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Pharmacokinetic parameters (arithmetic mean) for TBZ, a-HTBZ and B-HTBZ (Study TBZ 203,010)

Figurel: Mean plasma concentrations of tetrabenazing aftet oral
administration of 25 mg of tetmbenazine (2x12.3 g
tablets) under fasting condifions to subjects with hepatic
impairmens. and healthy volmgeers — linear axos.
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Normal Hepatic Impairment
(% CV) (% CV)
n=12 - n=12
TBZ* '
timax (H)* 1.0 (0.5-2.5)
Chax (ng/mL) 43.8(81)
AUC ¢, (ng*h/mL) 151 (72)
AUC g, (ng*h/mL) 170.0 (79)
Az (hr) 0.1245 (200)
t 1 (h) 17.5 (44)
a-HTBZ A : _
tmax () 1.0 (0.5-2.0) 1.75 (0.5-12.03)
Cpax (ng/mL) 35(32) 30.5 (49)
AUC g, (ng*lVmL) 182(53) 247 (46)
AUC ., (ng*h/mL) 191 (51) 259 (52)
Az (hr') 0.1317 (41) . . 0.084 (44)
t 1 (h) 6.1 (39) 10.1 (55).
B-HTBZ
tmax (H)? 1.0(0.5-2.0) 1.75 (0.5-12.0)
Crax (ng/mL) 18.8 (52) 17.4 (74)
AUC o, (ng*h/mL) 81.6 (87) 107.2 (48)
AUC g, (ng*h/mL) 85.6 (85) 119.4 (53)
Az (br) 0.213 (34) 0.1251 (66)
tin () 3.7(39) ' 8.42 (72)

*median (range)

* For TBZ, plasma concentrations in normal subjects were < LOQ at most sampling times and no PK parameters
were estimated. In impaired subjects, there were no concentrations > LOQ for ‘subject #13, 2 concentrations for
subject ##22, and 1 concentration for subject #23, so for those subjects no PK parameters were calculated. PK

parameters for TBZ in hepatic impairment reflect n=9.

As reviewed in the interim report, in most hepatic impairment patients, there were detectable
concentrations of TBZ that were similar to or higher than exposures seen with a- or $-HTBZ.
The highest TBZ concentrations in normal subjects ranged from 0.23-6.39 ng/ml when they were

detectable. The mean TBZ Cmax concentration in hepatic subjects was approximately 7 to 190
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fold higher than the detectable peak concentrations in healthy subjects in the present study.
There were also increases in exposure to a- and -HTBZ, in general, although to a lesser extent
than the increase in exposure to TBZ. Half-life was also prolonged.

The PK parameters in each hepatic impairment subject are shown in the tables on page 110-11 in
the Appendix. The patient with moderate impairment can be distinguished from the mildly
impaired subjects. Generally, AUC and elimination half-life were longer for subjects with worse
impairment (please refer to review of the study report, in the Appendlx for details on PK in
individual subjects).

Without an understanding of the contribution of elevated levels of TBZ to safety, it is not
possible to recommend a dosage adjustment in hepatic impairment. We recommend that TBZ be
contraindicated in hepatic impairment, in agreement with the recommendation from the review
of the original NDA submission.

APPEARS THIS WAY
Ol ORIGINAL
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4  Clinical Pharmacology Ihdividual Study Reviews
4.1 Analysis of Mass Balance Study

A PHASE I, OPEN-LABEL STUDY TO ASSESS THE ABSORPTION, METABOLISM
AND ELIMINATION OF [“C]-LABELLED TETRABENAZINE (ANALYTICAL
PHASE) . |

Study Investigators and Site: /

Protocol Number: CAM/O6

- BACKGROUND:

Cam/06 identified the moieties found in human plasma and urine after administration of 25 mg
["*C]-tetrabenazine in 6 healthy male subjects after overnight fast. The clinical study (RD
204/24124) and preliminary analytical reports were reviewed by OCP with the original NDA.
The following information is from the OCP review of that submission:

“After administration of TBZ, 64.97-81.39% of the dose (mean 75.4%) was excreted in urine in
the 9'day collection period. The majority was recovered within 72 hours after dosing. Fecal
recovery in the 9 days afier dose accounted for 7.07-16.05% of the dose. The mean total
recovery (urine + feces) was 87.49% (range 76.88-92.84%)”". :

At the time of that submission, identification of the major circulating component in humans
(P16) had not been reported. In this submission, the characterization has been completed.

Oniy the updated results will be presented here.
RESULTS:

Identification of Metabolites
Chrofnatographic analysis of urine showed up to 19 distinct metabolites (U1-U19). None of

these components exhibited co-chromatography with '*C-TBZ. Analysis of urine using LC-
MS/MS indicated the presence of the following compounds (as provided by the Sponsor):
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Table 12 Proportions of radioactive components in urine following administration of
single oral doses of [*C]-tetrabenazine to six male human subjects
Time (howrs)
Total
Compenent 0-4 4-8 8-12 12-24 24-48 (0—48h)
ut 0.12 022 0.18 0.30 0.21 1.01
(0.71) (1.83) (1.779) {2.00) 1.52) )
vz 0.18 027 0.26 030 0.38 147
{1.00) (2.38) (2.65)  {2.58) (2.78) y
u3 0.00 047 0.14 -0.85 0.68 103
{0.55) (1.48) (148) (5.66) 4.81) )
u4 065 0.79 0.68 062 0.60 334
{3.59) (7.05) (7.31) “.11) 4.34)
us 023 031 017 027 0.22 120
(1.38) {281 (179) (1.78) (1.58)
Us 058 0.66 047 118 113 402
{350) (589 {5.00) ast $621) -
u7 0.31 0.33 039
(158 203) 418 ND ND 103
us 0.02 0.58 044 0.38 - 028 260
{5.54) (5.20) (4.71) (2.55) (2.05) i
uo 020 013 0.13 028 0.33 114
(175) (112 (1.38) (.74 (240) -
u10 1.02 0.65 0.50 0.92 081 270
: 817 {5.79) (5.36) (6.13) 441) -
U1t 424 210 1.62 243 220 1268
{25.51) (10.56) {17.43) {16.23) (15.97)
tH2 074 0.54 0.57 0.62 0.57 311
433) {6.74) {6.18) 4.14) 4.15) -
u13 415 - 342- 248 365 3.69 1708
(25.07) {27.61) (26.63) (24.40) (26.78) -
uts 027 0.6 013 062 015 133
(164 (1.45) {137 @.11) {1.08) .
u1s 0.82 0.27 021 07 | 053 264
404) (244 - (226) @.17) {4.60) :
u16 015 0.05 0.06 0.12 015 053
{0.01) (0.43) (0.60) (0.80) (1.12)
w7 106 0.40 043 0.24 0.25 238
(6.4%) (3.56) {463) (1.61) {1.80) -
u1s 0.19 0.04 0.03 o1 0.08 043
{113) (0:38) (0:34) ©71) (0.47) -
u1o v (3:%) ND ND ND ND 0.07
051 " 0.2t 045 1.31 1.64
Other (3.08) (1.90) (4.85) 817 (11.87) 412

Rasulls exprossed as % dose administered (Values in parentheses indicate % samplo radicactivity
ND Component not detacted
Compenents 1 — 9 were identified as mono-hydroxy-dihydro i and gh ides of O-deatky dihydro b
Component 10 was identified as monchydroxy dihydrotsirat ine
Components 11 and 13 were identified as sulphate conjugsates of O-dealkylated dihydro tetrabenazine(s)
Compenents 15 and17 were tentatively identifiad as O-dealkylated dihydro tatrabenazine andfor 3-dihydro latrabenazine
Componsnt 18 was identited as a-dihydro tetrabenazimo

The following components and their proportions were found circulating in the plasma in pooled
plasma samples. It can be seen that there were several metabolites (P11, P13, P 16) that were
circulating to a greater extent than o — HTBZ (P 18). (P11 and P13 are sulfate conjugates of
P16). In addition, although P17 was not circulating to a greater extent than P18, it represented
more than 10% of components circulating in the plasma up to 1.5 hours after the dose.
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Monohydroxy HTBZ (P10) that has been identified as a major metabolite in vitro (Studies CAM
19 and CAM20) was not detected in the plasma in the mass balance study. (It was detected as

less than 4% of radioactivity in urine up to 48 hours).

Table 15

Proportions of radioactive components in plasma extracts following
administration of single oral doses of ['*C]-tetrabenazine to six male human

subjects
Component 025-1.5 7 -3 hours 4—8 hours Mean
hours

P1 ND ND ND NC
P2 ND ND ND NG

P3 ND ND ND NC
P4 ND ND ND NC .
Ps MND ND ND NC

P8 ND ND 4.10 NC

. (4.55)
P7 ND ND ND NC
P8 ND ND 8.23 NC
{9.14)

P9 ND ND ND NC
P1Q ND ND ND NC
P11 2344 29.52 15.23 2273

{16.67} {20.41) {16.90) {17.99)
P12 ND ND ND NC
P13 2673 4177 24.22 30.91
(19.01) (28.88) {26.88) {24.92}
P4 ND ND ND NC
P15 ND “ND ND NC
P16 49.54 50.11 19.77 39.81
(35.24) (34.065) {21.95) {3061
P17 1365 6.54 4.48 822
{9.71) (4.52) (4.97) (6.40)
P18 2573 16.70 . 1405 18.83
(18.30} {11.55) {15.60) {15.15)
Other T 1.52 ND ND NC
{1.08)

Results expressed as ng equivalents/mL (Values in parentheses indicate % sample radioactivity)

ND Component not detected NC Not calculable

Companents 1 9 were idantified as mono-hydroxy-dilydro tatrabanazine(s) and glucuronidas of O-dealkylated dihydro
tetrabonazine(s)

Component 10 was identified 25 monchydroxy diydrotetrabonazine

Components 11 and 13 were identified as sulphate conjugates of O-dealkylated diiydro totrabenazine(s)

‘Component 16 was idontified as O-dsalkylated dihydro tetrabenazine

Components 15 and17 wera entativoly identified as O-dealkylated dihydro tetrabenazine andfor p—dihydro tefrabenazine

Componant 18 was idantified as a«fthydro telrabenazine
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Proposed Metabolic Scheme

The Sponsor has proposed the following metabolic scheme. This has not changed since the
original submission. It should be noted, however, that this scheme does not include the Phase 2
metabolites (sulfated or glucuronidated conjugates of HTBZ).

0
CH,
. .
. . ) o
[} / HO' v\ cH,
CH, Bis dealkyl-
. tetrabenazine MeO,
HO s : '
N
HO
MeO 0
. cH,
Mono dealkyl- » / Mono dealkyl-
tetrabenazine MeO. &, tetrabenazine
T MeO
Tetrabenazine

oH MeO
cH,
HO. CH,
N
MeQ
Mono dealkyt-dinydro \ "o Mono dealkyl-dihydro
tetrabenazine tetrabenazine

HO'

Bis dealkyl-dihydro
tetrabenazine

SOH
Ha\‘ CH,

HO'

HO,S0

Bis dealkyl-dihydro
tetrabenazine sulphate(s)
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CONCLUSIONS: |

The Sponsor has identified several Phase I.and Phase Il metabolites (glucuronidation and
sulfation) circulating with significant exposures in the plasma. P16, the largest component
circulating in the plasma, has now been identified as O-dealkylated HTBZ. The sulfated
conjugates of O-dealkylated HTBZ (P11 and P13) are also major components of the circulating
moieties in the plasma, and are the predominant metabolites in human urine.

APPEARS THIS WAY
ON ORIGINAL
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4.2 InVitro TBZ Metabolism Study

Identification of the Major Drug Metabohzmg Enzymes Involved in the Human Hepatic
Metabolism of Tetrabenazme

~ Study Investigators and Site:

Protocol Number: CAM/16

OBJECTIVES: _
To identify which enzyme or enzymes are responsible for metabolizing TBZ in human liver and
in human whole blood.

METHODS:

Human Liver Microsomes _
Human liver microsomes were supplied by ——"""———————— and consisted ofa
pool from 50 individual human donors (mixed gender). Microsomes had been fully

characterized by ~ for total P450 content and enzyme activities for the major human
P450s.

Mixtures containing '*C-TBZ (final incubation concentrations of 1, 3, and 10uM), pooled human
liver microsomes (1 mg microsomal protein/ml incubation mixture) and phosphate buffer were
pre-incubated for 5 minutes and then reactions were initiated by addition of co-factor solution (2
mM NADPH final concentration). At 0, 30, 60, and 120 minutes, reactions were terminated by
transferring 900 pL of incubation mixture into an Eppendorf tube containing ice-cold A
acetonitrile. Control incubations were run in the absence of microsomal protein and co-factor
solution. All incubations were performed in duplicate at 37° C in a shaking water bath and tubes
open to the atmosphere.

Following the preliminary experiments with pooled human liver microsomes only, further

incubations were conducted in the presence of chemical inhibitors. Incubation mixtures

contained '*C-TBZ (final incubation concentrations of 1, 3 and 10 pM), pooled human liver

microsomes (0.5 mg microsomal protein/mL incubation mixture), cofactor solution (2 mM

NADPH final concentration), and phosphate buffer (100 mM, pH 7.4) in the presence or absence

. of chemical inhibitors. The following chemical inhibitors were used:

» Quercetin - final concentration of 100 pM (use as a chemical inhibitor of carbonyl
reductase)

¢ Quinidine -final concentration of 5 uM (used as a selective chemical inhibitor of
CYP2D6)
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e SKF-525A - final concentratlon of 500 pM (used as a broad-spectrum chemical inhibitor
of cytochrome P450)
Following a Fre—mcubatlon period of 5 minutes, mlcrosomal reactions were initiated by the
addition of *C-TBZ. At 15 minutes following the initiation of the reaction, reactions were
terminated by addition of ice-cold acetonitrile.

Further incubations were then performed to assess the involvement of carbonyl reductase and
P450, using multiple concentrations of quercetin (final concentrations of 100, 500 and 1000 pM)
or ketoconazole (final concentration of 150 pM) that the Sponsor used as a broad-spectrum
chemical inhibitor of P450 at this concentration.

Expressed microsomes

4C_-TBZ was incubated with recombinant cytochrome P450 enzymes and the metabolic profiles
obtained with each CYP450 enzyme compared to the hepatic microsomal profile of TBZ
obtained with human liver microsomes. Recombinant cDNA expressed human cytochrome P450
enzymes' ——>——— . .).were derived from heterologous bacterial
expression (Bactosomes E colz) and expressed a single cytochrome P450 enzyme as shown
below:

CYP1A2 Batch C1A2R005, protein concentration of 11.9 mg/mL (13.3 nmol P450/mL)
CYP2C8 Batch C2C8R001, protein concentration of 9.0 mg/mL (10.9 nmol P450/mL)
CYP2C9 Batch C2C9R009A, protein concentration of 11.7 mg/mL (5.1 nmol P450/mL)
CYP2C19 Batch C2C19R005, protein concentration of 14.5 mg/mL (5.5 nmol P450/mL)
CYP2D6 Batch C2D6R017, protein concentration of 26.8 mg/mL (3.8 nmol P450/mL)
CYP2E1 Batch C2E1R014, protein concentration of 6.6 mg/mL (4.8 nmol P450/mL)
CYP3A4 Batch C3A4R018B, protein concentration of 9.4 mg/mL (3.9 nmol P450/mL)

_Incubation mixtures contained '*C-TBZ (final concentration of 3 pM), cDNA expressed CYP450
enzymes (125 pmol cytochrome P450/mL), cofactor solution (2 mM NADPH final
concentration), phosphate buffer (100 mM, pH 7.4) and in the presence or absence of selective
chemical inhibitors. The following chemical inhibitors were used:

» Quercetin (final concentration of 500 pM) - to assess the potential inhibition by quercetin
~ on CYP450 enzymes (potential non-selective inhibition of carbonyl reductase
e _Ketoconazole (final concentration of 150 pM) to confirm broad-spectrum chemical
inhibition of cytochrome P450 at this concentration

Control incubations (conducted in parallel) were run in the absence of microsomal protein and
co-factor solution.

Following a re-incubation period of 5 minutes, microsomal reactions were initiated by the

" addition of "*C-TBZ. All incubations were performed individually at 37°C. Thirty minutes
following the initiation of the reaction, reactions were terminated by the addition of ice-cold
acetonitrile. '
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Human Whole Blood and Human Liver Cytosol

Incubations were conducted in human whole blood and in human liver cytosol to investigate the
contribution to TBZ metabolism of carbonyl reductases that are present in these tissues. Pooled
human liver microsomes were also used in these incubations to provide a reference sample for
comparison. '

Human liver cytosol was supplied by~———— ind consisted of a pool from 50 individual
human donors (mixed gender). The protein concentration was 10 mg/ml.  Fresh control human
whole blood was collected from 3 male healthy volunteers who had taken no medication in the
previous 7 days or alcohol for 24 hours. Blood samples were pooled, hemolyzed, and stored
until use.

For cytosol or human liver microsomes, incubation mixtures contained C-TBZ (final incubation
concentration. of 3 uM), pooled human liver microsomes or human liver cytosol (0.5 mg
microsomal protein/mL incubation mixture), cofactor solution (2 mM NADPH final -
concentration) and phosphate buffer (100 mM, pH 7.4) and were performed in the presence or
absence of the following chemical inhibitors:

¢ Quercetin (final concentration of 500 uM) — a chemical inhibitor of carbonyl reductase.

e Furafylline (final concentration of 10 uM) — a potent and selective mechanism-based
inhibitor of CYP1A2 (required pre-incubation (10 minutes) with cofactor solution
(NADPH) and pooled human liver microsomes prior to initiation of reaction

e Ketoconazole (final concentration of 150 pM) - broad spectrum inhibitor of cytochrome

 P450 at this concentration. , .
All incubations were performed in duplicate at 37°C. Reactions were initiated by the addition of
14C-TBZ, carried out for 15 minutes, and terminated as described above.

To assess the potency of CYP1A2 inhibition by furafylline, additional incubations containing
'*C-Phenacetin (20 pM) and pooled human liver microsomes in the presence and absence of
furafylline (10 pM) were performed. Phenacetin undergoes O-deethylation to acetaminophen in
human liver microsomes — a reaction that is selective for CYP1A2 catalysis.

For whole blood, incubation mixtures were similar to those described above, including the
concentrations of chemical inhibitors. Following pre-incubation of 10 minutes, reactions were
initiated by addition of "*C-TBZ. At 2 hours following initiation, reactions were terminated as
described above.

Assay '

Samples were assayed by HPLC for "*C -TBZ, by LC-MS/MS for metabolites and for TBZ, and
- by HPLC for analysis of Phenacetin samples. Radiochromatograms were evaluated for

metabolite formation and substrate disappearance. o '

RESULTS: : :

Human Liver Microsomes

Nine radiolabeled metabolite fractions were detected as shown below:
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Component Approximate retention thne Identity
(min)
MET 1 18.5 Bis-O-dealkylated-HTBZ
MET 2 175 O-deakylated-HTBZ
MET 3 18.0 Bis-O-deakkylated-HTBZ
MET 4 19.0 Mono-hydroxy-TBZ
B-HTBZ 20.5 Confirmed as B-HTBZ
MET 5- 220 O-dealkylated-HTBZ
a-HTBZ 235 Confirmed as a-HTBZ
MET 6 270 Impurity in Dose Solution
MET7 280 O-dealkylated TBZ
T8Z 32.0 Confirmed as TBZ
MET 8 345 Isomeric impurity of TBZ

¥C-Tetrabenazine was rapidly metabolized by pooled human liver microsomes at all three
substrate concentrations used (1, 3 and 10 pM) in a time- dependent manner and depending on
the metabolite in a concentration-dependent manner, and that after a 30 minute incubation in the

presence of NADPH, the majority of TBZ had been consumed (85.8% loss at 10 p.M and > 90%
consumption at the lower concentrations)..

a-HTBZ and B-HTBZ were the major metabolites, each metabolite comprising >20% of total
sample radioactivity at 60 minutes. The O-dealkylated-HTBZ metabolite (MET 2) accounted for
approximately 11-17% of total radioactivity at 60 minutes and approximately 20% at 120
minutes. The other metabolites each accounted for < 10%. Both a-HTBZ and B-HTBZ were
further metabolized to secondary metabolites, as the levels decreased after the 60 minute time

point, although this secondary metabolism was substantially reduced at the highest concentration
"of TBZ.

pest Possible copy

Table 1 Extent of *C. and Hte by pooled human liver microsomes In the presence
of cofactor (NADPH) (Experlrm:nl 1)
1 yM “C-Tetrabenazine
(“"‘;n") METY | MET2' | MET' | MET4' | $HTBZ' | METS' | ouez' | METE' | METT | ™82 | METS
0 ND ND ND ND ND ND 422 ND ND 2372 | 7.09
30 215 1229 244 495 2350 | 389 28.27 ND ND 94.12 ND
60 413 1741 3.11 447 23.25 439 26.60 141 238 97.97 ND
. 120 494 2207 437 395 18.90 3o 2269 ND ND 100,00 ND
3 s “'C-Tetrabenazine
(‘,:““’,:; MET1' | MET2' | MET3' | mET4' | pHIBZ' | METS' | aHIBZ' | METE' | MET? ™Z | METS'
0 ND ND ND ND ND ND 3.22 ND ND 21.87 7.04
30 2.00 1095 1.88 5.18 2084 | 414 26.57 1.04 644 91.28 ND
60 3.29 16.01 3.04 5.09 2233 4.94 26.10 ND 353 97.73 ND
120 4.49 19.96 as2 3.69 19.30 335 20.77 ND 141 . | 100.00 ND
Data axprassed as mean

mean of cubasons
ND mddmdmbebumqumﬁmusﬂmdbbsﬂadmmmmdsmn
Individual material
2 data

{i.0. 100% - amount TRZ axprasaod 23 a parcentage of total siuted matorial)
Ses Sectian 4.2 for key to metabolite identties .
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10 p3k “C-Tetrabenazine

:"‘n’:’,; MET1' | MET2' | MET2' | MET4' | BHTIBZ' | METS' «HTBZ' | METS' | METT' |- TBZ WET 8'
Q ND ND ND ND ND ‘ND 2.04 ND ND 1952 6.94

30 1.65 .73 1.60 6.28 18.48 453 21.82 1.39 9.00 85.83 143
60 302 1149 233 779 20.57 511 293 125 810 94.76 ND

120 5.29 15.54 360 7.24 20.48 472 21.60 ND 2.55 99.17 ND

Data mean of
ND-— mdﬁeddubdwmammmﬁmn(msﬂbbei%dwﬂmmm&md}
asap of total ehited mal
(i.e 100% - amomlTBZ as f total

TBZdata
SGBSBCﬂm&Zlofkbytome(aboﬁamemms

.Inthe absence of cofactor solution (NADPH), conversion of TBZ te both a-HTBZ and B-HTBZ
was still observed, although in a subsequent experiment very little metabolism of TBZ or
formation of a-HTBZ or §-HTBZ was observed. (The relevance of this is unclear, since
carbonyl reductase, responsible for the formation of 0-HTBZ and B-HTBZ, is NADPH
dependent). MET 8 was formed in the no-protein control, indicating non-enzymatic formation.

Inhibition experiments were performed using a lower microsomal protein concentration (0.5
mg/ml) compared to the initial studies, as the Sponsor was attempting to reduce the extent of
TBZ metabolism. In the absence of chemical inhibitor, the extent of parent TBZ metabolism .
(consumption) under these conditions was 71, 63, and 52% at 1, 3, and 10 pM TBZ. Quercetin
(100 pM) reduced TBZ consumption by approximately 23% at each concentration of TBZ. It
also inhibited formation of MET 7, the O-dealkylated TBZ (quercetin inhibits human P450-
mediated metabolism irn vitro including CYP1A2, CYP2C9 CYP2D6 and CYP3A with IC50s of
<100 uM (Obach RS. JPET 2000; 294:88-95)). However, it did not reduce the formation of a-
HTBZ or B-HTBZ. However, further study with quercetin at 100 pM, 500 pM and 1000 pM
showed a concentration related inhibition of TBZ metabolism and of formation of a-HTBZ and
B-HTBZ and MET 7. The CYP2D6 inhibitor quinidine (5 pM) had no effect on the formation of
metabolites or consumption of TBZ in this assay. (The ICs for quinidine mediated inhibition of
CYP2D6 has been reported as 0.4 pM in the literature). However, the broad-spectrum p450
inhibitor SKF-525A (500 uM) reduced TBZ metabolism by approximately 15% (and had little
effect on formation of a-HTBZ or B-HTBZ). SKF-525A inhibited formation of MET 7 by
approximately 20-40%. Ketoconazole (150 uM), a broad spectrum P450 inhibitor at this
concentration, caused an approximate 15% -20% inhibition of TBZ metabolism, and inhibited
MET 7 formation by approximately 80%, with no effect on a-HTBZ or p-HTBZ formation.
These results are shown in the tables below. The results support a P450-mediated mechanism for
formation of MET 7 from TBZ, and a carbonyl reductase pathway for metabolism of TBZ to a-
HTBZ or B-HTBZ.
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Table 3 Extent of “c-Teu;benazina maotabolism by pooled human liver microsomes
in the presence and absence of quercetin, quinldine and SKF-525A
{Experiment 2) .

1 pM ¥C-Tetrabenazine

Sample - | MET2! m%Z. MET 5 H'I%z‘ MET6' | MET7'| TBZ® | MET8'

" No inhibitor

{Solvent control) 405 | 1664 2.66’ 2080 | 235 | 1038 | 7088 | 276

Quercatin(100yM) | ND | 1550 | ND | 2085 | 349 | 181 | 5562 | 465

Quinkline (5yM) | 369 | 1876 | 284 | 2220 | 185 | 896 | 7079 |. 322
SKF-525A(500pM) | 300 | 1437 | ND | 2141 | 414 | 842 | 6328 | 352

3 pM YC-Tetrabenazine
¥ 8- 1 a- 4 1 2 "
Sample . |MET2'| o, |METS'| .. | METS'[METT'| 78Z* | METS
No inhibitor ~ -
(Solvent control) 295 | 1500 | 197 | 1679 | 230 | 1142 | 6332 | 379

Quercetin {100pM) | ND | 1295 | 106 | 1679 | 303 | 198 | 4882 | 612

Quinidine (5pM) 2.26 14.59 223 16.44 M 1041 | 6168 | 393
SKF-525A (500 uM) 1.93 11.18 ND 17.16 279 794 | 5372 | 458

10 pM ¥C-Tetrabenazine
Sample MET 2' préz' METS | & .| MET6' [MET7'| TBZ* | METS'
No inhibitor

{Solvent control) 1.50 7.80 ND | 1063 193 | 1133 | 51.79 | 4.64

Quercetin (100)1”) ND 7.75 -ND 11.76 3.16 250 | 3929 ( 583

Quinidine (SyuM) 1.46 8.16 ND "7 1.98 10.76 | 51.71 4.36

SKF-525A(500pM) | 102 | 779 | ND | 1246 | 331 | 685 | 4472 | 5.27

Data expressed as mean of dupficate incubations.

ND - not detacted or below Emet of accurale quantification {dasmed to be 1% of total eluted materiaf)

! 2 gtebolite data exp fasap of total eluted material

2 TBZ data exp jasp g bolism (i.e. 100% - amount TBZ expressed as a percentage of total eluted

material)
See Saction 4.2 for key to metabaiite identities

Note: the table below is for 10 uM TBZ only. Similar results were seen with 1 pM and 3 pM
TBZ.

10 pM YC-Tetrabenazine
Componunt contro | ¢ 100pM | SoopM | 1000pM o contrl K“:;np:m' m ]
(NaOH) ] {N20H) {(Methanol)
m‘ 102 91.3 727 556 0.00 89.9 104 0.00
aHTBZ' 162 132 109 104 0.00 144 229 0.00
METT' 125 511 0.00 0.00 0.00 135 289 0.00
) TB2? 691 559 468 424 283 707 597 297
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Tabls § Percontage Inhibition of 'C-Totrabenazine metabolism and metabolite
formation by pooled human liver microsomes in the presence of quercetin
and ketoconazole (Experiment 3)
1 uM "*C.Tetrabenazine
Quercetin Quercetin Quercetin Ketoconazole
Component 100 pM 500 pM 1000 pM 150 M
g-HTBZ 4.04 33.8 470 7.18
o-HTBZ 0.386 216 33.2 ~ 0
MET7 68.1 927 100 823
BZ 19.6 38.6 45.7 19.0
3 uM “C-Tetrabenazine
Quercetin Quercetin Quercetin Ketoconazole
Component 100 M 500 uM 1000 uM 150 M
B-HTBZ 0 36.2 494 1.88
a-HTBZ 0 305 44.2 0
MET7 61.0 100.0 100 835
TBZ 17.2 41.4 452 19.2
10 M "“C-Tetrabenazine
‘Quercetin Quercetin duercetin Ketoconazole
Component 100 uM 500 pM 1000 pM 150 M
B-HTBZ 10.5 287 455 0
~ a-HTBZ 185 327 35.8 0
MET7 59.1 100 100 78.6
B2 ~191 326 386 - 15.6

See Section 4.2 for key to metabolite identities

Quercetin at these concentrations is reported in the literature to be a carbonyl reductase inhibitor.
Because the quercetin concentration is in excess relative to its Ki for the P450s evaluated,
specificity of the P450 inhibition cannot be determined, and a role in specific P450-mediated
metabolism of TBZ is not concluded from this experiment. However, data in the following
sections further support the role of carbonyl reductase and the lack of P450-mediated formation
of o and B-HTBZ. '
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Expressed human P450s A o
Quantitative results from these experiments were not presented.

o-HTBZ and p-HTBZ were not produced by any expressed P450 enzyme.

CYPI1A2 produced MET 4 (mono-hydroxy-TBZ) and MET X (bis-O-dealkylated-TBZ) and MET -
7 as major metabolites. Other oxidative metabolites were also formed, but their identities were
not confirmed. Quercetin and ketoconazole completely inhibited metabolism of TBZ by
CYP1A2, as shown in the figure below. .

CYP1A2, 3 uM Tetrabenazine.

30m 30 m, 500 pM Quercetin
6'::) o
4503 § = é
prvs H 0.0] 8-
350§ X " 2800} "
30.0; g ~
2504 5 fie
2004 - 150.04
150 E - 100.0] -
10f . & o . 5
ol a8 E g

30 m, no cofactor 30 m, 150 pM Ketoconazole
) n
35004
2
35004
i o i
3009 B 3
v 25001 =
22084
2000
20004
15a0]
1514
1000} - b ) -
5 ]
= r H 500] ' == = .
500 - s E 5 - . ¥ F
il = R
o0 190 000 3009 £D.00 000 10.00 2000 s,

CYP2C9 produced MET 7 and this was partially inhibited by quercetin and completely inhibited
by ketoconazole (broad spectrum concentration).

CYP2C19 produced MET 1 (bis-O-dealkylated-HTBZ), MET 4, and MET 7. Production of

MET 1 and 4 was partially inhibited by quercetin, but production of MET 7 increased.
Ketoconazole reduced the production of all 3 metabolites.
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CYP2D6 produced MET 4 and MET 7. Quercetin had little effect on CYP2D6-mediated
metabolism, but ketoconazole reduced production of both metabolites.

- CYP3A4 pi'oduced MET 4 and this was inhibited in the presence of quercetin. The Sponsor
states that data from ketoconazole were not available.

CYP2C8 and CYP2E1 did not metabolize TBZ in this assay.

The results ar¢ summarized in. the table below where “X” indicates formation of the specific
metabolite. Of the isozymes evaluated, MET 1 was formed only by CYP2C19 and MET X (Bis-

O-dealkylated-TBZ) was formed only by CYP1A2., MET 4 and MET 7 were formed by multiple
P450s. - '

MET 1 MET 4 MET 7 MET X
(Bis-O- (mono- (O-dealkylated | (Bis-O-
dealkylated hydroxy-TBZ) | TBZ) dealkylated-
HTBZ) : TBZ)

CYP1A2 X X X

CYP2A6 Isozyme not studied :

CYP2B6 Isozyme not studied

CYP2C8

CYP2C9 X

CYP2C19 X X X

CYP2D6 ' X X

CYP2El

CYP3A , X

Human Whole Blood and Human Liver Cytosol, and Human Liver Microsomes

The rate of metabolism in.human liver microsomes was 240 pmol/min/mg microsomal protein,
in cytosol was 96 pmol/min/mg protein, and in human whole blood (hemolyzed) was 5
pmol/min.

In cytosol, TBZ was metabolized to o-HTBZ and f-HTBZ and MET 7. In human whole blood
only a-HTBZ was formed (and this was only about 5% of total sample radioactivity).

Results of formation and inhibition studies are shown in the table below and summarized in the
text below.
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pmolmin/mg protein, ¥ Individual metabolite data from whole human blood expressed as pmol/min

P

*  TBZ data from whole-human blood expressed as rate of TBZ metabotised pmo¥/min

Sea Saction 4.2 for key to metabolite identities

Inhibitors:

In human liver microsomes, quercetin 500 uM inhibited TBZ about 35% and formation of a-
HTBZ and $-HTBZ about 16-19%. MET 7 formation was inhibited by approximately 93%.

In cytosol, quercetin inhibited TBZ metabolism by approximate 13%, and inhibited formation of |
a-HTBZ and B-HTBZ by approximately 46% and 30%, respectively. MET 7 formation was

inhibited approximately 100%.
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Table 6 Rate of "C-Tetrabenazine (3 yM) metabolism and metabolite formation by
pooled human liver microsomes, cytosol and whole human blood in the
presence and absence of quercetin, furafylline and ketoconazole
{Experiment 5) ’

" Human liver microsomes
Component ig::’;g: .{ Quercetin igmﬁ:} ‘Furafylline Ketoconazole
! : (NaOH) 500 pM {Methanol) 10 pM 150 pM
g-HTBZ! 403 34.0 420 4.7 46.6
«-HTBZ! 56.7 46.2 61.9 56.4 85.6
MET 7' 425 3.00 464 158 6.98
822 232 152 240 198 203
Human liver cytosol
Component ig::’:,g: ' Quercetin | i:g’é:; Furafylline Ketoconazole
(NaoH) | SOOPM 1 methanoy | 10EM 150 uM
p-HTBZ! 8.74 614 8.94 9.58 410
a-HTBZ' 1.9 6.45 1.9 12.3 7.88
MET 7' 4.98 0.00 512 5.04 .0.00
TBZ? 90.3 786 96.4 %.1 82.1
Whole human blood
Sdlvent Solvent R
Quercetin Furafylline Ketoconazole
Component control 500 pM control 10 uM 150 pM
. (NaOH) (Methanol)
a-HTBZ® d 0.940 1.02 0930 ) 1.04
i:74 * 449 482 452 453
Data expressed as mean of duplicate incubations, * solvent control data (NaOH) not available for blood incubations
! individual metabofite data d min/s ain, 2 TBZ data expressed as rate of TBZ metabolised
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Formation of a-HTBZ was inhibited by quercetin < 10%.

In human liver microsomes, furafylline at 10 uM (approximately 13x > the reported Ki for
CYP1A2 inhibition) had a mild inhibitory effect on TBZ metabolism (about 18%). MET 7
formation was inhibited by approximately 66%, and a-HTBZ and B-HTBZ were inhibited <
10%. (Metabolism of phenacetin to acetaminophen, used as a positive control reaction, was
completely inhibited by furafylline)

In human liver cytosol, TBZ metabolism and metabolite formation were unaffected by
furafylline.

Formation of a-HTBZ in whole blood was inhibited by furafylline < 10%.

Ketoconazole (150 uM) had a mild inhibitor effect on TBZ metabolism (15%) in human liver

~ microsomes. MET 7 formation was inhibited by approximately 85%, and o-HTBZ and p-HTBZ

. formation were not inhibited.

In cytosol, ketoconazole had a mild inhibitéry effect on TBZ metabolism (15%).. Formation of
o-HTBZ and B-HTBZ was inhibited by approximately 34% and 54%, respectively. MET 7"

formation was inhibited by 100%.

Formation of a-HTBZ in whole blood was not inhibited by ketoconazole.

CONCLUSIONS and COMMENTS:

These experiments used1) individual recombinant human P450s and 2) chemical inhibitors in
human liver microsomes and cytosol to characterize the pathways for metabolism of TBZ. (It
should be noted that while recombinant P450s may indicate pathways involved in metabolism,
they do not characterize the relative importance of each pathway. In addition, since a primary
pathway of metabolism of TBZ is via non-P450-mediated reduction to a-HTBZ and B-HTBZ,
the present evaluation may not be relevant as it emphasizes P450-mediated metabolism of TBZ).

TBZ is metabolized by microsomal and cytosolic carbonyl reductases to a-HTBZ and B-HTBZ,
the major metabolites.

TBZ is metabollzed by microsomal P450 to hydroxylated (MET 4) and O-dealkylated (MET 7)
metabolites.
e MET4 and MET 7 appeared to be minor metabolites, each accounting for < 10%
of total radioactivity in these in vitro studies in human liver microsomes.
¢ Although CYP2D6 resulted in formation of MET 4 and MET 7 in expressed
enzymes, quinidine did not show inhibition of TBZ metabolism in human liver
microsomes.
o MET 7 formation was inhibited (approximately 66%) by the CYP1A2 inhibitor
furafylline in human liver microsomes.
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¢ MET X (bis-O-dealkylated TBZ) was identified as a metabolite formed by P450s
but the Sponsor does not provide details on this metabollte other than formatlon
by CYP1A2.

o The Sponsor has incompletely characterized the pathways involved in formation
of MET 7, with still approximately 40% of the P450 metabolism not accounted
for by furafylline-mediated inhibition of CYP1A2. Expressed enzymes suggest a
role for CYP2D6, 2C9, and 2C19. Specific chemical inhibitors have not been
used to characterize the contribution of these pathways.

The results support the Sponsor’s proposed biotransformation pathway shown below.

Figure 52 Proposed biotransformation pathway for “c-tetrabenazlne in human liver

microsomes
N.
HO'
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/ o
Bis O-dealkylated
. tetrabenazine e
MET X i
Ly Yy
. CHy
O-dealkylated . O-dealkylated
tetrabenazine . tetrabenazine
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CYP450 CYP450
(CYP1A2 (CYP1A2
ang gthers ‘ and others!
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4.3 InVitro TBZ Metabolism Study in Several Species

Comparative in vitro metabolism studies of C - tetrabenazine (TBZ) with mouse, rat,
dog, Cynomolgous monkey and human liver microsomes

Study Investigators and Site:

N

" Protocol Number: CAM/26

OBJECTIVES: :
To assess microsomal metabolism of TBZ in commonly encountered laboratory species and to
compare these data with the human microsomal metabolism of TBZ.

(Note: only the human liver microsome data will be reviewed here).
METHODS:

Human Liver Microsomes

Pooled human liver microsomes were purchased from —_— — and
had been fully characterized by ~———  for total P450 content and enzyme activities for the
‘major human P450s (including CYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1, and 3A4/5).

“C-TBZ (5 uM) was incubated with human liver microsomes (0.5 mg microsomal protein/ml
incubation mixture) and phosphate buffer (100 mM, pH 7.4). Following a pre-incubation period
of 5 minutes, microsomal reactions were initiated by the addition of co-factor solution (2 mM
NADPH final concentration). At pre-determined time intervals following the initiation of the
reaction (0, 5, 10, 20, 30, and 60 minutes), reactions were terminated by the addition of an
aliquot to organic solvent (acetonitrile). Samples were analyzed by HPLC directly after
centrifugation. Control incubations (conducted in parallel) were run in the absence of
microsomal protein or co-factor solution to assess:

i) the relative non-metabolic stability of “C-TBZ in the incubation matrix.

i) the extent of any non NADPH-dependant metabolism. All incubations were performed in
singlicate at 37°C.

Assay

Samples were assayed by HPLC for TBZ and authentic reference standards =~ —————
-— - N .

For metabolite identification, samples were analyzed by LC/MS/MS. Radiochromatograms were
evaluated for metabolite formation and metabolism (disapfearance of parent'*C-TBZ). The
amount of each metabolite formed and amount of parent '“C-TBZ temaining were expressed as a
percentage of total eluted sample radioactivity for each chromatogram. Metabolic rate was
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determined based on a time point where the rates of metabohsm/formatlon were considered to be
linear.

RESULTS:

Composition of the metabolites, confirmed by LC/MS/MS is shown below, as provided by the
Sponsor:

Approximate retention
Component time {min)* identity
" Multi-component constisting: v
WMET 4 162 Mono-hydroxy O-deakylated tetrabenazine
- O-dealkylated dihydrotetrabenazine
Bis-O-dealkylated dihydrotetrabenazine
MET 2 17.9 Mono-hydroxy tetrabenazine
. Mull-component constisting:
MET 3 g-HTBZ )
(B-HTBZ™) 188 Second isomer of mono-hydroxy tetrabenazine
O-dealkylated dihydrotetrabenazine (First
. . regioisomer)
a-HTBZ 22.1 Confirmed as a-HTBZ
MET4 - 25.1 ——
- Multi-comnonent consistina:
MET 5 279 —
' O-dealkylated tetrabenazine
MET S8 .
—_— ) 34.3 r

* Retention times taken from LC-MS/MS analysis
** Major component

~The major metabolites detected were MET 3, MET 5, and a-HTBZ that represented 11.3%,
10.21%, and 9.81% of total eluted sample radioactivity. These metabolites were formed as a
result of O-dealkylation, hydroxylation, or reduction.

In comparing mouse, rat, and dog with human liver microsomes, there were no species-specific
metabolites identified (although the Bis-O-dealkylated dihydrotetrabenazine was only seen in
human and mouse).

All metabolites except MET 6 (stereoisomer that was formed non-enzymatically in the no
protein control) were formed only in the presence of NADPH cofactor

CONCLUSIONS'and COMMENTS:

TBZ undergoes NADPH-dependent Phase I metabolism in human liver microsomes, prxmarﬂy
mediated by O-dealkylation, hydroxylation, or reduction to metabolites alpha- and beta-
dihydrotetrabenazine that undergo further oxidative metabolism.
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4.4 InVitro a-HTBZ Metabolism Study

Identification of the Major Drug Metabolizing Enzymes Involved in the Human Hepatic
Metabolism of a —Dihydrotetrabenazine-4C '

Study Investigators and Site: '

Protocol Number: CAM/19

OBJECTIVES:

To identify which enzyme or enzymes are responsible for metabolizing o-HTBZ in human liver
microsomes.

- METHODS:

Human Liver Microsomes

Both pooled and individual donor microsomes (16 individuat donors) were used in this study.
Microsomes prepared from a pool of n=50 donors were also used for preliminary experiments.
Human liver microsomes were supplied by - Microsomes had
been fully characterized by ——  for total P450 content and enzyme activities for the major
human P450s (including CYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1, and 3A4/5).

Preliminary experiments were performed to establish the microsomal metabolism of a-HTBYZ -
He (1, 5, and 10 pM) and the linear reaction rates of metabolism with respect to microsomal
protein (0.1, 0.5, 1, and 2 mg protein/m] incubation mixture) and incubation time (0, 10, 20, 30,
and 60 minutes). Incubations were performed at 37 °C.

Correlation analysis was performed using individual donor microsomes. HTBZ -'*C was
incubated with individual donor microsomes that had been previously characterized. Incubation
conditions had been derived from the preliminary experiments to ensure linear metabolite
reaction rates.

Incubation mixtures contained a-HTBZ-'*C (5 uM), pooled human liver microsomes (0.5 mg

* - microsomal protein/ml incubation mixture) and phosphate buffer (100 mM, pH 7.4). Following a
pre-incubation period of 5 minutes, microsomal reactions were initiated by the addition of co-
factor solution. At pre-determined time intervals following the initiation of the reaction (30
minutes), reactions were terminated by the addition of organic solvent (acetonitrile). Samples
were analyzed by HPLC directly after centrifugation. Control incubations (conducted in parallel)
were run in the absence of microsomal protein or co-factor solution to assess:

i) the relative non-metabolic stability of a-HTBZ-'*C in the incubation matrix.

i) the extent of any non NADPH-dependant metabolism.

All incubations were performed in duplicate at 37°C..
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Chemical inhibitors were used to identify individual P450s responsible for metabolism.
a-HTBZ-C was incubated with pooled human liver microsomes, phosphate buffer (100 mM,
pH 7.4) and performed in the presence or absence of CYP450-selective chemical inhibitors as
follows:

CYP1A2 activity Furafylline (final concentration of 10 pM)
CYP2CS8 activity Quercetin (final concentration of 10 pM)
CYP2C9 activity Sulphaphenazole (final concentration of 30 pM)
CYP2C19 activity Ticlopidine (final concentration of 10 pM)
CYP2D6 activity Quinidine (final concentration of 5 pM)

. CYP2E1 activity Diethyldithiocarbamate (final concentration of 50 pM)
CYP3A4 activity Ketoconazole (final concentration of 2 pM)

These concentrations are approximately 10x the Ki values of the spcmﬁc inhibitors for the
specific enzymes. _

For the quercetin, sulphaphenazole, quinidine and ketoconazole incubations, incubation mixtures
contained a-HTBZ-14C (final concentration of 5 pM), pooled human liver microsomes (0.5
mg/mL), chemical inhibitor and phosphate buffer (100 mM, pH 7.4). Following a pre-incubation
period of 5 minutes, microsomal reactions were initiated by the addition of cofactor solution.

Furafylline, ticlopidine and diethyldithiocarbamate are mechanism-based inhibitors and therefore
required pre-incubation with cofactor solution in order to generate the inhibitory species.
Therefore, these incubations contained chemical inhibitor, pooled human liver microsomes (0.5
mg/mL), cofactor solution and phosphate buffer (100 mM, pH 7.4). Following a pre-incubation
period of 20 minutes microsomal reactlons were initiated by the addition of o-HTBZ-'*C (final
concentration of 5 uM).

Control incubations (conducted in parallel) were run in the absence of microsomal protein, co-
factor solution and chemical inhibitor (solvent blanks)

All incubations were performed in duplicate at 37°C. At pre-determined time intervals following
the initiation of the reaction (30 minutes), reactions were terminated by the addition of ice-cold
acetonitrile.

Expressed P450s were used to further characterize the isozymes involved in the metabolism of
a-HTBZ. Recombinant cDNA expressed human cytochrome P450 enzymest ———

-_— were derived from heterologous bacterial expression (Bactosomes, E
coli) and expressed a single cytochrome P450 enzyme as shown below:

CYP1A2 Batch C1A2R005, protein concentration of 11.9 mg/mL (13.3 nmol P450/mL)
CYP2C8 Batch C2C8R002/A, protein concentration of 6.0 mg/mL (9.1 nmo! P450/mL)
CYP2C9 Batch C2C9R009A, protein concentration of 11.7 mg/mL (5.1 nmol P450/mL)
CYP2C19 Batch C2C19R005, protein concentration of 14.5 mg/mL (5.5 nmol P450/mL)
CYP2D6 Batch C2D6R017, protein concentration of 26.8 mg/mL (3.8 nmol P450/mL)
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CYP2E1 Batch C2E1R014, protein concentration of 6.6 mg/mL (4.8 nmol P450/mL)
CYP3A4 Batch C3A4R018B, protein concentration of 9.4 mg/mL (3.9 nmol P450/mL)

Incubation mixtures contained o-HTBZ-'*C (final concentration of 5 uM), cDNA expressed

. CYP450 microsomes (125 pmoles cytochrome P450/mL) and phosphate buffer (100 mM, pH
7.4). Following a pre-incubation period of 5 minutes, microsomal reactions were initiated by the
addition of cofactor solution. Control incubations (conducted in parallel) were run in the

. absence of co-factor solution to assess the extent of any non NADPH-dependant metabolism.
All incubations were performed in duplicate at 37°C.

Reactions were terminated as described above.

Assay

Samples were assayed by HPLC for "*C —a-HTBZ and by LC-MS/MS for metabolites.
Radiochromatograms were evaluated for metabolite formation and substrate disappearance.
RESULTS:

Preliminary Experiments

The radiolabeled compdnents were identified as follows:

Component Approximate retentlon time* Identity
(min) .
MET 1 14.5 .| Mono-hydroxy- a-HTBZ**
MET 2 : 16.2 Mono-hydroxy- a-HTBZ™
MET 3 20.2 O-dealkylated- a-HTBZ
MET4 20.7 Mono-hydroxy- a-HTBZ™
* Retention times taken from LC-MS/MS analysis

** isomers of mono-hydroxylated-HTBZ {position/configuration of hydroxylation unknown)

Of these metabolites, the major metabolites detected were the mono-hydroxy-o-HTBZ (MET 2)

and the O-dealkylated-a-HTBZ (MET 3) based on the chromatograms. No metabolite formation

was evident in the no-cofactor control samples indicating that that the formation of MET 1 -4 is

catalyzed by cytochrome P450 enzymes. The no protein control samples indicated that a-HTBZ-
C was chemically stable in the incubation matrix.

" Metabolism of a-HTBZ-'“C and formation of metabolites MET 2 and MET 3 was linear uptoa
protein concentration of approxxmately 0.5 mg/ml. Therefore, this was the protein concentration
chosen for subsequent experiments. Formation of MET 2 and MET 3 increased with increase in
incubation time and was generally linear up to 60 minutes. The 30 minute incubation time
selected therefore is under linear conditions.

Correlation Analysis :

Radiochromatograms were evaluated for loss of parent and formation of MET 1-3. Formation of
MET 4 was too low to accurately quantify for correlation analysis, according to the study report.
Results were expressed as % of total eluted radioactivity present, and this was converted into

68



NDA 21,894
Tetrabenazine

rates of metabolism of parent of formation of metabollte. An 1* value of > 0.7 was considered to
be positive.

Inter-individual differences in the rate of parent metabolism and metabolite formation were
identified in the donor data set, and the Sponsor refers to extensive, intermediate, and poor
metabolizers of o-HTBZ-*C being observed. However, neither a—HTBZ-MC metabolism nor-
MET 1 formation correlated with any of the P450 selective activities. For MET 1 formation the
best correlation was with CYP2D6 (r*= 0.6491, significance (F =0.0002).

Formation of MET 2 (mono-hydroxy- a-HTBZ) correlated with testosterone-6B-hydroxylation

(= 0.9309), a marker for CYP3A4/5

Formation of MET 3 was correlated with dextromethorphan O-demethylation, a marker for

Table 11

isoform-selective activities

Correlation of MET 2 formation by individual donor microsomes with CYP450-

crsosoom | Sy | S | i
CYP1A2 0.0148 0.6535 NS
CYP2A6 0.2531 0.0470 _NS
CYP2B6 0.3923 0.0004 NS
CYP2C8 0.1613 0.1231 NS
CYP2C9 0.0465 0.4224 NS
CYP2C19 0.4728 0.0032 NS
CYP2D6 0.1020 0.2279 NS
CYP2E1 0.0885 0.2631 NS
CYP3A4IS 0.9309 0.0000 S
CYP4A11 0.0559 0.3781 NS

0.0000 = <0.00005
R?=0.7 1o 1 possible como!

S = significant (F < 0.01, 99% eenamly nRY

NS =not sugmﬁmnt

Data calculated using Microsoft Excal statistical software.

CYP2D6.
Table 12 Correlation of MET 3 for by individual donor micr with CYP450-
isoform-selective activities
Crpastisoorn | Somslon, | Sonfieance | Sigwifant
CYP1A2 0.0849 0.2734 NS
CYP2A6 0.03%0 0.4635 NS
CYP2B8 0.0027 0.8474 NS
cYP2C8 . 0.0768 0.2987 NS
CYP2C9 0.2757 0.0367 NS
CYP2C19 0.0532 0.3902 NS
CYP2D6 0.8128 0.0000 S
CYP2E1 0.2673 '0.0403 NS
CYP3A4/5 0.0251 0.5575 NS
CYP4A11 0.2065 0.0770 NS

00 = <0.00005

0.
R* = 0.7 to 1.possile correlation
S = significant {F < 0.01, Qg%wnantymR’)

NS = notsagmﬁcant
Data cateutatad using Mi

it Excel stalistical softy
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Therefore, correlation analysis suggests the involvement of CYP2D6 and CYP3A in the
metabolism of a-HTBZ and formation of its metabolites MET 2 and MET 3.

Chemical Inhibitors

Results from chemical inhibition studies in pooled human liver microsomes are shown in the
tables below. The report does. not discuss any results with either MET 1 or MET 4.

Table 13 Metabolism of a-HTBZ-“C in the presencelabsence of -CYP45D-selective
chemical inhibitors
s Rate of metabolism | Rate of metabolism .
Sample type without inhibitor in ‘:r:::l::::: of % Inhibition !
'*I‘;';Ly’,"”‘"" 25 197 16.4
*g‘g’ﬁf" 25 234 0.40
*“"’33"3;)“3""9 25 20 - 0.00
*‘(‘m“" Y 14.1 400
- e . 285 125 470
¥ diemylgs'r:»m"bamaw 235 17.8 . 2
* "e}m&""’ 235 120 _ 489
Table 14 rc:r;;itlon of MET 2 in the presence/absence of CYP450-selective chemical
N nnipitors
-Sample type Rate of metabolism s ::e':::.ac:of: " % Inhibition *
i inhibitor
*I‘;{,"L”'hf";"e 995 046 490
*a‘a"ﬁ)ﬁ" 995 e 995 0.00
ot s‘“"(*;gp"]‘;')‘am'e _ 9.95 8.89 , 106
*‘(‘f'g’ﬂih‘,’li)"e 9.95 8.03 19.3
* Suimeine 095 0.44 510
+diemy1?5‘%nmrbamate 9.95 8.33 16.3
* "e’é‘m‘;z"’e 9.95 0.00 100

Data expressed as-mean (n = 2) rateofmeraboﬂsm (pmoleslmmlmg pmlem) -
! based upon rate of a-HTBZ-“C metabolism in the p mhibitor exp d as a % of the rate of
a-HTBZ-"C metabolismin the absanca of inhibitor
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Table 15 Formation of MET 3 in the presencelabsence of CYP450-selective chemical
inhibitors
Rate of metabolism
Sample type R:lt;h‘::u':';‘?;il:;:i::" in ;:m,r:g: of % Inhibition *

*{‘1’3‘3’3;“’ 136 ' 102 25.1
*am" 136 135 0.00
*+ suphepheniazole 138 151 0.00
b picane _ 136 6.08 ‘ 553
v 136 2908 78.1
+ d"eu"’?s"g'm”’a’“a“’ 136 .49 302
* ke;m;‘m‘“ 136 12.0 17

Data expmssedasmean(n 2) rate of metabolism (pmoles/min/mg protein)
based upon rata of a-HTBZ-“C melsholism in the presence of inhibitor oxprassed as a % of the rala of
a-HTBZ-C mstabolism in the absence of inhititor

‘These chemical inhibition results suggest mvolvement of the following enzymes (>25%
inhibition):

P450s involved (% Comments

inhibition)
Metabolism of | CYP2D6 (47%), *Ticlopidine was used as the inhibitor of CYP2C19.
a-HTBZ CYP3A (48.9%) It inhibited a-HTBZ metabolism, but it is not
(CYP2C19 (40%))* selective for 2C19; according to the 11terature (also
: inhibits 2D6 and 2B6)
Formation of CYP3A (100%)
MET 2 : .
Formation of CYP1A2 (25.1%) *Ticlopidine was used as the inhibitor of CYP2C19.
MET 3 CYP2C19 (55.3%)* . It inhibited MET 3 formation, but it is not selective
CYP2D6 (78.1%) for 2C19; according to the literature (also inhibits
CYP2E1 (30.2%)** 2D6 and 2B6)
**The Sponsor states that diethyldithiocarbamate has
limited selectivity for CYP2E1; Draper et al in
Archives of Biochemistry and biophysics (1997;
341:47-61) reports a Ki for inhibition of CYP2A6
that is approximately the same as the concentration
used here.
Expressed P450s

Quantitative results were not provided. The results of incubations with expressed P450 are as
follows.
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' CYP1A2 catalyzed the formation of MET3.
CYP2D6 catalyzed formation of MET 3; smaller amounts of MET 1 and MET 4 were formed
CYP3A4 primarily catalyzed the formation of MET 2.

CYP2C8, CYP2C9, CYP2C19, and CYP2E1 did not metabolize a-HTBZ appreciably.
CYP2B6 was not evaluated.

CONCLUSIONS and COMMENTS:
e a-HTBZ metabolism mediated primarily by CYP2D6 (47%) and CYP3A (48 9%) in
chemical inhibition studies
o Cannot rule out CYP2C19 '
e MET 2 (monohydroxy a-HTBZ) and MET"3 (O-dealklyated a-HTBZ) were the primary
metabolites formed from a-HTBZ in human liver microsomes in vitro.
o MET 1 was also formed
o MET 4 formation was too low to quantify
Formation of MET 2 is mediated by CYP3A (100% in chemical inhibition studies) -
Formation of MET 3 is mediated primarily by CYP2D$ (shown in correlation studies and
>78% in chemical inhibition studies) and by CYP1A2 (>25% in chemical inhibition
studies)
o Cannot rule out CYP2C19 or CYP2EI
e CYP 2C8 and CYP2C9 not appreciably involved in metabolism of o-HTBZ.
o The role of CYP2B6 has not been evaluated.

RECOMMENDATION
e Since monohydroxy HTBZ (formed by CYP3A) was not detected in the plasma in the
mass balance study and accounted for <-1% and < 5% in fecal and urine extracts,
respectively (as % of dose administered), in vivo drug interaction studies with
 CYP3A inhibitors need not be pursued.

e Need to conduct in vivo studies with strong inhibitor of CYP2D6 and 1A2 to
determine impact on O-dealkylated a-HTBZ since O-dealkylated HTBZ has been
detected as the major circulating component in plasma.

-

s The role of CYP2B6 in the metabolism of a-HTBZ should Be evaluated in vitro.
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4.5 InVitro p-HTBZ Metabolism Study

Identification of the Major Drug Metabohzmg Enzymes Involved in the Human Hepatic
Metabelism of § —Dlhydrotetrabenazme- ‘c

Study Investigators and Site:

/

Protocol Number: CAM/20

OBJECTIVES:
To identify which enzyme or enzymes are responsﬂ)le for metabolizing p -HTBZ in human liver

" microsomes.

METHODS:

Human Liver Mlcrosomes

. Both pooled and individual donor microsomes (16 individual donors) were used in this study.
Microsomes prepared from a pool of n=50 donors were also used for preliminary experiments.
Human liver microsomes were supplied by —  ————— . Microsomes had
been fully characterized by < . for total P450 content and enzyme activities for the major
human P450s (including CYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1, and 3A4/5).

Preliminary experzments were performed to establish the microsomal metabolism of § -HTBZ -
"C (1, 5,and 10 uM) in pooled human liver microsomes (0.1-2 mg/ml) to optimize the
incubation conditions (linear metabolite formation) for subsequent incubation with liver
microsomes from individual donors (correlation analysis). Microsomal protein concentrations
were 0.1, 0.5, 1, and 2 mg protein/ml incubation mixture and incubation times were 0, 10, 20, 30,
and 60 minutes. Incubations were performed at 37 °C.

Correlation analysis was performed using individual donor microsomes. HTBZ -'“C was
incubated with individual donor microsomes that had been previously characterized. Incubation
conditions had been.derived from the preliminary experiments to ensure linear metabolite
reaction rates.

Incubation mixtures contained p -HTBZ-*C (5 pM), pooled human liver microsomes (0.5 mg
microsomal protein/ml incubation mixture) and phosphate buffer (100 mM, pH 7.4). Following a
pre-incubation period of 5 minutes, microsomal reactions were initiated by the addition of co-
factor solution. At pre-determined time intervals following the initiation of the reaction (30
minutes), réactions were terminated by the addition of 6rganic solvent (acetonitrile). Samples
were analyzed by HPLC directly after centrifugation. Control incubations (conducted in parallel)
were run in the absence of microsomal protein or co -factor solution to assess:

i) the relative non-metabolic stability of p-HTBZ-'*C in the incubation matrix.

i) the extent of any non NADPH-dependant metabolism.
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All incubations were performed in duplicate at 37°C.

Chemical inhibitors were used to identify individual P450s responsible for metabolism.

B -HTBZ-!C was incubated with pooled human liver microsomes, phosphate buffer (100 mM,
pH 7.4) and performed in the presence or absence of CYP450-selective chemlca] inhibitors as
follows:

CYP1AZ2 activity Furafylline (final concentration of 10 pM)

CYP2CS8 activity Quercetin (final concentration of 10 pM)

CYP2C9 activity Sulphaphenazole (final concentration of 30 pM)
CYP2C19 activity ~ Ticlopidine (final concentration of 10 pM)

CYP2D6 activity Quinidine (final concentration of 5 pM)

CYP2E1 activity Diethyldithiocarbamate (final concentration of 50 pM)
CYP3A4 activity Ketoconazole (final concentration of 2 pM)

These concentrations are approximately 10x the Ki values of the specific inhibitors for the
speciﬁc enzymes.

For the quercetm sulghaphenazole quinidine and ketoconazole incubations, incubation mixtures
contained f -HTBZ-'*C (final concentration of 5 uM), pooled human liver microsomes (0.5
mg/mL), chemical inhibitor and phosphate buffer (100 mM, pH 7.4). Following a pre-incubation
period of 5 minutes, microsomal reactions were initiated by the addition of cofactor solution.

Furafylline, ticlopidine and diethyldithiocarbamate are mechanism-based inhibitors and therefore
~ required pre-incubation with cofactor solution in order to generate the inhibitory species.
Therefore, these incubations contained chemical inhibitor, pooled human liver microsomes (0.5
mg/mL), cofactor solution and phosphate buffer (100 mM, pH 7.4). Following a pre-mcubatlon
* period of 20 minutes microsomal reactions were initiated by the addition of p -HTBZ-"*C (final
concentration of 5 pM)

Control incubations (conducted in parallel) were run in the absence of mlcrosomal protem co-
factor solution and chemical inhibitor (solvent blanks).

All incubations were performed in duplicate at 37°C. At pre-determined time intervals following
the initiation of the reaction (30 minutes), reactions were terminated by the addition of ice-cold
acetonitrile,

Expressed P450s were used to further characterize the isozymes involved in the metabolism of B-

HTBZ. Recombinant cDNA expressed human cytochrome P450 enzymes ! —
~— were derived from heterologous bacterial expression (Bactosomes, E coli) and

~ expressed a single cytochrome P450 enzyme as shown below:

CYP1A2 Batch C1A2R005, protein concentration of 11.9 mg/mL (13.3 nmol P450/mL)
CYP2C8 Batch C2C8R002/A, protein concentration of 6.0 mg/mL (9.1 nmol P450/mL)
. CYP2C9 Batch C2C9R009A, protein concentration of 11.7 mg/mL (5.1 nmol P450/mL)
CYP2C19 Batch C2C19R005, protein concentration of 14.5 mg/mL (5.5 nmol P450/mL)
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CYP2D6 Batch C2D6R017, protein concentration of 26.8 mg/mL (3.8 nmol P450/mL)
CYP2E1 Batch C2E1R014, protein concentration of 6.6 mg/mL (4.8 nmol P450/mL)
CYP3A4 Batch C3A4R018B, protein concentration of 9.4 mg/mL (3.9 nmol P450/mL)

Incubation mixtures contained B-HTBZ-'*C (final concentration of 5 uM}, cDNA expressed .
CYP450 microsomes (125 pmoles cytochrome P450/mL) and phosphate buffer (100 mM, pH
7.4). Following a pre-incubation period of 5 minutes, microsomal reactions were initiated by the
addition of cofactor solution. Control incubations (conducted in parallel) were run in the
-absence of co-factor solution to assess the extent of any non NADPH-dependant metabolism.
All incubations were performed in duplicate at 37°C.

Reactions were terminated as described above.

Assay ’
Samples were assayed by HPLC for '*C —B-HTBZ and by LC-MS/MS for metabolites.
Radiochromatograms were evaluated for metabolite formation and substrate disappearance.

RESULTS:

Preliminary Experiments
The radiolabeled components were 1dent1ﬁed as fo]lows

Component Approximate ldentity
retention time (min)* | - :
MET 1 12.7 . Mono-hydroxy-B-HTBZ**
MET 2 A 16.8 O—dealky}ated—B—HTBZ
MET 3 ' 17.4 Muiti-component comprising of:
¢ An isomer of mono-hydroxy-g-HTBZ**
* A second regioisomer of O-dealkylated--HTBZ

_* Retention times.taken from LC-MS/MS analysis
** isomer of mono-hydroxylated-HTBZ (position/configuration of hydroxylation unknown)

Of these metabolites, the major metabolite detected was MET 2 (the O-dealkylated-B-HTBZ).

(A quantitative analysis of this experiment is not provided).  No metabolite formation was

~ evident in the no-cofactor control samples indicating that the formation of MET 1 - 3 is catalyzed
by cytochrome P450 enzymes. The no protein control samples indicated that -HTBZ-C was
chemically stable in the incubation matrix.

Metabolism of p -HTBZ-'*C/ metabolism formation was linear up to a protein concentration of
approximately 0.5 mg/ml. Therefore, this was the protein concentration chosen for subsequent
experiments. Formation of metabolites increased with increase in incubation time and was

generally linear up to 60 minutes. The 30 minute incubation tlme selected therefore is under
linear conditions.

Correlation Analysis
Radiochromatograms were evaluated for loss of parent and formation of MET 1-3. Formation of
MET 4 was too low to accurately quantify for correlation analysis, according to the study report.
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Results were expressed as % of total eluted radioactivity present, and this was converted into
rates of metabolism of parent of formation of metabolite. An r* value of > 0.7 for correlation
with P450-selective activity was considered to be positive.

Inter-individual differences in the rate of parent metabolism and metabolite formation were
identified in the donor data set, and the Sponsor refers to extensive, intermediate, and poor
_ metabolizers of B-HTBZ-“C being observed. _

The results of the correlation studies are summarized in the tables below. For p-HTBZ-*C
metabolism and for formation of MET 2 (O-dealkylated metabolite) and MET. 3 there was a
significant correlation with CYP2D6 activity. For MET 1 (mono-hydroxy metabolite)
formation there was a significant correlation with testosterone ~68 hydroxylation that is
indicative of CYP3A4/5 metabolism.

Tablo 9 Correlation of p-HTBZ-"'C mmboﬂsm by individual donor microsomaes with

CYP450-saloctive activitios
e i s

CYPIA2 0.1067 | 0.2169 NS
CYP2A8 0.0372 04730 NS
CYP2RS 0.0344 04017 NS
CYP2C8 0.1448 © 01463 NS
CYP2C9 0.3483 0.0161 NS
CYP2C1D 0.0287 0.6307 NS
CYP2D6 0.7985 0.0000 (]
CYP2E1 02519 0.0476 NS
CYPIM/S 0.0015 . 0.8878 . NS
CYP4AH 02142 0.0714 " NS

0.0006 ~ <DL02A05

R® = 017 In 1 possible eorelsficn

§ ~ sigrificart {F « 6.01, 0% certainty in %)

Tablo 10 Comralation of MET 1 formation by individual donor microzomes with CYP450-

solective activitios
cpsome | Sortion, [ Siicanco T " St
cYPiA2 0.0000 0.9750 NS
CYP2A6 " 01818 0.0005 NS
CYP288 0.4484 0.0045 NS
CYP2C8 0.3132 0.0242 NS
CYP2C9 0.1683 01145 NS
CYP2C18 0.3888 - 0.0008 NS
CYP2D6 ~ 0.0008 0.7147 NS
CYP2E1 0.0007 0.9224 NS
CYP3AMS 07218 - 0.0000 s
CYP4AN 0.0030 0.8408 NS
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Tablo 11 Corrolation of MET 2 formation by individual donor microsomes with CYP450-
seloctive activities
ovpastonzyme | mSoty | T | et et

CYP1A2 01157 0.1974 NS
CYP2AB 0.0774 0.2068 NS
CYPZB6 0.0059 0.7781 NS
CYP2C8 0.0913 0.2556 NS
CYP2C0 02814 00345 NS
CYP2C19 0.0800 0.2888 NS
CYP2D6 0.8629 0.0000 8 .
CYP2E1 02849 0.0207 NS
CYP3M/S 0.0431 0.4402 NS
CYP4A11 0.2485 0.0505 NS

0.0000 - <1.05005

R® - 0.7 1o 1 possibles comalzian

S = significent (F < 0.04, 09%. cectinty in R)
NS = not sigrificant
mhwmmdmmmmlmm}m

Tabls 12 Conrelation of MET 3 formation by individual donor microsomes with CYP450-
soloctive activitios
crmanme | Simat | e |t
CYP1A2 0.1126 0.2038 NS
CYP248 0.0744 0.3068 NS
CYP2B6 0.0053 0.7889 NS
CYP2C8 0.0839 02768 NS
CYP2CH 0.3497 B8.0158 NS
CYP2C19 00047 0.2641 NS
CYP2D6 0.7613 0.0000 S
CYP2E1 02326 0.06585 NS
CYP3A4/5 0.0176 0.6244 NS
CYP4A11 02282 - 0.0613 NS
0.0BC0 - <0.06005

RZ = 0.7 10 4 possitie corelation

S - significard {F < 0.0, ggmamn:ymR’)

NS ot sigrificant

mku}alsd uzing Microsof Excel sislistiest aofiwars,

Therefore, correlation analysis suggests that the metabolism of and formation of its metabolites
is associated with CYP2D6 (for B-HTBZ, MET 2, and MET 3) and CYP3A (MET 1).

Chemical Inhibitors _
Results from chemical inhibition studies in pooled human liver microsomes are shown in the
tables below. Ticlopidine was used as a 2C19 inhibitor and had a mild inhibitory effect on f-
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HTBZ metabolism and formation of MET 2 and MET 3; however it has also been shown to
inhibit CYP2D6 and therefore these results cannot be definitive. CYP2D6 inhibition by :
quinidine inhibited B-HTBZ metabolism, and inhibition of MET 2 and MET 3 formation (100%)
and inhibited formation of MET 1 by approximately 45%. Diethyldithiocarbamate (CYP2E1
inhibitor) had a mild inhibitory effect on B-HTBZ metabolism and formation of MET1, MET 2,
and MET 3. Ketoconazole, a CYP3A inhibitor, had a mild inhibitor effect on p-HTBZ

metabolism and formation of MET 2 and MET 3, and inhibited MET 1 formation approximately
59%.

Tablo 13 Metabolism of 8-HTBZ-“C in the prosence/shsence of CYP450-selective

chomical inhibitors
. Rato of metabolism _
Sample typo m A inlz‘uanmof | % Inhibifion !
+ furafyliine » :
(10 M) 3338 200 142
+ quercalin
{30 pM) 338 M3 . 0.00
+ sulphaphenaznla
30 uh) 338 358 0.0
+ ticlopidina ;
oy B8 22 3
+ guinidine
5yuM) 38 . 383 v 8p3
+ diathyldithiccarbamate . 20
(50 uh) 338 270 . .4
+ keleconazole )
2 M) 338 251 257

Demempressadssnm(n-l%mafmehbufm{umhdtﬁnﬁmprmﬁn} :
' based upon rate of PHTHZ-C metabolism in $he presence of mhibitor expressed as a % of the rate of B-HTRZ-"C
metabofism in ihe sbeente of nhibiter {negative values reporied 22 0.00)

~ APPEARS THIS.WAY
- ON ORIGINAL
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Tablo 14 " Formation of MET 1 in tho presencefabsence of CYPAS0-salsctive chomical
inhibitors
Rato of motabolism
Samplo type R:mmk'?" in presence of % Inhibition
inhibitor

+ furafyline g -
{10 “M? ) 8.8 876 131

+ quercatin
{10 uM) 6.61 840 - 1.90

+ sulphaphenazole

(30 sM) 6.61 6.89 0.00

+ ficlopidine
(10 1:M) 8.61 528 201

+ quinidine

{5 uM) 661 363 451
+ disthyldithiocarbamate .
(50 M) 6.61 5.83 _ 18
+ Kefoconazole '
2uM) 6.61 270 _ 9.2

Data quessed a3 mesn{n -Zgrsbeocfmelahdlsm {pmolesfminimy protein}
! hesed upan rate of gHTRZ metabchsmmihep‘emnneufmhshﬂu‘a)qxessedssa%ufﬂremleolﬁ—HTBZ"'C
metabefam in dhe absence of mhibilor {negative values reporfed as 0.00)

Table15 _  Formation of MET 2 in the prasancafabsence of CYP45D-salaclive chemical
inhibitors
Sample type R O ot bolism R ;E:'%?gg?m % Inhibition !

+ :‘;’;;’,}';;‘9 . 208 182 127
A 208 217 0.00
S azoie | 208 228 ' 0.00
: *fm';‘e 208 _ 132 385
i 208 00 100
" digmyxggﬂ::mamam 208 165 200
* "Qa‘m?””" 208 178 144

Elata eupmssed = mean{n = Ztmhe cf matabelism {prolssfminimg protein}
' based upon e of g-HTEZ-C metabolistm in the presence of mhibilor expressed as a % of the rate of p-HTBZ™C
rmalabolism in ihe sheence of mhibifer {nepsiive vehems reported as 0.00)
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Tablo 16 Formation of MET 3 In tho pressncolabsance of CYPAS0-geloctivo chomical
inhibitors
Sample type “‘&fmm Rﬂﬁw ™| % inhivigon®
of .
i 628 508 194
* E 628 6.14 230
e 628 6.08 350
*?m 628 375 204
*‘(‘mm 628 0.00 100
+daaany|gg:r:rbam‘9 628 475 244
* “szsgmh 628 4.58 274
Pt expressed 25 fean (1 = 2)rate of metabolise pmolesivinkog prolin)

¥ besed upon rete of gHTBZ-*C matsbolism in the presance of mhibitor expressad as a % of the rate of BHTBEZ-"C
rretabelem in dhe Shesnce of mhikitor {regetive vaiises repurfed aa 0.00}

These chemical inhibition results suggest involvement of the following enzymes (>25%
inhibition):

P450s invelved (% Comments
) inhibition) .
Metabolism of | CYP2D6 (89%), *Ticlopidine was used as the inhibitor of CYP2C19.
B-HTBZ CYP3A (25.7%) It inhibited p~-HTBZ metabolism, but it is not
(CYP2C19 (34.3%))* selective for 2C19; according to the literature (also

inhibits 2D6 and 2B6)

Formation of

CYP2D6 (45.1%)

Quantitative results were not provided. The results of incubations with expressed P450 are as

follows.

MET 1 - CYP3A (59.2%) :

Formation of CYP2D6 (100%) *Ticlopidine was used as the inhibitor of CYP2C19.

MET 2 (CYP2C19 (36.5%))* It inhibited B -HTBZ metabolism, but it is not
selective for 2C19; according to the literature (also
inhibits 2D6 and 2B6)

Formation of CYP2D6 (100%) *Ticlopidine was used as the inhibitor of CYP2C19.

"I MET 3 CYP3A (27.1%) It inhibited MET 3 formation, but it is not selective
CYP2C19 (40.4%)* for 2C19; according to the literature (also inhibits

2D6 and 2B6)

Expressed P450s

CYP1A?2 catalyzed the formation of minor amounts of M2.
CYP2C19 produced minor amounts of MET 2 and MET 1.
CYP2D6 extenswely metabolized B-HTBZ and produced MET 2 and MET3 as major
metabolites and minor amounts.of MET 1. :

CYP3A4 catalyzed the formation of MET 1 as a major metabolite.
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CYP2C8, CYP2C9, and CYP2E] did rot metabolize f-HTBZ appreciably.

CYP2B6 was not evaluated.

CONCLUSIONS and COMMENTS:

f-HTBZ metabolism is mediated primarily by CYP2D6 and CYP3A

o Cannot rule out CYP2C19
MET 2 (O-dealkylated B-HTBZ ) was the major metabolite and MET 1 (mono—hydroxy
B-HTBZ ) and MET 3 (multicomponent comprised of isomers of MET 1 and MET 2 that
have not been resolved) were minor metabolites formed from B-HTBZ in human liver
microsomes in vitro.
Formation of MET 2 is mediated primarily by CYP2D6 (in chemxcal inhibition studies,
correlation studies, and expressed P450s)

o CYP1A2 and CYP2C19 cannot be ruled out
Formation of MET 1 is mediated primarily by CYP3A

o CYP2Dé6 plays arole

o Cannot rule out CYP2C19 or CYP2E1
Formation of MET 3 is mediated primarily by CYP2D6

o CYP3A plays a lesser role

o CYP2C19 cannot be ruled out .
The role of CYP2B6 has not been extensively evaluated, although correlation studies do
not suggest a role. '

RECOMMENDATION

¢ Since monohydroxy HTBZ was not detected in the plasma in the mass balance study
and accounted for < 1% and < 5% in fecal and urine extracts, respectively (as % of
dose administered), in vivo drug interaction studies with B-monohydroxy HTBZ need
not be pursued.

» Need to conduct in vivo studies with strong inhibitor of CYP2D6 to determine impact

on metabolism'of HTBZ since its metabolite O-dealkylated HTBZ has been detected
" as the major circulating component in plasma.
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4.6 InVitro P450 Induction Study
~ In Vitro Evaluation of Tetrabenazine, ‘u-Dihydrotetrabenazine and B-
Dihydrotetrabenazine as Inducers of Cytochrome P450 Expressnon in Cultured human

Hepatocytes

Study Investlgators and Site:

. Protocol Number; — 963015

OBJECTIVES:

To .investigate the effect of tetrabenazine (TBZ), a-dihydrotetrdbenazine (0-OH-TBZ), and $-
dihydrotetrabenazine (p -OH-TBZ) on the expression of Cytochrome P450 enzymes in prlmary
cultures of human hepatocytes.

IV[ETHODS-:

- Hepatocytes were isolated and cultured from 3 individual donor livers. Cultures were allowed to
adapt to the culture environment for 3 days, replacing media daily. After this period, hepatocytes
were examined under a light microscope and determined to be morphologically normal.

Hepatocytes were treated daily for 3 consecutive days in the presence of supplemented MCM
media containing 0.1% DMSO (vehicle, negative control), one of three concentrations of
tetrabenazine, a~-OH-TBZ , or B-OH-TBZ (0.1, 1.0, or 10 pM) or one of three known human
P450 inducers (positive controls) that were omeprazole (100 uM), Phenobarbital (750 uM), or
rifampin (10 uM). The plasma concentrations of tetrabenazine that would be expected are <<
.1uM and would be up to 0.4 pM in hepatic impairment; the concentrations of metabolites used
cover up to 10x the expected plasma concentrations of those metabolites in humans, based on
previous OCP review of the original NDA. Therefore these concentrations are acceptable. and
its metabolites cover the therapeutic range. The concentrations of omeprazole and rifampin are
acceptable for CYP1A2 and for CYP3A4, respectively with 14-24x induction and 4-31X
induction expected for each of those enzymes, respectively. Phenobarbital at those
concentrations would be expected to induce CYP2B6, 2C8, 2C9, and 3A4.

After approximately 24 hours following the final treatment, cultures were visualized to document
morphological integrity.

Microsomal samples were prepared to use for evaluation of enzyme activity. Microsomal
incubations were carried out at 37° C with the following probe substrates at the concentrations
indicated. Recommended protein concentrations for microsomal studies are typically < 1 mg/ml
and therefore these conditions are acceptable. The probe substrates are those recommended in
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the draft guidance, with measurement of the metabolite for each substrate also as recommended
in the guidance. The substrate concentrations are higher than the Km values reported in the draft
Guidance for CYP3A (Km for testosterone 52-94 pM) and other substrates except for paclitaxel
for CYP2C8 and phenacetin for CYP1A2. The Investigators state in the study teport that the

experimental conductions exhibited acceptable linearity for both incubation time and protein
concentration. . -

Assay Conditions Table .
" Substrate Quantity of protein | Final volume Time
Enzyme Substrate concentration (M) | () (ml) (min)
CYP1A2 Phenacetin 80 0.016 04 10
CYP2B6 - Bupropion 500 : 0.032 04 10
CYP2CS. Paclitaxel . 10 0.025 04 10 .
CYP2C9 Diclofenac 100 0.008 04 10
CYP2C19 |  S-Mephenytoin 400 © 0032 04 10
CYP3A4/5 |  Testosterone 250 0.008 04 10
CYP Measurement
Enzyme
CYP1A2 Phenacetin O-dealkylation
CYP2B6 Bupropion hydroxylation
CYP2C8 Paclitaxel 6a-hydroxylation
CYP2C9 Diclofenac 4’-hydroxylation
CYP2C19 | S-Mephenytoin 4 -hydroxylation
CYP3A4/5 Testosterone 68-hydroxylation

RESULTS:

Results of the effects of control inducers or study drug on enzyme activity are shown in the
Tables below, as provided by the Sponsor. '

Table3:  Effects of treating cultured human hepatocytes with tetrabenazine, a-dibydrotetrabenazine or p-dihydrotetrabenazine
or profotypical inducers on the expression of cytochrome P450 enzymes

e aciiety -
. . . 5 - —— Pt Do T ——
L ' ' o - 4-hy i {-hydroxylation  6p-Mydroxylation
(C¥P1AZ) (CYP2B%) (CYR2CY) (CYPICS) (CYP2CLS) (CYP3ALS)
Dimethyl Suifoxide 0.1% $6%110 251246 963683 122433 1022107 1880+ 370
Termbenazine 01 m 138=109 263%49 . 106%73 1020=520 1032104 21502470
Tetrbenszine 19mm 4232117 270=44 9452621 Wx456 - 9372867 2100+430
Tetrabenszine 10m #5122 29352 10475 902 507 716598 2140+ 460
oDibydrowimbenazine | 0.1 ym 38693 235254 aBEIT0 D434 132357 1600=210
aDiktydrotetrabenazine 10pm ‘415235 44156 821£447 9564534 100101 21104470
o-Dilyd 10pm 22126 31179 102460 958+ 555 9532930 2510+ 490
pDiydotembenazine 01 BI=I0 712+93 9.60=753 3612397 2872849 1950 = 180
P-Diltydrotetbenazine 10m BA£157 WT=IT T pSB=728 224531 415@2) | 20104390
§-Diky i 10m 82157 281108 93367 804::426 6282516 2080 & 120
Omeprazole 100 1950£560 27=163 26121200 1620760 991%439 51502 1250
Phencbarbitl 750 ym. 2094181 3824276 5432207 18105960 2335143 11400 + 1200
Rifarpin 104m 69.62 10 283%180 579243 2130+ 1140 632335 11100 +1100

Msmmmﬂmmwmmmmhmmmm“mofmm ]
'Vﬁmnhmﬁwmﬁmﬁmmm H666, H672 and Ho81, unlecs otherwise iodicated (f.o., m=2).
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Tabled:  Effects of treating cultnured kuman hepatocytes with tetrabenazine, a-dihydrotetrabenazine or -dihvdrotetrabenazine
or protofypical imhcers on the fold induction o! cytochrome P450 enzymes

Fold Inds *
Tr [ jom  Phemceti . Packtzrel Di Stk
L ien§ Ay i Ga-hydraayhtion 4-hy - * i
{CYT1IA2) {CYP2B0) {CYPIC) (CYP2LY) (CYPICU) {CYPIALST)
" _Dimethyl Sulfoxide ol1% 1002025 100=0.18" 1.0040.71° 1.00045"° 1.002105% 1.00+0.20°
Tetrebengzine 0lmm 1012008 1.05=0.14 1092018 1.03£0.11 1.032011 134007
Teobenrine 10mm 0.966=0.062 108004 0.9980:100 0.926:40.106 1.01+025 1122004
Te s 10ym 102008 L17:0.01 1072010 0.875+0.130 0.822+0.173 3135+013
a-Dihydromabenszine 1lum 0.2890k0.028 0872 0.015 0.5245%0.021 0.821 40128 L16& 024 102009
i 10mn 0565 0.132 098220202 0512 0.156 ' 0.9452£0215. 101021 1122007
o-Dilryh it 10 pm 1L02:018 123+0.15 1114021 0.937:0.240 0.953%0.199 134011
p-Dikydrotetrabenszine 0.1 mn 0.976=0.17¢ 1062019 0937=0.114 0.844x0213 093420160 106023
pmm:m 10 mn 09740130 L1k=028 095620235 0.890:+0.211 1.03(2) 110027
p-Diby 10pm 0.635:%0.157 1.9 0.25 09550131 “0.79340.117 0.729 0.163 1142023
Omeprazole 100 pm 32633 9.02a557 ' 260x0355 168038 T 202177 24922131
mm 750 pm 1872015 153%987 601x135 12120267 3161065 620+115T
Rifampin 10 ym 1542028 115=68F 6.7841.74 21520377 815392 603071 T
Fomndmaumm&d»mnpﬁmﬁmmmmummﬁemap&dm
* Valnes are thy dard f theee horan iocs: HS66, H672 and BEE1, wnless otherwize indicand (ie., 223).
b For Veliicle Cantrols, CV, Coefficient of Variance (Rate wnm*mnnm), sukuhmdmxdoﬂ-‘oldfnuuse Stendard Desiation to give s mare
Tealistic rerresentation of variance between control sarmples™

§ Significance found mnummm(mOJ%MOBhnMgmd)mﬁgmmenOquyAnﬂymmkmh(p < 0.05) but
unsble to specify the groups that shtistically differ from the other Frovps according to Duamett's Method with positive controls.

T Sttistically significant 10 contrel (0.1% DMSO) acconding to Daunetr's Test (p <0.05) with positive cogtrols.

Sigmificance fonnd amony tresmoect zronps (wheee 0.1% DMSO is the valiicle axntro)) according to Kruskal-Wallis One Way Azatysis oo Ranks (p < 0.05) bat
unnble to specify the groups that statistically differ from the cther groups sccording to Dunn's Method with positiva controls.

Omeprazole and rifampin produced the expected induction of CYP1A2 and CYP3A4,
respectively. In contrast, there was no significant induction of CYP1A2 by tetrabenazine or its
metabolites a-OH-TBZ or §-OH-TBZ. Calculated by the reviewer as recommended in the draft
Guidance where % positive control = 100*(activity of test drug treated cells-activity of negative
control)/(activity of positive control-activity of negative control), tetrabenazine, a-OH-TBZ, and
B-OH-TBZ caused a change that was < 10% of the positive control, whereas a change greater
than 40% of the positive control would suggest induction.

Since there is no induction of CYP1A2 and CYP3A it can be concluded that the test drug is also
not an inducer of CYP2C8, CYP2C9, or CYP2C19. This has been confirmed by the induction
seen in activity of CYP2C8, and CYP3A in the presence of phenobarbital, whereas the change in
the presence of test drug or its metabolites was < 10% of that of Phenobarbital as the positive
control. Similarly, for CYP2B6, the drug-induced change was < 10% of that of Phenobarbital as
the positive control.

CONCLUSIONS and COMMENTS:

o The study was adequately conducted to evaluate in vitro induction of P450s.

» The positive controls resulted in the expected induction of CYP1A2, CYP3A4, and
CYP2B6.

o Neither tetrabenazine nor its metabolites a-OH-TBZ or $-OH-TBZ induced CYP1A2,
CYP3A4, or CYP2B6 in vitro; it can be concluded that these are also not inducers of
CYP2C8, CYP2C9, or CYP2C19.

o No further study of induction is required.
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4.7 InVitro P450 Inhibition Study

In Vitro Evaluation of Tefrabenazine and its Two Major Metabolites as Inhibitors of
Human Cytochrome P450 Enzymes _

Study Investieators and Site:

[ ]/

Protocol Number: ~— )65005

OBJECTIVES:
To evaluate the ability of tetrabenazine, a-dihydrotetrabenazine, and -dihydrotetrabenazine to
inhibit the major CYP enzymes in human liver microsomes.

TEST COMPOUNDS:

Tetrabenazine (lot number 105481)
a-dihydrotetrabenazine (batch number RUS 0406)
p-dihydrotetrabenazine (batch number IC12 130802)

METHODS: , :

Human liver microsomes from donated livers were prepared and characterized by

A pool of 16 individual, mixed gender human liver microsomal samples was used. The Km and
Vmax used to select marker substrate concentrations and incubation conditions had been
previously determined.

The incubation conditions used for tetrabenazine assays are shown in the table below, as
provided by the Sponsor. These substrates are those recommended in the draft Guidance and are
used at concentrations that are approximately their respective Ky,s (except for 2-Mephenytoin 4-
hydroxylation that has a Km in the guidance of 13-35 uM).

Tablel: Summary of experimental conditions for enzyme assays: Direct and metaholism-ependent inhibition of CYP enzymes

by tetrabenazine (IC50 determinations)

Substrate  Incubation : Pre- Tetrabenazine -

SOP concentration  volume  Protein  Incubation ineubation Solvent volume
Enzyme ~ CYPReaction followed M) @)  (pgfml) time (min) fime (min) Targetconcemirations (uM) (uL)
CYPIA2  Phenacetin O-deethylation 13250.04 50 400 100 5 30 0,0.1,03,10,39,10,30,100 4
CYP2C8  Paclitaxel 6a-hydroxylation 13250.04 10 400 50 5 30 0,01,03,10,3.,10,30,100 4
CYP2C9  Diclofenac 4 hydroxylation 13250.04 75 400 100 5 30 0,0.1,03, 1.0, 3.0, 10, 30, 100 4
CYPXC19  SMephenytoin 4"-hydroxylation 1325004 40 400 100 5 30 0,01,03,10,30,10,30,100 4
CYP2D6  Dextromethorphion O demethylation 1325004 75 400 100 5 30 0,01,03,10,30,10,30,100 4
CYPEl  CH 6-hydroxylati 13250.04 30 400 100 5 36 0,01,03,10,30,10,30,100 . 4
CYP3A4S  Testosterone 68-hydroxylation 1325004 100 400 100 5 30 0,01,03,10,3.0,10,30, 100 4
CYP3A¥5  Midazolam 3" hydroxylation 13250.04 50 400 50 5 36 0,01,03,10,30, 10,39, 100 4
CYP3A4S  Nifedipine oxidati 13250.04 75 400 100 5 30__ 0,01,03,10,39,10,30, 100 4
*  The buman liver microsomal sample used for these esperiments was a pool of sixteen individuals (samples 16, 17, 27, 34, 79, 113, 116, 140, 152, 155, 171, 175, 177,209, 223, and

233).
®

Acetonitrile was the vehicle nsed to dissolve the test article (final meubalion conoentration: 1% (vAv)).
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CYP et - Positive control Vehicle Concentration studied
CYP1A2 o] Naphlboﬂzvme Methanol 0.5 pM
CYP2C8 Methanol 20 M
CYP2C9 Snlfapbmmle Methanol 20uM
CYP2C19 - Modafinil DMSO 250 pM
CYP2D6 Quinidine High prrity water 0.5 uM
CYP2El 4-Methylpyrazole mghpmnym 15 1M
CYPIAYS Ketoconazole © Meth 0.15" /0,075 M

3 Tmﬁhy&oxﬁmmandm&dymmdam
® Midazolam 1 -hrydraxylation

Assay conditions for o -dihydrotetrabenazine, and B-dihydrotetrabenazine were the same as for
tetrabenazine, except that acetonitrile concentrations in the B-dihydrotetrabenazine were 1.5%
due to solubility of that compound. The assay conditions were in agreement with the
recommendations in the-draft Guidance such that microsomal protein concentrations are < 1
mg/ml, and the Sponsor states that the assay method allowed for the rate of reaction to be
measured under initial rate conditions so that the percent metabolism of the marker substrate did
not exceed 20%. Enzyme activity. was expressed as percentage of the solvent control.

The reaction mixture contained buffer and substrate and were initiated by addition of an aliquot

of an NADPH-generating system. Assays were carried out in duplicate. Reactions were

terminated at 5 minutes by addition of the appropriate internal standard and stop reagent

(acetonitrile). Precipitated protein was removed by centrifugation. Enzyme activity was
expressed as percentage of the solvent control.

To examine mechanism-based inhibition (metabolism-based inhibition), test drugs were pre-
incubated with human liver microsomes and an NADPH-generating system for approximately 30
minutes to allow for generation of intermediates that could inhibit P450s. After the pre-
incubation period, the marker substrate was added and the incubation continued for 5 minutes .
and terminated as above. Incubations that contained vehicle only and incubations that contained
test drug but were not pre-incubated served as negative controls. Enzyme activity was expressed
as percentage of the solvent control.

Analyses were performed using validated HPLC/MS/MS methods according to SOPs.

Additional controls L

For every experiment, incubations were also conducted at half and twice the normal protein
concentration and for half and twice the normal incubation period to ascertain whether
metabolite formation was linearly related to concentration and incubation time.

Additional incubations were carried out in the presence of marker substrate and inhibitors used
as positive controls as shown in the table below. In all cases, the positive control inhibited the
enzyme activity. For CYP1A2, CYP2C8, CYP2C9, CYP2D6, and CYP3A4 the substrates are
all preferred or acceptable inhibitors for in vitro studies, according to the draft Guidance, and are
used at concentrations > the published K; values. Modafinil has been shown in the literature to
inhibit CYP2C19 reversibly, with a K; of approximately 39 pM (Robertson P, Decory H, Madan
A, Parkinson A. Drug Metab Disp 2000; 28:664-71). In the present assay, modafinil inhibited
CYP2C19 activity by approximately 71%. 4-Methylpyrazole is considered in the literature to be
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_ an inhibitor of CYP2E1, and resulted in about a 73% inhibition of CYP2E1 activity in the
present study when used as a positive control.

Positive controls were also evaluated for mechanism-based inhibition as shown in the table
below as provided by the Sponsor. In all cases, the positive controls inhibited the enzyme
activity in a time-dependent manner. The inclusion of a positive control is optional according to
the draft Guidance, and the draft guidance only identifies furafylline (1A2) and methoxsalen

- (2A6) as positive controls for mechanism based inhibition. The results from this evaluation of
‘positive controls supports the adequacy of the assay conditions.

Additional zero-mimite and 30-mimnte pre-incnbations were conducted (in the presené of the
following metabolism-dependent inhibitors) with the nonmal pre-incubation time and
microsomal protein concentration. The incubations were continued as described in section 3.2.2.

CYP enzyme Positive control Vehicle Concentration studied
CYP1A2 " Furafylline DMSO 1.0pM
CYP2CS 1-Aminobenzotriazole " DMSO 1000 pM
CYP2C9 Tienilic acid Tris base (0.002 mg/mL) 0.25 M

. CYP2C19 Ticlopidine High punity water 0.75 uM
CYP2D6 Metoclopramide High pority wates 20puM
CYP2EL 3-Amino-1,2,4-triazole High punity water 10,000 pM
CYP3A4/S Troleandomycin Acetonitrile 25'77.5°120° pM

* Testosterone 6B-hydroxylation
> Midazolam 1 -hydroxylation
¢ Nifedipine oxidation

RESULTS:

Tetrabenazine

The results for tetrabenazine are shown below, both for direct inhibition and for mechanism-
based inhibition.

Table5: Summary of results: In vitro evaluafion of tetrab ine as an inhibifor of h CYP enzymes
Direct jahibiti Metsbolism dependent intibition (MDI)
Zero-minute pre-incubation 30-minute pre-incubation
- Maxinmom
Maximum inhibition inhibition at
Exyme  CYP Reackion : 1C50 (udM) 2100 pM 5 IG50 (M) 100 M (%) MDI Potential®
CYP1A2  Phenacetin O-deethylation 99+13 . 50 . 67+£10 55 Possible
CYP2C8  Paclitaxel Sav-hydroxylation >100 21 >100 19 Litite o no
CYP2C9  Diclofenac 4°-hydroxylation 34=4 n 51+8 70 Little orno
CYP2C19 SMeph in 4 -bydroxylat 353 . 81 45%4 82 Litile or no
CYP2D6 D thorphan O-demethylati >100 26 >100 33 Possible
CYP2El  Chlorzoxazone 6-hydroxylation >100 0 >100 9 Little or 50
CYP3A4/5 Testosterone 6f-hydroxylation >100 91 >100 . 18 Possible
. CYP3A4/5 Midazolam 1™-hkydroxylation : >100 0 >100 9.1 Possible

CYP3A4/5 Nifedipine Oxidation >100 0 >100 15 Possible
Notes Values were calculated using the average data obtained from dupli for each incubation condition. The IC50 values were calculated vsing XI fit.
b Maximom inhibiti (26} is calculated using the following formmia and data for the highest concentration of test article for which usable data were

collected from the IC50 d: inations (results ded to two significant figures): Maxinmm iphibition (36) = 10035 ~ Percent solvent control

(Appendix 6)
® Metabolism-dependent inhibition was determined by comparison of ICS0 values with and without pre-incubation, i in % ichibjtion vpon

pre-incubetion at all i end by vispal inspection of the IC50 plot.
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In the clinical studies reviewed in the original NDA submission, plasma concentrations of
tetrabenazine were up to 0.002 pM in the absence of hepatic impairment and up to 0.4 pM in the
presence of hepatic impairment. Therefore, in the worst case of hepatic impairment, and _
considering that substrate concentrations were around their respective Ky, values (and assuming
competitive inhibition so that Ki= ICs¢/2), the /K values for CYP2C9 and CYP2C19 that had

the greatest inhibition would not exceed 0.02. Therefore the likelihood of P450 inhibition of
these enzymes is remote, if a direct inhibition is considered.

For the mechanism-based inhibition studies, the ICs, for inhibition of CYP1A2 was reduced
from approximately 99 uM to approximately 67 uM, suggesting time-dependent inhibition.
Similarly, this is suggested by the results of CYP2D6 and CYP3A. However, due to the very
low circulating concentrations of tetrabenazine (usually undetectable in healthy volunteers or
present at concentrations of < 0.002 pM in the absence of hepatic impairment), this is not likely
to be clinically significant. Therefore no further evaluation is necessary.

a —Dihydrotetrabenazine _
The results for & —dihydrotetrabenazine are shown below, both for direct inhibition and for
mechanism-based inhibition.

Table 6: Summary of results: In vifro evaluation of a-dihydrotetrabenazine as an inhibitor of b CYP
Direct & — Y fom. dependent i Bom (DD
Zero-nuinmie pre-incubation - 30-miunte pre-incabation
Maximmm
. Maximum inhibition inhibition ot
Emyme  CYP Reaction 1650 (uM) 21100 pM (%) 1C50 (M) 100 uM(%)" MDIPoteatial’
CYP1A2  Phenacetin O-deethylation >100 0 >100 [} Littleorao
CYP2C8  Paclitaxel Schydroxylation >100 79 >100 12 Little orno
CYP2C9  Diclofenac 4" hrydroxylation >100 [ >100 [ Linte ot o
CYP2C19  SMephenytoin 4”hydroxylation >100 66 ‘ >100 33 Lite orno
CYP2DS b thorphan O-demethylati 100£20 49 >100 31 Litile or o
CYP2El  Chlorzoxazone 6-hydroxylation >100 [ >160 0 Little orno
CYP3A4/5 Testosterone 6f-hydroxylation >100 0 >100 . 58 Little oroo
CYP3A4/5 Midazolam 1'-llj'dmxyhﬁnn >100 [} >100 ° Little orszo
CYP3A4/5 Nifedipine Oxidati >100 | 76 >100 87 Little or 20
Notes Vzmswaecalwlztedmgmemgedm ined from dupli for each & i dition. The IC50 values wese calculated using XLt
. mnr inhibiti (%) is calcolated psing the following foxmmla and data for the highest concentration of test article for which nsable data wese
llected from the IC50 & inat (raults are ronnded to two significant fignres): Maxinmm iohibition (%) = 10086 — Percent solvent control
(Appeadiz 7)
v Metabolism-dependent inhibiti by ef[CSOvalmswnhandmmum-mmblknn,mmm%mhibmmnpon
pre-i iom at alt i andbyma!mspea:mvﬂh:lCSDplaL

No inhibition by o —dihydrotetrabenazine was seen at concentrations of > 100 uM except for
CYP2D6 that had an ICsp of 100 pM after direct inhibition experiments. With observed
concentrations in the original NDA submission of up to 0.54 uM (according to the Sponsor
Cmax values can be up to 0.83 pM) and considering that substrate concentrations were around
their respective Ky, values (and assuming competitive inhibition so that K= ICs¢/2) the I/K;
would be approximately 0.01-0.02. Therefore the likelihood of inhibition of CYP2D6 (or other
P450s evaluated) is remote, if a direct inhibition is considered.

Time-dependent inhibition was not observed in the pre-incubation studies, suggesting that o, —
dihydrotetrabenazine is not a mechanism-based inhibitor.

B —Dihydrotetrabenazine’
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The results for # —dlhydrotetrabenazme are shown below, both for direct 1nh1b1t10n and for
mechanism-based inhibition. :

Table7:  Summary of results: In vitro evaluatian of B-dihydrotetrat ine as an inhibitor of CYP enzymes

Direct inhibition . Metsbolism-dependent inhibition (MDD
Zero-minute pre-incubation 30-mmxte pre-incubation
Maxinmm X
o N Maximum inhibition inhibition at
Enzyme CYP Reaction 1C50 (uM) at 100 pM (%)" IC50 (uM) 100 M (%)* MDI Potential®
CYPIA2  Phenacetin O-deethylation >100 ] >100 0 Litile erno
CYP2C8  Paclitaxel 6a-iydroxylation . >100 0 >100 0 Little o oo
CYP2C9  Diclofenxc 4" -hydroxylation >100 0 >100 ] Little arno
CYPIC19  S-Mepbemytoin 4'-hydroxylstion >100 0 >100 0 Little arno
CYP2D6 I thorphan O- i 46+9 65 439 60 Litile orno
CYP2E1 Chlorzoxazone 6-hydroxylation >100 0 >100 ] Litde os oo
CYP3A4/S  Testosterone 68-hydroxylation . >100 - 0 >100 8.2 * Little orno
CYPIA4/5 Midazolam 1"-hydroxylation >100 0 >100 35 Little or no
CYP3AYS Nifedipine Oxidation >100 10 >100 25 Possible -
Notes Vnhumealmhbdmghmaged:m med from dopli for each i i dition. The IC50 vatves were calculated using XIfit.
2 inhibi (%)xs Jculated using the following formmla and data for the highest concentration of test articls for which nsable data were
Hected from the IC50 & inations (results ded to two significant figures): Muwximum inhibition (%) = 100% — Percent solvent control
(Appendix 8) . T
» iso-depeadent inhibition was d ined by comparison of IC50 vatues with and withont pre-incnbation, increase in % inhibition bpon
pre-incubation ot all ions, 2nd by visual iaspection of tha ICS0 plot.

No g —dihydrotetrabenazine-mediated inhibition of the P450s evaluated was observed except for
CYP2D6 for which the ICso was approximately 46 uM. With observed concentrations in the
original NDA submission of up to 0.55 pM and considering that substrate concentrations were
around their respective K, values (and assuming competitive inhibition so that Ki= ICs0/2) the
1/K; would be approximately 0.02-0.03. Therefore the likelihood of inhibition of CYP2D6 (or
other P450s evaluated) is remote, if a direct inhibition is considered.

For the mechanism-based inhibition studies, a small time dependent inhibition of CYP3A can be
observed, although a shift in the ICsp at relevant concentrations (in the expected therapeutic
range) or to [Cso of < 100 uM is not observed.

CONCLUSIONS and COMMENTS:

» The study was adequately conducted to evaluate in vitre inhibition of P450s.

o Neither tetrabenazine nor its metabolites a-OH-TBZ or §-OH-TBZ resulted in in vitro
inhibition that is likely to be clinically relevant when considered separately.

e Although both metabolites resulted in CYP2D6 inhibition, the likelihood of a significant
in vivo inhibition due to the presence of both metabolites is remote even when the 1/Ki
values are summed.

e Potential for inhibition of CYP2B6 has not been evaluated.
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4.8 InVitro Pgp Study

The Assessment of Tetrabenazine (TBZ), a-OH-Tetrabenazine (a-OH-TBZ), and'B— OH-
Tetrabenazine (§ -OH-TBZ) as Potential Substrates and Inhibitors of Human Pgp In Vitro

Stady Investigators and Site:

Protocol Number: 6PRESP1

OBJECTIVES:

To assess the potential of tetrabenazine (TBZ), -a—OH-tetrabenazine (0-OH-TBZ), and B- OH-
tetrabenazine (B -OH-TBZ) to be substrates or inhibitors of human P-Glycoprotein (Pgp) in vitro.

METHODS:

Permeaqbility Testing

General Procedure

Transfected MDR1-MDCK cells (with MDCK cells used as negative controls) were used in the
bidirectional permeability assay (the preferred functional assay) to determine whether TBZ and
its metabolites are substrates for Pgp. Caco-2 cells were used to determine whether TBZ and its
metabolites are inhibitors of Pgp.

Prior to permeability experiments, suitability of testing conditions was evaluated by confirming
that when compounds were dosed in the transport buffer (HBSSg supplemented with 0.2%
DMSO) there was no significant loss of test compounds to nonspecific binding to the plastic of
the Transwell apparatus. ’ :

Cell monolayers were certified after growing to confluence on collagen-coated polycarbonate
microporous membrane filters. For MDCK and MDR1-MDCK cells the results are as follows.
The transepithelial electrical resistance (TEER) of the polarized cells was determined and found
to meet the Investigators’ acceptance criteria of > 1400 for MDCK and MDR1-MDCK.
Permeability of control compounds propranolol, atenolol, and digoxin (10 pM) was also assayed
by incubation at 37 C with 5% CO?2 in a humidified incubator and all treatments were performed
in triplicate. Only the digoxin results will be evaluated as this is the probe substrate
recommended in the guidance. For digoxin (considered in the draft Guidance) tobe an
acceptable substrate at the concentration used, the net flux ratio (ratio of (Permeability app, B-
a/Permeability op, a-8)mpr to (Permeability app, p.a/Permeability app, a-B)wild type Was 95.66/18.5 = 5
for the batches used for substrate assessment. A minimum net flux ratio of > 2 is recommended
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in the guidance and the results for the substrate assessment met this criterion. Following
completion of all test treatments, Lucifer yellow apparent permeability was measured on each
cell monolayer to assess integrity. Its permeability was < 0.4 in the certification studies and in
the permeability studies and this is acceptable. For Caco-2 cell monolayers, the certification
results are as follows. TEER values were between 100-800  cm? as recommended in the draft

- Guidance. Digoxin permeability (B-A)/A-B) ratio was >10. Luc1fer yellow permeability was <
0.4. _

A tolerability assessment was performed to see if the highest concentration (50 pM) of TBZ, o -
OH-TBZ, and § -OH-TBZ used in the study would impair MDR1-MDCK, MDCK, and Caco-2
cell monolayer integrity. The pre-exposure and post-exposure change in TEER was similar
between the blank treatment and treatments with the test compounds, and post-experiment lucifer.
yellow permeability values in monolayers exposed to test compounds were similar to values
obtalned in the blank treatment (< 0.8 x 10 cm/s).

Pgp substrate testing was performed as described above in MDR1-MDCK and MDCK cells in
the absence and in the presence of Pgp inhibitors cyclosporine A and ketoconazole. The three
concentrations of TBZ, o -OH-TBZ, and B -OH-TBZ used were 5 pM, 10 pM and 50 pM when
dosed alone, or 5 tM in the presence of 10 pM cyclosporine or 10 pM ketoconazole. (The
cyclosporine concentration is the K; value reported in MDCK-MDR1 cells and the ketoconazole
concentration is above the ICso values reported for Caco-2 and above the K; value reported for
LLC-PK1 MDR1). Digoxin (10 pM) was also tested as a positive control in the absence and
presence of these inhibitors. Cells were first pre-incubated with blank HBSSg buffer or HBSSg
buffer containing inhibitor for 30 minutes. Then cells were dosed either with test compound
alone or test compound with inhibitor. Sampling was performed at time 0 and at 30, 60, and 120
minutes from the receiver chamber and at 120 minutes from the donor chamber. The assay was
performed in the apical to basolateral (A-B) and basolateral to apical (B-A) direction. Three
replicate assays were performed )

Pgp inhibitor testing was performed to determine potential of the test compound to inhibit human
Pgp-mediated transport in Caco-2 cell monolayers. The initial step evaluated the potential of
TBZ (50 pM), a. -OH-TBZ (50 pM), and B -OH-TBZ (50 pM) to inhibit Pgp. This was assayed
by testing the bidirectional permeability of the marker Pgp substrate digoxin (10 pM) in the
absence and presence of the test compounds. In addition, on parallel wells, the bidirectional
assessment of digoxin transport was tested in the presence of known Pgp inhibitors cyclosporine
A (10 pM) and ketoconazole (10 pM) as control treatments. Prior to onset of digoxin
permeability testing, cells were pre-incubated with blank transport buffer or buffer containing
CSA, ketoconazole, or test compound for 30 minutes. Cells were then dosed with either digoxin
alone or digoxin with inhibitors or test compound. Digoxin permeation was tested in the A-B
direction or the B-A direction for 120 minutes. Dosing solutions were sampled at 0 minutes, the
donor chamber was sampled at 120 minutes, and the receiver chamber was sampled at 60 and
120 minutes and analyzed for digoxin concentration by LC-MS/MS.

If the test compounds inhibited efflux of digoxin more than 50% in the first step, then the effect
at multiple concentrations (0.1, 1, 10, 20, 30, 40, 50, and 60 pM) on the bidirectional -
permeability of digoxin (10 pM) was tested to establish an ICs value. As control treatments, on
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parallel wells the bidirectional assessment of digoxin transport was assayed in the presence of
cyclosporine A and ketoconazole at multiple concentrations. Testing and sampling was
described as outlined above.

" Analytical Assays:

A summary of the validation data for TBZ, a-OH-TBZ and B-OH-TBZ determination by LC-MS
(validation and assay by ~— _is shown below as provided by the' Sponsor. The assay
showed no interference from digoxin, ketoconazole or cyclosporine A at 10 pM concentrations.

Telrshenazine e-dihydrotatrabenazine | B-dihydrotetrabenazine
Validated Range 0.1-625pM 0.1-625¢M 0.1 -82.5 1M
Cafibration Model Linessr woighted 142 | Linear weighted 142 |  Linear weighted 12
Pracision (3%CV) £+10.1% <48.8% 519.0%
© Infra-assay
Pretislon (%CV) 549.0% 5+10.5% S214.4%
Infer-assay - C
Accuracy (%RE) S+9.7% £+13.5% £100%
Intra-assay
Acoracy (%RE) £18.1% 12 1% <40.3%
Infer-assay
Acturacy (%RE) and S13.8%RE S+0.9%RE S+57%RE
precision (V) |
folkrwing 1/10 dikttion 545.3% CV L+57%CV 548.3%CV
Stabifity in Hank's buffer | Atleast4 hours at At least 4 hours at At least 4 hoirs ot
roorn temperature and | room femperature and | room temperature and
23 days at-70 °C 23 days at 70 °C Bdaysat-70°C
Freeza-Thaw Stabiity Atleast 3 eycles At least 3 cycles Atlonst3 cycles
at-70°C a-70°C at-76°C
Processed Extract | At least 4 days atroom Atloast 4 days ot room | Atleast 4 days at room
Stability temperature tomperatire temperatire
Atloast3daysat4°C | Atlsast3daysat4°C | Atleast3days at4°C
Equipment '
—/_/

Digoxin was determined using a validated LC-MS/MS assay at

standard curve precision was < 5% for all concentrations at or above the LLQ. Accuracy was
acceptable. Similarly both accuracy and precision were < 10% for the QC samples. Neither
TBZ nor its metabolites a-OH-TBZ and B-OH-TBZ nor ketoconazole or cyclosporine A caused
interference with the assay.
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RESULTS:

Results of the Pgp substrate assessment are shown in the table below. The net efflux ratio is the

ratio of Efflux Ratiompri-mpcx/Efflux Ratiompcx. The results suggest that B-OH-TBZ is a
substrate for Pgp. =

Net Efflux Ratio
B-AP./ABP,, Compound
Efffux Ratio - Net Efflux
Treatment | CellLine . Ratio
MDRI-MDCK MDCK . Dipoxin
| Disoxin (10 iM) 734 30.6 24
Digerein (10 (M) + CSA (10 M) : 0.9 10 08
Digoxin (10 uM) + Eetoconzzole (10 uM) 82 23 36
- 182
[TBZ G ooy 11 13 09
TBZ {5 uM) +CS4 10y 10 13 [12:]
TBZ (5 uM) + Ketacanazole (10 1) 12 11 10
TBZ (10 pM) 11 13 0.9
TBZ (30 pD 1.1 1.1 1.0
. : «OH-TBZ
a-OB-TBZ (5 pM) 16 i3 : 1.2
a-0B-TBZ (5 pM)+ CSA 10 uM) 10 12 0.9
0-OR-TBZ (5 pM) + Eetoconszole (10 pM) 10 1.1 0.9
«-OR-TBZ (10 pM) 13 12 1.1
«OB-TBZ (50 M) 10 11 0.9
: . p-OH-TBZ
B-OH-TBZ (5 uM) 20 0.9 22
B-OH-TBZ {5 pM) + CSA (30 uM) 12 1.1 1.0
£-0H-TBZ (5 pM) + Ketoconazola (10 1My 10 08 13
TBZ (10 p] 18 11 156
S-ORCTRZ (50 130 v 17 12 | 18

Digoxin, the control substrate, had a high efflux ratio in the MDR1-MDCK cell line and in the
MDCK cell line, with a net efflux ratio of 2.4. Digoxin efflux was substantially decreased by the
presence of cyclosporine (CSA) or ketoconazole in either cell line, with net efflux in the
presence of cyclosporine decreased by > 50% reducing the net efflux ratio to near unity. These
results show that the cell system is acceptable.

TBZ and 0-OH-TBZ had efflux ratios of < 2 in both cells lines and net efflux ratios of < 2,
indicating that these are not Pgp substrates. In contrast, 5 pM B-OH-TBZ, but not the higher
concentrations, had an efflux ratio of 2.0 in MDR1-MDCK cells and a net efflux ratio of 2.2.
This was inhibited by cyclosporine and by ketoconazole by approximately

50%, reducing the efflux ratio to near unity. These results suggest that $-OH-TBZ is a substrate
for Pep. :

Results of the Pgp inhibitor studies in Caco-2 cells are as follows. Digoxin efflux was inhibited
by 93.93% and by 92.33% by cyclosporine A and by ketoconazole, respectively. Digoxin efflux
was inhibited by approximately 83.96% by TBZ but only by 38.72% and by 45.81% by 0-OH-
TBZ and by B-OH-TBZ, respectively. Therefore, the effect of TBZ on digoxin efflux was
further investigated to establish the ICsq value. (The ICsp values of 0-OH-TBZ and B-OH-TBZ
are estimated to be higher than 50 pM). The ICs for inhibition of digoxin efflux was estimated
to be 0.32 pM, and the ICs, for inhibition of digoxin efflux in the presence of ketoconazole was
calculated to be 0.42 pM. These results are generally in agreement with the ICso values reported
in the draft Guidance (1.3 and 1.2 uM, respectively). Results of the assessment of TBZ as an
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inhibitor of digoxin efflux at concentrations of 0.1 pM-60 pM TBZ are shown below, At lower
concentrations, TBZ appeared to have a stimulatory effect. The ICs for inhibition was estimated
to be 24 puM. ) ' :

Inhibition of Disoxin Effinx by TBZ
) Avera; .
| SRS
Treatment Digoxin Efffux Rstis | % Inhibition o
| Digoxin Cantrol ] 10.04 )
Dizoxin+ 0.1 M TBZ 13.06 . 3008
| Digoxin+ 1 pMTRZ 1630 - 6235
Digoxin+ 10 pM TBZ 715 - 2878
| Dizoxin + 20 yM TRZ 599 3034 gy
Diguin + 30 1M TBZ 380 62.15
| Dizoxin +40 yMTBZ 363 63.84
Digoxin + 50 M TBZ 226 7149
| Digoain +60 WM TEZ -~ 231 2078

In the absence of hepatic impairment, plasma concentrations of tetrabenazine are < 1 ng/ml
(0.002 pM) and in the presence of hepatic impairment TBZ concentrations are up to 126 ng/ml
(0.4 uM) based on the OCP review of the original NDA. In the case of hepatic impairment,
ICso would be 0.017, making TBZ a weak inhibitor. Similarly, clinically relevant plasma
concentrations of a-OH-TBZ and B-OH-TBZ are up to

5.4x107 M, and V/ICso would be approximately 0.01 (if the ICsp were 50 uM). Therefore, at
clinically relevant exposures, neither TBZ nor its a- and B-HTBZ metabolites are considered
Pgp inhibitors. However, for inhibition in the GI tract, a worst case scenario would use a
projected GI concentration of dose/250 ml as the inhibitor concentration for TBZ. In that case,
[1] for a 37.5 mg dose would be approximately 472 pM, and this would result in I/Ki of
approximately 19. In this case, further .in vivo interaction study with digoxin is also
recommended. However, as it would be difficult to achieve a worst case scenario in the setting
of an in vivo evaluation, further in vivo study to investigate the potential for this drug interaction
is not recommended, and the potential can be described in labeling.

CONCLUSIONS and COMMENTS:

1. The cell system was acceptable for use. _

2. TBZ and a~-OH-TBZ do not appear to be Pgp substrates.

3. B-OH-TBZ is a substrate for Pgp. However, due to its extensive metabolism in vivo that
is not primarily mediated by CYP3A, no further evaluation for potential drug interaction
with a Pgp inhibitor is necessary.

4. Neither TBZ nor its metabolites a-OH-TBZ and p-OH-TBZ are potent inhibitors of Pgp,
as they have I/ICso values of < 1 at-the concentrations at which they will be circulating
after clinical use.
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4.9 Paroxetine Interaction Study

AN INTERACTION STUDY OF TETRABENAZINE AND REPEATED DOSES OF
PAROXETINE

Study Investigators and Site:

[/

Protocol Number: TBZ 107,018

Note: QT evaluation was included in the Sponsor’s analysis but is not reviewed in detail here.
A thorough QT study (104,015) has been referred to the IRT as a consult and exposure
response for QT is being reviewed by Pharmacometrics.

OBJECTIVES:
The objective was to evaluate the effect of repeated doses of paroxetine, a potent CYP2D6
inhibitor, on the pharmacokinetics and safety of a single dose of tetrabenazine.

FORMULATION:

Table 1. Product used in TBZ 107,018

- Batch No.  Exp. Date
{Dates of Study)

Tetraleet ) 2/2010
- L027/8B

(5/9/07-6/21/07)

Paroxetine . = 20 mg tablets 2105B11 11/2008
—_— o (5/9/07-6/21/07)
STUDY DESIGN:

This study was a single-center, open-label sequential drug interaction study in CYP2D6
extensive metabolizers. Subjects checked into the unit on Day -1 and remained in-house until
Day 12.- On Study day 1 subjects received a single dose of tetrabenazine (50 mg) followed by a
2-day washout period. Subjects received 9 days of 20 mg paroxetine daily (Treatment Days 3-
11), and on Treatment Day 10 another single dose of TBZ 50 mg was co-administered with
paroxetine. Study drug was administered in the fasted state with 240 ml water.

Serial blood samples for measurement of plasma concentrations of tetrabenazine and a- and -
HTBZ were performed on Treatment Days 1, 2, 3, 10, and 11 and on the discharge day (Day 12).
Serial tetrabenazine PK samples were collected on Treatment Day 1 (pre-dose and 0.5, 1, 1.5, 2,
3,4,5,6, 8, 10, 12, and 16 hours post-dose), Treatment Day 2 (24 and 36 hours pose-dose),
Treatment Day 3 (48 hours post-dose), Treatment Day 10 (pre-dose and 0.5, 1, 1.5, 2, 3,4, 5, 6,
8, 10, 12, and 16 hours post-dose), Treatment Day 11 (24, 30, and 36 hours pose-dose), and
Discharge Day 12 (48 hours post-dose). Pre-dose plasma concentrations of paroxetine were
obtained on Treatment Days 8, 9, 10, and 11 and 24 hours after the dose on Treatment Day 11
{Discharge, Day 12). :
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Digital ECGs were collected on Treatment Days 1, 9, and 10 at pre-dose and 1, 2, 3, 4, and 5
hours post-dose to assess the effect of treatment on cardiac repolarization and to add an
assessment at Tmax for tetrabenazine (Treatment Days 1 and 10).

Safety was assessed by periodic- measures of vital signs, physical examinations, laboratory
parameters, paper and digital 12-lead electrocardiograms (ECGs) and indirect questioning
regarding AEs. Continuous cardiac telemetry was performed for 24 hours beginning in the
morning of Treatment Day 10. ‘

Inclusion criteria included healthy males or females, between the ages of 18 and 50 years of age
(inclusive). Subjects were to be non-smokers (refrained from any tobacco usage, including
smokeless tobacco, nicotine patches, etc., for 3 months prior to administration of the study
medication) and no significant history of smoking (i.e., less than 3 pack- years). Females had to
be surgically sterile, at least 2 years postmenopausal, or practice an acceptable method of birth
control that could include hormonal contraceptives. Exclusion criteria included CYP2D6 poor
metabolizers (PMs) based on genotyping results; abnormal cardiac finding, based on a mean of
three Screening 12-lead ECGs separated by 1 minute, as follows: PR > 210 msec, QRS >120
msec and QTc > 440 msec or clinically significant minor ST-T wave changes on the screening
ECG; abnormal heart rate or blood pressure measurements at the pre-study visit as follows:
heart rate <50 or >90 bpm; systolic blood pressure <90 or >140 mmHg; diastolic blood pressure
<50 or 90 mmHg after subject had been resting in sitting position for 5 minutes; treatment with
any known enzyme-altering drugs such as barbiturates, phenothiazines, cimetidine,
carbamazepine, etc., or herbal products such as St. John’s Wort within 30 days prior to or during
the study; used any prescription medication within 30 days prior to Baseline (Day - 1); used any
non-prescription medications within 7 days prior to first dose; excessive consumption of
caffeinated coffee, tea, or chocolate — more than 6 cups/day on average, or xanthine-containing
drinks (more than 6 glasses/day).

ASSAY: N :
Plasma concentrations of TBZ, a- HTBZ, and p-HTBZ were measured using a validated
LC/MS/MS method . — 1266/1). 25x dilution integrity was previously demonstrated.

According to the analvtical study report, :

A

Table 2. Performance of Analytical Method for TBZ 203-009

Analyte Method Range Linearity 1L0OQ QC Inter-assay Inter-assay
(ng/mly (og/ml) __ (ng/ml) CV (%) Accuracy (%)
TBZ LC/MS/MS  0.2-200 r>0.990 02 0.5 115 6.1
ng/ml 25.0 5.5 14.1
) 100.0 7.8 : 6.8
o- HTBZ LCMS/MS  0.5-200 r>0992 05 . 1.0 104 - =132
ng/ml ’ 25.0 6.5 157
' 100.0 9.2 5.7
ﬁ_HTB 7  LC/MS/MS  0.5-200 r>0992 0.5 1.0 11.2 5.4
ng/ml 25.0 5.9 155
100.0 9.3 6.4
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For TBZ, and a- and B-HTBZ, samples were stored at -70° C before shipping to = for
analysis. Calibration curves with duplicate standards (9 calibration standards for a- and p-
HTBZ; 11 for TBZ) and duplicate QC samples were analyzed with each batch of study samples.
Samples were analyzed within the period for which the samples are stable at —80° C (321 days).
Specificity with respect to interference from paroxetine was evaluated and the Sponsor states that
it did not affect precision or accuracy of this assay. The performance of the assays for all
analytes is considered acceptable.

Plasma was assayed for paroxetine. Paroxetine samples were stored at -20° C before shipping to
—_— for analysis and upon arrival they were stored at -70° C . Sample
analysxs was performed using and LC/MS/MS method following extraction. by —
— - for which a summary of the validation has been provided as follows:

QC Concentrations ) 0.2, 0.6, 4, 16, 40, and 80 n;
Standard Curve Concenteations 02,05,1,2, 5, 10, 20, 50, and 100 ng/ml. *
Lower Limit Of Quantitation (ngfmL) 0.2 ng/mlL
Upper Limit Of Quantitation (ng/mL) 100 ng/mL *
Average Recovery of Drug (%) : 1016 %
Average Recovery of Int. Std (36) 1946% :
QC Intraday Precision Rangs (%CV) 1.1t089%"
QC Infraday Accuracy Range (%Diff) -2.7t07.4 %"
QC Interday Precision Range (%CV) 4.110 104 %
QC Imterday Accuracy ' Range (%Diff) F7t0-35%
Autosampler Stability in Reconsfitution Solvent | 436 Hours at 4°C°
1 Benchtop Stability in Plasma . 7 Hours at Room Temperanne
Freeze/thaw Stability in Plasma 6 Cycles at -20°C?
Long-term Storage Stability in Plasma 78 Days at -20°C °
Long-term Storage Stability in Plasma To be determined at -70°C
Dilution Integrity 200 ne/mL diluted 10-times *
Selectivity < 20% LLOGQ for analyte; < 5% for IS

The pérformance of the assay in study 107-018 is as follows:
Table 3. Performance of Analytical Method for Paroxetine in Plasma in Study TBZ 107-018

Method Range Linearity LOQ QC Inter-assay Inter-assay
{ng/ml) (ng/ml) (ng/ml) CV (%) Accuracy (%)
LC/MS/MS 02-100 >0.98 0.20 066 . 65 -5.7
4.0 6.8 -5.5
16.0 3.8 ] -6.3
40.0 114 0.0
80.0 4.8 3.9

Samples were stored at -70° C for 3 days instead of at -20° C. According to the study report,
long-term frozen stability for at least 3 days will be established to cover the samples at -70° C,
but these data have not yet been provided. Duplicate calibration curves (9 concentrations) and
duplicate QC samples were analyzed with each batch of study samples for paroxetine plasma
analysis. Samples were analyzed within 7 days of beginning the clinical study; this is within

~ the period for which the samples are stable at -20° C, and long-term stability is being evaluated
at-70° C. Specificity with respect to interference from TBZ, a-HTBZ, and B-HTBZ has been
evaluated and the Sponsor states that there was no mterference The performance of the assays
for all analytes is acceptable.
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RESULTS:

Demographics

Thirty subjects entered the study (20 males and 10 females). Two subjects withdrew after -
dosing on Day 1 with TBZ - one due to adverse events (restlessness, nausea) and 1 for personal
reasons. Twenty-eight subjects were dosed with paroxetine (19 males, 9 females), and one of
those subjects withdrew on Day 5 due to a rash. Twenty-seven subjects (19 males, 9 females)
completed the study. The three subjects who withdrew were not included in the PK analysis.
In addition, 4 subjects experienced emesis after administration of TBZ. For 2 of the subjects,
emesis occurred within 2x the median Tmax; these 2 subjects were excluded from PK analysis.

Demographics of the 25 subjects completing the PK portion of the study are shown in the table
below. - ) .

Table 4. Demographics of Subjects Completing Study 107-018

Mean Age (Range) Gender Weight (mean + SD) Race
31 (19-49) 18 males 76 £13 kg (n=25) Caucasian 11
7 females 78 * 12 kg (male) Black/African American 5
63+ 6 kg (female) Hispanic 8
Other 1

(non-Asian, non-Native American)

Two subjects used hormonal contraceptives. There were no other concomitant medications in
the PK population.

Pharmacokinetics

The pre-dose plasma concentrations for paroxetine are shown in the figure below, as provided by
the Sponsor. Steady state is approached by Day 10.

Figure 2. Mean & Standard Error Pre-dose Plasma Concentrations of
Paroxetine after Oral Administration of 20 mg QD on Treatmem
Days 3 through 11
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Source: Table 14.2.19.
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Tetrabenazine and its metabolites

The plasma concentration time course curves for o-HTBZ and B-HTBZ are shown below, as
provided by the Sponsor.

Figure3. Mean Plasma Concentrations of a-HIBZ after After Single Dose
Administration of Tetrabenazine 50 mg Under Fasting Conditions
Before and After 8 Days of Dosing with Paroxetine 20 mg QD to
Healthy Volmteers ~— Linear Axes

Canc{ng/mL)

o 6 2 18 M 30 36 42 48
Time (b)

Figore5. Mean Plasma Concentrations of B-HIBZ After Single Dose
Administration of Tetrabenazine 50 mg Under Fasting
Conditions Before and After 8 Days of Dosing with Paroxetine
20 mg QD to Healthy Volunteers — Linear Axes

~6— Tetrabenazine Alone

Canc(ng/mL)
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Plasma concentrations for TBZ that were > LLOQ ranged from 0.2 to 7.105 ng/ml, and after the
two hour time point were generally below the limit of quantification. The highest Cmax on Day
1 as 7.1 and the highest Cmax on Day 10 was 3.3. The mean Cmax on Day 1 was 1.26 ng/ml
and on Day 10 was 1.01 ng/ml. No formal analysis of TBZ PK has been performed.

PK parameters for a-HTBZ and B-HTBZ are shown in the table below. The parameters
calculated by the Sponsor are generally in agreement with the parameters calculated by the
reviewer for 0-HTBZ and B-HTBZ.

Table 5. Pharmacokinetic parameters (arithmetic mean, %CV) for Study TBZ 107,018

Day 1 Day 10
o-HTBZ  tpu(h) 1.00 (1.0-3.1) 1.5 (1.0-6.0)
Crax (ng/mL) 77.3 (34) 107 (25)
AUC ., (ng*h/mL) 419 (52) 1235 (39)
AUC gne (ng*h/mL) 422 (53) 1365 (53)
tyz (h) 7.0 (29) ’ 13.8 (32)
B-HTBZ  tyu(h) 1.5 (1.0-3.1) 1.5 (1.0-4.0)
Crax (ng/mL) 42.9 (56) 105 (31)
AUC ¢, (ng*h/mL) 183 (94) 1368 (54)
AUC g0 (ng*h/mL) 184 (95) 1638 (58)
tp(h) 4.5 (57) : 13.5 (40)

*median (range)

The highest reported Cmax for o-HTBZ was 156.5 ng/ml and the highest for B-HTBZ was 183.2
ng/ml on Day 10. ‘ '

For a-HTBZ there was an approximate 1.3x increase in Cmax and an approximate 3.2x increase
in AUCinf after administration of repeated doses of paroxetine. In addition, there was an
approximate 2x increase in the elimination half-life in the presence of a strong CYP2D6
inhibitor. For B-HTBZ the Cmax was approximately 2.4x greater and the AUCinf was
approximately 9x greater after administration of paroxetine compared to no CYP2D6 inhibitor.
The B-HTBZ elimination half-life was approximately 3x greater after CYP2D6 inhibition than
when TBZ was given alone. The BE assessment is shown below, as provided by the Sponsor.

Table 6. Bioequivalence Assessment for a- and B-H'TBZ in Study TBZ 107,018

Geometzic Means

Tetrabenazine Tetrabsnazins Geometric — 90% Confidence Interval —

Assay* Parameter + Paroxetine Alone Mean Ratio Lower Limit Upper Limit
AHT CMAX 105.32 72.57 | 145.12 127.10 165.69
AUC (0-1) 1,187.89° 388.48 305.74 268.18 348.58
AUC (inf) 1,302.38 378.19 344.37 : 305.85 387.62
BHT CMAX 103.24 37.65 274.20 225.79 332.99
AOC {0-t) 1,232.26 146.38 841.80 687.19 1031.2
AUC (inf) 1,342.51 140.28 856.99 794.85 1152.2

In the absence of CYP2D6 inhibition, exposure to a-HTBZ is generally greater than to p-HTBZ
(median ratio of 3). Following CYP2D6 inhibition with paroxetine, the median ratio is 1. These
" results are shown in the figure below. This, along with the PK data above, suggests the
importance of CYP2D6, especially in the metabolism of B-HTBZ.
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Figure7. Individual Subject Ratios of a-HTBZ to -HIBZ AUC g After
Single Dose Administration of Tetrabenazine 50 mwg Under
Fasting Conditions Before and After 8 Days of Dosing with
Paroxetine 20 mg QD to Healthy Volunteers
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The Sponsor has also included the PK report produced by the PK consultant that provides
information on the analysis of the desmethyl HTBZ metabolites from a limited number of
subjects. According to that report, there are four (4) potential desmethyl metabolites of HTBZ,
two (2) derived from a-HTBZ and two (2) derived from B-HTBZ. Throughout the report, these
are referred to as 1-, 2-, 3-, and 4-desmethyl HTBZ where the number refers to the order of
elution from the HPLC, not to a position on the molecule. The 1- and 2-desmethyl HTBZs are
derived from B-HTBZ and the 3- and 4-desmethyl HTBZs are derived from a-HTBZ. Plasma
concentrations for 2- and 4-demethyl HTBZ were < LOQ (5 ng/ml). Details of the analysis from
the analytical report have not been provided.

Table 1: Srmmary of pharmacokinetic parameters for «-HIBZ, 2-HTBZ, 1-desmethyl HTBZ,
and 3-desmethyl HTBZ after oral administration of a single 50 mg dose of

tetrabenazine to healthy volunteers.
1-Desmethyl ‘3 Desmethyl®
Parameter’ _oHIBZ g-HIBZ HIBZ HIBZ
Cime (ng /el 213+207(6) 46.8:=306(5) 269:2.41(6) 0532328(5) .
. |Fmaz () 125(6) 150 (% 200(9) 200 ()
AUCO-1) (hngini) 491269 (6) 2195251(0) 3321135 5932197 ()
AUCH!S (rna/mh) 506276 (6) 2M=252(6) 456161 (6) BAM
ity 0.1017:00380¢65) | 01710£00502(9) | 00631=0.0209 (5) 0.1360 Q1)
B () _7332194(6) 4582 185(6) 122+ 4.65(6) 5501

mimm@mmmmvﬂmmm{mum
*The mimbers comrespoad 1o the arder of elting.

A comparison of the plasma concentration time course for each of these metabolites after a
single 50 mg dose of TBZ is shown in the figure below, as provided by the Sponsor.
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Cone (ng/ul)

Figure I:

Pharmacodynamics

Mean plasma concentrations of oHTBZ, B-HIBZ,
HIBZ after oral

1-desmethyl HTBZ, and

adzmmstnﬁonofasmgleSOmgdnseofteﬁabmamem
healthy volmteers — linear

Note: The Sponsor has included the results of ECG evaluation in a consideration of

- pharmacodynamics. These results will not be rev:ewed in detail here, as thls study has been sent

as a consult for QT review by the IRT.

The following data has been provided by the Sponsor for change in QTcF:

Table 14. Maximum Change from Pre-dose in QTcF by Treatment
Time Post-dese | Maximom
of Maximum Mean
Change Change
Treatment N (h post ‘dose) (msec) 90% CI
Tetrabenazine S0 mg 30 2 6.0 35t086
Tetrabenazine 50 mg + Paroxefine 20 mg | 27 3 6.7 39t094
Paroxetine 20 mg 27 2 05 - -1.7t027

Source: Table 14.2.7.
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Figure 8. Mean (SD) Change From Pre-Dose in QTcF Over Tixﬁe by

Treatment
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In the outlier analyses, there were 2 subjects taking a single dose of TBZ 50 mg and 1 subject
taking TBZ with paroxetine who had a change in QTcF > 30 and < 60 msec. There were no
subjects with change i QTcF > 60 msec. There were no subjects with QTcF > 450 msec.

Safety .
Adverse events will not be reviewed in detail here. There were no deaths or treatment emergent
SAEs reported. Treatment emergent AEs reported by more than 1 subject and at a higher rate
during the period of TBZ + paroxetine compared to when either drug was administered alone
included (incidence presented for TBZ+paroxetine): dizziness (14.8%), fatigue (14.8%), nausea
(14.8%), restlessness (14.8%), feeling hot (7.4%), and pallor (7.3%). AEs leading to premature
discontinuation of study drug included rash for one subject on Treatment Day 4 after having
receiving TBZ 50 mg on Day ! and Paroxetine 20 mg on Days 3 and 4 and relentlessness and
nausea for another subject after taking TBZ 50 mg on Treatment Day 1.

CONCLUSIONS and RECOMMENDATIONS:

* Administration of a single dose of TBZ 50 mg after CYP2D6 inhibition with the strong
CYP2D6 inhibitor paroxetine resulted in an increase in Cmax and AUCinf of a-HTBZ of
approximately 1.3-fold and 3.2-fold respectively. The Cmax and AUCinf of B-HTBZ
increased approximately 2.4-fold and 9-fold, respectively. The elimination half-lives of
both metabolites increased 2-fold and 3-fold for a-HTBZ and for B-HTBZ, respectively,
resulting in elimination half-lives for these metabolites of approximately 13 hours.
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e The ratio of a-HTBZ: B-HTBZ changed from approximately 3:1 to approxxmately 1:1
when TBZ was given after CYP2D6 inhibition.

e When TBZ is added to the regimen of a patient taking a strong CYP2D6 inhibitor,
consideration should be given to using a lower daily TBZ dose andto. —

« . The initial dose should be titrated up only as clinically
necessary. '

e When a strong CYP2D6 inhibitor is added to the regimen of a patlent taking TBZ,

consideration should be given to reducing the dose of TBZ and ——m——2
i

APPEARS THIS wa
ON omcmxu Y
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4.10 Hepatic Impairment Study
A COMPARISON OF THE PHARMACOKINETIC CHARACTERISTICS OF A
SINGLE DOSE OF TETRABENAZINE IN LIVER IMPAIRED AND IN HEALTHY
SUBJECTS

Study Investlgators and Site:

//

Protocol Number: TBZ 203,010

Note: an interim report (dated February 28, 2005) was reviewed in the original NDA review (6
healthy subjects, 6 impaired subjects). The present review evaluates the final study report,
completed in August 2007.

OBJECTIVES:

The primary objective was to compare the PK characteristics of TBZ and o~ and B-
dihydrotetrabenazine (HTBZ) in subjects with mild or moderate liver impairment to those of
age-matched (+/- 5 years) healthy subjects.

The secondary objective was to evaluate safety and tolerability of TBZ in liver impaired
subjects.

FORMULATIONS:
Table 1. Product used in TBZ 203,010
’ Batch No. Exp. Date
(Dates of Study)
Tetrabenazine 12.5 mg tablet 6573804 6/8/05
- (9/7/04 — 12/19/05)

Note: in a response from 11/27/07 the Sponsor states -that the results of the stablhty testing
shoed that the expiration date could be extended to 12/8/05 and that the last date that study drug
‘was dispensed and administered was 12/7/05.

105



NDA 21,894
Tetrabenazine

STUDY DESIGN:;

This was a multi-center, single-dose, open-label study of the PK characteristics of TBZ, a-
HTBZ, and B-HTBZ in liver-impaired and healthy subjects.

Inclusion criteria 1ncluded male subjects 18-65 years of age, inclusive, with a body mass index
ranging from 19-30 kg/m>  Liver impaired subjects must have mild or moderate liver
impairment (Child-Pugh classification 5 to 9) and stable chronic impairment of hepatic
parenchymal function due to causes other than heart failure. Exclusion criteria included past
history of depression or current depressive episode, subjects who consume more then 40 g of
alcohol per day, subjects who currently smoke more than 10 cigarettes per day, subjects who
drink more than 6 cups per day of caffeinated coffee, tea, or chocolate, or more than 6 glasses
per day of cola/caffeine containing drinks. Also excluded were subjects with intake of any
medication within less than 5 times its elimination half-life prior to study drug intake (with the
exception of acetaminophen), and for healthy subjects, existence of any surgical or medical
condition which might interfere with the absorption, distribution, metabolism, or excretion of
study drug. Subjects with liver impairment must not suffer from CHF, hepatic encephalopathy
that would impair ability to provide informed consent, or abnormal renal function.

Eligible subjects were admitted to the clinic on the day before treatment (Day -1). On Day 1,
subjects who continue to be eligible received a 25 mg oral dose of TBZ with 200 ml of water at
8AM after a 10 hour fast. Subjects continued to fast for 4 hours after drug administration. Blood
samples were drawn at pre-dose and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 16, 36, and 48 hours

after the dose of TBZ. Plasma was to be stored at -20 C or lower.

Safety monitoring included vital signs (supine and standing) 12-lead ECG, laboratory panel, and
physical examination. Tolerability was evaluated on adverse events within each group (liver
impaired and age-matched healthy subject). '

ASSAY:

Plasma concentrations were measured using a validated LC/MS/MS method — 1266/1).
Table 3. Performance of Analytical Method for TBZ 203,010

Analyte Methed Range Linearity LOQ QC Inter- Inter-assay
(ng/ml) (ng/ml) (ng/ml) assay Accuracy
CY (%)
_ (o)

‘TBZ . LCMS/MS  0.2-200 r>0990 0.2 0.5 5.3 2.1
: ng/ml . . 250 4.4 4.2

: 100.0 5.7 -2.6
o- HTBZ LC/MS/MS  0.5-200 r>0.990 05 1.0 5.8 44
: ng/ml 25.0 6.4 6.0

) 100.0 5.6 -4.6
B-HTBZ LC/MS/MS  0.5-200 r>0984 0.5 1.0 7.2 0.3
. ng/ml . 25.0 6.8 2.8

: 100.0 5.5 -0.3

One calibration curve and duplicate QC samples were analyzed with each batch of study
samples. Study samples were to be stored at —70° C according to the — analy31s plan.
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Samples were analyzed within the period for which the samples are stable at —70° C (321 days).
The performance of the assays for all analytes is considered acceptable. ’

RESULTS:

Demographics A '

Twenty-four male subjects completed the study (12 healthy, 12 liver impaired). Two liver-
impaired subjects exceeded 10 cigarettes/day. The control group is similar to the hepatic
impaired group with respect to age, weight, and gender. Although the control group is not from
the intended target population of Huntington’s disease, the age range in the present study is
within the age range enrolled in the pivotal efficacy study 103,004,

Table 4. Demographics of Subjects Completing the Study

Mean Age (Range) -~ Weight (mean  SD) Race *

54 (36-66) (n=24) 75+ 11 kg (n=24) Not available
53 (36-63) (healthy) 75 + 8 kg (healthy)

55 (39-66) (hepatic) 74 + 14 kg (hepatic)

*This study was conducted in France. French law prohibits recording of race in clinical studies. -

The Child-Pugh classification for the hepatic impaired subjects is as follows where 5-6 is mild
and 7-9 is moderate: :

Subject Classification

13

14

15

16

17

18

19

20

21

22

23

N\ VN[O [ fun |

24

Pharmacokinetics

Note: PK data are generally in agreement with data from interim report.
Pharmacokinetic parameters were determined using noncompartmental analysis. The plasma

concentration time course (provided by the sponsor) and the pertinent pharmacokinetic
parameters for TBZ and for a-HTBZ and B-HTBZ are shown in Figure 1 and Table 6, below.
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TBZ concentrations were less than the LOQ for the majority of sampling times in normal
subjects.

Figures 1 and 2. Mean Plasma concentrations of TBZ after administration of TBZ to normal and
hepatic impaired subjects.

Figwrel: Mean plasma concentrations of fetribenmzine afiei oral FigureZ: Mean plasma concentrations of fetabenszine after ord
adniinistration of 25 mg of tetrabenszine (2x12.5 g administration of 25 mg of tetmbenazine Q%125 mg
tableis) under fasting conditions to subjects with hepatic tablets) under fasting conditions to ubjects with hepatic
impairment and heaithy yolunteers — linesr axos. impairment and healthy volunteers — semi-logarithmic

sop . axes.
] ~0— Hepalic Impaimuend 00
25 b ~6— Nomnl Subjeets . . O Hepatia knpairment

== Noamsl Subjects

Cone (ay/oal)

AdoD 9|qissod isog

Figures 3 and 4. Mean Plasma Concentration Time Course for a-HTBZ and for B-HTBZ after
_administration of TBZ to normal and hepatic impaired subjects.

Figure?: Mean plasms concentrations of o-HYBZ after ol Figare 12: Mean plasma oconcentrstions of P-HUBZ after omad
administraion of 25 fog of fetmbenszine (2x12.5. mg administration -of 25 mg of Welrabeuazine (2x12.5 my

tablets) under fasting conditions to subjects with hepatic

lmpmment and healthy voluntcers ~- semi-togasithmic

Cuae(ogimbly
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Table 5, Pharmacokinetic parameters (arithmetic mean) for o-HTBZ and B-HTBZ (Study TBZ 203,010)

Normal Hepatic Impairment
(% CV) (% CV)
, n=12 n=12

TBZ*
tmax (W) 1.0 (0.5-2.5)
Crnax (ng/mL) : _ 43.8 (81)
AUC ¢, (ng*h/mL) 151(72)
AUC g, (ng*h/mL) 170.0 (79)
Az (hr'h) 0.1245 (200)
tin (h) . 17.5 (44)
o-HTBZ
tmax () _ 1.0 (0.5-2.0) . 1.75 (0.5-12.03)
Crax (ng/mL) : ©35(32) 30.5 (49)
AUC ¢, (ng*h/mL) 182 (53) 247 (46)
AUC ¢, (ng*h/mL) 191(51) . 259 (52)
Az (hr') 0.1317 (41) 0.084 (44)
t vy (h) 6.1(39) 10.1 (55)
B-HTBZ ’
tmax (h)° 1.0 (0.5-2.0) 1.75.(0.5-12.0)
Crax (ng/mL) 18.8(52) 17.4 (74)
AUC o, (ng*h/mL) 81.6 (87) 107.2 (48)

" AUC o, (ng*h/mL) 85.6 (85) 119.4 (53)
Az (hr!) - ' 0.213 (34) 0.1251 (66)
tip(h) . 3.7(39) 8.42 (72)

* median (range) :
* For TBZ, plasma concentrations in normal subjects were < LOQ at most sampling times and no PK parameters
were estimated. In impaired subjects, there were no concentrations > LOQ for subject #13, 2 concentrations for

subject ##22, and 1 concentration for subject #23, so for those subjects no PK parameters were calculated. PK
parameters for TBZ in hepatic impairment reflect n=9.

As reviewed in the interim report, in most hepatic impairment patients, there were detectable
concentrations of TBZ that were similar to or higher than exposures seen with a- or p-HTBZ.
The highest TBZ concentrations in normal subjects ranged from 0.23-6.39 ng/ml when they were
detectable. The mean TBZ Cmax concentration in hepatlc subjects was approximately 7 to 190
fold higher than the detectable peak concentrations in healthy subjects in the present study.

In addition, there were increases in exposure to a- and -HTBZ, in general, although to a lesser
extent than the increase in exposure to TBZ. The AUCo. was approximately 31-35% higher in~
hepatic impairment for either a- or B-HTBZ than in normal subjects. The AUCy. for a- HTBZ
was approximately 35% greater and the AUCo., for B-HTBZ was approximately 39% greater

in hepatic impaired patients than in normal subjects. The half-life was also prolonged.
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The tables below show the individual PK parameters for TBZ, a-HTBZ, and p-HTBZ,

respectively for each liver impaired subject. Generally, AUC and elimination half-life were
longer for subjects with worse impairment.

TBZ PK parameters by hepatic impairment subject

Subject Child-Pugh Cmax (ng/ml) | AUCO-t tiz (h)
Number Classification ‘ {ng*hr/ml)

13 5 No conc > LOQ | No conc > LOQ | No conc >L0OQ
14 - 5 42.5 155.9 *

18 5 41.0 74.5 : 14.6
22 5 4 * * *

15 6 5.6 8.4 0.9

17 6 1 .66.6 145.0 16.3
19 -6 37.5 852 . ‘155,
20 6 29.7 1132.2 20.2
24 7 252 177.7 234
21 9 20 179.2 23.0
16 9 126.3 400.4 25.7

*PK parameters not calculated due to few detectable concentrations

o-HTBZ PK parameters by hepatic impairment subject

Subject Child-Pugh Cmax (ng/ml) | AUCO-t ti2 (h)
Number Classification (ng*hr/ml)

13 5 39.8 - 170.4 7.0

14 5 31.3 252.3 9.1

18 5 25.7 137 9.8

22 5 37.9 180.8 6.4

23 5 33.7 79.5 4.1

15 6 62.1 320.6 8.5

17 6 33.1 13209 9.0

19 6 44.7 ‘ 315.7 . 6.9

20 6 11.0 141.1 94 -
24 7 94 209.6 22.9
21 9 20.7 4744 - | 18.3
16 9 17 : 361.8
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B-HTBZ PK parameters by hepatic impairment subject

Subject Child-Pugh Cmax (ng/ml) | AUCO-t tiz2 (h)

Number Classification : (ng*hr/ml) '

13 - 5 29 : 84.5 Could not be estimated*
14 5 14.8 111.9 Could not be estimated*
18 5 16.4 76.6 6.7

22 5 23.8 83.2 3.5

23 15 10.8 21.2 2.4

15 6 50.6 142.9 5.3

17 6 16.6 127.6 7.3

19 6 19.9 114.3 6.3

20 -6 4.6 54.1 Could not be estimated*
24 7 3.9 84.7 18

21 9 9.6 202.3 17.8

16 9 9.0 183.5 Could not be estimated*

*prolonged elimination

Safety

The safety evaluation has not been reviewed in detail by OCP. The Sponsor reports that there

were no deaths or SAEs reported during the course of the study. Four AEs reported occurred in

4'subjects, each subject having 1 AE. These AEs were : '

e asthenia that was mild in intensity that was thought to be probably related to TBZ in a liver-
impaired subject (mild impairment) .

* rigors of mild intensity thought possibly related to TBZ in a liver impaired patient (mild
impairment) '

* venipuncture site hemorrhage in a healthy subject thought unrelated to TBZ

. * Vasovagal syncope after blood draw (healthy volunteer) considered urirelated to TBZ

CONCLUSIONS: , -

1. Hepatic impairment reduces the metabolism of TBZ resulting in substantial exposures
relative to normal subjects in whom minimal exposure to TBZ occurs (approximately up
to more than 190 times higher exposure when TBZ was detectable in normal subjects).
This was true for both mild and moderate hepatic impairment. ’

2. Exposure (AUC) to a- and B-HTBZ was 31-39% greater in the hepatically impaired
subjects than in healthy controls.
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3. The increase in TBZ exposure is not entirely accounted for by changes in exposure to a-
and p-HTBZ. - : :

4. The impact on safety of the increased exposure to TBZ in hepatic impairment is unknown
and dose adjustment is not possible due to the magnitude of the increase in exposure.
The label should contraindicate TBZ in hepatic impairment.

APPEARS THIS WAY
ON ORIGINAL
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Sponsor: " 'Prestwick Pharmaceuticals, Inc.,
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Tetrabenazine is being proposed for the treatment of Huntington's disease.
Currently, there is no approved treatment for this disease and the prevalence
rate is 4 to 10 per 100,000. Tetrabenazine is approved in other countries for this
indication. The sponsor has conducted 2 double-blind, controlled clinical trials —
TBZ 103,004 (study 004) and TBZ 103,005 (study 005). Study 004 won on the
primary endpoint statistically. However, Study 005 failed on the primary
endpoint. The sponsor also conducted 2 additional open-label un-controlled
studies, Studies 007 and 006. These are extensions of studies 004 and 005,
respectively. There is another open-labeled study 103,011 which includes an
analysis of data collected from an open-labeled study.

With one of the two controlled trials not meeting the primary endpoint, the
pharmacometrics group was consulted to gain insights into the dose-response
characteristics. The purpose of this review is to investigate if the dose-response
information can provide important support evidence towards the effectiveness of
tetrabenazine for the treatment of Huntington’s disease. The primary variable of
interest, pertaining to effectiveness, is the total Chorea score. Higher scores
reflect worse disease. The goal is to lower these scores.

Specifically, | will address two issues in this review, they are:

1. Is there adequate evidence for the effectiveness of Tetrabenazine on
Chorea scores?

2. Is there adequate evidence for a sustained effect of Tetrabenazine on
Chorea scores?

Recommendations

The Office of Clinical Pharmacology performed a detailed analysis of 3 clinical
trials (TBZ 103,004, 103,005, 103,007). We find that Tetrabenazine
demonstrates significant lowering of Chorea scores and that these effects are
sustained over at least 13 weeks, the maximum maintenance period studied.
The following presents the summary of the ‘Analysis of Clinical Trial Data’ .
discussed subsequently in this review.

Joga Gobburu Page 1 ' 3/20/2006



Is there adequate evidence for the effectiveness of
Tetrabenazine on Chorea scores?

Yes, there is adequate evidence for the effectiveness of Tetrabenazine, as
measured by Chorea scores, and this is internally consistent across clinical trials.
Specifically, the evidence arises from the following:

1. Study TBZ 103,004, a placebo-controlled, 12 week study in 84 patients
was successfully demonstrated that Tetrabenazine group significantly
(p<0.001) lowered total Chorea scores, relative to placebo.

2. Study TBZ 103,004 also clearly demonstrated that upon withdrawal to
Tetrabenazine treatment on week 12, the patients’ total Chorea scores
reached baseline by week 13, which is statistically significant (p<0.001).

3. Study TBZ 103,005, a placebo-controlled 5 day study clearly
demonstrated that in patients in whom Tetrabenazine was withdrawn on
Day 1 (N=12) or Day 3 (N=12), the total Chorea scores increased by
Day 5, which is statistically significant (p<0.001). This increase in
Chorea scores is consistent with the effect size observed in TBZ
103,004. :

4, Study TBZ 103,004 data demonstrated a significant (p<0.001) dose-
response. Data across all visits (titration and maintenance phases), for
placebo and drug groups, were employed to test if there was a
significant dose-response.

5. Study TBZ 103,007, an open-label study over 24 weeks in patients who
completed TBZ 103, 004, demonstrated identical changes in Chorea
scores between the two studies.

6. Study TBZ 103,007 data demonstrated a significant (p<0.001) dose-

' response. Data across all visits (titration and maintenance phases)
were employed to test if there was a significant dose-response. This
relationship is consistent with that found for TBZ 103,004.

7. Study TBZ 103,007 also clearly demonstrated that upon withdrawal to
Tetrabenazine treatment on week 24, the patients’ (N=10) total Chorea
scores reached baseline by week 25.

8. The mean Chorea score changes in Study 006 are similar to those
reported in Study 004, 005 and 007.

Is there adequate evidence for sustained effect of Tetrabenazine
on Chorea scores?

Yes, there is adequate evidence for the sustained effectiveness of
Tetrabenazine, as measured by Chorea scores, and this is internally consistent
across clinical trials. Specifically, the evidence arises from the following:

Joga Gobburu Page 2 3/20/2006



1. TBZ 103,004 demonstrates that Tetrabenazine freatment over 5 weeks of
maintenance offers superior lowering of Chorea scores, relative to
placebo.

2. TBZ, 103, 004 also clearly shows a dose-response and an unequivocal
effect upon withdrawal.

3. TBZ 103,007 demonstrates that Tetrabenazine effects are consistent with
those observed in TBZ 103,004 and are sustained between week 11 and
week 24. The fact that the same patients from TBZ 103,004 upon wash-
out and re-titration gained similar effects in Chorea scores supports that
the effect is reproducible too.

4. TBZ 103,006, which is an extension of TBZ 103,005, demonstrated that
Tetrabenazine treatment led to significant lowering of Chorea scores.
Increases in dosing from week 12 to 24 led to further decreases in
Chorea scores. This observation supports the existence of a dose-
response relationship. The need for further increase from their previously

_ established ‘best dose’ after week 12 is not clear. But this could be due to
differences between investigators.

Analyses of Clinical Trial Data

Study TBZ 103,004

Patients (total ‘N=84) were randomized to placebo (N=30) or tetrabenazine
(N=54). Weekly dose titration was allowed until week 7 and doses maintained
beyond that time for 5 weeks. The lowest tetrabenazine dose available was 12.5 -
mg and the highest allowed was 100 mg. Chorea scores were collected at
weeks 1, 3,5, 7, 9 and 12 on treatment.

The primarily analysis considered scores at week 12. During the treatment
period, chorea scores for participants in the drug group declined by an estimated
5.0 units, as shown in Figure 1, while those in the placebo group declined by an
estimated 1.5 units. The treatment effect of 3.5 units is highly significant
(p<0.0001). In_ study 103,004, the tetrabenazine group beat placebo
according to the pre-specified analysis.
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Figure 1. Mean (z s.e.m.) Change in Total Chorea Score Over Time in 84 HD
Participants Randomized to Tetrabenazine (N=54) or Placebo (N=30) - Protocol
TBZ 103,004.

Chorea

In addition to the primary analysis, | conducted a dose-response analysis by
considering the doses (closest to each visit) and Chorea scores. There were a
total of 574 observations in 84 subjects. The first challenge in investigating a
dose-response relationship when the doses are titrated is to ensure that dose
and time are not confounded. That is to say, we should not mis-attribute a time
effect as a dose-effect. First, the half-life of tetrabenazine is about 5 hrs. The PK
are at steady-state by the end of each day. Hence, the PK will not confound
the dose-response.

The placebo data across 12 weeks were employed to further ensure that the
Chorea scores do not change over time. Figure 1 above suggests that Chorea
scores decline slightly till week 3 and by week 9 they start increasing back to
baseline. However, a closer look at the individual time profiles of placebo
patients together with statistical analysis suggests that Chorea scores remain
reasonably unchanged over time in most patients.

Figure 2. Total Chorea score over 12 weeks in 30 HD patients randomized to
placebo - Protocol TBZ 103,004. The graphs are presented as 5 sets with 6 plots
per set. The patient ID is shown at the top of each plot. The ID number was

Joga Gobburu Page 4 3/20/2006



-truncated to the last 3 dIgItS but the original ID can be restored by adding

447,000 to all ID numbers - Protocol TBZ 103,004,

Total Chorea Score
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As shown in Figure 2 above, only patients 215, 211, 241 and 314 (of the 30
patients) show a trend towards declining Chorea scores over time. Even these
trends are not consistent over time. For example, patient 314 shows a sudden
drop by week 1, but then the scores increase back up in the next two visits.

To obtain more certainty on this issue, | conducted an analysis to test two
hypothesis: 1) Is there a statistically significant change from baseline in the
placebo group?; 2) Is there a statistically significant ‘systematic’ change over
time in the placebo group? The first hypothesis was tested by comparing the
baseline versus the subsequent visit data for significant difference (see Table 1).
The second hypothesis included testing if the change in Chorea scores over time
(slope) offers superiority over the first hypothesis. The expectation is that if there
is a systematic change in Chorea scores over time then the second hypothesis
should beat the first one.

Joga Gaobburu Page 9 3/20/2006



Table 1. The statistical hypotheses and inferences to investigate whether there
is a significant time course to placebo effects that could confound dose-
response analysis - Protocol TBZ 103,004,

Hypothesis Inference

Is there a statistically significant
‘systematic’ change over time (slope) in
the placebo group?

There is no significant (p=0.25)
systematic change in Chorea over 12
weeks, other than the constant placebo
effect (above). Further, the maximal
change of Chorea score was estimated
to occur within one day (0.8 days): This
signifies the rather flat placebo time
course. . '

Based on each patienf’s Chorea time profile and the statistical analysis |
conclude that there is no systematic change in the Chorea scores over time
that could confound the dose-response relationship in the tetrabenazine
group.

The data from placebo and tetrabenazine groups across 12 weeks were
simultaneously analyzed to describe the dose-response. It is perhaps clear to
most of us that mixed effects modeling is the best way to analyze data that arise
from a dose titration study, if time is not a confounding factor (which it is not).
The reason for this is that folks who are poor responders (low sensitivity to the
drug) need the highest dose. This could lead to an apparent inverted U-shaped
curve. Taking into account individual dose-response will circumvent this problem.
Table 2 presents the 3 hypothesis tested and inferences drawn, regarding dose-
response.

Table 2. The statistical hypotheses and inferences to investigate whether there
is a significant dose-response relationship - Protocol TBZ 103,004.

Hypothesis

Inference

Is the change in Chorea on an average
over 12 weeks in tetrabenazine group
superior to that in placebo?

There is a significant drug effect on an
average (p<0.001).

Is the tetrabenazine dose-response
slope different from zero, after
adjustment for placebo effect?

There is a significant (linear) dose-
response relationship (p<0.001).

Figure 3 below supports that the linear model predicts the observed Chorea
scores for both placebo and tetrabenazine groups reasonably well. The
observed values are distributed around the line of identity. The dose-response
model parameter estimates are provided in Table 3. The mean and variance
estimates are well estimated as reflected by the tight confidence intervals.
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Figure 3. A linear dose-response model describes the total Chorea scores for the
placebo and tetrabenazine groups well. The predictions are distributed around
the line of identity. ldeally, if the model were perfect the symbols and the line
should be superimposed - Protocol TBZ 103,004.

v 2 10U 15 20 25
Observed Chorea Score

Table 3. Dose-response model parameter (mean and between-subject variability
(BSV)) estimates and the 90% confidence intervals- Protocol TBZ 103,004. The
slope of the dose-response is expressed as % change relative to baseline per
mg of tetrabenazine dose. For instance, a dose of 100 mg will result in a net
drug effect (placebo corrected) of 40% (=0.0042x100). In other words, 100 mg
will reduce a baseline score of 14 to 8.4 (placebo corrected).

Parameter Mean (CI) : BSV (Cl)
Baseline score 13.4 (12.9, 13.9) 25% (21%, 29%)
Placebo effect, score -1.2(-0.7,-1.7) Not estimable
Slope of dose- | 0.0042 (0.0037, 0.0046) 58% (42%, 74%)

response, % per mg

Residual Variability 24% (20%, 28%)
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Figure 4 depicts the individual (dotted line) and typical (solid line) dose-response
curves. As can be seen in Figure 4, patients show varying degrees of dose-
response relationship — some are shallow, several others are relatively steeper.
On an average, higher doses lead to larger reductions in the Chorea score.

Figure 4. The individual and typical dose-response relationships describes the
total Chorea scores for the placebo and tetrabenazine groups well. The
predictions are distributed around the line of identity. Ideally, if the model were
perfect the symbols and the line should be superimposed - Protocol TBZ
103,004.

0 J ) T i T j T i T T T
0 20 40 60 80 100
Dose, mg

Study TBZ 103, 004 Conclusions

1. The tetrabenazine group beat placebo according to the pre-specified
analysis (p<0.001). :

2. There is a significant dose-response relationship, which provides a
strong supportive evidence for the effectiveness of tetrabenazine.

3. Chorea scores significantly increase, in fact reach baseline, within a
week upon cessation of tetrabenazine. This result also supports the
effectiveness of tetrabenazine.
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Study TBZ 103,005

This was a randomized placebo controlled study that recruited 30 patients who
were stabilized on tetrabenazine for at least 2 months. Tetrabenazine in 12
patients was stopped on day 1; on day 3 in another 12 patients; and on day 5in
the remaining 8 patients. Until stopped patients received their ‘best dose’. The
sponsor claims that the investigators instructed their patients to stop taking
tetrabenazine on the previous evening. That is, if patients were supposed to
receive their last dose on day 3, in reality the patients received their last dose on
‘the evening of day 2. So, at least 12 hours have elapsed since the last dose.
The primary analysis was Group 1 (tetrabenazine withdrawn on Day 1) versus
Groups 2 (tetrabenazine withdrawn on Day 3) and 3 (tetrabenazine withdrawn on
Day 5). This endpoint was not met. The sponsor attributed this failure to their
belief that in all the groups tetrabenazine treatment was ‘completely’ washed out.

However, there is one useful piece of information from this trial that supports the
effectiveness of tetrabenazine. Table 4 shows the mean total Chorea scores in
the all the 3 groups and Table 5 presents the comparison between the different
groups. Clearly, in Group 1 in which patients withdrew from tetrabenazine on
Day 1, the scores increased significantly (p<0.001). The mean increase is 5.3,
which is consistent with the effect size seen in Study 103, 004. This is further
supported by the sustained increase on Day 5. The results are similar for Group
2 also.

Table 4. Mean (+ SD) Total Chorea Scores throUghout the Study by Withdrawal1
Group and by Study Day -- Protocol TBZ 103,005.

Dayl Day 3 Day5s
Withdrawal Group | On Teirabenazine | Off Tetrabenazine | On Tetrabenazine Off Tetrabenazine
Group 1 (N=12) 9.4+49 14.8+54 148+71
Group 2 (N=12) 0162 12.7+53 14.6+54
Graup 3 (N=6) 11244 128+6.0 15.2+6.0

Table 5. Mean (x SD) Change Scores with p-Value (By T-Test) of Total Chorea
Scores By Treatment Group from Day 5 to Day 3 and Day 3 to Day 1 for 30 HD
Participants - Protocol TBZ 103,005. »

Stady Day

Treatment Assignment Group Day 3 to Day 1 Day5toDayl
Group 1 (N=12) Ziaiii 0.000245" f,f,éii’i 0.000499
Group 2 (N=12) ;s;ji 0.000951° ifr:l:ei 0.000159"
Group 3 (N=6) ;Liil 0.426" :ffa:;uﬁ 0.02'

Study TBZ 103, 005 Conclusions
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1. The fact that the total Chorea scores have increased significantly
upon withdrawal of tetrabenazine is a strong evidence of its
effectiveness. The increase in total Chorea scores is about 5.3 in
patients who stopped drug intake either on Days 1 or 3. This effect
size is consistent with that reported in TBZ 103, 004.

Study TBZ 103,007

Patients who completed TBZ 103, 004 (placebo controlled study, which was
positive), were included in the study TBZ 103,007. This was an open-label study
with titration allowed for 11 weeks and_the total Chorea score data up to 36
weeks were available. Total Chorea scores were measured in all patients at
baseline (post wash-out period of Study TBZ 103, 004) and subsequently at
weeks 2, 6, 12, 24, 25 and 36. '

Figure 5 clearly shows that the mean tetrabenazine effects observed in Study
004 and 007 are identical. Of particular interest is the sustained effect of
tetrabenazine over 24 weeks on maintenance dose. A concern with open-label
studies is their vulnerability to influence the investigator assessments and patient
response. However, this is not a concern in this case for several reasons. First,
there are two well-controlled studies (Study 004 and 005) which unequivocally
showed that tetrabenazine lowers Chorea scores. Second, the patients who
participated in Study 004 exhibited identical effects (on an average) in this
extension study (007). Third, in 10 patients in whom tetrabenazine was
withdrawn at week 24, the Chorea scores increased and reached baseline by
week 25. This observation is in congruence with the results from Study 005.
Fourth, patients who received placebo in Study 004 had lower Chorea scores
when they received tetrabenazine in Study 007.

Dose-response analysis for Study 007 indicated that the estimate of the slope
was 0.0038 % per mg, which is in close proximity to 0.0042 % per mg for the
Study 004 data alone. The ideal approach would be to establish dose-response
for the combined data set. Table 6 presents the estimates of the linear dose-
response model for the combined Study 004 and 007 data. The results are
consistent internally. Further, in 10 patients who withdrew from Tetrabenazine
treatment (planned) on week 24, the total Chorea scores reached baseline by
week 25 (mean change at week 24 was 6 versus zero at week 25).

Joga Gobburu Page 14 3/20/2006



Figure 5. Mean total Chorea scores in Studies 004 and 007 for placebo and
tetrabenazine groups. Effects of tetrabenazine in study 004 and 007 are
identical. Titration schemes in both the studies were similar. Study 007 supports
the durability of response over 36 weeks, specifically for about 24 weeks on

maintenance. :
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Figure 6. Mean total Chorea scores of patients who received placebo in study
004 and then received tetrabenazine in study 007. This can be treated as a
cross-over trial, for practical purposes. The total chorea scores are lower in
patients when they received TBZ.

- ~o— — Placebo
—@—TBZ

16

Mean Chorea Score

Week

Table 6. Dose-response model parameter (mean and between-subject variability
(BSV)) estimates and the 90% confidence intervals- Protocols TBZ 103,004 and
TBZ 103,007 combined. The slope of the dose-response is expressed as %
change relative to baseline per mg of tetrabenazine dose. These estimates are
consistent with those reported’in Table 5 for TBZ 103, 004 alone.

Parameter Mean (Cl) BSV (Ci)
Baseline score 13.4 (12.9, 13.9) 25% (21%, 29%)
Placebo effect, score -0.8 (-0.5, -1.2) Not estimable
Slope of dose- | 0.0043 (0.0037, 0.0046) 56% (46%, 66%)

response, % per mg

Residual Variability 26% (23%, 29%)

Study TBZ 103, 007 Conclusions

1. The changes in Chorea scores from this study and TBZ 103,004 are
super imposable.

2. There is a significant dose-response relationship, which provides a
strong supportive evidence for the effectiveness of tetrabenazine.
This relationship is consistent with that observed in TBZ 103,004.

Joga Gobburu Page 16 o 3/20/2006




3. Chorea scores significantly increase, in fact reach baseline, within a
week upon cessation of tetrabenazine. This result also supports the
effectiveness of tetrabenazine.

4. The lowering of Chorea scores is shown to be sustained over 24
weeks, but more importantly between week 11 and week 24
(maintenance phase).

Study TBZ 103,006

This study enrolled patients who completed TBZ 103,005. in TBZ 103,005 thirty
patients were off Tetrabenazine by Day 5. These patients were previously
stabilized on ‘best dose’ of Tetrabenazine. In TBZ 103,006, these.patients were
resumed on the ‘best dose’ instead of upward titration "again.  Chorea
measurements were performed on weeks 12 and 24. The mean total Chorea
scores for 3 studies are shown in Figure 7.

Figure 7. Mean total Chorea scores in Studies 004, 007 and 006 for'placebo and
tetrabenazine groups. Effects of tetrabenazine in all studies are similar. Titration
schemes in both 004 and 007 were similar. Study 006 did not employ titration for
the first 12 weeks, but dose was increased in 53% (9 of 17) patients after week
12, Study 007 and 006 supports the durability of response over 36 weeks,
specifically for about 24 weeks on maintenance.
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As shown in Figure 8, the Chorea score changes for Study 006 are reasonably
consistent with the Study 004 and 007. The mean change in Chorea score at
week 12 was in this study was -3.7. For the same patients, at the so-called same
best dose in Study 005, the change was -5.3. It is not clear if this is a serious
discrepancy. More measurements between week 0 and 12 would have allowed
appreciation of the time course of effect better. But the claim is that the maximal
changes in Chorea scores occur shortly after giving the ‘best dose’. Also, there
is a further decrease in Chorea scores upon increasing doses after week 12. It is
not again clear why patients needed higher doses than their previously
established ‘best dose’. The differences, if any, between the investigator
assessment and that of the patients’ previous physician could lead to the need
for further titration. Nevertheless, there is a decrease in Chorea scores by week
12 and further decrease upon upward titration at week 24. The sponsor's
proposal to resume patients at their previous best dose is reasonable.

Study TBZ 103, 006 Conclusions

1. The mean Chorea score changes in Study 006 are similar to those
reported in Study 004, 005 and 007. '

2. Patients resuming their ‘best dose’ had a lower Chorea scores at
week 12. This period can be treated as maintenance period as the
doses were not changed (unless an AE happens).

3. The need for further increase from their previously established ‘best
dose’ after week 12 is not clear. But this could be due to dlfferences
between investigators.

APPEARS THIS WAY
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1 Executive Summary

1.1

Recommendations

The clinical pharmacology and biopharmaceutics information submitted to NDA 210894 is
acceptable provided that the following are addressed prior to approval:

h

2)

3)

4

The Sponsor has been asked to clarify the rotation speed at which the dissolution method
was generated (request was sent on 1/2/06 and as of 2/14/06 there has been no response).
If the Sponsor has data to support the proposed rotation speed and agreement is reached
between the Sponsor and the Agency regarding dissolution specifications, the method and
agreed upon specifications can be accepted as interim method and specifications. The
recommended dissolution method and specifications are as follows: o

Apparatus: USP Apparatus 2 (Paddles)
Medium: 0.1 MHCI

Volume: 900 ml

Rotation Speed: 50 rpm

Specification: > — (Q) in 30 minutes

Since the 25 mg tablet is scored, the Sponsor should demonstrate dissolution similarity
(with 12 testing and using the interim dissolution method above) between 2 half-tablets
and 1 whole 25 mg tablet.

The P16 component, identified as the largest circulating component, in the mass balance
study should be characterized. In addition, the extent to which the mono- and bis-dealkyl
tetrabenazine metabolites (and other individual metabolites) are circulating should be
clarified. .
Adequately performed in vitro metabolism studies be submitted to address the potential
for inhibition or induction of P450s by TBZ and its metabolites. The Sponsor should also
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3)

6)

characterize the in vitro metabolism of TBZ and its metabolites as well as the role for
PgP in TBZ disposition. Finally, the Sponsor should adequately address the role for TBZ
as a PgP inhibitor in vitro. There is currently insufficient information to allow for
adequate labeling regarding the potential for drug interactions.

Tetrabenazine should be contraindicated in patients with hepatic impairment since the
exposure to TBZ in hepatic impairment is > 70-fold greater than the exposure in healthy
subjects. Without information on changes in efficacy and safety, it is not possible to
recommend a dosage adjustment.

Agreement is reached between the Sponsor and the Agency regarding labeling (Please
refer to Section 3 of this review). '

.Comments to Sponsor

The following additional comments should be sent to the Sponsor for guidance on
performing the in vitro drug metabolism studies (and were generally communicated to the
Sponsor in an email of 12/21/05):

1.

The Sponsor has not taken a step-wise approach to understanding the metabolism of
TBZ or its metabolites. The preferred first approach would be to directly identify
metabolites after incubation with hepatocytes or liver slices. Subsequent studies can
also eliminate non CYP oxidative pathways.

The studies to evaluate CYP pathways of TBZ and HTBZ metabolism are
methodologically deficient. It is recommended that recombinant enzymes not be
used alone, but in combination with other methods (such as use of inhibitors) for
identifying drug metabolizing P450 isozymes. In addition, the probes used as
controls in the submitted studies are not classical, preferred probes, and the Sponsor
has not provided justification, so it is difficult to understand the acceptability of the
reactions. : ,

Studies characterizing the metabolism of TBZ in vitro should include measurement
of the formation of metabolites (including the oxidative metabolites of TBZ, and the
oxidative metabolites of HTBZ) to identify the pathways by which they are formed.
The Sponsor should follow-up with the results of the submitted studies with in vitro
inhibition studies that use well accepted methodology and preferred substrates to
confirm lack of involvement of TBZ and its metabolites in inhibition of P450s.

- The in vitro study of TBZ inhibition of PgP provided from the literature was not
conducted with methods that are in agreement with current Agency thinking. The in
vivo TBZ-digoxin interaction study was performed with a low dose of TBZ, and
does not allow for conclusions about higher doses that will be used clinically. The
Sponsor should perform an adequate in vitro inhibition study using preferred
methodology to determine the need for further in vivo study.

The results of adequate in vitro drug metabolism studies will guide the need for
further in vivo drug interaction studies. :

Since CYP2D6 appears to be involved in the metabolism of TBZ and HTBZ, we
recommend genotyping for CYP2D6 in future TBZ clinical trials. .

The thorough QT study did not assess exposure to TBZ or metabolites outside of the
ranges that might be normally observed after administration. The results of the in
vitro drug metabolism studies may help guide decisions regarding the need and
approach for further metabolically-based evaluation of QT.
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1.2 Phase 4 Commitments

The Sponsor should address the following issues as Phase IV commitments:

1) In vivo study of the effect of CYP2D6 inhibition on TBZ disposition using a strong
CYP2D6 inhibitor since CYP2D6 inhibition may increase the exposure to the inactive -
HTBZ relative to the active moiety a-HTBZ (based on evaluation of plasma
concentrations in Phase III studies).

2) Evaluate the clinical relevance of CYP2D6 inhibition after administration of TBZ i vivo
using a sensitive CYP2D6 substrate (such as desipramine) since in vitro studies suggest
involvement of CYP2D6.

3) Other in vivo drug interaction studies should be guided by the results of the i vitro drug
metabolism studies, in agreement with the Agency.

4) The discriminatory ability of the interim dissolution method should be determined in
order to determine the final dissolution specifications.

APPEARS THIS WAY
ON ORIGINAL
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1.3 Summary of Clinical Pharmacology and Biopharmaceutics Findings

The present NDA (21-894) has been submitted to support the approval of XENAZINE
(tetrabenazine) for the treatment of chorea associated with Huntington’s disease. The strengths
of tetrabenazine (TBZ) are 12.5 mg and 25 mg. The proposed starting dose is 25 mg daily (12.5
mg in the morning and 12.5 mg in the evening) with upward titration as follows. One week later
the dose should be increased to 37.5 mg per day (12.5 mg in the morning, 12.5 mg at noon, and
12.5 mg in the evening) and then continue to be increased weekly by 12.5 mg increments until
satisfactory control of chorea is achieved or until side effects occur or until a maximal dose of
100 mg per day (given in divided doses, generally tid) is reached. (Of note, the highest single
dose in the pivotal efficacy studies was a 37.5 mg dose).

The following clinical pharmacology studies have been submitted and reviewed:

e Food Effect Study TBZ103,003

* Bioequivalence of 12.5 mg and 25 mg TBZ 104,012

» Effect on Prolactin . TBZ 202,001

» Effect on Prolactin and Other Hormones TBZ 203,008

» Effect on Digoxin TBZ 203,009

e Single and Multiple Dose PK 1700114

* Hepatic Impairment Study - TBZ 203,010

QT Study 104,015

* Mass Balance Study RD 204/24124

¢ Protein Binding AG-04001

s In Vitro P450 Studies AG-A04002, AG-A05001, AG-
A03001

In addition, the following double-blind, placebo-controlled Phase I1I studies had either PK data
or dose-response data:

e TetraHD TBZ 103,004
e Tetra Withdrawal TBZ 103,005

The key findings with respect to the Clinical Pharmacology and Biopharmaceutics of TBZ are as
follows:

Pharmacokinetics

TBZ is rapidly metabolized after oral administration to several metabolites including the
circulating metabolites a- and B-dihydrotetrabenazine (HTBZ). TBZ and a-HTBZ inhibit the
human brain synaptic vesicular monoamine transporter (VMAT), resulting in depletion of
monoamine stores, particularly with respect to dopamine. TBZ normally does not circulate to a
significant extent (in healthy volunteers it is usually not detectable or is seen at concentrations
approximately 5-fold lower than a-HTBZ, with an estimated half-life of approximately 0.4 hrs).
Therefore a-HTBZ has been considered the active circulating moiety. On average, exposure to
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0-HTBZ is greater than exposure to B-HTBZ, although the ratio ranges from approximately 0.4
t0 6.8. '

After oral administration, the extent of absorption is at least 75.4%, based on results of a mass
balance study. Food does not alter exposure to a- or B-HTBZ. Protein binding is approximately
60% for a- and B-HTBZ and estimated to be approximately 80% for TBZ. Pharmacokinetic
(PK) parameters have been characterized after single doses of 12.5 mg, 25 mg, and 50 mg and
after repeated doses of 25 mg in healthy subjects. Across studies, Cmax and AUC for both o-
and B-HTBZ increase slightly more than dose proportionately (approximately 2.3-2.6-fold with a
2-fold increase in dose) following single doses. Tmax occurs at approximately 1-1.5 hours for
either enantiomer. The elimination half-life is approximately 4-8 hours for a- HTBZ and
approximately 2.4-5.2 hours for B-HTBZ. Based on the half-life, an accumulation factor of 1 2-
1.5 would be predicted for a-dose given every 12 hours, although a slightly greater than expected
increase in exposure (approximately 1.7 fold for -HTBZ) is observed after repeated dosing.
There is extensive variability in exposure (CV for Cmax and AUC 40-60% for a-HTBZ and 60-
166% for B-HTBZ) in healthy volunteers. The PK has not been well characterized in patients,
although based on the available data it seems be similar to that described in healthy subjects with
 respect to exposure, variability in PK, and relationship of a- to B-HTBZ.

TBZ is extensively metabolized, and metabolites are primarily renally eliminated {a mean of
75.4% of radioactivity in the mass balance study was excreted in the urine). More than 19
metabolites are reported to be found in the urine. TBZ is not found in the urine. The mass
balance study identified circulating metabolites in addition to o- and B-HTBZ that may be
circulating to a similar extent. The PK and pharmacologic activity of other metabolites have not
been characterized. In vitro studies suggest a role for CYP2D6 in the metabolism of TBZ and o-
and B-HTBZ, although deficiencies in the evaluation do not allow for ruling out the role of other
P450s.

Exposure response relationships for efficacy have not been determined. Dose is titrated to “best
dose” based on tolerability and efficacy, and in the PK data set from the efficacy studies there is
extensive variability in exposure. With respect to safety, there is a positive correlation between
exposure to a- HTBZ and prolactin secretion, as expected based on its mechanism of action, and
between B-HTBZ and prolactin secretion that may be unrelated. In a study evaluating the effect
of TBZ on QTc prolongation after a single dose of up to 50 mg there was an approximate 7 msec
increase in QTcF or QTcl, and a 10 msec increase could not be ruled out. There was a slight
correlation between QT¢ increase and B-HTBZ exposure.

The effect of renal impairment on TBZ PK or PD has not been evaluated. In mild to moderate
hepatic impairment, the elimination half lives of a- and p-HTBZ were prolonged to
approximately 10 hours. However, in hepatic impairment (interim report from an ongoing
study), exposure to TBZ was similar to or higher than exposures seen with either o- or B-HTBZ,
and exposures were approximately 70-fold higher for Cmax and 100 to 200-fold higher for AUC
than the mean in healthy subjects. Without information on changes in efficacy and safety, it is
not possible to recommend a dosage adjustment in hepatic impairment. Therefore, from an
Office of Clinical Pharmacology (OCP) perspective, TBZ should be contraindicated in hepatic
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impairment. The roles of age and race have not been sufficiently characterized to impact
-labeling. No significant gender effect is observed.

The role of pharmacogenetics in disposition to TBZ or its metabolites has not been well
characterized, nor has the role of CYP2D6 inhibition. In Phase I clinical studies in which
plasma concentrations of a- and B-HTBZ were determined, it appears that subjects taking
concomitant CYP2D6 inhibitors had a ratio of 0:p-HTBZ (< 1.6) that is lower than that observed
in patients not identified as taking CYP2D6 inhibitors. In addition, in the 2 CYP2D6 PMs that
were included in the QT study, the ratio of 0-HTBZ: B —-HTBZ was < I (range 0.29-1 .0) for
Cmax and AUC and the elimination half life for those metabolites was 10-20 hours. Thus
CYP2D6 may play a role in stereoselective elimination of HTBZ. An altered ratio of a-HTBZ: B
—HTBZ in a patient already taking a stable dose of TBZ could result in change in efficacy due to
a decrease in exposure to a-HTBZ, and the effects of an alteration in this ratio on efficacy and
safety are unknown.

The effect of 12.5 mg TBZ on Pgp was evaluated after administration of digoxin, a PgP
substrate. No effect was observed, although clinically relevant doses were not evaluated.

As described above the role of various P450s in metabolism of TBZ or its metabolites has not
been adequately characterized in vitro nor has the effect of TBZ or its metabolites on P450s . I
vivo studies have not been performed. There is insufficient information to describe the potential
for P450-mediated drug interactions in the labeling.

Biopharmaceutics

The Sponsor has not provided adequate information to determine whether the dissolution method
and specifications are appropriate. Information clarifying the methodology has been requested
(1/24/06) as has been information showing discriminatory ability of the proposed method. As of
3/2/06 there has been no response.

APPEARS THIS WAY
ON ORIGINAL
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Clinical Pharmacology Required Office Level Briefing:

March 1,2006 ' _

Attendees:  Sally Yasuda, Mehul Mehta, Ramana Uppoor, Peter Hinderling, Phil Colangelo
Venkat Jaragula, Andrea Powell, Lois Freed, Elizabeth McNeil, Carole Davis,
John Feeney, Shiew Mei Huang, Srikanth Nallani, Arzu Selen.

b

Sally Usdin Yasuda, MS, PharmD
Reviewer, Neurology Drug Products, DCP I
Office of Clinical Pharmacology

Concurrence: Mehul Mehta, PhD
Division Director, DCP 1
Office of Clinical Pharmacology

cc:  HFD-120 NDA 21-894
CSO/T. Wheelous
/Biopharm/S. Yasuda
/TL Biopharm/R. Uppoor

APPEARS THIS WAY
ON ORIGINAL



NDA 21,894
Tetrabenazine

2 Question-Based Review

2.1 General Attributes

Tetrabenazine has been developed for treatment of chorea associated with Huntington’s disease
(HD). It was discovered in the 1950s-1960s and the Sponsor states that TBZ was first
introduced for treatment of chorea in the United Kingdom in 1971. It is currently registered in
Europe, Canada, Australia, and New Zealand where it is available as 25 mg immediate release
tablets.

‘2.3.] What are the highlights of the chemistry and physical-chemical properties of XENAZINE,
and the formulation of the drug product?

Tetrabenazine (cis rac-1,3,4,6,7,11b-hexahydro-9,1 0,dimethoxy-3-(2-methylpropyl)-2H-
benzo[a]quinolizin-2-one) as a molecular formula of Ci5H27NO; and a molecular weight of
317.4. Its structural formula is shown below, as provided by the Sponsor.

Tetrabenazine (TBZ) has twd chiral centers, C3 and C11b, and 4 isomers (RS, SR, SS, and RR)
are possible.

~—

The log P partition coefficient is 3.187 and the pKais 6.51. The Sponsor states that TBZ is
sparingly soluble in water, soluble in ethanol. Solubility s
-

“rx - -

———
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The composition of tetrabenazine tablets, 12.5 mg and 25 mg, as provided by Sponsor, is shown
in the table below.

Component Function Amount per Amount per
125 mg 25 mg Tablet
Tablet (mg) (mg)

Tetrabenazine Active Ingredient 12.5 25.0

Lactose '

Maize Starch

Talc /

Magnesium

Stearate : : /

Iron Oxide, Coloring Agent -

Yellow ~—

/____/———— —
Total 125 125

In Section 2.3.P.2. of the submission, the Sponsor states that the formulation and manufacturing
process used to produce the product marketed in other countries was used to manufacture the
clinical batch and the registration batches. ‘

2.3.2 What is the proposed mechanism of drug action and what is the proposed therapeutic
indication?

Tetrabenazine and its active metabolite HTBZ inhibit the brain synaptic vesicular monoamine
transporter (VMAT) that is responsible for transporting monoamines (DA, NE, histamine, and
SHT) from the cytoplasm into the synaptic vesicle. This results in degradation of monoamines
by monoamine oxidases in the cytoplasm and depletion of monoamine stores. ~ In animal studies
DA was the most affected and 5-HT was least affected by either tetrabenazine or HTBZ. Brain
concentrations of monoamines return to control values 12 hours post-administration. Sigmoidal
relationships were observed between monoamine levels and corresponding log brain or serum
concentrations of tetrabenazine or HTBZ, according to the Sponsor’s review of literature. There
are two VMAT isoforms, VMATI (peripheral) and VMAT?2 (brain). TBZ exhibits a 10,000
fold higher affinity for ZVMAT 2 than for hVMAT 1, and according to the Sponsor, HTBZ binds
exclusively to hWMAT2 (h refers to the human isoforms). According to the Sponsor, binding of
HTBZ to VMAT is stereoselective, with only the a-isomer binding to hVMAT2. Selectivity for
VMAT?2 should result in selective CNS effects and low incidence of peripheral side effects such
as hypotension and diarrhea.

The proposed therapeutic indication is for chorea associated with Huntington’s disease (HD).
HD is a progressive neurodegenerative disorder characterized by chorea, psychiatric
manifestations, and cognitive impairment. The onset is generally in midlife with gradual
worsening over approximately 10-20 years, until death. Huntington’s disease is an autosomal
dominant disease. The mutant gene that causes the disease contains an excessive number of
CAG repeats (> 37) resulting in an abnormal huntingtin protein. Huntington’s disease is
characterized by debilitating chorea, personality disorder, and dementia. Drug treatment with
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tetrabenazine is aimed at blocking DA transmission that is thought to be associated with the
chorea.

2.3.3 Whatis the proposed dosage and route of administration?

The proposed starting dose is 25 mg/day (12.5 mg in the morning and 12.5 mg in the evening)
given orally. The dose should be titrated up slowly at weekly intervals by 12.5 mg (e.g. after 1
week the dose should be increased to 37.5 mg/day given as 12.5 mg in the morning, 12.5 mg at
noon, and 12.5 mg in the evening). The dose should continue to be increased by 12.5 mg
increments until satisfactory control of chorea is achieved or until side effects occur or until a
maximal dose of 100 mg/day is reached.

2.4 General Clinical Pharmacology

2.4.1 What are the design features of the clinical pharmacology and clinical studies used to
support dosing or claims?

Efficacy Study TBZ 103,004: Multicenter, randomized, double blind, placebo controlled, parallel

group study to evaluate Placebo (n=30) vs TBZ (n=54) titrated to “best dose” starting at 12.5 mg

daily with the highest daily dose of 100 mg.

Efficacy Study TBZ 103,005: Single center, randomized, placebo controlled staggered
withdrawal of TBZ in patients suffering from HD and treated with TBZ, (at “best dose™).

Inclusion criteria for both studies included a confirmatory CAG repeat (n > 37).

2.4.2 What is the basis for selecting the response endpoints, i.e., clinical or surrogate
endpoints, or biomarkers (collectively called pharmacodynamics, PD) and how are they
measured in clinical pharmacology and clinical studies?

Efficacy in the pivotal efficacy studies (103,004 and 103,005) was evaluated based on the Total
Chorea Score of the UHDRD motor portion since chorea is a debilitating symptom of the
disease.

2.4.3 Are the active moieties in the plasma (or other biological Sfluid) appropriately identified
and measured to assess pharmacokinetic parameters and exposure response
relationships?

The active moiety in plasma has been considered to be a- HTBZ. Both o~ and B-HTBZ have
been considered to be the major circulating moieties and these have been appropriately measured
using a chiral assay (please refer to Section 2.6) except for Study 1700114 that used an achiral
assay. However, results from the mass balance study (performed in June 2005 and submitted in
December 2005) suggest that there may be other metabolites circulating to a significant extent,
the pharmacology and clinical pharmacology (including PK) of which have not been
determined. If these metabolites contribute substantially to efficacy or safety they should be
determined in plasma at least to characterize an exposure response relationship.
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