | 0.0849 (21.2)

CV=Coefficient of Variation, geo=geometric. N=number of subjects

(a) Median (range)

(b) Arithmetic mean (=SD)

Table N01209a-2: Geometric Mean + SD Carboxylic Acid Metabolite (uch 42145) Plasma
PK Parameters for BRV After Single Oral Tablet Administration in Healthy Japanese

Subjects
uch 42145 Geometric Mean (geo CV[%])
PK parameters BRV 2.5mg | BRV 10mg BRV 25mg BRV S50mg | BRV 100mg
(units) N=8) (N=8) (N=8) N=8) (N=8)

[ Cpu (ng/mL) 3.15(22.1) | 15.1(19.9) | 39.2(19.5) | 88.3(11.2) | 158(13.9)
tone (@ 3.0 (1.5-4.0) | 3.0 (2.0-4.0) | 4.0 (2.0-4.0) | 3.0(3.0-4.0) | 4.0 (3.04.0)
AUC, (ngh/mL) | 12.8(64.8) | 185(31.0) | 473(19.5) | 1177(13.2) | 2171(13.1)
AUC (ng.h/mL) NC NC 524 (17.4) 1248 (13.9) 2242 (13.7)

0.0670 0.0655 0.0716
A (1) NC NC (0.0162) (0.0101) (0.0161)
t1» (h) NC NC 10.7(26.9) | 10.7(15.0) | 9.89 (22.4)
CLfm/F (L'h) 0.938 (13.6) | 0.985 (11.8) | 0.985(9.82) | 0.871 (15.0) | 1.06 (12.9)
Ac (mg) 0.812(15.6) | 3.55(15.8) | 7.54(16.8) | 16.0(15.1) | 34.3(16.1)
fe (%) 32.5(15.6) | 355(15.8) | 30.1(16.8) | 32.0(15.1) | 34.3(16.1)
CLg (L/h) NC NC 14.4 (10.0) 12.8 (15.5) 15.3 (8.40)

CV=Coefficient of Variation, geo=geometric. N=number of subjects. NC=Not Calculated

(a) Median (range)

(b)  Arithmetic mean (SD)
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Table N01209a-3: Geometric Mean + SD Hydroxy Metabolite (ucb-100406-1) Plasma PK
Parameters for BRV After Single Oral Tablet Administration in Healthy Japanese

Subjects
ucb-100406-1 Geometric Mean (geo CV[%)])
PK parameters BRV 25mg | BRV10mg | BRV25mg | BRV S0mg | BRV 100mg
(units) (N=8) N=8) (N=8) (N=8) (N=8)
| Coax (ng/mL) 297 (53.1)° | 10.5(101) 25.1 (134) 23.0 (143) 53.6 (167)
@ 7.5 75 9.0 9.0 9.0
tmax (h) (6.0-12.0)¢ (6.0-9.0) (6.0-9.0) (6.0-9.0) (6.0-9.0)
AUC,, (ng./mL) | 24.8 (280)© 179 (188) 612 (145) 549 (154) 1383 (166)
AUC (ng.vmL) NC 322 (42.8)Y | 909 (48.4)9 | 657 (122) 1467 (153)
® 0.0601 0.0737 0.0626 0.0679
b= (1) NC 0.0117° | (00147 | (0.0159) (0.0145)
tin (h) NC 11.7 (19.6)® | 9.56 (19.1)° | 11.5(33.2) | 10.4(20.5)
CLfm/F (L/h) 0.193 (268) | 0.282(97.3) | 0.378 (139) | 0.130(162) | 0.203 (174)
Ae (mg) 0.167 (207) | 1.02(78.4) | 2.89(107) 240 (127) 6.55 (148)
fe (%) 6.69 (207) 10.2 (78.4) 11.6 (107) 4.79 (127) 6.55 (148)
CLz (L/h) NC 3.89 (15.4)9 | 4.14 (6.88)° | 3.65(22.2) | 4.47(19.0)

CV=Coefficient of Variation geo=geometric. N=number of subjects, NC=Not Calculated

(a) Median (range)

(b) Arithmetic mean (SD)

() N=6
(d N=7

Table N01209a-4: Geometric Mean + SD Hydroxy-Acid Metabolite (ucb-107092-1) Plasma
PK Parameters for BRV After Single Oral Tablet Administration in Healthy Japanese

Subjects
uch-107092-1 Geometric Mean (geo CV[%])
PK parameters | BRV2.5mg | BRV10mg | BRV25Smg | BRV 50mg | BRV 100mg
(units) N=8) (N=8) (N=8) (N=8) N=8)
Cnax (ng/mL) NC 3.31(176) | 805(17.2) 18.5(13.2) | 29.2(12.8)
tmax (h)® NC 4.0 (4.0-6.0) | 6.0(4.0-6.0) | 6.0 (4.0-6.0) | 6.0(4.0-9.0)
AUCq. (ng.VmL) NC 23.1(96.9) | 115(12.4) 297 (16.3) 515 (8.68)
AUC (ng.h/mL) NC 65.0 (20.4)° [ 165 (9.94)® | 354 (14.5) 558 (8.65)
; ® 0.0620 0.0571 0.0640 0.0600
2= (1) NC 0.0146)° | (0.0108® | (0.0137) | (0.00478)
t1» (h) NC 11.5(25.8)° | 12.3(20.5)9 | 11.1(23.4) 11.6 (7.56)
Ac (mg) 0.305(8.38) | 1.43(17.0) [ 3.45(9.65) | 6.67(12.1) 13.1 (8.02)
fe (%) 12.2(8.38) | 14.3(17.0) | 13.8(9.65) 13.3(12.1) 13.1 (8.02)
CLz (L'/h) NC NC 20.4 (6.50)° | 18.8(16.8) | 23.5(8.91)
CV=Coefficient of Variation, geo=geometric. N=number of subjects, NC=Not Calculated
(@)  Median (range)
(b) Arithmetic mean (SD)
(c) N=6
(d) N=7
Table N01209a-5: Dose-Proportionality Analysis Results
Parameter (unit) Estimate Slope 90% CI
Cuax (ng/mL) 0.984 (0.944, 1.02)
AUCy. (ng.n/mL) 0.994 (0.959, 1.03)
AUC (ng./mL) 0.986 (0.949, 1.02)
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Table N01209a-6: Dose-Independence Analysis Results

Parameter (unit) Estimate Slope 90% CI
CL/F (mL/min/kg) 0.00478 (-0.0297, 0.0392)
CLg (mL/minkg) 0.0248 (-0.0285, 0.0781)
V./F (L'’kg) -0.00764 (-0.0217, 0.00641)
t12 (h) -0.0124 (-0.0464, 0.0216)
MRT (h) -0.0133 (-0.0467, 0.0201)
fe (%) 0.0200 (-0.0368. 0.0768)

[Reviewer comment: The 90% CI of the slope contains zero, which supports the notion
that the single-dose BRV PK parameters are dose-independent from 2.5 mg to 100

mg.]

Genotype analyses:

The BRV CL/F decreased by 30% in poor metabolizer (PM) group and by 18% in
heterozygous extensive metabolizer (EM) group compared to homozygous EM group.

ucb-100406-1: the AUCO-t and the urinary excretion significantly decreased in PM
group and in heterozygous EM group compared to homozygous EM group

ucb 42145: the AUCO-t increased in PM group and in heterozygous EM group
compared to homozygous EM group

ucb-107092-1: The values of AUCO-t and fe were similar among 3 groups.

Safety

Out of a total of 50 subjects assessed, 4 AEs, all mild intensity, were reported by 4
subjects (1 pharygolaryngeal pain AE in the BRV 10mg group, 1 asthenia AE in the
BRV 50mg group, and 2 somnolence AEs in the BRV 100mg group). No new safety
signals were apparent.

Based on genotype analyses, 3 of the subjects that experienced an AE were not in the

“poor metabolizer” group. The one AE in the “poor metabolizer” group was considered
to have no causal relationship to the study drug.

Sponsor’'s
Conclusions

¢ Single doses of BRYV tablets up to 100 mg were safe and well-tolerated

e 2C19is the main enzyme involved in hydroxylation of BRV into ucb-100406-1

e The effect of 2C19 polymorphism on BRV PK is not clinically relevant in terms of
safety and efficacy.

Reviewer
Comment

o Please refer to the Appendix for the pharmacogenomics review of the genomic
analyses conducted in this study.

e Overall, the BRV PK increased proportionally with dose from 2.5 mg to 100 mg
single doses for AUC and from 2.5 to 50 mg for C,ax. Cimax increased less than
proportionally from 50 mg to 100 mg.

o Weight-normalized CL/F, weight-normalized V.,/F, and t;,, were comparable among
the dose groups.

e This study is supportive of the use of single BRV doses up to 100 mg in Japanese
subjects.
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4.4.20 NO1209b: Multiple-Dose PK in Japanese Subjects (Phase 1)

Study Report#

RPCEOQ7F1104 / N01209

Title A double-blind, randomized, placebo-controlled study to evaluate the safety and
pharmacokinetics of single-oral dose (Part A) and repeated oral doses (Part B) of
brivaracetam (BRV) in Japanese healthy adult male subjects.

Objectives Primary: Assess safety and tolerability of multiple BRV doses

Secondary: Assess PK of BRV and metabolites after multiple BRV doses
Genotype Analyses: Identify genotypic variation in BRV PK after multiple BRV doses

Study Design

Monocenter, randomized, parallel, double-blind, placebo-controlled, repeat oral dose
study

Administration

Duration 6 weeks maximum (4 weeks screening, 5 days confinement to CRU, follow-up 1
week after administration)
Dosage and N=29 subjects were randomized to a group to receive repeat doses of BRV or

placebo. Sponsor started with Group 6 (Step 6), and increased to the subsequent
Group after examination of safety data collected up to and including Day 19 follow-up
safety visit.

Step 6: 2.5 mg BRYV bid (5 mg/day) or placebo bid (1 tablet/time)
Step 7: 10 mg BRV bid (20 mg/day) or placebo bid (1 tablet/time)
Step 8: 50 mg BRYV bid (100 mg/day) or placebo bid (1 tablet/time)

For each Group (Step), n=8 subjects received BRV and n=2 received placebo.

On Day 1 and Day 12, subjects received the morning dose of study drug after an
overnight fast. Day 2 was a washout day. On Day 3 through Day 11, subjects
received the study drug every 12 hours (1 hour after breakfast in the morning, and 2
hours after dinner in the evening).

PK
Assessment

Plasma Samples:

Day 1: pre-dose, 0.25,0.5,1, 1.5, 2, 3, 4, 6, 9, 12 hours post-1*-dose
Day 2: 16, 24 and 36 hours after the 1st administration

Day 3: just before morning (2nd) and evening (3rd) administration

Day 4 — 6: just before morning (4th, 6th and 8th) administration

Day 7: just before morning (10th) and evening (11th) administration

Day 8 - 10: just before morning (12th, 14th and 16th) administration
Day 11: just before morning (18th) and evening (19th) administration
Day 12: just before the first administration, 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 9,
12 hours after the last administration.

Day 13: 16, 24 and 36 hours after the last administration

Day 14: 48 hours after the last administration

Day 15: 72 hours after the last administration

Urine Samples:

Day 1-2: before the first administration, 0-12 and 12-24 hours after 1% administration
Day 2-3: 24-48 hours after the 1st administration

Day 3to 11-12: 0-24 hours after morning-administration

Day 12-13: 0-12, 12-24 hours after the last administration

Day 13-14; 24-48 hours after the last administration

Day 14-15: 48-72 hours after the last administration

Reference ID: 3803545
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Pharmacokinetic Analyses:

BRV:

e On Day 1 (after single dose administration): Cmax, tmax, AUCO-t, AUC, AUCO-
12, AZ, t1/2, CL/F, Vz/F, MRT, Ae, fe, CLR

e On Day 12 (after repeated oral administration): Cmax, Cmin, tmax, AUCT, Cav,
PTF, AZ, t1/2, CLss/F, Vz/F, MRT, Ae, fe, CLR, R

Metabolites:

e On Day 1 (after single dose administration): Cmax, tmax, AUCO-t, AUC, AUCO-
12, AZ, t1/2, Ae, fe, CLR, CLfm/F (CLfm/F for ucb-100406-1 and ucb 42145 only)

e On Day 12 (after repeated oral administration): Cmax, tmax, AUCT, AUCO-t, AZ,
t1/2, Ae, fe, CLR, CLfm/F (CLfm/F for ucb-100406-1 and uch 42145 only)

Bioanalytical Please refer to the bioanalytical methods presented in the ISR for N01209a, which
Methods are considered acceptable.

Population/ N=29 subjects participated in the main portion of the study. The inclusion / exclusion
Demographic | criteria are identical to those described in the ISR for study N01209a.

S N=26 subjects participated in the genotype analysis

PK Results Figure N01209b-1: Geometric Mean + SD BRV Profile By Dose Group on Day 1
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Figure N01209b-2: Geometric Mean + SD BRV Profile By Dose Group on Day 12
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Figure N01209b-3: Geometric Mean + SD Trough BRV Profile By Dose Group on Days1
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Table N01209b-1: Accumulation Analysis of BRV (AUCO-» on Day 1 and AUCtau on Day
12)

Reference @ Test @

Dose

AUC atDay 1

AUC; at Day 12

Test ®/ Reference

BRV 2.5mg bid

673 (602, 753)

702 (628, 785)

104 (101. 108)

BRV 10mg bid

2830 (2260, 3545)

2939 (2346. 3682)

104 (98.9. 109)

BRYV 50mg bid

14362 (12563, 16418)

14239 (12456, 16277)

99.1 (95.4. 103)

(a) Geometric lsmean (95% confidence interval).
(b) Point estimate (90% confidence interval) for the Test/Reference geometric Ismean ratio (%) derived from ANOVA.,
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Table N01209b-2: Geometric Mean (%CV) BRV PK Parameters By Dose Group on

Dayslto 12
PK Geometric Mean (geo CV|[%])
parameters BRY 2.5mg bid BRYV 10mg bid BRYV 50mg bid
(unit) (N=8) (N=8) (N=8)
Day 1 Day 12 Day 1 Day 12® Day 1 Day 12

Conax (ng/mL) 63.7 (20.9) 113 (14.5) 329 (23.3) 508 (35.7) 1842 (30.7) 2477 (16.5)
Cpin (ng/mL) - 35.0(204) - 125 (29.8) - 670 (27.8)
tae(l)® 0.50 0.50 0.50 0.50 0.50 0.50
max (0.50-1.50) | (0.25-1.50) | (0.25-0.50) (0.25-1.0) (0.25-1.0) (0.50-1.50)
AUC -
(ng.h/mL) 673 (14.3) - 2830 (26.0) - 14362 (16.6) -
AUC, ” 5
(ngh/mL) - 702 (12.8) - 2785 (26.2) - 14239 (16.1)
ti (h) 9.36(17.0) | 9.42(8.51) | 9.34(21.2) 8.73(17.2) 8.39 (14.9) 8.59 (16.4)
CL/F
(mL/min/ke) 0.964 (13.4) - 0.989 (25.1) - 0.959 (14.1) -
CL.F
(ml/min/kg) - 0.925 (10.0) - 1.00 (26.2) - 0968 (11.7)
V,/F (L) 50.1(20.4) | 28.5(10.9) | 47.6(8.53) 28.1 (18.5) 42.1(11.4) 27.7 (14.2)
PTF (%) - 131 (32.3) - 163 (29.5) - 151 (24.6)
MRT (h) 13.3(15.2) 13.3 (14.0) 12.7 (20.1) 12.1 (14.0) 11.8(13.2) 11.7 (18.1)
fe (%) 6.87 (22.7) 13.4(23.6) 7.75(27.9) 12.5(31.2) 7.57 (28.5) 12.3 (30.0)
CLg 0.0662 0.0750 0.0766 0.0924 0.0727 0.0886
(mL/min/kg) (25.0) (29.2) (14.1) (18.4) (18.1) (14.4)

CV=Coefficient of Variation. geo=geometric. N=number of subjects
(a) Median (range)

(b) N=7
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Figure N01209b-4: Geometric Mean + SD Hydroxy Metabolite (ucb-100406-1) Profile By
Dose Group on Day 1 and Day 12
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Table N01209b-3: Geometric Mean (%CV) Hydroxy Metabolite (ucb-100406-1) PK
Parameters By Dose Group on Days1 and 12

uch-100406-1 Geomeitric Mean (geo CV[%])
PK BRYV 2.5mg bid BRYV 10mg bid BRY 50mg bid
parameters (N=8) (N=8) (N=8)

(units) Day 1 Day 12 Day 1 Day 12 Day 1 Day 12
Clax (ng/mL) 3.06 (28,6}(Ej 8.12 (46.5) | 12.1(99.0)” | 32.1 (83,9}(5 46.1 (95.9) 130 (90.5)
Tonee ()™ 6.0 1.0 9.0 05 9.0 05

(4.0-9.0)® (0.5-4.0) (6.0-9.0)® 0.5-1.00% | (6.0-12.0) (0.5-4.0)
AUC 2 (c) -
(ng.h/mL) NC - 432 (23.9) - 1218 (90.3) -
AUC, N ®) -
- - 22 - 2
(aghiml) 79.8 (44.0) 322 (84.5) 1321 (87.4)
ty2 () NC 152(40.7) | 104164 [ 106265 | 9.80(14.9) | 9.29 (12.5)
CLfm/F 0.136 o 0.139
(mL/min/ke) 0.128 (40.5) (45.4) 0.103 (156) (“0}@) 0.0996 (111) | 0.113 (106)
fe (%) 13.3 (30.4) 30.3 (34.5) 10.4 (113) 26.8 (73,6)(5) 10.4 (95.1) 23.4(78.5)
CLR (c) (b) 2
(L /min/kg) NC 1.19(10.1) | 1.07 (16.6) 1.20(13.8) 1.17(11.6) 1.22 (26.0)
CV=Coefficient of Variation, geo=geometric, N=number of subjects, NC=Not calculated
(a) Median (range)
(b) N=7
() N=6
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By Dose Group on Day 1 and Day 12

Day 1

Figure N01209b-5: Geometric Mean + SD Carboxylic Acid Metabolite (ucb 42145) Profile
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Table N01209b-4: Geometric Mean (%CV) Carboxylic Acid Metabolite (ucb 42145) PK

Parameters By Dose Group on Days1 and 12

uch 42145 Geometric Mean (geo CV[%])
PK BRYV 2.5mg bid BRYV 10mg bid BRY 50mg bid
parameters (N=8) (N=8) (N=8)

(units) Day 1 Day 12 Day 1 Day 12 Day 1 Day 12
Cpoax (ng/ml) | 3.03(17.6)® | 5.28(14.7) 10.8 (15.1) 19.6 (24.2) | 68.9(17.3) 113 (23.7)
tmax (1) 35 (3@?- 2.0(1.5-6.0) | 4.0 (2.0-4.0) | 3.0 (1.5-4.0)9 | 3.0(1.5-4.0) | 2.5 (1.0-4.0)

4.0)
AUC
(ng /mL) NC - 185 (34.0) - 905 (15.5) -
AUC, 422 ©
(ng.VmL) - (1.},‘2)@ - 162 (24.9) - 901 (18.7)
ty2 (h) NC NC 11.6 (30.2) 10.7 (15.8) | 8.71(21.4) | 9.23(21.6)
fﬁﬁﬁg} 0.280 (13.7) | 0.300(6.52) | 0.275(21.4) | 0.322 (17.7)9 | 0.293 (14.2) | 0.337 (13.3)
fe (%) 29.0 (13.6) 59.4(17.7) | 27.8(17.7) | 52.5(25.6)° | 30.6(14.1) | 54.3(26.6)
CLg 5.10 ” ©
(mL/min/kg) NC 8.97® 419 (38.8) | 5.54(24.5) 4,66 (104) | 5.32(19.1)

(a)
(b) N=6
(¢) N=7

CV=Coefficient of Variation. geo=geometric. N=number of subjects. NC=Not calculated
Median (range)
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Figure N01209b-6: Geometric Mean + SD Hydroxy-Acid Metabolite (ucb-107092-1)
Profile By Dose Group on Day 1 and Day 12
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Table N01209b-5: Geometric Mean (%CV) Hydroxy-Acid Metabolite (ucb-107092-1) PK
Parameters By Dose Group on Days1 and 12

ucb 107092-1 Geometric Mean (geo CV[%])
PK BRY 2.5mg bid BRY 10mg bid BRY 50mg bid
parameters (N=8) (N=8) (N=8)
(units) Day 1 Day 12 Day 1 Day 12 Day 1 Day 12
Cone (nz/mL) NC NC 2.50 (14.6) | 53521.7)Y | 16.7(19.6) | 31.1(30.1)
tmax (1)@ 6.0 (4.0- 4.0 (4.0-
NC NC 9.0) 6.0)® 6.0 (4.0-6.0) | 4.0(2.0-4.0)
AUC (ng.h/mL) NC - NC - 316(20.9) -
AUC, © 303
(ng.VmL) - NC - 56.9 (12.6) - 303 (25.1)
ty (h) NC NC NC 16.2 (14.6)9 | 11.1(22.0) 14.4 (20.2)
fe (%) 13.2(13.3) [ 32.2(14.0) | 12.8(13.9) | 29.6 (14.9)65 14.3 (16.8) 29.3 (13.6)
CLR ®) 3
(mL/min/ke) NC NC NC 7.48 (16.7) 6.23 (16.3) 6.29 (41.9)
CV=Coefficient of Variation. geo=geometric. N=number of subjects. NC=Not calculated
(a) Median (range)
(b) N=7
(c) N=6
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Figure N01209b-7: Geometric Mean Urinary Excretion of BRV, Hydroxy Metabolite (ucb-
100406-1), Hydroxy-Acid Metabolite (ucb-107092-1), Carboxylic Acid Metabolite (ucb
42145) By Dose Group on Day 12
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Safety e 7 AEs, all mild, were reported by 5 subjects (1 rash in the BRV 10mg bid group, 3
diarrhea in the BRV 50mg bid and 1 diarrhea in placebo groups, 1 headache in
the BRV 50mg bid group, and 1 dizziness in the BRV 50mg bid group). All of
these AEs were considered related to the study drug.

e Subjects with 6 of the 7 AEs recovered spontaneously before the end of the
study.
e Therash (10 mg BRV bid group) persisted for 8 days before recovery.
¢ No new safety signals were determined.
Sponsor’'s e BRV 2.5 mg bid, 10 mg bid, and 50 mg bid are safe and well-tolerated.
Conclusions e The CYP2C19 genotype class may have no clinical relevant b/c the difference in

BRV PK among homozygous EM, heterozygous EM and PM was not clinically
significant on safety and this allelic variation predominantly affects the PK of ucb-
100406-1 which is an inactive metabolite of BRV.

90% CI for AUCay,pay12 / AUCq. pay 1 Was 99.1% to 104% (and thus, no
unexpected accumulation was expected in 2.5 mg bid to 50 mg bid)

BRV Cmax and AUC increased proportionally with dose on Days 1 and 12. Other
BRV PK parameters were independent of dose.

All 3 metabolites had C.,,x and AUC increase proportionally with the dose.

All 3 metabolites had comparable urinary excretion (e.g. f¢) and CL,., across all
dose groups.

Urinary excretion of the 3 metabolites was nearly complete 48 hours after the
final BRV dose on Day 12.
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Reviewer
Comment

Please refer to the Appendix for the pharmacogenomics review of the genomic
analyses conducted in this study.

This reviewer concurs with the Sponsor that the observed 40% increase in uch-
100406-1 in the present study is not likely to result in safety or tolerability issues
(as ucb-100406-1 is not active).

Within the dose range of 2.5 mg bid to 50 mg bid, the BRV AUCq.., pay 1 (AUC
infinity after a single dose) is comparable to BRV AUCiapay12 (AUC tau at steady
state). This observation is consistent with the theory that these two AUC
measures should be equal (provided there is no change to ADME over time).
This reviewer concurs that the f, as well as CL,., did not vary with dose for BRV
or metabolites.

The fraction of the dose excreted in the urine increased between Day 1 and Day
12 for BRV (2-fold increase) as well as all metabolites (2-3-fold increase). In
addition, urinary excretion of metabolites is greater on Day 12 compared to Day
1. The reason for this increase in renal CL is not clear. However, the safety of this
study suggests that BRV 50 mg bid for up to 12 days is well-tolerated in
Japanese patients.

This reviewer concurs that BRV and metabolite Cmax and AUC increased
approximately proportionally with dose from 2.5 mg bid to 50 mg bid. The other
parameters did not appear to vary significantly with dose.
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4.421 NO1233: TQT (Phase 1)

Study Report#

RPCEO6A1207 / N01233

Title

Randomized, placebo- and moxifloxacin-controlled study of the effect of
brivaracetam on cardiac repolarization in four parallel groups of healthy male and
female subjects.

Objectives

Primary: Assess whether BRV has a threshold pharmacologic effect on cardiac
repolarization as detected by QTc prolongation
Secondary:
1. Assess the effect of BRV on:
e Time-matched baseline subtracted QT, QTcB, QTcF , RR, PR and QRS
intervals
¢ Non-baseline adjusted QTcSS, QT, and RR at each post-dose time point
e Largest time-matched QTcSS and QTcF change from baseline: Amax
e Time-matched baseline subtracted QTcSS and QTcF at tmax
2. Determine the incidence of new outliers with abnormal T-U waves, and/or QTc »
500 ms and/or QTc change from baseline > 60 ms
3. Determine the plasma levels of BRV and metabolites
4. Assess the safety of repeated oral 75-mg and 400-mg BRV bid during 6.5 days.

Study Design

Two centers, randomized, multiple-dose (single dose of moxifloxacin), 4 parallel
groups study, of three double-blind treatments and one open-label treatment
(moxifloxacin)

Duration

5 weeks

Dosage and
Administration

Four parallel groups were to be enrolled:

1. A group constituted of 52 subjects received placebo (8 x 50 mg placebo
capsules), b.i.d., from Day 1 morning to Day 7 morning.

2. A group constituted of 52 subjects received a 400 mg moxifloxacin oral tablet on
Day 1.

3. A group constituted of 39 subjects received 75 mg brivaracetam (1 x 25 mg, 1 x
50 mg BRYV capsules and 6 x 50 mg placebo capsules), b.i.d., from Day 1
morning to Day 7 morning.

4. A group constituted of 39 subjects received 400 mg brivaracetam (8 x 50 mg
BRYV capsules), b.i.d., from Day 1 morning to Day 7 morning.

Moxifloxacin was provided as Avelox® tablets (400 mg)

PK Plasma Samples: pre-dose, 30 min, 1 h, 1.5h, 2 h, 4 h, 6 h, 9 h and 12 h post-dose
Assessment on Day 7. BRV and moxifloxacin were measured at the same time points.

PK Analyses: Chax, tmax @nd AUC, 1on Were computed for BRV and moxifloxacin
ECG ECG Measurement Times: Clinical cardiac safety pharmacology was assessed
Assessments | through central reading of ECGs on Day -1 (baseline) and Day 7 (Day 1 for group

2), registered at the same time points as the blood samples for pharmacokinetic
assessments (pre-dose, 30 min, 1 h, 1.5h, 2 h, 4 h, 6 h, 9 h and 12 h post-dose).
The following parameters were recorded or derived: QT, RR, PR, QRS, QTcB,
QTcF, and QTcSS.

Cardiac Safety Analyses: The effect of BRV on the QT/QT, interval was primarily
analyzed using the largest time-matched mean difference between the drug and
placebo (baseline-adjusted, AAQT.ss) over the ECG collection period. The

relationship between QTc (QTSS and QTcF) interval and pharmacokinetics was
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explored via scatter plots and regression models of QTc (raw values and change

from baseline) versus BRV and moxifloxacin plasma levels.

Bioanalytical
Methods

HPLC-MS/MS Analytical Methods for BRV and Metabolite Plasma

Concentrations

Analyte Name | Brivaracetam Carboxylic Hydroxy Hydroxy Acid
Acid Metabolite Metabolite
Metabolite
Analyte ID ucb 34714 ucb 42145 uch-100406-1 | ucbh-107092-1
Internal @@ (0) (4)
Standard (IS)
Standard 10, 20, 45, 1.99, 4.98, 1.86, 4.65, 1.85, 4.63,
curve 100, 200, 450, | 19.9, 49.8, 18.6, 46.5, 93, | 18.5, 46.3,
concentrations | 1000, 2000 99.5, 498, 465, 930, 92.6, 463, 926,
ng/mL 995, 1991 1860 ng/mL* 1852 ng/mL*
ng/mL*
Standards -3.1t0 3.3% -6.61t03.5% | -3.9t02.2% -7.6t0 7.9%
accuracy
Standards <5.8% <7.3% <3.2% <4.2%
precision
QcC 25.0, 150 and | 5.97, 74.7 5.58, 69.7 and | 5.56, 69.4 and
concentrations | 1800 ng/mL and 1792 1674 ng/mL* 1667 ng/mL
ng/mL*
QC Accuracy | -2.0t04.7% -441t02.0% |-11.2t0-6.3% | -3.81t05.2%
QC Precision | <7.8% <10.1% <5.3% < 6.3%
LLOQ 10 ng/mL 1.99 ng/mL* | 1.86 ng/mL* 1.85 ng/mL*
*The metabolites are presented as “effective concentrations” (ng eq ucb 34714/mL).
IS ®@
IS ®®@

HPLC-MS/MS Analytical Methods for MOX Plasma Concentrations

Analyte Name

Moxifloxacin

Analyte ID

MOX

Internal Standard (1S)

Standard curve concentrations

25, 50, 100, 200, 500, 1000,
2000, 4000, 5000 ng/mL

Standards accuracy

-4.2% t0 3.2%

Standards precision

<8.0

%

QC concentrations

75, 750, 3500 ng/mL

QC Accuracy 1.2t0 2.3%
QC Precision < 8.5%
LLOQ 25 ng/mL

[Reviewer comment: The assays are acceptable.]
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Population/ N=292
Demographics | Inclusion Criteria:

Male and female subjects age 18 to 45 years

Good physical and mental health

ECG is normal or abnormal but not clinically significant
Laboratory test results are within the reference range

Females of childbearing potential must use adequate birth control

Exclusion Criteria:

1. QTcg < 300 ms and/or > 450 ms for males, or > 470 ms for females

2. History of Torsade de Pointes, family history of arrhythmia, or any other cardiac
condition

3. Hepatic/biliary, renal, gastrointestinal, or other disorder that would alter ADME of

drugs or constitute a possible risk factor when taking the study medication

Concomitant chronic or acute iliness

Drug treatment, including prescribed or OTC medications taken within 14 days

(or 2 months for enzyme-inducing drugs) predicting first intake of study drug.

Paracetamol (acetaminophen) is permitted up to 2 g/day, and upto 10 g/ 2

weeks. Oral contraceptives and HRT are permitted.

Currently smoker or have quit within 6 months

Heavy caffeine intake

Quinine, caffeine containing foods, grapefruit, chocolate, coffee or tea within 48

hours of first drug administration

9. Abnormal blood pressure or heart rate at screening

arwNE

ok

© N

PK Results Table N01233-1: Largest Time-Matched Difference Between Active Treatment and

Placebo (Maximum AAQT.ss)
Population Treatment Post-dose max. AAQT ss: Two-Sided 90% Confidence
Time Estimate Interval® (ms)
(ms) lower upper

| PP® BRYV 75 mg bid 4h 0.2 -3.9 4.3

BRV 400 mg bid 12h -1.1 -5.2 3.0

MOX 400 mg 4h 12.4 8.6 16.2

ITT® BRV 75 mg bid 4h -0.1 -4.2 3.9

BRV 400 mg bid 12h -1.5 -5.6 2.5

MOX 400 mg 4h 12.3 8.5 16.1

Table N01233-2: Largest Time-Matched Difference Between Active Treatment and
Placebo (Maximum AAQT )

Population Treatment Post-dose max. AAQT: | Two-Sided 90% Confidence
Time Estimate Interval® (ms)
(ms) lower upper
pp"” BRV 75 mg bid 4h 1.0 31 5.0
BRV 400 mg bid 9h -0.1 42 4.0
MOX 400 mg 4h 12.2 84 15.9
T BRV 75 mg bid 4h 0.8 32 4.7
BRV 400 mg bid 9h -0.5 4.5 36
MOX 400 mg 4h 12.3 8.6 16.0
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Table N01233-3: Single-Dose PK Parameters for Moxifloxacin

Parameter units MOX 400 mg (N=52)
Geomean (CV%)  min —max

Cax pg/mL 2.40 (26.6%) 1.32-450
AUCqp12m) pg*h/mL 16.6 (21.7%) 102-256
e h 1.5@ 0.5-6.0
Safety e TEAESs occurred in 48.9% of subjects,
e TEAESs were reported in 92.5%, 79.5%, 22.6", and 19.2% of the BRV 400 mg
bid group, BRV 75 mg bid group, placebo group, and MOX treatment group
o All TEAESs were mild to moderate in intensity
e Most common TEAEs in 400 mg BRV group were feeling drunk (45.0%),
dizziness (42.5%), asthenia (22.5%), somnolence (15.0%), headache (10.0%),
euphoric mood (7.5%), nausea (7.5%), and vomiting (5.0%).
e Most common TEAESs in 75 mg BRV group were asthenia, somnolence and
headache (28.2%, 12.8% and 10.3% of the subjects).
Sponsor’'s The results demonstrate the absence of BRYV effects on cardiac repolarization
Conclusions | The repeated oral administration of 150 mg and 800 mg BRYV in HV did not give rise
to any unexpected safety concerns
Reviewer This study did not give rise to any new BRV safety signals.
Comment

The IRT QT consult of IND 70205/ IND | ©® reviewed this TQT study (see the
review of IND 70205 signed on 03/05/2009 for details).

The overall summary of findings was that no significant effect of BRV was detected
in the TQT study. The IRT review provided the following statement regarding organ
impairment:

“We note that subjects with severe renal impairment had plasma concentrations of the
hydroxyacidic metabolite that were 20-fold higher. The sponsor has not completed their
evaluation of the extrinsic (e.g., drug interactions) factors that could increase exposure
to brivaracetam in patients (Clinical Pharmacology Table, section 6.1). Therefore, the
adequacy of the exposures achieved in this TQT study will be a review issue when
additional studies are complete.”

Study N01109 demonstrated that metabolite exposures increased between 324% -
2148% in patients with severe Rl compared to healthy volunteers. The exposures
were greater patients with severe renal impairment compared to patients in the TQT
study. While the accumulation of metabolites in patients with severe Rl is not known
(since N01109 was a single-dose RI study), the Sponsor has provided safety
information for animals that were exposed to metabolite exposures 8.5-25 fold
greater than predicted steady-state exposures in patients with severe RI, and for
durations of 4 to 13 weeks. As there were no significant cardiac toxicity in these
toxicology studies, the use of BRV with no dose adjustment in patients with severe
Rl is acceptable. Please refer to the ISR for study N01109 for additional details.
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4.4.22 NO01252: Efficacy — 20, 50, 100 mg/day — LEV allowed (Phase 3)

Study NCT00490035 / N01252

Report#

Title A multi-center, double-blind, parallel-group, placebo-controlled, randomized study:
evaluation of the efficacy and safety of brivaracetam in subjects (= 16 years to 70
years old) with Partial Onset Seizures

Objectives Primary: Assess efficacy of 20, 50, and 100 mg/day BRV in POS epilepsy patients

Secondary: Dose/response, effects on Type IC seizures, safety and tolerability,
patient functionality and quality of life

Exploratory: patient quality of life, population PK, genotyping for SV2-and-epilepsy-
related genes (for pooled analyses)

Study Design

International, double-blind, parallel-group, placebo-controlled, randomized, phase 3
confirmatory study

Administration

Duration 24-weeks, 14-weeks exposure to BRV (8 week baseline period, 12 week treatment
period, 2 week down-titration period, 2-week study drug-free period)
Dosage and e After an 8 week baseline period, subjects were randomized 1:1:1:1 to placebo,

BRV 20, 50, or 100 mg/day as oral tablets administered BID (2 equal intakes,
morning and evening). Subjects were randomized to the full dose without a
titration and were treated for 12 weeks.

o After the Treatment Period, subjects entered the LTFU study at the
recommended starting dose of BRV 50 mg/day, or down-titrated over 2 weeks
followed by a 2-week study drug-free period.

e Subjects were stratified by geographical region (Eastern Europe, Western
Europe, India) and for use of Levetiracetam (with or without LEV use at study
entry).

Down- Study
Baseline Period Treatment Period titration | Drg Free
(8 weeks) (12 weeks) Period Period
o _ | (2weeks) [(2weeks)
D3 (100 mg/d)
........................ -
|
[ ]
I
n
1
D2 (50 mg/d) =
L]
_ . |
D1 (20 mg/d) e 0 1 - —_—
e S ———————— — XX
Vi V2 V3 Phone V4 Vs Ve V7 Phone Call Safery Visit
W -8 W4 WocCall w2 W4 WE Wiz Wwi3 Wwie
T wi T
) . . Follow-up Studies
Screening Randomization Evaluation ———»

NO1125/N01199
Start dosage 50 meg/d

PK
Assessment

Plasma Samples — BRV: one blood sample at Visit 3 (V3-B), Visit 4 (V4-B), Visit
5 first draw (V5-B) and second draw (V5-B2), Visit 6 first draw (V6-B) and
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second draw (V6-B2), Visit 7 first draw (V7-B) and second draw (V7-B2) and
Early Discontinuation Visit (EDV).

Plasma Samples — AEDs: one blood sample at Visit 1 (V1-B), Visit 3 (V3-B),

Visit 4 (V4-B), Visit 5 (V5-B), Visit 6 (V6-B), Visit 7 (V7-B), Early
Discontinuation Visit (EDV is a Eurofins Medinet visit identification) and at
Safety Visit (SV-B).

Bioanalytical
Methods

HPLC-MS/MS Analytical Methods for BRV Plasma Concentrations

Analyte Name Brivaracetam
Analyte ID uch 34714
Internal Standard (1S) ® @

Standard curve concentrations | 10, 20, 50, 100, 200, 500,
1000, 2000, 4000 ng/mL

Standards accuracy -4.6 t0 3.8%

Standards precision <5.2%

QC concentrations 30, 300, 900, 3600 ug/mL
QC Accuracy -3.4 10 8.6%

QC Precision <7.2%

LLOQ 10 ng/mL

[Reviewer comment: The assay is acceptable.]

Population/
Demographic
S

N=399 epilepsy patients with POS
Inclusion Criteria:

1.
2.
3.

4.

Male and female patients with epilepsy age 16 to 70 years

Focal epilepsy or epileptic syndrome, history of partial onset seizures

Refractory while receiving 1 or 2 co-AEDs (Vagal nerve stimulation allowed, but
not counted as a co-AED). Benzodiazepine (BZD) taken more than once a week
(for any indication) was considered as a concomitant AED.

Females of childbearing potential must use acceptable birth control

Exclusion Criteria:

1.
2.
3.

»

© NG

Current or previous use of felbamate within 18 months of visit 1

Current use of vigabatrin

Use of drugs with possible CNS effects unless stable for 1 month prior to Visit 1
and for whole study period..

Use of drugs that influence BRV metabolism (2C or 3A potent inhibitors) unless
stable for 1 more before visit 1 and for entire study duration.

Impaired hepatic function (ALAT/SGPT, ASAT/SGOT, ALP, GGT > 3 x ULN)
Creatinine CL <50 mL/min

Clinically significant ECG abnormalities

Pregnant/lactating women

[Reviewer comment: Use of levetiracetam was permitted in this study.]

PK Results

The population pharmacokinetics (PK) of brivaracetam (BRV) in two Phase Il studies
(N01114, N01193) and three Phase Il studies (N01252, N01253, N01358)

PK results from these studies are pooled and provided in the CSR for NO1358.
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Efficacy Table N01252-1: Primary Efficacy Analysis of Seizure Frequency Per Week
Over the Treatment Period
Statistics BRV
PBO 20mg S0mg 100mg
(N=100) (N=99) (N=99) (N=100)
n 100 99 99 100
LS means (log transformed) (SE) 1.167 (0.042) | 1.096(0.042) | 1.099 (0.042) 1.042 (0.042)
LS means (back transformed) 2211 1.993 2.002 1.836
Treatment comparison vs PBO
% reduction over PBO 6.8 6.5 11.7
95% confidence interval -4.8,17.1 -5.2.16.9 0.7.21.4
p-value? 0.239 0.261 0.037°

The 100 mg/day big dose level is the only group that demonstrated statistically
significant benefit compared to placebo.

However, the primary outcome for study N01252 did not achieve statistical

significance based on the sequential testing procedure, which required statistical
significance at the 0.050 level for BRV 50mg/day versus PBO prior to the testing of

BRV 100mg/day and BRV 20mg/day in sequence.

Safety e TEAEs occurred in 53.0% and 60.7% of subjects in the PBO group and BRV
group, respectively.

e The most common TEAEs in BRV vs PBO were the Treatment Period were:
headache (13.8% vs 9.0%), somnolence (7.4% vs 6.0%), dizziness (5.7% vs
5.0%), and fatigue (5.0% vs 2.0%), respectively. Headache and fatigue were the
two TEAEs that occurred at the highest rates compared to placebo.

e TEAESs during the Treatment Period was higher in the subjects with concomitant
LEV use for both the PBO and BRV overall treatment groups (66.7% and 72.4%,
respectively) compared with subjects without concomitant LEV use (50.0% and
57.9%, respectively).

e The most common drug-related TEAEs in the BRV overall group compared with
the PBO group were as follows: headache (6.4% vs 3.0%), somnolence (6.4% vs
6.0%), and fatigue (4.7% vs 2.0%).

e TEAEs that lead to discontinuation was 4.0% and 4.7% in PBO and BRV groups

e SAE incidence was 6.0% and 2.3% in PBO and BRV groups

Sponsor’s ¢ The primary efficacy outcome did not achieve statistical significance, based on

Conclusions the pre-specified statistical testing procedure for 20 mg and 50 mg doses.

e The comparison of BRV 100mg/day versus PBO was nominally statistically
significant with an 11.7% reduction over PBO for the primary outcome (p=0.037).

e Brivaracetam at doses of 20mg/day, 50mg/day, and 100mg/day was generally
well tolerated.

Reviewer e The 50 mg/day dose was statistically significantly better than placebo in study

Comment NO01253 as well as NO1193. However, the 50 mg/day dose was not better than
placebo in study NO1114 and the current study.

e Please refer to the medical officer’s review for more information about the
acceptability of the 50 mg/day bid (25 mg twice per day) dose level.

e Forinsight into the population pharmacokinetic analyses and exposure-efficacy
analyses, please refer to the pharmacometric portion of this review.
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4.4.23 NO01253: Efficacy — 5, 20, 50 mg/day — LEV allowed (Phase 3)

Study NCT00464269 / N01253

Report#

Title An international, double-blind, parallel-group, placebo-controlled, randomized study:
evaluation of the efficacy and safety of brivaracetam in subjects (= 15 years to 70
years old) with Partial Onset Seizures

Objectives Primary: Assess efficacy of 5, 20, and 50 mg/day BRV in POS epilepsy patients

Secondary: Dose/response, effects on Type IC seizures, safety and tolerability,
patient functionality and quality of life

Exploratory: patient quality of life, population PK, genotyping for SV2-and-epilepsy-
related genes (for pooled analyses)

Study Design

International, double-blind, parallel-group, placebo-controlled, randomized, phase 3
confirmatory study

Administration

Duration 23 weeks, 13-weeks exposure to BRV (8 weeks baseline period, 12 week treatment
period, 1 week down-titration period, 2-week study drug-free period)
Dosage and e After an 8-week Baseline Period, subjects were randomized 1:1:1:1 to placebo,

BRV 5, 20, or 50 mg/day as oral tablets administered BID (2 equal intakes,
morning and evening). Subjects were randomized to the full dose without a
titration and were treated for 12 weeks.

o After the Treatment Period, subjects entered the LTFU study at the
recommended starting dose of 50 mg/day or down-titrated over 1 week followed
by a 2-week study-drug-free period.

Down-
. . o . - . Study Dru,
Baseline Period I'reatment Period Titration _u Y &
. Free Perod
(8 weeks) (12 weeks) Period
(2 weeks)
(1 week)
D3 (50 mg/d)
———— r
i
D2 (20 mg/d) -
DIGGmg/id)  |eeemeremes e s oo - - ————
b o o s
Placebo - - - - e
Vi V2 v3 Phone vy Vs V6 V7 Phone  Safety Visit
w.g W4 wo Call w2 w4 W8 w12 Call wis
| I Wi | W13
Follow-up Study NO1199
Screening Randomuzation Evaluation

Start dosage 50mg/d

PK
Assessment

Plasma Samples — BRV: one blood sample at Visit 3 (V3-B), Visit 4 (V4-B), Visit
5 first draw (V5-B) and second draw (V5-B2), Visit 6 first draw (V6-B) and
second draw (V6-B2), Visit 7 first draw (V7-B) and second draw (V7-B2) and
Early Discontinuation Visit (EDV).

Plasma Samples — AEDs: one blood sample at Visit 1 (V1-B), Visit 3 (V3-B),
Visit 4 (V4-B), Visit 5 (V5-B), Visit 6 (V6-B), Visit 7 (V7-B), Early
Discontinuation Visit (EDV is a Eurofins Medinet visit identification) and at
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Safety Visit (SV-B).
Bioanalytical | HPLC-MS/MS Analytical Methods for BRV Plasma Concentrations
Methods Analyte Name Brivaracetam
Analyte ID uch 34714
Internal Standard (1S) N
Standard curve concentrations | 10, 20, 50, 100, 200, 500,
1000, 2000, 4000 ng/mL
Standards accuracy -6.3104.1%
Standards precision < 6.5%
QC concentrations 30, 300, 900, 3600 ug/mL
QC Accuracy -4.1t0 8.2%
QC Precision <9.4%
LLOQ 10 ng/mL
[Reviewer comment: The assay is acceptable.]
Population/ N=400 epilepsy patients with POS
Demographic | Inclusion Criteria:
S 1. Male and female patients with epilepsy age 16 to 70 years
2. Focal epilepsy or epileptic syndrome, history of partial onset seizures
3. Refractory while receiving 1 or 2 co-AEDs (Vagal nerve stimulation allowed, but
not counted as a co-AED). Benzodiazepine (BZD) taken more than once a week
(for any indication) was considered as a concomitant AED.
4. Females of childbearing potential must use acceptable birth control
Exclusion Criteria:
1. Current or previous use of felbamate within 18 months of visit 1
2. Current use of vigabatrin
3. Use of drugs with possible CNS effects unless stable for 1 month prior to Visit 1
and for whole study period. Benzodiazepines taken more than once/week (for any
indication) is considered as a concomitant AED.
4. Use of drugs that influence BRV metabolism (2C or 3A potent inhibitors) unless
stable for 1 more before visit 1 and for entire study duration.
5. Impaired hepatic function (ALAT/SGPT, ASAT/SGOT, ALP, GGT > 3 x ULN)
6. Creatinine CL <50 mL/min
7. Clinically significant ECG abnormalities
8. Pregnant/lactating women
[Reviewer comment: Use of |levetiracetam was permitted in this study.]
PK Results The population pharmacokinetics (PK) of brivaracetam (BRV) in two Phase Il studies
(N01114, N01193) and three Phase Il studies (N01252, N01253, N01358)
PK results from these studies are pooled and provided in the CSR for NO1358.
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Efficacy Table N01253-1: Primary Efficacy Analysis Partial Seizure Frequency Per Week
Over the Treatment Period
Statistics BRV
PBO Simg 20mg 50mg
(N=96) (N=96) (N=99) (N=101)
n 96 96 99 101
LS means (log-transformed) (SE) | 1418 (0.044) | 1.427(0.044) | 1.376(0.044) 1.282 (0.043)
LS means (back transformed) 3.131 3.168 2.961 2.602
Treatment comparison vs PBO
% reduction over PBO - -0.9 4.1 12.8
95% CI - -13.9.10.6 8.1.15.0 1.7.22.6
pvalue® - 0.885 0.492 Iﬁ_
Only the 50 mg bid group demonstrated a statistically significant efficacy improved
compared to placebo.
Safety e TEAEs occurred in 70.4% and 75.8% of subjects receiving placebo and BRYV,
respectively.
¢ The most comment AEs with BRV vs PBO were somnolence (15.1% vs
7.1%), dizziness (14.1% vs 9.2%), headache (10.1% vs 14.3%), influenza
(6.4% vs 1.0%), nausea (5.7% vs 3.1%), and fatigue (8.7% vs 2.0%).
e Majority of AEs were mild or moderate
TEAES leading to discontinuation was 2.0%, 8.2%, 5.0%, and 5.9% in the PBO,
BRV 5mg/day, BRV 20mg/day, and BRV 50mg/day groups, respectively
Sponsor’s ¢ The 50 mg/day bid BRV group demonstrated statistically significant improvement
Conclusions over placebo
o A statistically greater proportion of subjects in the BRV 50mg/day group (32.7%)
were 50% responders compared with the PBO group (16.7%; p=0.008).
e Brivaracetam at doses of 5Smg/day, 20mg/day, and 50mg/day was generally well
tolerated compared with PBO in this controlled study of subjects aged 16 to 70
years old with POS.
Reviewer e There were no apparent new safety signals in this study.
Comment e The 50 mg/day dose was statistically significantly better than placebo in this study

as well as NO1193. However, the 50 mg/day dose was not better than placebo in
study NO1114 and NO1252.

e Please refer to the medical officer’s review for more information about the
acceptability of the 50 mg/day bid (25 mg twice per day) dose level.

e For insight into the population pharmacokinetic analyses and exposure-efficacy
analyses, please refer to the pharmacometric portion of this review.
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4.4.24 NO01254: Safety — 20, 50, 100, 150 mg/day — LEV allowed

Study Report#

N01254

Title An international, randomized, double-blind, parallel-group, placebo-controlled,
flexible dose study: evaluation of the safety and efficacy of brivaracetam in subjects
(=16 to 70 years old) suffering from localization-related or generalized epilepsy
Objectives Primary: assess the safety and tolerability

Secondary:
1. Confirm efficacy

2. Assess effect on quality of life measures
3. Assess effects on Type IC seizures.

Study Design

Randomized, double-blind, parallel-group, placebo-controlled, flexible dose study

Duration

25 weeks (19-week BRV exposure)

Dosage and
Administration

After a 4-week Baseline Period (screening visit V02), subjects who entered the
Treatment Period were randomized (dose finding period 8 weeks with visit V03, V04
and V06) to one treatment group:

20, 50, 100 and 150 mg/day of Brivaracetam or placebo (tablets, BID).

The treatment period at stable dose (maintenance period V08) lasted 8 weeks and at
the end of this treatment period, a decision was made on whether the subject enter
the LTFU, or entered a Down-titration Period, followed by a 2-week Study Drug Free
Period.

* Dose escalation to the next higher dose will be at Investigator's discretion during the Dose-Finding
BRV or matching PBO Period up to V6 included. One fallback to the immediate lower dose level is also allowed during the
Dose Fnding Period for subjects taking doses above BRV 20 mg/day or matching PBO. Once the

fallback option has been used, there will be no  possibility to resume the previons dose.

DL (mg /day) < reatment =
i T e P";"“‘ ' Dose at LTFU
' : eatry
H |
' RV
ors — 150 ; ,1 (BRV mg/day)
:
:
= e
1 100 -
] ' LTFU
DpL3 —] 100 ; £ 3 ’ pro
: : e
1 (] comversion
i : toBRV
S B el v
DL2 | 50 ] i
1 [ ]
: T
et ) 20 i ki ki ki :
i
!
-0 ] Time
L L
v[l‘ T T T -1‘1 T vll T vi‘ T UI.s T .—vl“l T T "iiI T T T !; 20 %
4 weeks Randormivatun B weeks § weeks

EDV / DOWN-TITRATION

PK
Assessment

Plasma Samples — BRV: one blood sample at Visit 3 (V3-B), Visit 4 (V4-B), Visit
5 first draw (V5-B) and second draw (V5-B2), Visit 6 first draw (V6-B) and
second draw (V6-B2), Visit 7 first draw (V7-B) and second draw (V7-B2) and
Early Discontinuation Visit (EDV).

Plasma Samples — AEDs: one blood sample at Visit 1 (V1-B), Visit 3 (V3-B),
Visit 4 (V4-B), Visit 5 (V5-B), Visit 6 (V6-B), Visit 7 (V7-B), Early
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Discontinuation Visit (EDV is a Eurofins Medinet visit identification) and at
Safety Visit (SV-B).

Demographics

Bioanalytical HPLC-MS/MS Analytical Methods for BRV Plasma Concentrations
Methods Analyte Name Brivaracetam
Analyte ID ucb 34714
Internal Standard (IS) s
Standard curve concentrations | 10, 20, 50, 100, 200, 500,
1000, 2000, 4000 ng/mL
Standards accuracy -4.4 10 4.3%
Standards precision <5.6%
QC concentrations 30, 300, 900, 3600 ug/mL
QC Accuracy -3.910 8.1%
QC Precision <9.6%
LLOQ 10 ng/mL
[Reviewer comment: The assay is acceptable.]
Population/ N=480

Inclusion Criteria:

1.
2.
3.

4.

Male and female patients with epilepsy age 16 to 70 years

Focal epilepsy or epileptic syndrome, history of partial onset seizures
Refractory while receiving 1 or 3 co-AEDs (Vagal nerve stimulation allowed, but
not counted as a co-AED) stable for 1 month (3 months for phenobarbital and
primidone) before V1. Benzodiazepine (BZD) taken more than once a week (for
any indication) was considered as a concomitant AED.

Females of childbearing potential must use acceptable birth control

Exclusion Criteria:

1.
2.
3.

»

©NOO

Current or previous use of felbamate within 18 months of visit 1

Current use of vigabatrin

Use of drugs with possible CNS effects unless stable for 1 month prior to Visit 1
and for whole study period. Benzodiazepines taken more than once/week (for
any indication) is considered as a concomitant AED.

Use of drugs that influence BRV metabolism (2C or 3A potent inhibitors) unless
stable for 1 more before visit 1 and for entire study duration.

Impaired hepatic function (ALAT/SGPT, ASAT/SGOT, ALP, GGT > 3 x ULN)
Creatinine CL <50 mL/min

Clinically significant ECG abnormalities

Pregnant/lactating women

[Reviewer comment: Use of levetiracetam was permitted in this study.]

PK Results

The population pharmacokinetics (PK) of brivaracetam (BRV) in two Phase Il studies
(N01114, N01193) and three Phase Il studies (N01252, N01253, N01358)

PK results from these studies are pooled and provided in the CSR for NO1358.
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Efficacy Table N01254-1: Primary Efficacy Analysis of Seizure Frequency Per Week
Over Analysis Periods
Period PBO BRV
Statistics (N=108) (N=323)
Treatment Period (Dose-Finding + Maintenance)
N 108 323
LS means (log transformed) (SE) 1.286 (0.046) 1.210 (0.030)
LS means (back transformed) 2.620 2.355
Treatment comparison vs PBO
% reduction over PBO - 7.3
95% confidence interval - -2.2.159
p-value® - 0.125
Dose-Finding Period
N 108 323
LS means (log transformed) (SE) 1.354 (0.045) 1.229 (0.030)
LS means (back transformed) 2.874 2417
Treatment comparison vs PBO
% reduction over PBO - 11.8
_935% confidence interval - 22129
p-value* - 0.011
Maintenance Period
N 108 323
LS means (log transformed) (SE) 1.201 (0.053) 1.171 (0.035)
LS means (back transformed) 2.324 2.226
Treatment comparison vs PBO
% reduction over PBO - 3.0
05% confidence interval - -8.7,13.3
p-value® - 0.603

The primary éfficacy odtcome (séiéure reduction during— the éﬁtire Tfeatment Period
(Dose-Finding Period + Maintenance Period) did not achieve statistical significance

at the 0.05 level (p=0.125).

Safety

e TEAE rate was 65.3% and 66% in PBO and BRV groups, respectively.

e The most common TEAESs during the Treatment Period for the BRV group
compared with the PBO group were as follows: headache (14.2% vs 19.8%),
somnolence (11.1% vs 4.1%), dizziness (8.6% vs 5.8%), fatigue (7.8% vs 4.1%),
nausea (5.6% vs 8.3%), convulsion (5.0% vs 3.3%), nasopharyngitis (3.9% vs

6.6%), and back pain (3.1% vs 6.6%).

¢ The majority of TEAES reported during the Treatment Period for the overall
Safety Population were mild or moderate in intensity;
TEAES that led to discontinuation 5.0% and 6.4% in PBO and BRV groups
SAEs in the Overall Period occurred in 7.4% and 5.6% of the PBO and BRV

groups, respectively.

Sponsor’s
Conclusions

e The primary outcome, % POS reduction compared to placebo during the

treatment period, was 7.2% and did not achieve statistical significance.

¢ A secondary endpoint, 50% responder rate over the treatment period was
statistically significantly improved compared to placebo (30.3% versus 16.7% for
BRYV versus PBO; p=0.006).

e Brivaracetam was generally well tolerated.
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Reviewer
Comment

There was no signs of new safety signals from this study

The overall effect of BRV (all doses pooled in a single BRV arm) was not
statistically significantly superior to placebo over the time course of interest. It is
not clear why BRV was superior to placebo during the dose-finding period (up-
titration period) but BRV was not superior to placebo during the maintenance
period.
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4.4.25
(Phase 1)

NO01256-A: Bioavailability of Oral Tablet Versus IV infusion, and IV bolus

Study Report#

RPCEQ7C1525 / N01256

Title

A randomized, monocenter, open-label, three-way crossover, dose
availability study of three different formulation of brivaracetam (part 1),
followed by a non-randomized, monocenter, open-label safety assessment
study of four escalating doses of brivaracetam (BRV) administered via two
formulations (part Il), on healthy volunteers

Objectives

Primary: BA comparison between BRV 10 mg oral tablet versus BRV 10 mg IV-
infusion (15 minutes), and BRV 10 mg IV bolus (12 seconds)

Secondary: Assess safety and tolerability

Study Design

Monocenter, single dose, open-label, randomized, 3-way crossover study

Duration

6 weeks in Part A (see the ISR for Study N01256-B for details on Part B)

Dosage and
Administration

N=24 Subjects received a single dose of each of the three treatments (separated
by a 1-week washout):

1. BRV 10 mg oral tablet,

2. BRV 10 mg (50 mg / mL Vial) as a 15-minute IV infusion,
3. BRV 10 mg (50 mg / mL Vial) as a 12-second IV bolus.

PK
Assessment

Part I (NO1256-A) collected plasma samples for plasma PK analyses.

BRYV tablet: pre-dose, 15, 30, 45 minutes, and 1, 2, 4, 6, 8, 12, 24, and 36 hours
after dosing.

BRYV infusion and bolus: pre-dose, 5, 10, 15, and 30 minutes, 1, 2, 4, 6, 8, 12, 24,
and 36 hours after dosing.

PK

Analyses: Cnax, Cr (end of infusion or bolus), tna, AUC, AUCq4, A, tip, CL, V..

Statistical
Analysis

Reference: 10 mg BRYV oral tablet
Test 1:10 mg BRV IV (infusion)
Test 2: 10 mg BRV IV (bolus)

Sponsor assessed bioavailability between Test 1/Reference and Test
2/Reference by computing the 90% CI for the ratio of geometric means of In-
transformed parameters AUC, AUCy,, and Ca using a linear mixed-effects
model (ANOVA). Sponsor concluded that the bioavailability was comparable if the
90% ClI was fully included within the range of 80 to 125% for the primary
parameters AUC, AUC,;, and C.. PK analyses were carried out on the “per
protocol” population.
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Bioanalytical HPLC-MS/MS Analytical Methods for Plasma Concentrations
Methods Analyte Name | Brivaracetam | Carboxylic Hydroxy Hydroxy Acid
Acid Metabolite Metabolite
Metabolite
Analyte ID ucb 34714 ucb 42145 ucb-100406-1 | uch-107092-1
Internal (b) (4) (b) (4)
Standard (IS)
Standard 2,5, 50, 200, 1.99, 4.98, 1.86, 4.65, 1.85, 4.63,
curve 600, 1200, 19.9,49.8, | 18.6, 46.5, 93, | 46.3, 185, 556,
concentrations | 1800, 2000 99.5, 249, 232, 418, 465 | 1111, 1667,
ng/mL 448 ng/mL* | ng/mL* 1852 ng/mL*
Standards -3.9103.2% -1.6t01.5% | -1.9t01.6% -3.210 2.8%
accuracy
Standards 2.0t05.4% 191t05.1% 1.7t0 4.8% 1.9t05.4%
precision
QC 6, 75, 1600 5.97, 29.9, 5.58, 27.9, 5.56, 69.4,
concentrations | hg/mL 398 ng/mL* | 372 ng/mL* 1481 ng/mL*
QC Accuracy -2.210 2.3% -0.7t0 1.3% | -5.21t0-3.6% -0.91t0 27%
QC Precision 5.6t0 7.8% 6.0to 7.3% 5.41t0 6.9% 7.0t0 9.6%
LLOQ 50 ng/mL 0.002 uyg/mL | 0.002 pg/mL 0.002 ug/mL
*The metabolites are presented as “effective concentrations” (ng eq ucb
34714/mL).
IS (0) (4)
IS (b) (@)
The Sponsor utilized a similar assay method for measuring urine concentration.
The Sponsor took a urine sample, diluted it 10-fold with blank plasma, and
applied the same assay methodology as was applied for plasma concentration
assessment. The Sponsor reports that the LLOQ was the same in urine as in
plasma for each species. Please refer to N01256-B for additional details.
Population/ N=24 healthy male and female subjects age 18 to 55 years with BME 18 to 29
. 2
Demographics | kg/m".
Inclusion Criteria:
1. Male and female subjects age 18 to 55 years
2. Good physical and mental health
3. ECG is normal or abnormal but not clinically significant
4. Laboratory test results are within the reference range
5. Females of childbearing potential must use adequate birth control
Exclusion Criteria:
1. Pregnant or lactating females
2. hepatic, renal, gastrointestinal or other disorder that may affect drug ADME or
constitute a risk factor when taking the study drug
3. Concomitant or chronic acute illness
4. Any drug treatment, prescription or OTC, within 14 days of first study drug
intake (except for paracetamol [acetaminophen] < 2 g/day, or hormonal
therapy for females). Use of drugs during clinical trial
5. Heavy caffeine drinker (drinking >5 cups of coffee, tea, etc. per day).
6. Current smoker or had given up smoking in the last 6 months
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PK Results

Figure NO1256A-1: Mean PK Profile After Administration of Single 10 mg BRV as an
IV Infusion, IV Bolus, and Oral Tablet
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Figure NO1256A-2: Mean + SD PK Profile After Administration of Single 10 mg BRV
as an IV Infusion, IV Bolus, and Oral Tablet
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Table NO1256A-1: PK Parameters of the Different BRV Formulations (PP
Population)

Geometric Mean (Geometric CV [%])
Parameters BRV 10 mg BRV 10 mg BRV 10 mg
Oral Tablet IV Infusion IV Bolus
N=24 N=24 N=24
AUC(0-t) (ng*h/mL) 3145 (27.8) 3241 (29.6) 2848 (30.0)
AUC (ng*h/mL) 3400 (29.8) 3488 (31.8) 3056 (31.1)
Cmax (ng/mL) 278 (26.7) 300 (22.1) 262 (34.9)
C, (ng/mL)® NC 259 (30.0) 219 (48.3)
z (1/h) 0.0724 (12.9) 0.0742 (14.3) 0.0746 (13.0)
t., (h) 9.57(12.9) 9.34 (14.3) 9.30(13.0)
CL/F or CL (L/h)® 2.94 (29.8) 2.97(31.9) 3.22(33.4)
Vz/F or V, (L) 40.6 (22.9) 40.1 (24.1) 43.2(30.6)
Median (range)

tmax () 0.63 (0.25 - 2.0) 0.5 (0.08 — 2.0) 0.16 (0.08 — 0.99)

@t = 5 min for bolus: t = 15 min for infusion
® For IV administrations, actual doses were used.
NC = not computed

Table NO1256A-2: Comparative Bioavailability Assessment for BRV IV Infusion

Parameters (Un.ilS) ;-::Vt'l].—(:' BRB"?%:':?CTe(.b)l Co\({b) Te,St e Reference(c}
Infusion ablet | (%) E;;’;‘;te 90% CI
AUC(O-) @g*Val) | 5 5372:4;67 6 (27?3;;4355 65 | 867 | 1030 | (o850:1075)
AUC (ng*h/mL) 0 53;83‘;82) (39733103033 b | ses | 1026 | s3s:1070
Caxe (0g/mL) o 6;;':932)8'1) (24 6?37;7;’; sy | 1708 | 1080 | (9946:1172)

@ Geometric LSMs (95% CI)
® Intra-subject variability
© Ratio of LSMs (%) and 90% CI derived from ANOVA

Table NO1256A-3: Comparative Bioavailability Assessment for BRV IV Bolus

L@ Test 2 versus Reference
Parameters (Units) ;;s\tr.r\« Reference” cv®
Bolus BRV Oral Tablet | (%) Point 00% C1
Estimate °
2848 3145
) * .
AUC(0-t) (ng*l/mL) @511: 3231) (2773: 3568) 8.67 90.55 (86.83: 94.43)
3056 3400
L -
AUC (ng*h/mL) 2676; 3489) 29785; 3861) 8.66 80.88 (86.19; 93.72)
261.8 277.7
/mL . 2 .85:102.
Coax (ng/mL) (232.2: 295.3) 246.3:313.1) | 1708 | 9429 (86.85:102.4)

) Geometric LSMs (95% CI)
® Intra-subject variability
© Ratio of LSMs (%) and 90% CI derived from ANOVA

Safety Results

All TEAE were mild to moderate in intensity and all resolved before end of the
study. The most frequent TEAE were headache (20.8%), somnolence (12.5%),
and fatigue (16.7%). Sponsor states that the incidence of these events was
almost similar for the 3 BRV formulations.
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Sponsor’'s
Conclusions

Oral 10 mg BRYV tablets are bioequivalent to 10 mg BRV administered as an IV
infusion (15-minute infusion duration) or IV bolus (12-second infusion duration).

About 2/3 of the subjects reached Tmax after the end of the IV administration.
Sponsor states that this may be due to the equilibration of BRV between blood
cells and plasma since BRYV is distributed into the blood cells. Sponsor sates that
similar findings have been reported after IV administration of levetiracetam (the
precursor of BRV, in the same family of compounds).

Reviewer
Comment

The observation of the mean C,,o«x achieved after IV bolus (12 second infusion)
was lower than the mean C,x achieved after 1V infusion (15 minute infusion) is
unexpected. The reason for this finding is not clear. Rapid distribution into red
blood cells as well as solution precipitation upon injection may be factors
contributing to the lower Cmax after a bolus compared to an infusion.

The clinical pharmacology review of NDA 21872 signed on 12/22/2005 indicates
that Cax Values for levetiracetam (the precursor to brivaracetam) were
comparable after oral administration and I.V. administration (e.g. 47.9 £ 13.1
ug/mL after 15600 mg oral LEV tablets and 50.90 + 20.0 ug/mL after 1500 mg I.V.
LEV).
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Study Report# | RPCE07C1525 / N01256

Title A randomized, monocenter, open-label, three-way cross-over, dose availability
study of three different formulations of brivaracetam (Part 1), followed by a non-
randomized monocenter, open-label safety assessment study of four escalating
doses of brivaracetam (BRV) administered via two formulations (Part 11), on healthy

volunteers

Primary: Assess safety and tolerability of single BRV doses of 25, 50, 100, and 150
mg administered as 15-minute 1V infusion and as an IV bolus
Secondary: Assess PK of BRYV, including an exploration of dose proportionality

Objectives

Study Design | Monocenter, dose escalation, non-randomized, open-label study in 4 consecutive

groups of 6 subjects (3 males, 3 females)

Duration 5 weeks in Part B (see the ISR for Study N01256-A for details on Part A).

Dosage and
Administration

25 mg, 50 mg, 100 mg, and 150 mg in 50 mg / 5 mL vials administered as IV
infusion and IV bolus.

Each individual subject receives two administrations (IV infusion followed by IV
bolus) of a single dose of BRV 25, 50, 100, or 150 mg separated by at least one-
week washout.

PK Brivaracetam PK was assessed for all doses and all regimens. Metabolite PK was
Assessment assessed for the 150 mg IV bolus only.
Plasma sampling times for 150 mg IV bolus:
Pre-dose, 5, 10, 15, 30 minutes, and 1, 2, 4, 6, 8, 12, 24, 36, 48, and 72 hours
post-dose
Plasma sampling times for all other doses and regimens:
Pre-dose, 5, 10, 15, 30 minutes, and 1, 2, 4, 6, 8, 12, 24, and 36 hours post-dose
Urine Sample Intervals (150 mq IV bolus): 0-12 h, 12-24 h, 24-48 h, 48-72 h post-
dose.
PK Analyses:
For BRV (all doses, all regimens): Cmax, CT (end of infusion/bolus), AUC(0-t),
AUC, tmax, Az, t1/2, CL, Vz
For both BRV and metabolites (150 mg IV bolus): Ae, fe, CLR
For metabolites (150 mg IV bolus): Cmax, AUC(0-t), AUC, tmax, Az, t1/2
Bioanalytical HPLC-MS/MS Analytical Methods for Urine Concentrations
Methods Analyte Name | Brivaracetam | Carboxylic Hydroxy Hydroxy Acid
Acid Metabolite Metabolite
Metabolite
Analyte ID ucb 34714 ucb 42145 uch-100406-1 | uch-107092-1
Internal ®® b @)
Standard (IS)
Matrix Effect
QC 60,750, 16000 | 60, 300, 60, 300, 4000 | 60,750, 16000
concentrations | hg/mL 4000 ng/mL* | ng/mL* ng/mL*
QC Accuracy |87.4-101.2% | 87.4—-97.7% | 85.7—-95.2% |85.8—93.5%
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QC Precision | 65-104% |55-85% |32-86% | 6.7-84%
1000-fold Dilution of a 20,000 ng/mL Sample (Blank Human Citrated Plasma)

QC Accuracy | 84.8,102.8% | 93.6% 97.1% 105%

QC Precision 4.4,24.0% 7.8-22.8% 4.4% 7.7%
2000-fold Dilution of a 20,000 ng/mL Sample (Blank Human Citrated Plasma)

QC Accuracy | 98.8% 95.8% 97.1% 95.0%

QC Precision 4.2% 6.0% 4.4% 4.6%
4000-fold Dilution of a 100,000 ng/mL Sample (Blank Human Citrated Plasma)

QC Accuracy 95.7%

QC Precision 8.2%
8000-fold Dilution of a 100,000 ng/mL Sample (Blank Human Citrated Plasma)

QC Accuracy 96.7%

QC Precision 2.1%
LLOQ 20 ng/mL 19.9 pyg/mL 18.6 ug/mL 18.5 pyg/mL
*The metabolites are presented as “effective concentrations” (ng eq ucb 34714/mL).

IS ® @

IS ®) @

[Reviewer comment: The urine assay is validated.]
Population/ N=24 healthy male and female subjects, age 18 to 55 years, with BMI between 18
Demographics | @nd 29 kg/m?,

Same inclusion/exclusion as in study report NO1256-A.

PK Results Figure N01256-B-1: Geometric Mean + SD Plasma BRV Concentrations Profile After IV
Infusion
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Figure N01256-B-2: Geometric Mean + SD Plasma BRV Concentrations Profile After IV
Bolus
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Table N01256-B-1: BRV Plasma PK Parameters After IV Infusion (PP population)

Parameter Geometric mean (geo CV [%])
25mg 50 mg 100 mg 150 mg
IV infusion IV infusion IV infusion IV infusion
N=6 N=6 N=6 N=6
AUC(0-t) (ng*h/mL) 8001 (25.1) 14872 (27.5) 32622 (40.5) 50517 (24.0)
AUC (ng*/mL) 8526 (27.8) 15865 (29.0) 35164 (44.1) 53758 (25.8)
Cuusx (ng/mL) 754 (5.64) 1627 (17.2) 3361 (48.4) 5568 (37.9)
Cr (ng/mL) 626 (21.2) 1539 (22.0) 3171 (58.5) 4956 (45.3)
A (1/h) 0.0772 (14.8) 0.0776 (13.0) 0.0730 (19.7) 0.0772 (14.0)
tys (h) 8.97 (14.8) 8.94 (13.0) 9.50 (19.7) 8.98 (14.0)
CL (L/h) 2.95(27.8) 3.13(29.1) 2.81(44.3) 2.81(25.7)
V, (L) 38.2(15.4) 403 (24.8) 38.5 (25.5) 36.4(17.5)
Median (Range)
tax () 0.50 (0.17-1.0) | 025(0.08-0.5) | 025(0.25-0.50) | 0.50(0.25-0.5)

Cr = concentration at 15 mun, CV=coefficient of vanation, geo=geometric, N=number of subjects
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Table N01256-B-2: BRV Plasma PK Parameters After IV Bolus (PP population)

Parameter Geometric mean (geo CV [%])
25 mg 50 mg 100 mg 150 mg
IV bolus IV bolus IV bolus IV bolus
N=6 N=6 N=6 N=6
AUC(0-t) (ng*lVmL) 7885 (26.7) 14852 (29.8) 32746 (39.8) 52622 (27.1)
AUC (ng*lvmL) 8413 (29.5) 15849 (31.2) 34968 (42.7) 52844 (27.2)
| Conax (ng/mL) 793 (26.2) 1295 (20.9) 3623 (15.8) 5910 (34.7)
Cr (ng/mL) 685 (34.7) 972 (28.4) 3110(344) 5391 (45.1)
2. (1/h) 0.0768 (15.4) 0.0785 (12.0) 0.0769 (14.3) 0.0764 (9.97)
ty» (h) 9.03 (15.4) 8.83(12.0) 9.02(14.3) 9.08 (9.97)
CL (L/h) 2.88 (25.8) 3.14 (30.3) 2.84(43.0) 2.78 (27.3)
V. @M) 375021 40.1 (26 4) 369 (27.5) 364 (25.0)
Median (Range)
tmax (h) 0.16(0.08-0.5) | 0.38(0.08-1.0) [ 0.13(0.08-0.25) | 0.08 (0.07-0.25)

Cr = concentration at 5 min, CV=coefficient of vaniation, geo=geometric, N=number of subjects

Table N01256-B-3: BRV Plasma PK Proportionality Assessment for IV Bolus and IV
Infusion (PP population)

Parameter Slope Point 90% Confidence
Estimate Interval
for Slope
IV Infusion — Dose proportionality
AUC (ng*h/mL) Dose effect™ 1.041 [0.885, 1.197]
AUC(0-t) (ng*h/mL) Dose effect™ 1.039 [0.895, 1.184]
Consx (ng/mL) Dose effect™” 1.105 [0.953, 1257]
IV Infusion — Dose Independence
CL (L/h) Dose effect'” -0.041 [-0.197. 0.115]
tys (h) Dose effect™ 0.013 [-0.064. 0.090]
IV Bolus — Dose proportionali
AUC (ng*h/mL) Dose effect™ 1.035 [0.881, 1.189]
AUC(0-) (ng*h/mL) Dose effect™ 1.061 [0.914, 1.207]
Cane (ng/mL) Dose effect™ 1.149 [1.014, 1.284]
IV Bolus — Dose Independence
CL (L/h) Dose effect"™ -0.035 [-0.189, 0.119]
tys (h) Dose effect'” 0.008 [-0.056. 0.071]

@ if dose 1s proportional. slope should be equal to 1
® ifno dose effect, slope should be equal to 0
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Figure N01256-B-3: Geometric Mean Plasma Concentration Profiles for BRV and
Metabolites after BRV 150 mg IV Bolus (PP Population)
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Figure N01256-B-4: Geometric Mean Cumulative Urinary Excretion Profiles for BRV
and Metabolites After BRV 150 mg IV Bolus (PP Population)
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Table N01256-B-4: BRV and Metabolite Plasma PK Parameters and Urinary PK
Parameters After BRV 150 mg IV Bolus (PP population)

Parameter Geometric mean (geo CV [%])
BRV ucb-100406-1 ucb 42145 ucb-107092-1
N=6 N=6 N=6 N=6
AUC(0-t)(ng eq 34714°/mL) 52622 (27.1) 3435 (36.1) 3366 (7.28) 994 (17.3)
AUC (ng eq 34714°h/mL) 52844 (27.2) 3481 (35.9) 3453 (6.07) 1060 (16.6)
| Conax (ng eq 34714/mL) 5910 (34.7) 116 (35.4) 275 (15.1) 61.7 (20.8)
2. (1/h) 0.0764 (9.97) 0.0681 (9.89) 00728 (11.0) 0.0612 (8 45)
trs () 9.08 (9.97) 10.2 (9.89) 9.53 (11.0) 11.3 (8.45)
| Ae.n (mg) 18.5(60.7) 15.8(28.2) 43.6 (14.2) 23.6 (14.0)
feo.m (%) 12.6(60.5) 10.8 (28.1) 29.6 (14.3) 16.1 (14.0)
CLg (L/h) 0350 (45.2) 4.55 (9.88) 12.6 (10.6) 223 (8.40)
CLg (mL/min) 5.84(45.2) 75.9 (9.88) 210(10.6) 372 (8.40)
CLg (mL/mun/kg) 0.08(53.3) 1.09 (16.7) 3.02 (23.8) 5.34 (21.6)
CLg (mL/min/1.73 m?) 5.53/(49.5) 71.9 (10.6) 199 (16.7) 352 (14.2)
Median (Range)

0

0.08 (0.07-0.25) | 8.00(8.00-12.0) | 2.00 (2.00-4.02) | 4.00(3.97-402)

CV=coefficient of vanation. geo=geometric. N=number of subjects

Safety 1. All TEAEs were mild to moderate, none lead to early discontinuation, no new
safety findings were found (related to known BRYV safety profile)
2. There were no SAEs reported
3. TEAEs with overall frequency > 10.0% were: somnolence (87.5% of subjects),
fatigue (54.2%), dizziness (33.3%), feeling drunk (25.0%), and dysgeusia
(25.0%).
4. All TEAE resolved before the end of the study
Sponsor’s ¢ Single doses of BRV (25 mg to 150 mg) administered via IV infusion or IV bolus
Conclusions was safe and well-tolerated in this population of n=24 healthy male and female
subjects
e BRV PK parameters after IV infusion and IV bolus were similar
AUC and AUCO-t were proportional for single doses of 25 mg to 150 mg
Reviewer o Cnax value achieved after IV bolus was the only PK parameter that did not meet
Comment criteria for proportionality as the 90% CI of the slope did not include 1 (e.g. 1.014

to 1.284).

e The variability of urinary BRV PK parameters was higher (e.g. 45.2% for CLpg,
60.5% for fe.72n, and 60.7% for Aeo.72n) than the urinary PK parameters for the
metabolites or plasma BRV PK parameters.

e The observed variability after IV administration is comparable to that following
oral administration. The 150 mg IV bolus single-dose and 150 mg 1V infusion
single-dose showed a greater than proportional increase in Cpay. (UL of 90% CI
for Cmax proportionality coefficient was 1.284). However, the safety data are

supportive of the use of a 200 mg/day 1V single dose.
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NO01258: IV bolus / infusion safety trial (Phase 3)

Study Report#

N01258

Title

A multicenter, open-label, four-arm, randomized trial evaluating the safety and
tolerability of brivaracetam intravenous infusion and bolus, administered in bid
regimen as an adjunctive antiepileptic treatment in subjects from 16 to 70 years
suffering from epilepsy

Objectives

Primary: Assess safety and tolerability of BRV administered as an IV bolus or IV
infusion
Exploratory: Collect data on healthcare resource utilization

Study Design

Multicenter, open-label, four-arm, randomized, parallel group study with a double-
blind placebo-controlled run-in period.

Duration 61 days (40 days maximum treatment exposure: 1 week double-blind PBO or BRV
oral tablet, 4.5 days IV treatment infusion or bolus, 4 week down-titration period [or
immediate switch to LTFU study], 2-weeks Study-Drug-Free Period for patients who
did not enter LTFU or discontinued prematurely)

Dosage and Patients underwent a run-in phase where they were randomized to receive blinded

Administration

oral study substance (BRV 200 mg/day administered as 100 mg BID or matching
placebo) for 7 days followed by open-label IV BRV 200 mg/day administered as 100
mg BID for 4.5 days. IV administration was either IV bolus (a 2-minute infusion
duration) or IV infusion (15-minute infusion duration). Subjects were randomized
1:1:1:1 to receive:

a) PBO/BRYV bolus,

b) PBO/BRYV infusion,

¢) BRV/BRYV bolus,

d) BRV/BRYV infusion

(during run-in period / during evaluation period, respectively).

After completion of study, Patients had the option to enter into study N01379 (long-
term follow-up) at a dose of 200 mg/day (100 mg BID). Patients who did not enter
study NO1379 or who discontinued prematurely were down titrated over a 4-week
period and underwent a final safety visit after a 2-week Study-Drug-Free period.

PK Plasma samples for BRV PK:
Assessment | Visit 3 (Day 8/iv), 5 min pre-dose, 15 min post dose
Visit 7 (Day 12/iv), 5 min pre-dose, 15 min post-dose
Plasma BRV PK Analyses: Geometric mean and geometric CV of concentrations at
each visit
Bioanalytical HPLC-MS Analytical Methods for Plasma Concentrations
Methods Analyte Name Brivaracetam
Analyte ID uch 34714
Internal Standard (IS) ©) @)
Standard curve concentrations 5, 10, 20, 40, 80, 200, 450, 500 ng/mL
Standards accuracy -6.6 t0 5.3%
Standards precision <6.2%
QC concentrations 15, 50, 400 ng/mL
QC Accuracy -3.310 4.5%
QC Precision 10.9%
LLOQ 5 ng/mL
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[Reviewer comment: The assay is validated.]

Population/

Demographic
s

N=105 adults receiving 1 or 2 concomitant AEDs for epilepsy (no formal sample size
calculation was performed)

Inclusion Criteria:

1.

2.

Male and female patients with epilepsy age 16 to 70 years (in countries where
children age < 18 were permitted to participate) weighing = 40 kg

Subjects who were uncontrolled while treated with 1 to 2 permitted concomitant
AEDs. AEDs must be stable and optimal dosage at least 1 month prior to Visit 1
(3 months for phenobarbital or primidone) an expected to remain stable during
the run-in.

Female subjects must not be pregnant and must be using an acceptable form of
birth control

Exclusion Criteria;

1.
2.
3.

7.

8.
9.
10.

If using felbamate, less than 18 months continuous exposure before Visit 1

Use of vigabatrin

Concomitant medications with relevant CNS effects except if stable for at least 1
month before Visit 1 (and expected to remain stable during study).

Use of any drug that significantly influences BRV metabolism (e.g. potent
inducers or inhibitors of CYP2C or CYP3A) except if the dose had been kept
stable at last 1 month before Visit 1 (and is expected to remain stable during
study).

Severe renal impairment

Impaired hepatic function (ALT/SGPT, AST/SGOT, alkaline phosphatase,
gamma-glutamyltransferase [GGT] > 3 x ULN). A GGT > 3 x ULN would only be
accepted if attributable to hepatic enzyme induction caused by AEDs and other
hepatic enzymes < 3 x ULN.

In Czech Republic sites: values of ALT/SGPT, AST/SGOT, alkaline phosphatase
> 2 x ULN

CRCL < 50 mL/min

Pregnant or lactating women

Subijects previously treated with BRV

Reference ID: 3803545
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PK Results Table N0O1258-1: Brivaracetam Plasma Concentrations by Treatment Group and Visit
(PK-PPS Population)
Treatment group n n>L0Q Geometric mean Geometric CV
Visit (ng/mL) (%)
Time point
PBO/BRY bolus (N=25)
Visit 3 (Day 8/iv)
5min predose 24 0 NC NC
15min postdose 25 24 <221 116.05
Visit 7 (Day 124v)
5mun predose 25 25 1.00 54.59
15min postdose 25 25 342 4797
PBO/BRY infusion (N=26)
Visit 3 (Day 8/1v)
5min predose 26 2 NC NC
15min postdose 26 25 <2.06 102.26
Visit 7 (Day 124v)
5mun predose 25 25 0.82 54.96
15min postdose 25 25 330 38.00
EDV 1 1 0.39 NC
BRV/BRYV bolus (N=27)
Visit 3 (Day 8/1v)
5min predose 26 26 1.20 60.55
15min postdose 27 27 4.05 3137
Visit 7 (Day 12/v)
5min predose 27 27 091 49.76
15min postdose 27 27 332 25.70
BRV/BRYV infusion (N=26)
Visit 3 (Day 8/iv)
5min predose 26 26 1.13 70.51
15min postdose 26 26 3.87 119.95
Visit 7 (Day 12/1iv)
Smin predose 26 26 0.72 61.23
15mun postdose 26 26 2.88 36.88

TEAE rate ranged from 73.1% to 77.8% across the treatment arms

The most common TEAE were somnolence (29.5% of subjects) and dizziness
(14.3%)

3. One subject in BRV/BRV bolus group reported a severe TEAE 