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Executive Summary

Tetrabenazine " is being proposed for the treatment of chorea associated with
Huntington’s disease. Sponsor conducted 2 double-blind, controlled clinical trials — TBZ
103,004 and TBZ 103,005. The sponsor also conducted 2 additional open-label, un-
controlled studies, Studies TBZ 103,007 and TBZ103,006. These are extensions of
studies TBZ 103,004 and TBZ103,005. The followmg are the key inferences from the
Pharmacometrics analyses of these data:

* InTBZ 103, 004 the primary endpoint is met and the trial is positive. In addition,
there is a clear dose-response relationship for the Chorea scores confirming that
Tetrabenazine significantly affects Chorea scores.

o About 40% of patients required 100 mg dose by week 12 for optimal benefit, in
Study TBZ 103,004.

e Patients with higher baseline symptoms had greater lowering of Chorea score.
The drug effect was found to be proportional to baseline Chorea scores.

o The trend in Changes in the Functional Assessment, Cognitive Scores, Sedative
Scores with dose, if any, is not obvious.

Labeling Comments

VA

Reviewer's Comments: This proposal is based on the simulations conducted by the
reviewer. Shown are the predicted mean concentrations (sum of alpha and beta
tetrabenazine) at steady state after:

(A) 100 mg total daily dose + Paroxetine

(B) 50 mgq total daily dose + Paroxetine

(C) 25 myg total daily dose+ Paroxetine and

(D) 100 mg total daily dose without Paroxetine.

1. Paroxetine is a strong CYP2D6 inhibitor. The mean Cmax of alpha+beta TBZ
after 50 mg total daily dose given as two doses (i.e., 25 mg morning + 25 mg
evening) in the presence of paroxetine are about 160-ng/mL. The mean Cmax at
100 mg in the absence of paroxetine is about 120 ng/mL.
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Figure 1. Predicted mean concentrations of alpha+beta Teitrabenazine at steady state
after multiple total daily doses of (A) 100 mg with Paroxetine (B) 50 mg with Paroxetine
(C) 25 mg with Paroxetine (D) 100 mg without Paroxetine.
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Table 1 shows the highest dose during titration and the final maintanence dose in
patients from Study 004. It shows that the the dose in patients was adjusted to manage
the safety events and the maintanence dose is around 50 mg.

Table 1. Highest and maintanence Tetrabenazine dose in patients taking CYP2D6
inhibitors from Study TBZ 103,004

Patient ID 2D6 inhibitor at Highest Maintenance
baseline Dose (mg) Dose
(mg)
447-201 Fluoxetine 20 mg QD 50 37.5
447-207 Paroxetine 20 mg 62.5 25
QD '
447-210"% | Fluoxetine 40 mg QD 100 100
447-228 Paroxetine 40 mg 62.5 50
QD |
447-231 | Fluoxetine 20 mg QD 75 50
447-236 Paroxetine 40 mg 62.5 37.5
QDb
447-251 Paroxetine 20 mg 75 50
QD
447-287 Paroxetine 40 mg 62.5 50
QD '
447-279 Paroxetine 30 mg 75 37.5
QD

'Patient 447-210 had an AE for somnolence that started on study day 15 when taking TBZ 37.5 mg/day. No action
was taken. The AE resolved on study day 20 when the patient was taking 50 mg/day. The patient also experienced
an AE for diarrhea that started on study day 12 and stopped on study day 10.

®Patient 447-210 BL chorea score = 15; chorea score at end of treatment = 4.

We recommend that the dose of tetrabenazine should be reduced by 50% in patients
taking concomitant strong CYP2D6 inhibitors. The maximum dose in patients taking
CYP2D6 inhibitors should be 50 mg. These recommendations are based on the
following reasons: '
1. The 50% reduction works well given the available dose strengths.
2. Patients in Study 004 taking CYP2D6 inhibitors were taking maintanence dose of
" about 50 mg.
3. Also, this dose adjustment is fairly easy for prescribers/patients to remember.
. The prescriber can further reduce the dose if safety events are not resolved.
4. Serum concentrations greater than 160 ng/mL were observed in Study TBZ
. 107,018 (Interaction with Paroxetine) and were not associated with QT
prolongation greater than 10 msec.
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Introduction

The purpose of the pharmacometrics review is to address the following guestions:
1. Does the dose-response for the Chorea scores provide confirmatory evidence for
the effectiveness of Tetrabenazine?
2. ls'the worsening of Functional Scores, Cognitive Scores, Sedative Scores dose
related?
3. Will lowering of tetrabenazine dose for management of safety events result in
total loss of reduction in chorea scores?

Dr Joga Gobburu previously analyzed the dose-response analysis for tetrabenazine.
Please refer to his review in DFS dated: 03/20/2006. Also please refer to the review by
IRT-QT team for dose/exposure-response analysis of QTc¢ prolongation.

- APPEARS THIS way
Ok ORIGINAL
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Key Questions

1. Does the dose-response for the Chorea scores provide
confirmatory evidence for the effectiveness of Tetrabenazine?

There is substantial 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:

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

2. TBZ, 103, 004 also clearly shows a dose-response. Further, the drug effect at week
12 is completely washed-out by week 13 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 washout and re-titration gained similar
effects on chorea scores supports that the drug effect is reproducible.

4, TBZ 103,006, which is an extension of TBZ 103,005, demonstrated that
Tetrabenazine treatment led to significant lowering of chorea scores.

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, 9and 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 2, 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 2. Mean (+1 standard error) chorea scores in placebo and Tetrabenazine
treatment groups in Study TBZ 103,004. The patients were withdrawn from treatment at
12 weeks and hence the scores are back at baseline levels at Week 13.
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In addition to the primary analysis, FDA 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 pharmacokinetics (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 as shown in Figure 3,
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Figure 4, Figure 5; Figure 6 and Figure 7 Suggests that chorea scores remain
reasonably unchanged over time in most patients. -

Figure 3. 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 fruncated to the last 3
digits, but the original ID can be restored by adding 447,000 to all ID numbers - Protocol
TBZ 103,004.
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Figure 4. 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 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.
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Figure 5. 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 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. :
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Figure 6. 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 1D is shown at the top of each plot. The ID number was truncated to the last 3
digits, but the original ID can be restored by adding 447,000 to all ID humbers - Protocol
TBZ 103,004. _
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Figure 7. 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 truncated to the last 3

digits, but the original ID ca
TBZ 103,004.

1 1 1 1 [ 1 1

n be restored by adding 447,000 to ail ID numbers - Protocol

T D 30700

L 1 1
314708

s 1 1
D:317.00"

——

— 20

0] .-‘—\—. i
-
3 | - 10
w
1))
o
2 T D287.00. .. ] . Wbea0te0. o :29800 o | O
O
3
— 20
0 T T ! | — T T T | — T T T T
6 3 6 9 120 3 o6 9 120 3 6 9 12
' Week
Atul Bhattaram’ Page 17 12/26/2007



Tetrabenazine Pharmacometrics Review

There are three potential reasons that could cause delay between the drug
administration and achievement of steady-state effect on Chorea scores. They are: 1)
Pharmacokinetic half-life, 2) time-varying placebo response and/or 3) delayed drug
response. For the following reasons we conclude that time does not confound with
dosing during titration for the dose-Chorea analysis based on weekly visit data: _
e Half-life of tetrabenazine is short (~6 hours). Pharmacokinetic steady state '
is achieved after a single dose, v
e Most of the patients in placebo group have no changes in total chorea
scores over time ; and
» Tetrabenazine elicits its effect on total chorea scores within one week post
dose change. Chorea scores at every weekly visit demonstrate
tetrabenazine's full effect at that dose. '

Hence, the population average dose-response relationship without time being a factor
was derived using mixed-effects analysis. Since the individual patients were titrated to
their best response, the analysis methodology. has to account for individual dose-
response relationship before deriving the average dose-response. Analysis was
conducted for Study TBZ103,004 and Study TBZ103,007 separately using various
models (linear, Emax).

Overall, within the dose range studied, the effect on chorea scores increased linearly
with dose. The estimates of the model parameters using a linear model for effects of
‘dose are shown in Table 2. The diagnostic plots for assessing the adequacy of the
model fit are shown in Figure 8.
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Figure 8. A linear dose-response model describes the total chorea scores for the
placebo and Tetrabenazine groups well. The symbols signify the observed Chorea
scores in all patients and the solid line represents the line of identity. 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.

L 510152025
PLACEBO | TETRABENAZINE

Observed C‘hdrea Scores

5 10 15 20 25
Individual Predicted Chorea Scores

_ Table 2. Dose-response model parameter (mean and between-subject variability

(BSV)) estimates and the 95% confidence intervals- Protocol TBZ 103,004. The slope of
the dose-response is expressed as % change relative to baseline per mg of
Tetrabenazine dose.

Parameter ‘ Mean (CI) BSV % (Cl)
Baseline score for placebo group 14.3 (12.90, 15.69) 25 (18, 30)
Slope of Placebo effect, % permg | -0.001 (-0.0018, -0.0017) | 173 (101, 222)
Baseline score for dose group 13.7 (12.73, 14.66) 25 (20, 29)

Slope of dose-response, % per mg | -0.0047 (-0.0057, -0.0036) 70 (60, 88)

Residual Variability 2.17 (1.80, 2.49)
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Figure 9 shows the typical dose-response relationship in 4 patiénts whose baseline

chorea scores are 10, 15, 20 and 25 units.

Since the effects are proportional to
baseline, greater effects-are seen.in patients with a baseline chorea score of 25. Also

shown in the graph are responses.if these patients are treated with placebo.

Figure 9. Typical dose-response curve based on parameters as shown in Table 2 in 4"

patients whose baseline total chorea scores are 10, 15, 20 or 25.
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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
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confirmatory 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.

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 5 in the remaining 6
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 3 shows the mean total chorea scores in the all the 3 groups and
Table 4 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 3. Mean (+ SD) Total chorea Scores throughout the Study by Withdrawal Group
and by Study Day -- Protoco! TBZ 103,005.

Withdrawal | Day 1 Day3 Day 5

Group .
On Off On : | Off Tetrabenazine
Tetrabenazine Tetrabenazine Tetrabenazine

Group 1 94+49 148+5.4 148+7.1

(N=12)

Group 2 9.1+6.2 12753 14.6+54

(N=12).

Group 3 11.21+4.4 12.8+6.0 15.2+6.0
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Table 4. Mean (+ 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.

Treatment Assignment ' Study Day
Group
Day 3 to Day 1 Day 5 to Day 1
Group 1 (N=12) 53+£35 53+£3.8
p-value = 0.000245 p-value = 0.000499
Group 2 (N=12) 36+£28 56+34 :
p-value = 0.000951 ‘ p-vaiue = 0.00015
Group 3 (N=6) 1747 40%3.0

p-value = 0.426 p-value = 0.02

Study TBZ 103, 005 Conclusions

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 study 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 in close agreement. 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, for the following reasons the results are internally consistent. 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) as shown in
Figure 10. 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
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Study 004 had lower chorea scores when they received Tetrabenazine in Study 007 as
show in Figure 11. '

Dose-response analysis for Study 007 indicated that the estimate of the slope was
0.0050 % per mg, which is in close proximity to 0.0042 % per mg for the Study 004 data
alone. 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).

Figure 10. Mean total chorea scores in Studies TBZ 103,004 and TBZ 103,007 for
placebo and Tetrabenazine groups. Effects of Tetrabenazine in study TBZ 103,004 and
TBZ 103,007 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 11. Mean total chorea scores of patients who received placebo in study TBZ
103,004 and then received Tetrabenazine in study TBZ 103,007. The total chorea
scores are lower in patients when they received Tetrabenazine (TBZ).
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Table 5. Dose-response model parameter (mean and between-subject variability (BSV))
estimates and the 95% confidence intervals- TBZ 103,007. 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 2 for TBZ 103,004.

Parameter Mean (CI) BSV % (CI)
Baseline score for dose group 14.1 (13.22, 14.97) 24 (18, 30)
Slope of dose-response, % per mg | -0.0050 (-0.0058, -0.0042) 59 (60, 75)

Residual Variability 2.57 (2.17, 3.92)

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 evidence
for the effectiveness of Tetrabenazine. This relationship is consistent with
that observed in TBZ 103,004.

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

Atul Bhattaram Page 24 12/26/2007



Tetrabenazine Pharmacometrics Review

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 12.

| ~ Figure 12. Mean total chorea scores in Studies TBZ 103,004, TBZ 103,007 and TBZ

103,006 for placebo and Tetrabenazine groups. Effects of Tetrabenazine in all studies
are similar. Titration. schemes in both TBZ 103,004 and TBZ 103,007 were similar.
Study TBZ 103,006 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 12, the chorea score changes for Study TBZ 103,006 are
reasonably consistent with the Study TBZ 103,004 and TBZ 103,007. The mean change
in chorea score at week 12 in this study was -3.7. More measurements between week
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0 and 12 would have allowed appreciation of the time course of drug effects 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.

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 differences between
investigators.
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2. Is the worsening of Functional Scores, Cognitive Scores, Sedative
Scores related to dose?

The trend in Changes in the Functional Assessment, Cognitive Scores, Sedative Scores
with dose, if any, is not obvious.

The FDA pharmacometrics reviewer analyzed these data using regression techniques
and the results are similar to those reported by the sponsor. Figure 14, Figure 15,
Figure 16, Figure 17, Figure 18, Figure 19 do not support any clear relationship
between dose or previous dose or previous non-zero dose and the worst functional
status, sedative or cognitive scores.

There was, however, a trend towards lower functional assessment scores in relation to

non-zero dose taken prior to worst score in Study TBZ 103,004, but no clear
interpretation can be derived.
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Figure 13. Relationship between change from baseline functional assessment score
and previous non-zero dose in Study TBZ 103,004. Shown in the graph are observed
data representing worst score in a patient (symbols) with local smoothing curve (solid
line) and linear model fitted line (dotted). Also shown below each axis are the box plots
showing the range of values on x and y axis. '
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Figure 14. Relationship between change from baseline scores (worst score) for
functional status, verbal fluency, symbol digit and dose at the visit week, previous dose
at the visit week or previous non-zero dose if the dose was not administered for adverse
event in Study TBZ 103,004.
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Figure 15. Relationship between change from baseline scores (worst score) for stroop
color, stroop word, stroop interference, epworth sleepiness and dose at the visit week,
previous dose at the visit week or previous non-zero dose if the dose was not
administered for adverse event in Study TBZ 103,004.
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Figure 16. Relationship between change from baseline scores (worst score) for
functional status, verbal fluency, symbol digit and dose at the visit week; previous dose
at the visit week or previous non-zero dose if the dose was not administered for adverse
event in Study TBZ 103,006.
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Figure 17. Relationship between change from baseline scores (worst score) for stroop
color, stroop word, stroop interference, epworth sleepiness and dose at the visit week,
previous dose at the visit week or previous non-zero dose if the dose was not
administered for adverse event in Study TBZ 103,006.
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Figure 18. Relationship between change from baseline scores (worst score) for
functional status, verbal fluency, symbol digit and dose at the visit week, previous dose
at the visit week or previous non-zero dose if the dose was not administered for adverse
event in Study TBZ 103,007.
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Figure 19. Relationship between change from baseline scores (worst score) for stroop
color, stroop word, stroop interference, epworth sleepiness and dose at the visit week,
previous dose at the visit week or previous non-zero dose if the dose was not
administered for adverse event in Study TBZ 103,007..
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3. Will lowering of tetrabenazine dose for management of safety
events result in total loss of reduction in chorea scores?

Unlikely in a majority of patients. Due to the linear relationship between dose and
improvement in chorea scores, changes in dose from 100 mg to 50 mg for example to
manage safety events will not result in total loss of effect on chorea scores. To explore
this further the reviewer identified clinical diagnosis situations such as sedation,
parkinsonism, depression, akathisia that would warrant dose adjustments. For details
on dose adjustments in other studies (Study 007, Study 006) please refer to the reviews
by clinical division. This review only focused on the placebo controlled clinical trial
Study 004.

Error! Reference source not found. shows the distribution of tetrabenazine doses at
the end of study 004 (Week 12). About 40% of the patients were treated with 100 mg
dose of tetrabenazine.

Total Daily Dose {(mq) Percentage of patients

0 7.5
25 3.7
37.5 | 1132
50 | 226
62.5 3.7
75 N 3.7
87.5 56
100 39

Table 6. Distribution of tetrabenazine dose levels received by patients at week 12 in
Study TBZ 103,004 (Double-Blind).

In tetrabenazine group, 28 patients out of 54 discontinued upward tltratlon because of
an adverse event. Out of these 28 patients, 24 of them responded to treatment prior to
the adverse event. A patient was judged to have responded to treatment if a 3 point
decrease in chorea scores was observed.
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Sedation, akathisia, depression and parkinsonism are the main reasons for
discontinuation of dose titration and/or reduction in daily dose. Figure 20 shows the
time of occurrence of the safety events that necessitated dosage adjustment in Study
004. Most of the adverse events appear to occur after 20 days of treatment. The
patients at this visit are at a doses of 50 mg and higher. However, it is not clear if the
occurrence of the event is as a results of cumulative exposure to several doses of

tetrabenazine.

Figure 20. Time of occurrence of adverse events that resulted in dose adjustment in
Study TBZ103,004. Each symbol in Tetrabenazine or placebo group represents a
unique patient. If a patient had more than one adverse event the symbol is shown more

T
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Figure 21 shows the longitudinal -time course of mean (functional status score,
parkinson score and HAMD scores in Study TBZ103,004. The changes in parkinson’s
scores are similar in placebo and tetrabenazine groups. For HAMD scores, it appears
that patients in placebo group have improvement in HAMD scores. There is a trend
towards a worsening in functional status score after visit 3 (Week 5). Overall, the mean
changes do not reflect dramatic worsening on tetrabenazine in comparison to placebo.

Figure 21. Change in mean (1 standard error) parkinson score, functional status score
and HAMD score in placebo and tetrabenazine treatment groups. Note that HAMD
score data was available till 12 weeks (Visit 6) only while parkinson score data was
available at 13 weeks (Visit 7) (1 week after patients were withdrawn from treatment at
12 weeks).

! ! | i ! [ | I
Parkinsonism Score

4 - i
] L
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(3] L
m
£ : ' :
9 Functional Status Score HAMD Score
L 4 1 3
0 2- | i
c o 3 1.
g0 Fl-.p. % R R (TP T oY
O 27 i
-4 i

Visit Number

Figure 23, Figure 24, Figure 25, Figure 26, Figure 27 show the time course of clinical
scores (Chorea, Parkinsonism, HAMD, Functional Status) along with dose in selected
patients whose doses were either adjusted for management of sedation, akathisia,
parkinsonism or depression. Also shown for reference are two patients in Figure 22 in
whom no dose adjustments were performed for safety issues.
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Dose Adjustment For Maximizing Reduction in Chorea Scores in Study
1BZ103.004

Patient 447316 and 447287. The dose was adjusted for maximizing reduction in chorea
scores. In patient 447316, desired effect on chorea scores was achieved with 50 mg.
In patient 447287 doses upto 100 mg were required to achieve the desired effect. No
safety events warranted dose adjustment in these patients. No clear changes in the
functional status or HAMD scores or parkinsonism (PARK) scores are observed.

Figure 22. Changes in clinical scores (Chorea, HAMD, Parkinson (PARK), Functional
status) versus time, days in Study TBZ103,004. Shown also are the changes in dose in
the individual patient. The patients are chosen to demonstrate the time course of
various scores when no dose adjustments are made for safety issues.
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Dose Adjustment Due to Sedation in Studv TBZ‘I 03,004

The dose of tetrabenazine was adjusted in 15 patients due to sedation. In 10 out of 15
patients, a reduction of atleast 3 units in chorea score was preserved inspite of dose
reductions. 4 out of 15 patients did not respond to treatment (no change in chorea
scores at any dose level) while 1 out of 15 patients did not have preserve 3 units
reduction in chorea scores due to dose reduction. Shown in Figure 23 is the time
course of chorea scores, functional status, HAMD scores and parkinsonism -score
(PARK) in patients whose dose was adjusted for sedation.

Figure 23. Changes in clinical scores (Chorea, HAMD, Parkinsonism (PARK),
Functional status) versus time, days in Study TBZ103,004. Shown also are the
changes in dose in the individual patient. The patients are chosen to demonstrate the

time course of various scores when dose adjustments are made for sedation.

Subject D: 447288 ‘Subject ID: 447267
Treatment: Teuabenazine Treatment: Tetrabenazine
-9 msm -+ reo - FUNCTIONAL STATUS -6~ CHOREA SCORES  —+ HAMD % FUNGTIONAL STATUS
& 3 Msoores 5 Ve A posE 36 csaores o VBT
=3 [
7 ©2
v -8 - 8
&= -8 2
L e 2
a K4 = 2 R
: B g 8g
a < h L 24 o Ry
™ ] 32 4
k3 -3 o8
5 24 I ga 5 ga
o ° o o
w - r e B
L g R
© L o 4
SERTON
= =]
T T T T T T
0 20 40 60 80 100
Time, Days . Time, Days
SubjectID: 447244 SubjectiD: 447203
Treatment: Tetrabenazine Treatment: Tetrabenazine

~©- CHOREA SCORES ~ —+ HAMD i . FUNCTIONAL STATUS -©- CKREASOORES —1- HAMD ~E* FUNCTIONAL STATUS
-&- DOSE -3 PARK SCORES T BVENT -Ar DOSE ¥ PARK SCORES 5 EVENT

o | m
@

o
@

w
~

25
T

o
~

Clinical Scores
Dose, mg

Clinical Scores

0 10 20 30 40 50 60 70 80 90
Dese, mg
0 10 20 30 40 50 60 70 80 90

Time, Days Time, Days

Atul Bhattaram Page 39 12/26/2007




Tetrabenazine Pharmacometrics Review

Dose Adjustment Due to Parkinsonism in Study TBZ103,004

The dose of tetrabenazine was adjusted in 3 patients due to parkinsonism. In 3 out of 3
patients, a reduction of atleast 3 units in chorea score from baseline was preserved
inspite of dose reductions. Shown in Figure 24 is the time course of chorea scores,
functional status, HAMD and parkinsonism (PARK) scores in patients whose dose was
adjusted for parkinsonism. In patient 447263, dose reduction did not result in decrease

of parkinsonism scores till the last day of treatment.

Figure 24.

Changes in clinical scores (Chorea, HAMD, Parkinsonism (PARK),
Functional status) versus time, days in Study TBZ103,004. Shown also are the
changes in dose in the individual patient. The patients are chosen to demonstrate the

time course of various scores when dose adjustments are made for parkinsonism.
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Dose Adjustment Due to Depression in Study TBZ103,004

The dose of tetrabenazine was adjusted in 3 patients due to depression. In 3 out of 3
patients, a reduction of atleast 3 units in chorea score from baseline was preserved
inspite of dose reductions. Shown in Figure 25 is the time course of chorea scores,
functional status, HAMD and parkinsonism (PARK) scores in patients whose dose was
adjusted for depression. The dose reductions result in lowering of the HAMD scores.

Figure 25. Changes in clinical scores (Chorea, HAMD, parkinsonism (PARK),
Functional status) versus time, days in Study TBZ103,004. Shown also are the
changes in dose in the individual patient. The patients are chosen to demonstrate the
time course of various scores when dose adjustments are made for depression
(increase (worsening) in HAMD scores).
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Dose Adjustment Due to Akathisia in Study TBZ103,004

The dose of tetrabenazine was adjusted in 3 patients due to akathisia according to
sponsor. FDA medical officer identified a total of 5 patients in whom the dose of
tetrabenazine was adjusted. In 2 out of 5 patients, a reduction of atleast 3 units in
chorea score from baseline was preserved inspite of dose reductions. Shown in Figure
26 is the time course of chorea scores, parkinsonism (PARK), functional status, HAMD
scores in patients whose dose was adjusted for akathisia.

Figure 26. Changes in clinical scores (Chorea, HAMD, Parkinsonism (PARK),
Functional status) versus time, days in Study TBZ103,004. Shown also are the
changes in dose in the individual patient. The patients are chosen to demonstrate the
time course of various scores when dose adjustments are made for akathisia.

Subject ID: 447279 Subject ID: 447248

Treatment: Tetrabenazine Treatment: Tetrabenazine
- GRREASCORES -+ HAMD = ANCTICHAL STATUS O~ GHOREASCOREE T+ HAMD S+ FUNGTINAL STATUS
& posE - PARK SCORES 7 EVENT -4r DoSE % PARKSCORES % EVENT .
- .
a4 e J
] 1
-3 r 8
& o +—of 8 & \ F 3
= r R o L o
I g £ s
L 2 =
§ » oE 3 e g
= e E &g
2 ° 2 o
£ 2 - §0 £ €1 r§°
o o
w re w r8
-8 L]
oy | o ° - L o
Al AKASHSA -
ARABESA
=3 F o
T T T T T Y T T T
[} 20 10 60 80, o 20 40 680 80
Time, Days Time, Days
Subject ID: 447236 Subject ID: 447246

Treatment Tetrabenazine TFreatment: Tetrabenazine

"9~ OHOREA SCORES i~ HAND. RAKTIONAL STATUS 2 ckeReAScoRSs - WAMD "+ FUNCTIONAL STATUS
A DOSE W PARK SCORES 7 BVENT A poge M- PARK SCORES 5 e

=

0 10 20 30 40 50 60 70 80 90
Oose, mg

10 ¥ 20 25 30
1 15 20 25 30
L
T

T
Clinkeal Scores.

Clinical Scores

T
0 5
TR

T T T T

T

0 10 20 3¢ 40 50 60 70 80 %0
Dose, mg

T T T T T T T 4
o 0 20 30 40 56 & 70

Time, Days

Atul Bhattaram Page 42 12/26/2007



Tetrabenazine Pharmacometrics Review

Dose Adjustment Due to Other Events in Study004

The dose of tetrabenazine was adjusted in 7 patients due to other adverse events such
as agitation, anorexia, restiessness, fatigue, diarrhea, anxiety attack. In 5 out of 7
patients, a reduction of atleast 3 units in chorea score was preserved inspite of dose
reductions. 1 out of 7 patients did not respond to treatment (no change in chorea
scores at any dose level) while 1 out of 7 patients did not have preserve 3 units
reduction in chorea scores due to dose reduction. Shown in Figure 27 is the time course
of chorea scores, parkinsonism (PARK), functional status, HAMD scores in patients
whose dose was adjusted for other reasons.

Figure 27. Changes in clinical scores (Chorea, HAMD, Parkinsonism (PARK),
Functional status) versus time, days in Study TBZ103,004.- Shown also are the
changes in dose in the individual patient. The patients are chosen to demonstrate the
time course of various scores when dose adjustments are made for other adverse
events.
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SubjectiD: 447263 SubjectD: 447223
Treatment: Tetrabenazine . Treatment: Tetrabenazine
O~ QKRSA SCORES  + HAMD =& FUNGTIONAL STATUS 20— GOREASCORES - HAMD £ FNCTIGNAL STATUS
4 DosE S PARKSCORES - BYENT & (oSE S PARKSOORSS 9~ BB
8 3
2 23
R 2
E g (=3
H Bo [ °eg
@ E @ ot
2 34d 3 5 g
3 3 o
3 g8 5 g8
o M ©
o 8
2
2 |
~
a
e 2
=3
o
0 20 40 €0 80
Time, Days
Sublect ID: 447264
Treatment: Tetrabenazine
9 CHOREA SCORES  —+ HAMD =ir FUNCTIONAL ETATUS
& DosE ¥ PARX 3CORES T EVeNT
3
hd [=3
8
81 3
2
g ¥ e
o
g = g
3 )
g =1 g8
<)
g
w - 8
o
]
o4
e
o

Time, Days

Atul Bhattaram Page 44 - 12/26/2007



Tetrabenazine Pharmacometrics Review

4. How should the dose of Tetrabenazine be adjusted in patients
initiating treatment with CYP2D6 Inhibitors?

Tetrabenazine is metabolized by reductase enzymes to o-dihydrotetrabenazine (o-
HTBZ) and B-dihydrotetrabenazine (B-HTBZ). Both a-HTBZ and B-HTBZ are further
metabolized predominantly by CYP2D6 enzyme. Patients with Huntington’s disease
who are likely to be administered strong CYP2D6 inhibitors such as Paroxetine for
management of depression will accumulate both a-HTBZ and B-HTBZ. Since it is not
known whether the observed pharmacological adverse effects (sedation, somnolence,
akathisia, depression, parkinsonism) are related to either a-HTBZ or B-HTBZ, dosing:
recommendations are being provided which would result in plasma concentrations of
‘total HTBZ (o-HTBZ + B-HTBZ) similar to the patients not taking any CYP2D6 inhibitors.
The aim is to match the concentrations of total HTBZ as close as possible with the
simplest dosing regimen which would minimize dosing errors. Simulations were
conducted using Pharsight Clinical Trial Simulator. '

Figure 28 shows the observed and simulated mean concentrations of total HTBZ in
patients after a single oral dose of 25 and 50 mg in Study TBZ 104,015. Figure 28
shows the simulated mean concentrations of total HTBZ in patients taking a single 50
mg dose after treatment with multiple oral doses of Paroxetine in Study TBZ 107,018.
These graphs confirm the validity of the chosen models as the observed and simulated
data are similar. ' :

Based on these models, simulations were conducted to determine the plasma
concentrations of total HTBZ after multiple total daily doses of (A) 100 mg with
Paroxetine (B) 50 mg with Paroxetine (C) 25 mg with Paroxetine (D) 100 mg without
Paroxetine.

Based on the mean predicted concentrations as shown in Figure 29, if the dose in a
patient who is currently taking a total daily dose of 100 mg (A) is reduced by 50% to 50
mg which is split to be administered every 12 hours (B) will provide adequate
concentrations. These concentrations are higher in comparison to a patient who is not
taking Paroxetine (D). Also it should be noted that in Study TBZ 107,018 the AUC of
alpha-tetrabenazine (active metabolite) increases by 3 fold. The AUC of beta-
tetrabenazine (inactive metabolite) increases by 9 fold. This dosing regimen might
ensure that patients will still have retained adequate exposure to alpha-tetrabenazine
and ultimately the effects of Tetrabenazine on chorea.
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Figure 28. Mean observed (o) and simulated (solid line) total HTBZ concentrations after
(A) Single oral dose of 25 mg (B) Single oral dose of 50 mg in Study TBZ 104,015 (C)
Single oral dose of 50 mg in Study TBZ 107,018.
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Figure 29. Predicted mean concentrations of alpha+beta Tetrabenazine at steady state
after multiple total daily doses of (A) 100 mg with Paroxetine (B) 50 mg with Paroxetine
(C) 25 mg with Paroxetine (D) 100 mg without Paroxetine.
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Conclusions

e In TBZ 103, 004 the primary endpoint is met and the trial is positive. In addition,
there is a clear dose-response relationship for the Chorea scores confirming that
Tetrabenazine significantly affects Chorea scores.

» About 40% of patients required 100 mg dose by week 12 for optimal benefit, in
Study TBZ 103,004.

e Patients with higher baseline symptoms had greater lowering of Chorea score.
The drug effect was found to be proportional to baseline Chorea scores.

e The trend in Changes in the Functional Assessment, Cognitive Scores, Sedative
Scores with dose, if any, is not obvious. '

¢ The dose of tetrabenazine should be reduced by 50% and administered as twice
daily dosing regimen in patients who are currently taking Tetrabenazine and will
be initiating treatment with strong CYP2D6 inhibitors.
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APPENDIX |

Individual dose-response fits based on linear dose-response model
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Figure 30. Individual observed and model predicted dose-response relationship for total
chorea scores in Study 004. Shown in each graph is the patient ID and the treatment
group (PLACEBO or TETRABENAZINE). :
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Figure 31. Individual observed and model predicted dose-response relationship for total
chorea scores in Study 004. Shown in each graph is the patient |D and the treatment

group (PLACEBO or TETRABENAZINE).
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1 Executive Summary
L1 Recommendations

The clinical pharmacology information submltted to NDA 21-894 is acceptable provnded that the
following are addressed prior to approval:

1) An in vitro metabolism study should be performed to characterize the inhibitory effect of
TBZ, a-HTFBZ and B-HTBZ on CYP2B6. The results of this study will guide the heed for
further in vivo drug interaction studies.

2) Agreement is reached between the Sponsor and the Agency regarding labeling (Please refer
to Section 3 of this rev1ew) :

The Clinical Pharmacology requests for Phase 4 Commltmcnts in the orlgmal NDA have been
resolved and are no longer applicable.

1.2  Phase 4 Commitments

Ifit is determined that NDA 21-894 can be approved in this cycle, the recommendation above
* for an in vitro study of CYP2B6 can be addressed as a Phase IV commitment.

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

The present submission is a Response to the Approvable Letter for NDA 21894 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.

Clinical Pharmacblogy Comments in the Approvable Létter:

The following Clinical Pharmacology and Biopharmaceutics comments were included in the
approvable letter:

1. Clarify the rotation speed at which the dissolution method was generated (previously requested on
1/2/06). If you have data to support the proposed rotation speed and agreement is reached between us
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: :

Apparatus: USP Apparatus 2 (Paddles)

Medium: 0.1 M.HCI

Volume: 900 m}

Rotation Speed: 50 rpm

Specification: = _—~ Q) in 30 minutes

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

3. 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-dealky! tetrabenazine metabolites
(and other individual metabolites) are circulating should be clarified. :

4. You should submit adequately performed in-vitro metabolism studies to address the potential for
inhibition or induction of P450s by TBZ and its metabolites. You should also characterize the in vitro
metabolism of TBZ and its metabolites as well as the role of PgP in TBZ disposition. Finally, you
should adequately address the role for TBZ as a PgP inhibitor i vitro. There is currently insufficient
information to allow for adequate labeling regarding the potential for drug interactions. Please see our
comments below about performing the in vitro drug metabolism-studies (communicated to you in an
email of 12/21/05).

i. You have 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. '

ii. 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
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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 you have not provided justification, so it is difficult to understand the
acceptability of the results. -

iii. 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.

‘iv. You should follow-up 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.

v. 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. You should perform an adequate in vitro
inhibition study using preferred methodology to determine the need for further i vivo study.

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

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

viii. 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 vifro drug metabolism

. studies may help guide decisions regarding the'need and approach for further metabolically based
evaluation of QT.

In addition, the following were identified as Phase 4 commitments:

1. Perform an 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 p- HTBZ relative
to the-active moiety 0-HTBZ (based on evaluation of plasma concentrations in Phase III studies).

2. Evaluate the clinical relevance of CYP2D6 inhibition after administration of TBZ in vivo using a

sensitive CYP2D6 substrate (such as desipramine) since in vitro studies suggest involvement of
CYP2Ds6.

3. Other in vivo drug interaction studies should be guided by the results of the in 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.

Present Submission: In the present submission the Sponsor has responded to the 4 Clinical
Pharmacology Comments.
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Responses to comments 1 and 2 regarding dissolution of this immediate release
product were reviewed by Office of New Drug Chemistry (please see Dr. Tele’s
review) and will not be reviewed here. The CMC review concludes that the proposed
dissolution method is acceptable and can be the final regulatory method for this
product. :
Responses to Comment 3 regarding the P16 component and other 01rculatmg
metabolites and to Comment 4 regarding in vitro drug metabolism study will be
reviewed in the present review (Section 2. 1)

The initial Clinical Pharmacology request for Phase 4 commltments can be resolved as
follows

The Sponsor has conducted an in vivo study of the effect of CYP2D6 inhibition on
TBZ disposition and that study is reviewed in the present review (Section 2.1).
Following review of in vitro data, it does not appear that TBZ or its a- or B-HTBZ
metabolites are inhibitors of CYP2D6. Therefore, it is no longer necessary to
perform a clinical study to evaluate the potential for this type of interaction.

The results of in vitro drug metabohsm studies do not suggest the need for further in
vivo drug interaction studies.

_ The Office of New Drug Chemistry has reviewed the dissolution method, and the

Clinical Pharmacology recommendation to determine discriminatory ability is no
longer relevant. '

The following clinical pharmacology studies have been submitted and reviewed:

Mass Balance Study (Metabolite Characterization) CAM/06

In Vitro TBZ Metabolism Study ' CAM/16

In Vitro TBZ Metabolism in Several Species CAM/26

In Vitro a-HTBZ Metabolism Study A CAM/19

In Vitro p-HTBZ Metabolism Study ‘ CAM/20

In Vitro Study of TBZ and Metabolites as P450 Inducers ~163015
In Vitro Study of TBZ and Metabolites as P450 Inhibitors — 065005
In Vitro Study of TBZ and Metabolites as Pgp Substrates and Inhibitors 6PRESP
Paroxetine Interaction Study TBZ 107,018

A final study report for Hepatic Impairment Study TBZ 203,010 (completed in August 2007)

~ was submitted and reviewed. (The interim study report was reviewed with the original NDA

submission). The conclusions of the present review have not changed since the original review,
and contraindication of TBZ in patients with hepatic impairment is recommended.

The Sponsor has submitted the final study report for thorough QT study 104,015 that is under
review by the IRT. The Sponsor has submitted studies 107,017 and 107,018 that include
additional QT information. These data will be evaluated by Pharmacometrics with respect to the

. exposure response relationship.

. In addition, the following study report was submitted but not reviewed:
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The key findings with respect to the Clinical Pharmacology of TBZ as identified in the
Response to Approvable Letter are as follows:

e The P16 component has been idéntiﬁed as O-dealkylated HTBZ. This is further
metabolized to sulfate conjugates. These 3 metabolites contribute to a significant
portion of the circulating moieties following administration of TBZ in humans.

o  The primary pathway for metabolism of TBZ is reductase (non-P450)-med1ated
formation of HTBZ.

o The primary pathway for. metabolism of a- and -HTBZ is CYP2D6. Paroxetine, a
strong inhibitor of CYP2D6, resulted in an approximate 3-fold increase in exposure to
o~ HTBZ and a 9-fold increase in exposure to B-HTBZ after a single dose of TBZ in
healthy volunteers. The elimination half-life of o- HTBZ and B-HTBZ was prolonged
from approximately 4-7 hours to approximately 14 hours. OCP recommends
consideration of dosage adjustment (e.g. ) in patients taking strong
CYP2D6 inhibitors, and this recommendation is extended to patients known to be
poor metabolizers of drugs metabolized by CYP2D6.

e Neither TBZ nor its a~ or B-HTBZ metabolites are predicted to result in inhibition of
CYP2D6, CYP1A2, CYP2C8, CYP2CY, CYP2C19, CYP2E1, or CYP3A at clinically
relevant exposures, based on results of in vitro studies. Effects on CYP2B6 have not
been evaluated.

e Neither TBZ nor its a- or B-HTBZ metabolites are predicted to result in induction of
CYP1A2, CYP3A4, CYP2B6, CYP2C8, CYP2C9, CYP2C19 based on results of in
vitro studies. No further study of induction is necessary.

e Neither TBZ nor its a- or B-HTBZ metabolites are predicted to be substrates or
inhibitors of P-glycoprotein at clinically relevant exposures.

o The final study report for the hepatic impairment study TBZ 202,010 conﬁrms that
exposure to TBZ is significantly increased in subjects with mild-moderate hepatic
impairment. 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.
OCP recommends that TBZ should be contraindicated in patlents with hepatic
impairment.

: Recommendatlons

The clinical pharmacology 1nformat10n submitted to NDA 21-894 is acceptable provided that the
following are addressed prior to approval:

1)} An invitro metabolism study should be performed to characterlze the effect of inhibitory
effect of TBZ, a-HTBZ and $-HTBZ on CYP2B6. The results of this study will guide the
need for further in vivo drug interaction studies.

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



NDA 21,894 -
Tetrabenazine

APPEARS THIS WAY
ON ORIGINAL

Sally Usdin Yasuda, MS, PharmD
Reviewer, Neurology Drug Products, DCP 1
Office of Clinical Pharmacology

Concurrence: Ramana Uppoor, PhD
Team Leader, Neurology Drug Products, DCP 1
Deputy Director, DCP 1
Office of Clinical Pharmacology

Phase 4 Concurrence: Mehul Mehta, PhD
Division Director, DCP I
Office of Clinical Pharmacology

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

APPEARS THIS WAY
ON ORIGINAL



NDA 21,894
Tetrabenazine

2 Question-Based Review

Note: the primary metabolites of tetrabenazine were previously referred to by the Sponsor as a-
and B-dihydrotetrabenazine (HTBZ). In the revised labeling submitted with the Resp‘onse fo the
Approvable Letter, the Sponsor has now designated these metabolites as —— ThlS review
refers to the metabolites as HTBZ.

2.1 Background

Tetrabenazine (TBZ) 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.

TBZ is rapidly metabolized to more than 19 metabolites. At the time of the initial NDA
submission, the circulating metabolites that had been characterized were a- and B-
dihydrotetrabenazine (HTBZ). Clinical Pharmacology information, as summarized in the OCP
review of the original NDA is as follows. TBZ normally does not circulate to a significant extent
(in healthy volunteers it is usually not detectable or is seen at concentrations approximatety 5-
fold lower than a-HTBZ, with an estimated half-life of approximately 0.4 hrs, according to the
original OCP review). The active moiety is thought to be a-HTBZ. On average, exposure to o-
HTBZ is greater than exposure to B-HTBZ, although the ratio ranges from approximately 0.4 to
.6.8. (The ratio is generally at the low end with CYP2D6 inhibition). The elimination half-life is
approximately 4-8 hours for a- HTBZ and approximately 2.4-5.2 hours for B-HTBZ

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 (glven in divided doses, generally tid) is reached The
proposed maximum dose at any given administration is 37.5 mg.

The original NDA was submitted on 9/23/05 and an approvable letter was sent to the Sponsor on
3/24/06. Clinical concerns focused on considerations of risk. The following Clinical
Pharmacology and Biopharmaceutics comments were included in the approvable letter:

1. Clarify the rotation speed at which the dissolution method was generated (previously requested on
1/2/06). If you have data to support the proposed rotation speed and agreement is reached between us
regarding dissolution specifications, the method and agreed upon specifications can be accepted as
interim method and specifications. The recommended dlssolunon method and specifications are as
follows:

Apparatus: USP Apparatus 2 (Paddles)

Medium: 0.1 M HCI

Volume: 900 ml
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Rotation Speed: 50 rpm
Specification: > ~— Q) in 30 minutes

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

3. 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.

4. You should submit adequately performed in vitro metabolism studies to address the potential for
inhibition or induction of P450s by TBZ and its metabolites. You should also characterize the ir vitro
metabolism of TBZ and its metabolites as well as the role of PgP in TBZ disposition. Finally, you
should adequately address the role for TBZ as a PgP inhibitor ir vitro. There is currently insufficient
information to allow for adequate labeling regarding the potential for drug interactions. Please see our
comments below about performing the in vitro drug metabolism studles (communicated to you in an
email of 12/21/05).

i. You have 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. :

* ii. 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 you have not provided justifi cat1on so it is difficult to understand the
acceptability of the results.

iii. Studies characterizing the metabolism of TBZ in vifro 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.

iv. You should follow-up the resuits 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. :

v. 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. You should perform an adequate in vitro
inhibition study using preferred methodology to determine the need for further in vivo study. -

vi. The results of adequate in vitro drug metabolism studies will guide the need for further in vivo
drug mteractlon studies,

vii. Since CYP2D6 appears to be involved in the metabolism of TBZ and HTBZ, we recommend
genotyping for CYP2D6 in future TBZ clinical trials.
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viii. 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 regardmg the need and approach for further metabolically based
evaluation of QT

In addition, the following were identified as Phase 4 commitments:

1. Perform an 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 B- HTBZ relative
to the active moiety a-HTBZ (based on evaluation of plasma concentrations in Phase I1I studies).

. 2. Evaluate the clinical relevance of CYP2D6 inhibition after administration of TBZ in 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 in vztro 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.

Present Submission: In the present submission the Sponsor has responded to the 4 Clinical
Pharmacology Comments.
¢ Responses to comments 1 and 2 regarding drssolutron of this immediate release
product were reviewed by Office of New Drug Chemistry and will not be reviewed
here. :
¢ Responses to Comment 3 regarding the P16 component and other circulating
metabolites and to Comment 4 regarding in vitro drug metabolism study will be
reviewed in the present review (Section 2.1).

The initial Clinical Pharmacology request for Phase 4 commitments can be resolved as

follows:

s The Sponsor has conducted an in vivo study of the effect of CYP2D6 inhibition on
TBZ disposition and that study is reviewed in the present review (Section 2.1).

e Following review of in vitro data, it does not appear that TBZ or its a- or B-HTBZ
metabolites are inhibitors of CYP2D6. Therefore, it is no longer necessary to
perform a clinical study to evaluate the potential for this type of interaction.

o The results of in vitro drug metabolism studies do not suggest the need for further in
vivo drug interaction studies.

e The Office of New Drug Chemistry has reviewed the dissolution method, and the
Clinical Pharmacology recommendation to determine discriminatory ability is no
longer relevant.

10
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The following clinical pharmacology studies have been submitted and reviewed:

Mass Bélance Study (Metabolite Characterization) CAM/06

[ ]

* In Vitro TBZ Metabolism Study : CAM/16

* In Vitro TBZ Metabolism in Several Species _ _ CAM/26

* In Vitro a-HTBZ Metabolism Study ‘ CAM/19

e In Vitro B-HTBZ Metabolism Study _ CAM/20
 _In Vitro Study of TBZ and Metabolites as P450 Inducers - 063015

¢ In Vitro Study of TBZ and Metabolites as P450 Inhibitors ~ — 065005

* In Vitro Study of TBZ and Metabolites as Pgp Substrates and Inhibitors 6PRESP
» Paroxetine Interaction Study - TBZ 107,018

A final study report for Hepatic Impairment Study TBZ 203,010 (completed in August 2007)
was submitted and reviewed. (The interim study report was reviewed with the original NDA
submission). The conclusions of the present review have not changed since the original review.
and contraindication of TBZ in patients with hepatic impairment is recommended. .

b

The Sponsor has submitted the final study report for thorough QT study 104,015 that is under
review by the IRT. The Sponsor has submitted studies 107,017 and 107,018 that include
additional QT information. These data will be evaluated by Pharmacometrics with respect to the
exposure response relationship. . :

In addition, the following study report was submitted but not reviewed:
®

-

2.1 Sponsor’s Response to Approvable Letter and Additional Clinical Pharmacology
Information

2.1.1 Does this drug prolong the QT or QTc interval?

Thorough QT Study 104,105 is under review by the IRT. As reported in the original OCP
review, TBZ caused an approximate 7 msec increase in QTc (F or 1) and a 10 msec increase
could not be excluded. Additional evaluation of studies 104,105 and drug interaction studies
107, 017 and 107, 018 is being conducted by Pharmacometrics.

2.1.2 Have the circulating moieties been characterized following administration of
tetrabenazine?

In the response to the approvable letter, the Sponsor has identified, as requested, the P16
component that was previously identified as the largest circulating component in the previously
conducted mass balance study (RD 204/24124) and characterized the remainder of the
circulating components through 8 hours after administration. This information can be found in

- the study report for CAM/06. P16 has been identified as O-dealkylated-HTBZ. As seen in the
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table below, provided by the Sponsor, this metabolite (for which the enantiomers were not
separately characterized) accounts for approx1mately 35% of the circulating radioactivity up to

- 1.5 hours following a single oral dose of ['*C]-tetrabenazine in 6 healthy male subjects, and
represents a mean of approximately 31% of the circulating radioactivity for the first 8 hours
following a single oral dose of TBZ. In addition, the P11 and P13 components are the sulfate
conjugates of O-dealkylated HTBZ and account for a significant portion of the circulating
radioactivity in the mass balance study. Bis-O-dealkylated metabolites of TBZ, a-HTBZ, or p-
HTBZ were not identified as major metabolites in human plasma, urine, or feces in the
evaluation of the mass balance study (although they are observed in vitro). Sulfate conjugates of
O-deaikylated HTBZ account for approximately 45% of the urinary metabolites, and glucuronide
conjugates of O-dealkylated HTBZ are also observed. The components of the plasma that
account for > 10% of the circulating radioactivity are shown in the table below, as provided by
the Sponsor in the Efﬁcacy Information Amendment (031) from 2/16/07.

Table 3 Metabolites Greater Than 10% in Plasma Following Single Oral
Dosing of C]-Tetrabenazme to Six Male Human Subjects
Metaholite 025-15

‘Component Identity Type hours 2-3houwrs | 4—-8homs Mean
Pil Sulfate conjugate of . . 2344 2952 15.23 22.73
O-dealkylated-HTBZ | . teriary (16.67) (2041) (16.90) (1799)

P13 Suifate conjugate of . 26.73 41.77 2422 3091
O-dealkylated- HTBZ | oY (19.01) (28.88) (26.83) (2492)

49.54 50.11 19.77 3981
P16 O-dealkylated-HTBZ | secondary (5.24) G4.65) (21.95) G0.61)

397 - . 13.65 6.54 448 - 822
P17 B-HTBZ pomary 0.71) 452 @ | (640

. 25.73 16.70 14.05 18.83
P18 «-HIBZ primary (1830) (11.55) (15.60) (15.15)

Source: Modified from Table 15 in CAM/06 (53.1.1)
Results expressed as ng equivalents/mlL. Values in ( ) are % sample radxoactnnty
HTBZ = dihydrotetrabenazine

As reviewed by OCP in the original NDA submission, there is great variability in the
pharmacokinetics of o~ and B-HTBZ in humans, and great variability in the ratio of these
metabolites. In the initial thorough QT study 104,015 the ratio of AUC for a: B ranged from
0.29-6.14, an approximate 20-fold range.

Of note, in a submission from October 3, 2007 the Sponsor has provided additional information
to support the presence of circulating O-dealkylated HTBZ (desmethyl HTBZ) following a
single 50 mg dose of TBZ in 6 healthy subjects. The results are shown in the table below, as
provided by the Sponsor. (These results are considered by the reviewer to be prehmmary

. because the supporting analytical method has not been provided).

12



NDA 21,894
Tetrabenazine

Table 1: Summary of pharmacokinetic parameters for o HTBZ, g-HTBZ, l-demnelhylHTBZ,

and 1 HTBZ afler oral administration of a single 50 myg dose of
tetrabenazine to healthy volumteers. )
1-Desrethy? 3-Desmethyi®

Parameter’ oHTRZ g HIRZ HIRZ HTBZ
Cmax (o) 81307 | 463:305(9 2692841(9) 953328 (5)
[Tmzw () L 1a5(g 15000 200(6) 2000
AUCO-0) (1 2/mE) 491:209(6) 219£251(9) 332 115(5) 932197¢H
AUGED) (1mg/nt) 506276 (6} 24=252(6) 4662 161 (6) BIO
Az @) | 0a017=003:0(6) | 01710=00552(6) | 0.0631:0.0209 () 1260(D
1% () 733:1.04¢5) 458 1.86(5) 1232 4.65(5) 550Q)

"Mnan standard devistion (N) except for Tmax for which the median {N) is reported.
he mmbers comrespond 1o the axder of sntion.

The Sponsor has proposed the following metabolic scheme (with sulfated metabolites added by
- the reviewer):

'APPEARS THIS WAY
Ch ORIGINAL
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oH,
HO. Hy
Q /' HO' .
CH, Bis dealkyl-
) tetrabenazine
HO. S
N
MeO ) .
Mono dealkyl- \ Mono dealkyl- -
tetrabenazine » tetrabenazine
Sulfate
conjugate
Sulfate Teirabenaz) ' | of 0’_ 9
i etrabenazine :
g?'g“gafe v dealkylated
- 1 HTBZ
dealkylated ]
HTBZ - ) CH,
MeO " CH,
OH / Me0 \ oH
CHy . Dihydro-tetrabenazine ‘ Nk
HO. y CH, ' : MeO . CH,
MeQ . CH, HO'
Mono dealkyl-dihydro \ "o, : L Mono dealkyl-dlhydro
tetrabenazine N tetrabenazine
HO
Bis dealkyl-dihydro ’
. , tetrabenazine
H / oH _ SOH ’
CH, : 0”3\‘ CH,
Ho. H, HO,S0. HO. ) CH,
HOSO" HO HO'

Bls dealkyl-dihydro
tetrabenazine suiphate(s)

Dihydrotetrabenazine is the same as HTBZ. Mono dealkyl-dihydro tetrabenazine is the same as
O-dealkylated HTBZ.
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2.1.3 Have the metabolic pathways of TBZ, a-HTBZ, and p-HTBZ been characterized?

In the response to the approvable létter, the Sponsor has evaluated the metabollsm of TBZ and of
o- and B-HTBZ using several different in vitro approaches.

P450-mediated metabolism of TBZ:

Study CAM/16 used 1) individual recombinant human P450s and 2) chemical inhibitors of P450s
in human liver microsomes and cytosol. In addition to the finding that TBZ is metabolized (by
carbonyl reductases) to a- and B-HTBZ, it was also found that TBZ is metabohzed by P450 to
the followmg metabolites:

s Monohydroxy-TBZ (Thls is not to be confused with HT' BZ It was not identified
as a circulating moiety in the mass balance study and is not found on the chart on
page 15 of this review).

o Possible role of CYP2D6 unclear
e O-dealkylated-TBZ
o CYPIA2 accounts for approx1mately 66% of the formation in this study;
CYP2D6, CYP2C9, and CYP2C19 may- also be involved
¢ Bis-O-dealkylated-TBZ
o Responsible P450s not identified.

It is noted, however, that these 3 primary metabolites of TBZ were not identified as the
circulating metabolites in the mass balance study (CAM/06).

P450-mediated metabolism of o-HTBZ;
Study CAM/19 used human liver microsomes to identify the P450 isoenzymes responsible for -

* metabolism of a-HTBZ in vitro in correlation studies and in studies with chemical inhibitors.

Expressed P450s were used as well. The results suggested that o-HTBZ metabolism is mediated
prlmarlly by CYP2D6, CYP3A, and CYP1A2. CYP2B6 was not evaluated The following are
- the major metabolites formed in vitro:

* Monohydroxy a-HTBZ (Note, this was reportedly not circulating in the mass
‘balance study and has not been included in the chart on page 15 of this review).
o Mediated by CYP3A
e O-dealkylated a-HTBZ
o Mediated primarily by CYP2D6 (>78% in chemical inhibition studles) and
by CYP1A2 (> 25% in chemical inhibition studles)

Monohydroxy a-HTBZ was not substantially detected in the plasma in the mass balance study
(P1-9 and P10 in CAM/060). However, O-dealkylated-HTBZ was identified as a major
circulating component in the plasma (the P16 component was O-dealkylated HTBZ , without
distinguishing between - and ). The formation of O-dealkylated HTBZ is also conﬁrmed in
results of a Phase 1 study 107,018.

P450-mediated metabolism of B-HTBZ:
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Study CAM/20 used human liver microsomes to identify the P450 isoenzymes responsible for
metabolism of B-HTBZ in vitro in correlation studies and in studies with chemical inhibitors.

- Expressed P450s were used as well. The results suggested that B-HTBZ metabolism is mediated
primarily by CYP2D6 and CYP3A. CYP2B6 was not evaluated. The following are the major
metabolites formed in vitro: : T :

* Monohydroxy B —~HTBZ (Note, this was reportedly not circulating in the mass
balance study and has not been included in the chart on page 15 of this review),
o Minor metabolite in vitro '
o Mediated primarily by CYP3A; CYP2D6 plays a role
e O-dealkylated g -HTBZ _ : '
o Major metabolite
o Mediated primarily by CYP2D6

Monohydroxy B -HTBZ was not substantially detected in the plasma in the mass balance study
(P1-9 and P10 in CAM/060). However, O-dealkylated-HTBZ was identified as a major
circulating component in the plasma (the P16 component was O-dealkylated HTBZ, without
distinguishing between a- and B). The formation of O-dealkylated HTBZ is also confirmed in
results of a Phase 1 study 107,018.

In summary, the formation of the predominant metabolites of ‘a- and B -HTBZ (O-dealkylated
HTBZ) is mediated primarily by CYP2D6. The Sponsor depicts in the response to the
approvable letter a role for CYP3A in the oxidative metabolism. of a-HTBZ, although the review
of in'vitro data suggests that CYP3A is involved primarily in the formation of the minor
metabolite of a-HTBZ (monohydroxy a-HTBZ). Thus the reviewer does not consider this to be
a major enzymatic pathway.

2.1.4  Are further in vitro studies recommended to characterize the metabolism of TBZ?

Although the role of CYP2B6 was not evaluated in the present submission, the major pathways
involved in the formation of the predominarit circulating metabolites have been identified.
Therefore, in vitro studies to characterize the role of CYP2B6 in the metabolism of TBZ are not
necessary.

2.1.5 What is the potential for in vivo inhibition of TBZ metabolism?
Inhibition of CYP2D6 increases exposure to both o- and B-HTBZ.

Because of the predominant role for CYP2D6 in the metabolism of HTBZ in vitro, the Sponsor
has carried out a study to investigate the effect of the potent CYP2D6 inhibitor, paroxetine, on
the pharmacokinetics of TBZ and its metabolites in 25 healthy subjects. TBZ 50 mg was given
as a single dose on.Day 1 and again on Day 10 after administration of paroxetine 20 mg daily on
Days 3-11. Plasma concentrations for TBZ were generally below the limit of quantification after
~ the 2 hour time point and generally did not increase on Day 10 vs Day 1. No further analysis of
TBZ PK was performed. PK parameters for o-HTBZ and B-HTBZ are shown in the table below.
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Table 5. Pharmacokinetic parameters (arithmetic mean, %CYV) for Study TBZ 107,018

Day 1 Day 10
e-HTBZ  tuy(h)® 1.00 (1.0-3.1) 1.5 (1.0-6.0)
' Crax (ng/mL) 77.3 (34) 107 (25)

AUC o, (ng*h/mL) 419 (52) 1235 (39)
AUC g0¢ (ng*h/mL) 422 (53) 1365 (53)
tyz (h) 7.0(29) 13.8 (32)
B-HTBZ  t., (h) 1.5(1.0-3.1) a 1.5 (1.0-4.0)
Crax (ng/mL) 42.9 (56) 105 (31)
AUC g, (ng*h/mL) 183 (94) 1368 (54)
AUC g5 (ng*h/mL) - 184 ( 95) 1638 (58)
ti (h) 4.5(57) -~ 13.5 (40

*median (range)

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. , :

As observed in the OCP review of the original NDA, in the pivotal efficacy study 103,004,
patients who were taking CYP2D6 inhibitors had a lower ratio of a: p HTBZ than did patients
who were not taking CYP2D6 inhibitors. o.: P ratios ranged from 0.43 to 6.4 in that study. For
o: B ratios > 1.6, there was no concomitant medication identified by the Reviewer as being a
CYP2D6 inhibitor. For ratios < 1.6, 26 of 47 samples were from subjects taking CYP2D6
inhibitors, and for ratios of < 1, twenty-one of 25 samples were from subjects taking CYP2D6
inhibitors.

Similarly, in study 107018 in the absence of CYP2D6 inhibition, exposure to o-HTBZ is
generally greater than to B-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. . .

Figure 7. Individnal Subject Ratios of a-HIBZ to P-HIBZ AUCq ¢ After

* Single Dose Administration of Tetrabenazine 50 mg Under

Fasting Conditions Before and Afier 8 Days of Dosing with
Paroxetine 20 mg QD to Healthy Volunteers

Q

AUC(Inf) Ratio (2~HTBZB-HTBZ)
w
o @@ O O

Tetabenxzine Tetrabenaring
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e Based on the PK.changes in exposure to a- and B-HTBZ in subjects taking strong
CYP2D6 inhibitors, OCP recommends that consideration be given to + ———wu
of tetrabenazine in patients taking strong CYP2D6 inhibitors. (This would be expected to
result in an accumulation of approximately 1.4, and that is similar to the approximate 1.6-
1.7-fold increase in Cmax seen after twice daily dosing in healthy volunteers in Study
203,008 reviewed in the original NDA),

» The recommendation for consideration of _ should be extended to
patients who are known to be poor metabolizers of CYP2D6.

2.1.6 Is P450 inhibited after exposure to TBZ, a-HTBZ, or p-HIT, BZ?

As outlined in the approvable letter, the Sponsor conducted studies to evaluate in vitro CYP
inhibition by TBZ and its metabolites a-HTBZ and B-HTBZ. The isozymes evaluated were
CYP1A2, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2EIL, CYP3A. The results of in vitro
Study ™ 965005 do not suggest inhibition of P450s except for CYP2D6. In the case of
CYP2D6, based on IKi (from PK data submitted in the original NDA submission) there is only a

remote chance of CYP2D6 inhibition by either a-HTBZ and B-HTBZ, with I/Ki values of 0.02-
0.03 for p-HTBZ and < 0.02 for a-HTBZ.

* No subsequent in vivo study for inhibition of CYP2D6 (or CYP1A2, CYP2CS8, CYP2C9,
CYP2€19, CYP2E]L, or CYP3A) after administration of TBZ is necessary.

¢ The Sponsor has not evaluated the effect of TBZ or jts metabolites on CYP2B6. It is -
recommended that this in vitro evaluation be performed for TBZ and for o-HTBZ and B-
HTBZ.

2.1.7 Is P450 induced after exposure to TBZ, a-HTBZ, or f-HTBZ?

The Sponsor conducted studies to evaluate in vifro CYP induction by TBZ and its metabolites a-
HTBZ and B-HTBZ in response to the recommendation outlined in the approvable letter. Study
~ 063015 was adequately conducted to evaluate in vitro induction of P450s. The positive
controls resulted in the expected induction of CYP1A2, CYP3A4, and CYP2B6. Neither
tetrabenazine nor its metabolites 0-OH-TBZ or B-OH-TBZ induced CYP1A2, CYP3A4, or

CYP2B6 in vitro; it can be concluded that these are also not inducers of CYP2C8, CYP2C9Y, or
CYP2C19.

» No further study of P450 induction is required.

2.1.8 Are TBZ or its metabolites substrates of P-glycoprotein?

Study 6PRESP1 evaluated the role of TBZ, 0-HTBZ, and B-HTBZ as substrates of P-
glycoprotein (Pgp) in vitro using transfected MDRQ1-MDCK cells in an acceptable bidirectional
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permeability assay. Neither TBZ nor 0-HTBZ are Pgp substrates in vitro. B-HTBZ 5 uM (but
~ not 10 uM or 50 uM) had a net efflux ratio of 2 and efflux was inhibited by the Pgp inhibitors
cyclosporine and ketoconazole, suggesting that it is a substrate in vitro. 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.

2.1.9 Are TBZorits metabolltes inhibitors of P-glycoprotein?

Study 6PRESP1 evaluated the role of TBZ, a-HTBZ, and B-HTBZ as 1nh1b1tors of P-
glycoprotein (Pgp) in vitro using digoxin efflux in Caco-2 cells as a model. At clinically
relevant exposures, neither TBZ nor its a- and B-HTBZ metabolites are considered Pgp
inhibitors. (In the original NDA, study TBZ 203,009 found no interaction between 25 mg TBZ
and digoxin in vivo). . '

-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, [I] for a 37.5 mg dose would be
approximately 472 M, and this would result in I/Ki of approximately 19. In this case, further in
vivo interaction study with digoxin is also recommended. However, since TBZ is rapidly and
extenswely metabolized (primarily by a non-P450 mediated pathway) after oral administration in
humans, it would be difficult to achieve a worst case scenario in the setting of an in vivo
evaluation.

o Further in vivo study to investigate the potentlal for inhibition of Pgp after administration
of TBZ is not recommended, and the potential for inhibition —

2.1.10 How does hepatic impairment influence exposure to TBZ or its metabolites?

Hepatic impairment reduces the metabolism of TBZ resulting in substantial exposures relative to
normal subjects in which minimal exposure to TBZ occurs. The increase in TBZ exposure is not
entirely accounted for by changes in exposure to a- and §-HTBZ.

The Sponsor has completed Study TBZ 202,010 to compare PK characteristics of TBZ and a-
and B-HTBZ in subjects with mild or moderate liver impairment to those of age-matched healthy
subjects after administration of a single 12.5 mg dose of TBZ. An interim report was reviewed
in the OCP review of the original submission. The final results, reported in the October 12, 2007
submission (055) are as follows. The overall conclusions have not changed.

Twenty-four male subjects have completed the study to date (12 healthy, 12 liver impaired).
Nine subjects were considered to be mildly hepatically impaired and 3 subjects moderately
hepatically impaired based on Child-Pugh classification. Plasma concentrations of TBZ are
shown in the figure below and the PK parameters are shown in the table below.
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