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1.0 EXECUTIVE SUMMARY
New Drug Application (NDA) 208082, for SD-809 (deutetrabenazine) for chorea 
associated with Huntington’s Disease (HD), was submitted on 29 May 2015 as a 
505(b)(2) application.  Xenazine (NDA 021894) was referenced as the listed drug. This 
NDA submission received a Complete Response (CR) Letter on May 27, 2016 mainly 
due to Clinical Pharmacology and Nonclinical issues listed below1. Please refer to the 
Clinical Pharmacology review in DARRTS (Apr 8, 2016) for further details.

CLINICAL PHARMACOLOGY
Your clinical pharmacology studies were not adequate to determine whether all major 
human metabolites of deutetrabenazine have been identified. This information is needed 
to assess whether the bridge to the listed drug on which you are relying (Xenazine) is 
scientifically justified to address the toxicity of all major metabolites of deutetrabenazine.
Please note that the method you proposed in your April 8, 2016, amendment to this NDA 
to assess potential major metabolites is acceptable, on face, and pending demonstration 
of suitable stability.
NONCLINICAL
The toxicokinetic analyses of metabolites in the pivotal nonclinical studies of 
deutetrabenazine are limited to quantitation of the primary metabolites of 
deutetrabenazine (i.e., alpha and beta-DHTBZ). If the results of the pending clinical 
pharmacology analyses identify additional major circulating human metabolites, you will 
need to demonstrate that each has been adequately assessed in the appropriate 
nonclinical studies or that plasma exposure to each does not exceed that in humans with 
Xenazine.

The Applicant submitted a Complete Response to NDA 208082 on Oct 3, 2016, which 
included the following sections:

 Updated draft labeling, Update of nonclinical written and tabulated summaries 
(Section 2.6) 

 Update of the Summary of Clinical Pharmacology (Section 2.7.2) reflecting 
additional data for SD-809 metabolites

No new clinical study reports were submitted in this NDA resubmission. In the CR letter, 
FDA indicated that the original analyses of the human [14C]-ADME and mass-balance 
study SD-809-C-12 was not adequate to determine whether SD-809 metabolites M1 and 
M4 were major or minor. The sponsor validated liquid chromatography with tandem 
mass spectrometry (LC-MS/MS) bioanalytical methods for M1 and M4 metabolites and 
analyzed the retained clinical plasma samples from the mass-balance study SD-809-C-12 
for these metabolites to provide definitive human plasma exposure data in this 
resubmission.

1 Complete Response Letter for NDA 208082 dated 05/27/2017
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1.1 RECOMMENDATION
The Office of Clinical Pharmacology (OCP)/ Division of Clinical Pharmacology-1 has 
reviewed the Clinical Pharmacology information submitted to NDA 208082 and finds it 
acceptable. The NDA can be approved from a clinical pharmacology perspective. 

1.2   SUMMARY OF CLINICAL PHARMACOLOGY FINDINGS

The clinical pharmacology findings are as follows:

 Based on the reanalysis of M1 and M4 metabolites in retained clinical samples of 
subjects treated with SD-809, M4 was determined to be a minor metabolite (about 
6% of total drug related material (TDRM). 

 The mean ratio of M1 as a percentage of TDRM was about 10%. Therefore, M1 is 
not a major human metabolite as defined by ICH M3(R2) as it does not circulate 
at levels greater than 10% of the total drug-related exposure.

 The Clinical Pharmacology information reviewed during the resubmission is 
adequate to support the approval of NDA 208082.

2.0 NDA RESUBMISSION REVIEW

2.1 Background
Deutetrabenazine (SD-809), like tetrabenazine (TBZ), is rapidly converted by carbonyl 
reductase to the active metabolites α-HTBZ and β-HTBZ, which are O-dealkylated by 
CYP450 enzymes, principally CYP2D6 (with minor contribution of CYP1A2), to form 9- 
and 10-desmethyl-α- and β-DHTBZ. Subsequently, they are metabolized to sulfate or 
glucuronide conjugates (See Figure below).

Metabolic Pathway of SD-809 and Tetrabenazine in Humans
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Source: Section 2.7.2 Summary of Clinical Pharmacology Studies, Figure 7

The metabolite profiling and identification results of the human [14C]-ADME and mass-
balance study presented in the original NDA submission were inconclusive to determine 
whether the SD-809 metabolites  2-methylpropanoic acid metabolite of β-HTBZ (M1) 
and monohydroxy tetrabenazine (M4), are major or minor human metabolites.

2.2 Clinical Pharmacology Information Submitted with the Complete 
Response
No new clinical study reports were submitted in this NDA resubmission. The sponsor has 
validated LC-MS/MS bioanalytical methods for M1 and M4 and analyzed the retained 
clinical plasma samples from the human [14C]-ADME and mass-balance study SD-809-
C-12 for these metabolites to provide definitive human plasma exposure data. 

The Applicant has also analyzed retained clinical plasma samples from the multiple-dose 
Study AUS-SD-809-CTP-07, Part 2 to provide human exposure of M1 and M4 at steady 
state in order to assess whether these metabolites are adequately represented in 
nonclinical species in the toxicology studies. 

In addition, the sponsor has submitted the results of several nonclinical pharmacology 
studies (off-target binding and genetic toxicology studies of metabolites M1 and M4) and 
the following Analytical Methods and Validation Reports:

 Validation Report DP-2016-068  Project Code: VAL194)

 Validation Report DP-2016-069  Project Code: VAL195)

Stability of the analytes M1 and M4 was assumed based on re-analyses of SD-809, α-
HTBZ, and β-HTBZ in retained plasma samples. According to the Applicant, the stability 
of SD-809 and the HTBZ metabolites can be reasonably expected to reflect stability of 
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M1 and M4 based on the structural similarities of M1 to β-HTBZ and M4 to SD-809 in 
the same samples.

The Applicant assessed stability/reproducibility of SD-809, α-HTBZ and β-HTBZ 
concentrations in retained plasma samples stored at -80°C from the human [14C]-ADME 
and mass-balance study SD-809-C-12 and from the multiple-dose portion of Study AUS-
SD-809-CTP-07, Part 2. Audited concentrations for SD-809, α-HTBZ and β-HTBZ 
obtained from reanalysis using the validated LC-MS/MS method were compared to the 
original results listed in their respective clinical study reports (Study SD-809-C-12 
completion date 25 August 2012; Study AUS-SD-809-CTP-07 completion date 22 June 
2012). More than 67% of the re-analyzed samples passed the ISR acceptance criteria for 
SD-809 and for the HTBZ metabolites.

2.3 Metabolite Characterization 
The following changes have been made to the sampling approach, bioanalytical 
methodology and the calculations for the metabolites M1 and M4 with respect to total 
drug-related material from Study SD-809-C-12:

Plasma samples

 In the original study results submitted to NDA 208082, only 4 plasma samples per 
subject (2, 2.5, 6 and 12 hours post-dose) were pooled (per protocol) in a time 
proportional manner, from each of the subjects treated with SD-809 (n = 6) or 
tetrabenazine (n = 6), for radio-chromatographic analysis of metabolites.

 In the new analysis presented in this document, all 11 plasma samples drawn over 
the first 12 hours post-dose were assessed individually for each subject. In 
addition, the remaining plasma samples in the 216-hour study period were 
included in the analysis, for a total of 23 samples per subject, allowing for 
evaluation over the full plasma time course of total drug-related material. 

Reviewer’s Comment: This is acceptable.

Evaluation of metabolites with respect to total drug related material (TDRM)

 In the original study results submitted to NDA 208082, the plasma pool for each 
subject (as described above) was used to estimate the percentage of metabolites 
with respect to total drug-related material in the same pool.

 In the new analysis presented in the NDA resubmission, the plasma 
concentrations for M1 and M4, obtained using validated bioanalytical methods, 
were used to calculate their respective area under the concentration-time curve 
from time 0 extrapolated to infinity (AUCinf) values and were subsequently 
expressed as a percentage of the AUCinf for total drug-related material, which had 
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been previously quantified from samples throughout the same 216-hour post-dose 
time course (Study Report SD-809-C-12, Listing 16.2.6.2).

Reviewer’s Comments: According to SD-809-C-12 study report (see below), 
elimination half-life for the total plasma radioactivity could only be calculated in 1 
subject. Therefore, according to this report, the AUCinf for total plasma radioactivity 
could not be adequately estimated for 5 out of the 6 subjects. 

From Original NDA 208082 Submission, Clinical Study Report SD-809-C-12 Amendment 
01 ( 113049) Version 2.0 (06 March 2015), Page 66 of 287: 
Pharmacokinetic parameter estimates for whole blood and plasma total radioactivity are 
presented in Data Listings 16.2.6.1 and 16.2.6.2, and summarized in Tables 14.2.8.1 and 
14.2.8.2, respectively. Following oral administration of 25 mg [14C]-SD-809, 
concentrations of total radioactivity in plasma were detected at 0.67 h (i.e., 40 min) after 
dosing in all subjects. Maximum concentrations occurred between 0.67 and 6.00 h post-
dose in individual subjects; thereafter, concentrations declined in a biphasic manner. 
Maximal concentrations for each subject ranged from 90.7 to 148.5 ng equivalents/mL in 
plasma. Radioactivity in plasma was less than 2 x background for the majority of subjects 
by 96 h and was below the limit of detection by 144 h post-dose for all subjects. An 
elimination half-life could only be calculated in 1 subject and is therefore not included in 
Table 7. The geometric mean MRT for total radioactivity was 22.9 h.
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However, according to the sponsor (Table 1 below), elimination rate constant can be 
reliably estimated for 4 out of 6 subjects in the mass-balance study. 

Source: NDA 208082, Sequence No. 0024, 1.6.2 Meeting Background Materials (July 22, 
2016)
In the Type A Meeting Briefing document, the sponsor had accepted AUCinf for 5 of the 
6 subjects. One subject was excluded due to AUC%extrap >45%.

In light of FDA’s comments, the sponsor revisited the criteria for accepting elimination 
rate constants in the original mass balance study report and believes that r2 > 0.75 and 
%AUCextrap less than 25% are the most relevant to the current analysis of total drug-
related material. 

Upon this re-evaluation, the sponsor considers 4 out of the 6 subjects in the mass-balance 
study as acceptable, as their r2 for elimination rate constants were greater than 0.75, and 
AUCextrap values ranged from 8.4% to 16.3% (See Table 1 above). In a single subject 
(S005; See Table 1 above), the r2 for elimination rate constant was less than 0.75; this 
AUCinf could be considered not evaluable. 
The sponsor further argues that, based on AUCinf, assessment of the systemic exposures 
to M1 and M4 at steady state indicate that, across the dose range (7.5 mg to 22.5 mg 
BID), M1 corresponds to on average 6.5% (range across 3 doses: 4.5% to 8.8%) and M4 
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on average 3.4% (range across 3 doses: 1.7% to 5.5%) of total drug-related material, 
indicating that systemic exposures to M1 and M4 are below 10%. 

Reviewer’s Comments: The metabolite/ TDRM ratio described above was calculated 
using results from different studies, different formulations and single vs. multiple dosing: 
the metabolite M1/M4 plasma steady state values are from Study AUS-SD-809-CTP-07, 
Part 2, while the total radioactivity (single dose) values are from the mass-balance study 
SD-809-C-12. Assessing metabolite/ TDRM ratio using results from different studies, 
different formulations and single vs. multiple dosing may not be appropriate for the 
reasons discussed below.

The sponsor claims that using AUCinf of total drug-related material from SD-809-C-12 as 
a surrogate for AUCtau of total drug-related material at steady state in AUS-SD-809-
CTP-07, is justified based on two assumptions:
First, the pharmacokinetics of parent and metabolites should be dose and time 
independent. 
Reviewer’s Comment: While linearity was demonstrated for the primary metabolites α-
HTBZ and β-HTBZ, this cannot be confirmed for all metabolites that comprise the 
remaining total drug-related material. Therefore, the single-dose AUCinf for total drug-
related material cannot be assumed to reliably predict the corresponding AUCtau at steady 
state. 

The second assumption is that subjects in the single-dose human [14C]-ADME and mass-
balance study are representative of those in Study AUS-SD-809-CTP-0. 
Reviewer’s Comments: The second assumption is not justified due to the high 
variability in the metabolism of SD-809.

In addition, two different formulations were used in these 2 studies.

Therefore, assessing metabolite/ TDRM ratio using results from different studies, 
different formulations and single vs. multiple dosing may not be appropriate. 

Notes: 
The steady state M1/M4 human exposure information was requested by the Agency (Late-
Cycle Meeting Minutes, March 21, 2016) in order to assess whether these metabolites 
are adequately represented in nonclinical species in the toxicology studies. M1/M4 
plasma steady state values were not meant to be used to calculate metabolite/TDRM ratio 
as no data for TDRM is available from study AUS-SD-809-CTP-07.
While the steady-state exposures to M4 after SD-809 administration are less compared to 
the M4 exposures after tetrabenazine, exposures to M1 after SD-809 administration are 
about 5x higher than those after tetrabenazine (2.8x higher after extrapolating to 
equipotent dose). 

Plasma Metabolites of SD-809 and Tetrabenazine: AUC0-24 Values for M1 and M4 
at Steady State from AUS-SD-809-CTP-07, Part 2
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Observed Data Extrapolated to Equipotent Dosea

Metabolite AUC0-24
b Cmax AUC0-24 Cmax

BID Dose SD-809
22.5 mg

TBZ
25 mg

SD-809
22.5 mg

TBZ
25 mg

SD-809
24 mg

TBZ
50 mg

SD-809
24 mg

TBZ
50 mg

M1 498 95 26.8 5.74 531 190 28.6 11.5

M4 257 491 23.8 54.3 274 981 25.4 109
a Equipotent Dose=Observed AUC/Cmax for M1/M4* (24 mg/22.5 mg for SD-809) or (50 mg/25 mg for TBZ)
b AUCτ•2=AUC0-24
Abbreviations: AUC0-24, area under the concentration-time curve from time 0 to 24 hours; AUCτ, area under the 
concentration-time curve over the dosing interval; BID, twice daily; Cmax, maximum concentration AUC=ng•h/mL, 
Cmax=ng/mL 
To compare their exposures at the maximum  recommended daily dose for each treatment, steady-state 
areas under the concentration-time curve from time 0 to 24 hours post-dose (AUC0-24) were normalized to 
24 mg BID SD-809 from the 22.5 mg treatment group or 50 mg BID for tetrabenazine. 

Source: NDA 208082, 2.7.2 Summary of Clinical Pharmacology Studies, Table 16

The results from the single-dose mass-balance study show the same trend for M1 
exposures.

2.4 Results of the Evaluation of M1 and M4 with Respect to Total Drug 
Related Material (TDRM)
The systemic exposures to M1 and M4, expressed as a % of TDRM using AUC0-∞ for 
both metabolites and TDRM, are shown below. (Note: The applicant has included subject 
S005 in the analysis even though initially considered excluding this subject).

Applicant’s Analysis Using AUCinf

SD-809 Individual Exposure (AUC0-∞) Parameters and TDRM for M1 and M4 in 
Subjects S001 through S006 (Cohort 1)

AUC0-∞
( h•ng/mL)

S001 S002 S003 S004 S005 S006 Mean (SD)

M1 346 322 447 223 457 326 353 (87.4)

M4 185 158 294 194 213 243 214 (48)

TDRM 3750 3220 4370 NCa 5290 4450 4220 (781)

SD-809: Percentage of TDRM Ratio in Subjects S001 through S006 (Cohort 1) b
Metabolite

S001 S002 S003 S004 S005 S006 Mean (SD)

M1 9.2 10.0 10.2 NCa 8.6 7.3 9.1 (1.2)

M4 4.9 4.9 6.7 NCa 4.0 5.5 5.2 (1.0)

Data calculated from following equation: AUC0-∞ of M1 or M4/AUC0-∞ of total plasma sample radioactivity
a  NC = not used for group mean of AUC0-∞ total radioactivity, as %AUCextrap ~45%.
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b ng equiv were calculated from each plasma sample: ng eq/mL= ((DPM/sample- background dpm)/mL)•% efficiency)) 
/ specific activity for each individual’s SD-809 dose (dpm/mg). The ng eq/mL, or total radioactivity, represents the 
TDRM in each sample.
Abbreviations: AUC0-∞, area under the concentration-time curve from time 0 extrapolated to infinity; DPM, 
disintegrations per minute; NC, Not calculated; SD, standard deviation; TDRM, total drug-related material

Reviewer’s Comments: The applicant used the following criteria for calculating the PK 
parameters for M1 and M4 (Report DP-2016-065, Section 3.4. Pharmacokinetic 
Analysis):

For calculating pharmacokinetic parameters, a BLQ value at time 0, at a sampling time 
before the first quantifiable plasma concentration, or at a sampling time between 2 
quantifiable concentrations was treated as zero. All other BLQ values were treated as 
missing.
However, the same criteria were not applied to calculating the PK parameters for TDRM. 
For example, for Subject 006, the BLQ value at 96 h was excluded (instead of setting to 
0).

Source: Clinical Study Report SD-809-C-12 Amendment 01 113049) Version 2.0
06 March 2015

The reviewer re-analyzed the PK parameters for M1, M4 and TDRM for all subjects 
using non-compartmental analysis (NCA); the results of this analysis are presented 
below. Of note, for subjects 002, 004 and 005, the slope (and therefore AUC0-∞ of 
TDRM) could not be reliably estimated. An example is shown below. 
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Source: Clinical Study Report SD-809-C-12 Amendment 01 113049) Version 2.0
06 March 2015

Reviewer’s Analysis Using AUCinf
SD-809 Individual Exposure (AUC0-∞) Parameters and TDRM for M1 and M4 in 
Subjects S001 through S006 (Cohort 1)

AUC0-∞
 (h•ng/mL)

S001 S002 S003 S004 S005 S006 Mean (SD)
(SD)

M1 346 322 447 223 457 326 353 

M4 185 158 294 194 213 243 214 

TDRM 3744 3221 4379 NCa 4553 4511 4082 

SD-809: Percentage of TDRM Ratio in Subjects S001 through S006 (Cohort 1) 
Metabolite

S001 S002 S003 S004 S005 S006 Mean (SD)

M1 9.2 10.0 10.2 NCa 10.0 8.0 9.5 

M4 4.9 4.9 6.7 NCa 4.7 5.9 5.4 

Source: Reviewer’s analysis
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The systemic exposures to M1 and M4, expressed as a % of TDRM using AUC0-t for 
M1/M4 metabolites and TDRM, are presented below:

SD-809 Individual Exposure (AUC0-t) Parameters and TDRM for M1 and M4 in 
Subjects S001 through S006 (Cohort 1)

AUC0-t
 (h•ng/mL)

S001 S002 S003 S004 S005 S006 Mean
(SD)

M1 339 319 440 217 448 319 347 (86.5)

M4 181 156 292 191 209 238 211 (48.2)

TDRM 3310 2700 4000 1980 3980 3760 3290 (809)

SD-809: Percentage of TDRM Ratio in Subjects S001 through S006 (Cohort 1) a

Metabolite
S001 S002 S003 S004 S005 S006 Mean

(SD)
M1 10.2 11.8 11.0 11.0 11.3 8.5 10.6 (1.2)

M4 5.5 5.8 7.3 9.7 5.3 6.3 6.6 (1.7)

Data calculated from following equation: AUC0-t of M1 or M4/AUC0-t of total plasma sample radioactivity
a ng equiv were calculated from each plasma sample: ng eq/mL= ((DPM/sample- background dpm)/mL)•% efficiency)) 
/ specific activity for each individual’s SD-809 dose (dpm/mg). The ng eq/mL, or total radioactivity, represents the 
TDRM in each sample.
Abbreviations: AUC0-t, area under the plasma concentration-time curve from time 0 to the time of the last measurable 
concentration; DPM, disintegrations per minute; NC, Not calculated; SD, standard deviation; TDRM, total drug-related 
material
Source: Reviewer’s analysis

2.5 Discussion of the Results of the Evaluation of M1 and M4 with 
Respect to TDRM
The applicant has validated sensitive assays for M1 and M4 and reanalyzed M1 and M4 
in retained clinical samples of subject treated with SD-809 as requested in the Complete 
Response Letter (May 27, 2016). 

The sponsor has re-evaluated the criteria for acceptance of the elimination rate constants 
(from the original SD-809-C-12 report) and %AUCextrap to determine which subjects were 
suitable for calculation of the percentage of total drug-related material for M1. The 
sponsor has used the following criteria (see Table 1): r2 > 0.75 and %AUCextrap less than 
25% and ratio of the duration of time used to derive the regression constant/half-life >1.

Reviewer’s Comments: The sponsor did not provide a convincing justification for using 
these acceptance criteria. In addition, the sponsor acknowledges that the elimination rate 
constant of TDRM cannot be reliably estimated from 2 of the 6 subjects (using the above 
criteria). in fact, the elimination rate constant of TDRM could not be reliably estimated 
for 3 of the 6 subjects. It is arguable whether or not excluding half of the subjects dosed 
with SD-809 in the mass balance study from the estimation of the metabolite/ TDRM ratio 
is appropriate.
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However, even in the case when the percentage of systemic exposures to M1 and M4 are 
expressed as a % of TDRM using AUC0-t for M1/M4 metabolites and TDRM (a method 
which underestimates the total radioactivity but not so much the systemic exposure to 
M1/M4 due to differences in bioanalytical ranges applied to metabolites and to TDRM), 
M4 is clearly a minor metabolite (mean 6.6% of TDRM) and M1 is about 10% (mean 
10.6% of TDRM). 
In addition, the nonclinical studies provided to support the resubmission (pharmacology, 
pharmacokinetic, and genetic toxicology studies of metabolites M1 and M4) do not show 
any findings of concern. Therefore, we believe the concerns raised during the original 
NDA review about M1/M4 are addressed in this resubmission. 
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Appendix
Updates to the Biopharmaceutic Studies and Associated Analytical 
Methods
Liquid chromatography with tandem mass spectrometry (LC-MS/MS) bioanalytical 
methods for M1 (2-methylpropanoic acid-β HTBZ) and M4 (monohydroxy SD-809) have 
been validated and used for the analysis of retained clinical plasma samples from studies 
SD-809-C-12 and AUS-SD-809-CTP-07, Part 2 for these metabolites.

Note: Separate validated LC-MS/MS methods were used to measure plasma 
concentrations of SD-809, its deuterated α-HTBZ and β-HTBZ metabolites (SD-809-
CLN-12) and ODM (SD-809-CLN-051) and tetrabenazine, its nondeuterated α-HTBZ 
and β-HTBZ metabolites (SD-809-CLN-11) and ODM metabolites (SD-809-CLN-50) in 
all clinical studies. The results from these analyses and the validation reports were 
discussed in the original NDA submission (see Clinical Pharmacology review Apr 8, 
2016). 
Summary of Method Validation for M1 and M4 Metabolites of SD-809 and 
Tetrabenazine by LC-MS/MS in Human Plasma Containing Lithium Heparin as 
Anticoagulant

Precisiona (%CV) Accuracyb over 
Assay Range (%)

Document Control 
Number: Report 

Type

Analyte Standard 
Curve 
Range 

(ng/mL)
Intra Inter Intra Inter

Stability

Nondeuterated M1 
(SD-1027)

1.0 to 8.9 2.3 to 7.7 -5.8 to 
9.0

-2.7 to 
1.3

DP-2016-069: 
method validation 

report
Nondeuterated M4 

(SD-1026)

0.2 to 200

1.2 to 6.7 2.1 to 4.5 -4.7 to 
5.3

-3.3 to 
2.8

Room temperature: 25 
h Freeze/thaw: 5 cycles

 Long-term stability: 
145 days @ -80oC

Deuterated M1 
(SD-1021)

0.9 to 5.1 1.9 to 4.9 -3.3 to 
5.7

-2.7 to 
3.2

DP-2016-068: 
method validation 

report
Deuterated M4 

(SD-1018)

0.2 to 200

1.5 to 7.7 2.2 to 5.1 -2.7 to 
6.5

-2.0 to 
4.3

Room temperature: 24 
h Freeze/thaw: 5 cycles

 Long-term stability: 
145 days @ -80oC

DP-2016-127: fit 
for purpose method 

validation report

Nondeuterated M1 
(SD-1027)

0.2 to 200 1.0 to 9.1 3.8 to 6.6 0.0 to 3.7 -3.5 to 
2.7

Room temperate: 24 h
Long term stability: 449 

days @ -80°C

DP-2016-126: fit 
for purpose method 

validation report

Deuterated M1 
(SD-1021)

0.2 to 200 1.7 to 6.9 2.3 to 
10.4

-3.7 to 
4.5

-5.3 to -
0.5

Room temperate: 24 h
Long term stability: 449 

days @ -80°C

a Precision: (SD/Mean Measured Concentration) x 100
b Accuracy: [(Mean Measured Concentration – Nominal Concentration) x 100]/ Nominal Concentration
Abbreviations: CV, coefficient of variation; HTBZ, dihydrotetrabenazine; SD, standard deviation.

The validated methods used to quantify deuterated and non-deuterated M1 and M4 
metabolites in human plasma demonstrated stability of all analytes for at least 140 days in 
samples stored at -80ºC. Prior to availability of the validated methods, qualified (fit for 
purpose) methods for deuterated and non-deuterated M1 in human plasma demonstrated 
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stability for at least 449 days in samples stored at -80ºC (DP-2016-126 and DP-2016-
127). The “qualified methods” were not validated.

In all validation reports, the following analyte ID numbers were used:

Validation Report DP-2016-068  Project Code: VAL194)
The objective of this study was to validate a method for analysis of SD-1021 (d6-M1) 
metabolite and SD-1018 (d6-M4) metabolite of SD-809 (d6-tetrabenazine) in human 
plasma containing lithium heparin (LiH) as anticoagulant.

 

The method was fully validated to investigate method selectivity*, accuracy & precision 
(including sensitivity at LLOQ), recovery, linearity, dilution, the effect of haemolysis and 
lipaemia on quantitation, matrix factor and matrix effects, ruggedness (e.g. system and 
analyst) and stability (i.e. freeze/thaw, benchtop, processed stability, reinjection, stock 
solutions**, long term** and whole blood).

*OTC drugs: No interference with the analyte or IS was observed when tested with 
acetaminophen, amoxicillin, aspirin, caffeine, chlorpheniramine maleate, lidocaine, 
naproxen, desipramine, ibuprofen, RR(-)-pseudoephedrine, salicylic acid, theobromine, 
theophylline, tetracycline and xanthine.
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**Long term stability in plasma and stock solution stability (145 days) was reported as an 
addendum (Sept 14, 2016) to the validation report. 

Validation Results

Reviewer’s Comment: The validation results are acceptable.
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Validation Report DP-2016-069 (  Project Code: VAL195)
The objective of this study was to fully validate a method for the determination of SD-
1027 (d0-M1) metabolite and SD-1026 (d0-M4) metabolite of tetrabenazine in human 
plasma containing lithium heparin (LiH) as anticoagulant.

The method was fully validated to investigate method selectivity, accuracy & precision 
(including sensitivity at LLOQ), recovery, linearity, dilution, the effect of haemolysis and 
lipaemia on quantitation, matrix factor and matrix effects, ruggedness (e.g. system and 
analyst) and stability (i.e. freeze/thaw, benchtop, processed stability, reinjection, stock 
solutions, long term and whole blood).

Validation Results
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1.0 EXECUTIVE SUMMARY 

 
This is a 505(b)(2) NDA submission for SD-809 with Xenazine (Tetrabenazine, NDA 
021894) as the referenced listed drug (RLD). The proposed indication is to treat chorea 
associated with Huntington’s disease (HD) with individualized dosing regimen for each 
patient established through titration to achieve optimal chorea control and tolerability (6 
mg to 48 mg per day).   
 
Tetrabenazine (TBZ) has been approved in the United States in 2008 as Xenazine for the 
treatment of chorea associated with HD. Orally administered TBZ is rapidly converted in 
the liver by carbonyl reductase to its active metabolites alpha-dihydrotetrabenazine (α-
HTBZ) and beta-dihydrotetrabenazine (β-HTBZ), which mediate the in vivo efficacy of 
TBZ. Alpha (α)-HTBZ and β-HTBZ are subsequently metabolized principally by 
CYP2D6. SD-809 is a selectively deuterated form of TBZ in which the two O-linked 
methyl groups (CH3) of the TBZ molecule have been replaced by two trideuteromethyl 
groups (CD3). This deuteration is expected to increase the half-life of d6-α-HTBZ and 
d6-β-HTBZ and reduce the impact of CYP2D6 status due to genotype or concomitant 
medication usage. 
 
The safety and pharmacokinetics (PK) of SD-809 have been evaluated in six Phase 1 
studies in healthy subjects, including a mass balance study to compare the metabolism of 
SD-809 to that of TBZ, a DDI study with a strong CYP2D6 inhibitor, a food effect study 
and a QTc study. The primary efficacy data for this application are based on SD-809-C-
15 (First-HD), a Phase 3 randomized, double-blind, placebo-controlled trial of SD-809 in 
patients with chorea associated with HD (N=90). Supportive efficacy data are included 
from SD-809-C-16 (ARC-HD), an ongoing Phase 3, open-label, long-term safety trial 
(N=112). ARC-HD included two cohorts of subjects, ARC-Rollover and ARC-Switch. 
ARC-Switch subjects were previously on a stable regimen of Xenazine, then were 
switched overnight to an initial SD-809 dosing regimen predicted to provide comparable 
exposure to total (α+β)-HTBZ relative to their prior Xenazine dose.  
 
 

1.1 RECOMMENDATION 
 
The Office of Clinical Pharmacology (OCP/DCP I) has reviewed the submission (NDA 
208082). The OCP conclusions are listed below.  

• The proposed dose range of SD-809 (6 mg to 48 mg per day), selected to match 
the systemic exposure to total (α+β)-HTBZ across the range of approved 
Xenazine dose, is supported by results of the efficacy trial and is acceptable. 

• The sponsor’s PK bridging strategy (in ARC-Switch study) to demonstrate 
comparable bioavailability to justify the reliance on Xenazine for a 505(b)(2)  
application, for which the primary basis of approval will be a clinical efficacy 
trial, is acceptable. 

• The adequacy of the safety database and the ability to rely on the Agency’s 
determination that TBZ is safe depends, in part, on how similar SD-809 is to 
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Xenazine with respect to the levels of the active metabolites and on the condition 
that there are no new significant metabolites that are unique to SD-809. However, 
the results of the mass balance study (SD-809-C-12) to compare the metabolism 
of SD-809 to that of TBZ are inconclusive. It is recommended that the sponsor 
assess the concentration of circulating SD-809-related metabolites for the purpose 
of determining if there are major metabolites in humans dosed with SD-809. 
Whether this could be done post approval will be decided by the non-clinical and 
clinical teams.  

• The daily dose of SD-809 should not exceed 36 mg in patients taking strong 
CYP2D6 inhibitors and in patients who are CYP2D6 poor metabolizers. 

• The activity (VMAT2 and off-target binding) of the metabolites M1 and M4 
should be evaluated. This could be done post approval as a PMR. 

 
 
1.2   OVERALL SUMMARY OF CLINICAL PHARMACOLOGY FINDINGS 
 
Parent compounds SD-809 and TBZ are rapidly and extensively metabolized to α-HTBZ 
and β-HTBZ, which exhibit considerably greater exposure in plasma than parent. The α-
HTBZ and β-HTBZ metabolites of SD-809 and TBZ are potent inhibitors of VMAT2 in 
the central nervous system and contribute to the therapeutic benefit of both molecules for 
the reduction of chorea in patients with HD. In vitro studies of VMAT2, the primary 
pharmacological target of SD-809 and TBZ, indicated that the HTBZ metabolites from 
both compounds inhibited VMAT2 binding. 
 
General Pharmacokinetics (ADME characteristics) of SD-809 
Absorption: Following oral administration of SD-809, the extent of absorption is >80%. 
After oral dosing, plasma concentrations of SD-809 are generally below the limit of 
detection by 3 hours post-dose because of the rapid and extensive hepatic metabolism of 
SD-809 by carbonyl reductase to the active metabolites α-HTBZ and β-HTBZ. Peak 
plasma concentrations (Cmax) of α-HTBZ and β-HTBZ are reached within 3 to 4 hours 
post-dosing. Food had no effect on (α+β)-HTBZ AUC, however Cmax was increased by 
approximately 50% with food. SD-809 was administered with food in all clinical studies 
and is recommended to be administered with food; this is acceptable. 
Distribution: The median volume of distribution (Vc/F) of the α-HTBZ, and the β-HTBZ 
metabolites are approximately 500 L and 730 L, respectively, in the HD patient 
population (Population PK report SD-809-CLN-078). 
Metabolism: SD-809, like TBZ, is rapidly converted by carbonyl reductase to the active 
metabolites α-HTBZ and β-HTBZ, which are O-dealkylated by CYP450 enzymes, 
principally CYP2D6 (with minor contribution of CYP1A2), to form 9- and 10-desmethyl-
α- and β-DHTBZ. Subsequently, they are metabolized to sulfate or glucuronide 
conjugates.  
Systemic exposure to total (α+β)-HTBZ following SD-809 administration is 
approximately 2-fold greater than following TBZ administration. 
At least two major circulating metabolites, α-HTBZ and monohydroxy tetrabenazine 
(M4), have been identified after oral administration of SD-809; however the metabolite 
profiling and identification results of the mass balance study are inconclusive.  
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Elimination: SD-809 is primarily renally eliminated in the form of metabolites (83% of 
the dose recovered in the urine). The half-life of total (α+β)-HTBZ from SD-809 is 
approximately 9 to 10 hours. 
Dose proportionality: A linear dose dependence of Cmax and AUC was observed for the 
active metabolites α-HTBZ and β-HTBZ following single or multiple doses of SD-809 (6 
mg to 24 mg and 7.5 mg BID to 22.5 mg BID). 
Pharmacokinetics in patients:  
PK of SD-809 was similar between healthy subjects and HD patients based on 
comparision between phase 1 study data in healthy subjects and exposure data in HD 
patients derived from popPK analysis. 
Intrinsic Factors: 
The pharmacokinetics of SD-809 and its primary metabolites have not been formally 
studied in specific populations, including pediatric, geriatric subjects and patients with 
renal or hepatic impairment. There was no apparent effect of gender on the PK of α-
HTBZ or β-HTBZ. 
Per the Xenazine label, the exposure to α-HTBZ and β-HTBZ was 30-39% greater in 
patients with hepatic impairment and the mean TBZ Cmax in hepatically impaired subjects 
was approximately 7- to 190-fold higher than that in healthy subjects. Similar to 
Xenazine, SD-809 is contraindicated for patients with hepatic impairment.  
CYP2D6 poor metabolizers: please refer to Extrinsic Factors below. 
Extrinsic Factors: 
SD-809, like TBZ, is rapidly converted in the liver by carbonyl reductase to its active 
metabolites α-HTBZ and β-HTBZ, which are subsequently metabolized principally by 
CYP2D6. Strong CYP2D6 inhibitors markedly increase exposure to the active 
metabolites of TBZ (Xenazine label). The daily dose of Xenazine should not exceed 50 
mg per day and the maximum single dose of Xenazine should not exceed 25 mg in 
patients taking strong CYP2D6 inhibitors and in patients who are CYP2D6 poor 
metabolizers. The sponsor proposes to remove this restriction for SD-809 as the 
metabolism of deuterated α-HTBZ and β-HTBZ by CYP2D6 is attenuated relative to 
non-deuterated α-HTBZ and β-HTBZ. However, the results of an in vivo drug-drug 
interaction (DDI) study conducted with SD-809 still showed a 3-fold increase in total 
(α+β)-HTBZ exposures when a strong CYP2D6 inhibitor (paroxetine) was co-
administered with SD-809. Because of this, the SD-809 dose was capped at 18 mg BID 
(36 mg daily) in patients taking strong CYP2D6 inhibitors in the efficacy and safety 
trials. Therefore, the daily dose of SD-809 should not exceed 36 mg in patients taking 
strong CYP2D6 inhibitors and in patients who are CYP2D6 poor metabolizers. 
In Vitro Studies: In vitro metabolism studies (conducted with TBZ) indicated that there is 
no meaningful inhibition or induction of CYP-based enzymes by TBZ and its metabolites 
α-HTBZ and β-HTBZ at concentrations that are relevant for dosing. In addition, the SD-
809 metabolites with exposures >25% of (α+β)-HTBZ, e.g. 2-methylpropanoic acid 
metabolite of β-HTBZ (M1) and monohydroxy tetrabenazine (M4), have been evaluated 
in a panel of in vitro DDI studies; the results indicate that M1/M4 are not expected to 
cause clinically relevant drug interactions. 
Biopharmaceutics: 
The biopharmaceutics team has identified the presence of  excipients 
in the proposed drug product; in addition, during the clinical development, the sponsor 

Reference ID: 3914812

(b) (4)



 7 

referred to their product as  formulation of SD-809. However, an 
 claim was not requested for the proposed drug product in the NDA. The 

biopharmaceutics team will address this issue. 
 
 

2.0  QUESTION BASED REVIEW 
 
 

2.1  GENERAL ATTRIBUTES 
 
2.1.1 Drug/Drug Product Information: 
 
Dosage Form/Strengths:  tablet (6, 9, or 12 mg)  
                                      
Indication:  treatment of chorea associated with Huntington’s disease 
   
Pharmacologic Class: vesicular monoamine transporter 2 (VMAT2) inhibitor  
 
Chemical Name: RR, SS)-1, 3, 4, 6, 7, 11b-hexahydro-9, 10-di(methoxy-d3)-3-(2-
methylpropyl)-2Hbenzo[a]quinolizin-2-one. 
 
International Non-Proprietary Name: Deutetrabenazine  
 
Molecular formula:  C19H21D6NO3 
 
Molecular mass:  323.46 g/mol  
 
Chemical structure: 

   
 
Physical Characteristics:  white to slightly yellow crystalline powder that is sparingly 
soluble in water and soluble in ethanol. The pKa is 6.31. 
 
Formulation:  AUSTEDO tablets contain deutetrabenazine as the active ingredient and 
the following inactive ingredients: ammonium hydroxide, black iron oxide, n-butyl 
alcohol, butylated hydroxyanisole, butylated hydroxytoluene, magnesium stearate, 
mannitol, microcrystalline cellulose, polyethylene glycol, polyethylene oxide, 
polysorbate 80, polyvinyl alcohol, povidone, propylene glycol, shellac, talc, titanium 
dioxide, and FD&C blue #2 lake. The 6 mg tablets also contain FD&C red #40 lake. The 
12 mg tablets also contain FD&C yellow #6 lake. 
Note: In the assessment of the formulation of the proposed drug product, the 
biopharmaceutics team has identified the presence of  excipients; 
however, an  claim was not requested for the proposed drug product in the NDA. 
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To establish a bridge between Xenazine and SD-809 exposure over the intended dose 
range, two approaches were used.  
In the first, non-normalized plasma concentrations of total (α+β)-HTBZ were compared 
from samples collected pre and post in-clinic visit, allowing comparison of Xenazine 
(baseline visit) with SD-809 (Week 8 visit). 
 

Non-normalized total (α+β)-HTBZ plasma concentrations at Baseline (Xenazine) 
and at Week 8 (SD-809) 

 

 
 
Note: At Week 8 the SD-809 dose could be different (after 2:1 conversion) from that at 
Week 0 (Xenazine) for the same subject. 
 
Therefore, in addition to presenting all available concentration data as in the figure 
above, concentrations and parameters were analyzed (normalized) to enable comparison 
across a variety of dose levels. The parameters were normalized to the highest 
recommended single dose for each treatment (24 mg of SD-809 and 37.5 mg of 
Xenazine). 
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Summary of Design Features of Pharmacology and Clinical Studies of SD-809 
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2.2.2 What are the clinical endpoints and how are they measured in clinical 
pharmacology and clinical studies? 
 
The primary endpoint in the pivotal, randomized, double-blind, placebo-controlled trial 
SD-809-C-15 (First-HD) was the change from Baseline to maintenance therapy in Total 
Maximal Chorea (TMC) score.  
Secondary Efficacy Endpoints (tested in hierarchical manner) included Patient Global 
Impression of Change (PGIC), Clinician Global Impression of Change (CGIC), Short 
Form 36 Health Survey (SF-36) physical functioning scale and Change in Total Motor 
Score (TMS) from UHDRS from Baseline to maintenance therapy. 
 
2.2.3 What are the characteristics of exposure/effectiveness relationships?  
 
 An exposure-effectiveness relationship has not been established for SD-809. In the pivtal 
efficacy trial SD-809-C-15, the dose was individually tritrated and intended to match the 
systemic exposure to total (α+β)-HTBZ across the range of approved Xenazine dose 
levels.    
 
 
2.2.4 What are the characteristics of exposure-safety relationships? 
 
A statistically significant exposure response relationship has been observed between total 
(α+ β) –HTBZ and QT prolongation in the TQT study SD-809-C-21.The results show 
that the maximum time-matched, placebo-adjusted change in QTcF for the SD-809 top 
dose of 24 mg was 4.5 msec, with an upper bound of the 90% two-sided CI of 6.5 ms. 
However, there is a limitation of this TQT study that the α- and β-HTBZ concentrations 
achieved with the highest dose (single dose of 24 mg SD-809), do not cover the expected 
steady state exposure following the highest therapeutic dose of 24 mg b.i.d. and the worst 
case clinical scenario (CYP2D6 poor metabolizer or administration of aa strong CYP2D6 
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inhibitor). Therefore, it was concluded by the QT review team that clinically relevant QT 
prolongation might be expected in some patients at the highest therapeutic dose of 24 mg 
b.i.d., especially in CYP2D6 poor metabolizers or patients co-administered a strong 
CYP2D6 inhibitor. Moreover, these findings are in line with those for Xenazine.  
 
2.2.5 Are the proposed dosage regimens adequately supported by the clinical trials 

and consistent with the dose-response relationship? 
 
Yes. The SD-809 dose range was selected to match the systemic exposure to total (α+β)-
HTBZ across the range of approved Xenazine dose levels (12.5 mg to 100 mg per day). 
Based on Phase 1 study results and modeling and simulations, the dose range for SD-809 
was predicted to be 6 mg to 48 mg per day, e.g. half the milligram dose of TBZ. This 
dosing is supported by the efficacy results of the pivotal trial SD-809-C-15 (First-HD).  
In addition, in the second phase 3 trial SD-809-C-16 (ARC-HD), subjects who switched 
overnight from a stable dosing regimen of Xenazine to a predicted AUC-matched dosing 
regimen of SD-809 experienced no loss in control of chorea, as assessed by the UHDRS 
TMC and Total Motor Scores, at Week 1. 
Dose adjustment was permitted after Week 1; the mean weekly dose was increased from 
20.3 at Week 1 to 33.5 mg at Week 8, indicating potential improvement in chorea control 
and/or improvement in tolerability following SD-809 dose adjustment. 
Please refer to the review by Dr Kenneth Bergmann (Medical Officer, DNP) for more 
details. 
 
2.2.6 Does SD-809 prolong QT or QTc interval? 
 
A randomized, double-blind, placebo- and positive-controlled, six-period, crossover 
study was conducted to evaluate the effects of SD-809 and TBZ on the corrected QT 
(QTc) interval (study SD-809-C-21).  
However, according to the Interdisciplinary Review Team, the design of this study is not 
adequate to evaluate the effect of study drugs on the QT interval:  
There is a clear limitation of this TQT study that the plasma alpha- and beta-HTBZ 
concentrations achieved with the single dose of 24 mg SD-809 do not cover the expected 
steady state exposure (Cmax) following the highest therapeutic dose of 24 mg b.i.d. and 
the worst case clinical scenario (CYP2D6 poor metabolizer or administered a strong 
CYP2D6 inhibitor). Similar to Xenazine, a statistically significant exposure response 
relationship between the sum concentration of the active metabolites (α+β) and QT has 
been observed. Clinically relevant QT prolongation might be expected in some patients at 
the highest therapeutic dose of 24 mg b.i.d., especially in CYP2D6 poor metabolizers or 
patients co-administered a strong CYP2D6 inhibitor. 
 
2.2.7 Are the active moieties in the plasma (or other biological fluid) appropriately 

identified and measured to assess pharmacokinetic parameters? 
 
Yes. Two validated assays were used: ALM.TBZ.1 for measuring the concentrations of 
TBZ and its α- and β-HTBZ metabolites in human plasma and ALM.SD809.1 for SD-809 
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and its deuterated α- and β-HTBZ metabolites with ranges 0.100 ng/mL to 10.0 ng/mL 
for SD-809 or TBZ and 0.500 ng/mL to 100 ng/mL for HTBZ metabolites. 
Separate validated assays were used to measure the 9-O- and 10-O-desmethyl metabolites 
of deuterated and non-deuterated α-HTBZ and β-HTBZ (SD-809-CLN-050 and SD-809-
CLN-051) with ranges 0.500 to 50.0 ng/mL for O-desmethyl-metabolites. 
Details pertaining to assay methodology, assay validation, acceptance criteria, and 
stability are provided in Section 2.6 and the individual study reviews. 
 
2.2.8  What are the general ADME characterstics of SD-809? 
 
Absorption: 
 
After oral dosing, plasma concentrations of SD-809 were very low because of the rapid 
and extensive hepatic metabolism of SD-809 to the active metabolites α-HTBZ and β-
HTBZ.  

 
 
Two initial ER formulations were evaluated (study AUS-SD-809-CTP-07). The Cmax 
values for total (α+β)-HTBZ were lower for both SD-809 formulations in the fed and 
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fasted states at a dose level of 15 mg than for TBZ at a dose level of 25 mg. The Tmax 
values were significantly later for total (α+β)-HTBZ for both SD-809 formulations in the 
fed and fasted states compared with TBZ (2.5 to 6 hours compared with 1 hour). The 
apparent half-life was significantly longer for total (α+β)-HTBZ following SD-809 in the 
fed and fasted states compared with TBZ. 
Food had no effect on (α+β)-HTBZ AUC, however Cmax was increased by approximately 
50% with food for Formulation A.  
 

 
 
Notes: SD-809 Formulation A was selected for use in the future clinical trials.  
SD-809 was administered with food in all subsequent clinical studies. 
 
In addition, the results of another phase 1 study (SD-809-C-11) demonstrated that the 
SD-809 formulation (A) was not sensitive to meal composition: The relative 
bioavailability of d6-HTBZ metabolites for administration of SD-809 18 mg with a high-
fat meal compared with administration with a standard meal met the criteria for BE for 
Cmax, AUC0-t, and AUCinf.  

 
 
Following oral administration of SD-809, the extent of absorption is at least 80% based 
on the results of the mass balance study: After administration of single oral doses of 
[14C]-SD-809 to six healthy subjects, 74.78 – 86.48 % of the SD-809 dose was excreted 
in the urine. 
 

Reference ID: 3914812



 16 

Distribution: 
 
The median volume of distribution (Vc/F) of the α-HTBZ, and the β-HTBZ metabolites 
are approximately 500 L and 730 L, respectively, in the HD patient population 
(Population PK report SD-809-CLN-078). 
The deuterium substitution should not alter the distribution of SD-809 or its metabolites, 
therefore SD-809 distribution profile will be referenced from the Xenazine prescribing 
information. The sponsor proposes the following in the labeling: 
Results of PET-scan studies in humans show that following intravenous injection of 11C-
labeled tetrabenazine or α-HTBZ, radioactivity is rapidly distributed to the brain, with 
the highest binding in the striatum and lowest binding in the cortex. 
The in vitro protein binding of TBZ, α-HTBZ, and β-HTBZ was examined in human 
plasma for concentrations ranging from 50 to 200 ng/mL. TBZ binding ranged from 82% 
to 85%, α-HTBZ binding ranged from 60% to 68%, and β-HTBZ binding ranged from 
59% to 63%. 
 
Metabolism: 
 
SD-809 is rapidly converted by carbonyl reductase to the active metabolites α-HTBZ and 
β-HTBZ, which are O-dealkylated by CYP450 enzymes, principally CYP2D6 (with 
minor contribution of CYP1A2), to form 9- and 10-desmethyl-α- and β-DHTBZ. 
Subsequently, they are metabolized to sulfate or glucuronide conjugates.  
Systemic exposure to total (α+β)-HTBZ following SD-809 administration is 
approximately 2-fold greater than following TBZ administration. 
 

Metabolic Pathway of SD-809 and Tetrabenazine in Humans 
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At least two major circulating metabolites, defined as >10% of total circulating SD-809-
related radioactivity, α-HTBZ and monohydroxy tetrabenazine (M4), have been 
identified after oral administration of SD-809 (Mass balance study SD-809-C-12). 
According to the sponsor, the estimated exposure to metabolites M1, M2, M3, and M4 
following administration of SD-809 12.5 mg is similar to or less than that of these same 
metabolites following administration of tetrabenazine 25 mg, however several 
discrepancies were noted in the Metabolite Profiling and Identification Report of Study 
SD-809-C-12. Note: M1 is not present in rats and would represent an uncharacterized 
safety issue for SD-809 according to the nonclinical reviewer. 
The clinical pharmacology reviewer’s main concerns are as follows: 
1. Bioanalytical Methods: 
• Based on the semi-quantitative methods of analysis  

 Study no ASX/04), the Sponsor has changed positions on the status of M1 as a 
major human metabolite (MHM; >10% total drug-related exposure); 
• Has not been able to demonstrate, with the semi-quantitative methods, that a 
known MHM of TBZ (per the Xenazine label), 9-O-desmethyl-β-DHTBZ, is a MHM in 
the patients dosed with TBZ in the mass balance study; 
• Using the semi-quantitative methods, the exposure to the active metabolites (α+ 
β)-HTBZ (metabolites M5 + M6) after administration of 25 mg SD-809 was estimated to 
be 4x higher (instead of the expected 2x higher) than that following administration of 25 
mg TBZ (see Table 10 below). The remaining studies in the clinical pharmacology 
program for SD-809 (using validated quantitative methods of analysis) show that an SD-
809 dose that is half that of TBZ results in similar exposure to the respective (α+ β)-
HTBZ. 
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2. Plasma pooling strategy  
The plasma pooling for metabolite identification and profiling is questionable. Plasma 
samples from only 4 time points (2, 2.5, 6, and 12 h) were selected for pooling for 
metabolite profiling. Although the max concentration of radioactivity in plasma was 
observed at 3-4 h post- dose, these time points were not included in the pooling. This 
pooling strategy has the potential to change the percent of total plasma radioactivity for 
each metabolite and could be responsible for the discrepancy between the original data 
for Xenazine (NDA 21894) and the SD-809-C-12 study results related to the status of 9-
O-desmethyl-β-DHTBZ as a MHM. 
Please refer to the SD-809-C-12 Individual study review for details.  
OCP Recommendation: It is recommended that the sponsor assess the concentration of 
circulating SD-809-related metabolites for the purpose of determining if there are major 
metabolites in humans dosed with SD-809. Whether this could be done post approval will 
be decided by the non-clinical and clinical teams. 
In addition, as the sponsor is unable to reference the activity of the metabolites M1 and 
M4 from past experience with Xenazine, M1 and M4 need to be evaluated in in vitro 
studies (VMAT2 and off-target binding). This could be done post approval as a PMR. 
 
Elimination: 
 
SD-809 is primarily renally eliminated in the form of metabolites (83% of the dose 
recovered in the urine, SD-809-C-12 mass balance study report). The half-life of total 
(α+β)-HTBZ from SD-809 is approximately 9 to 10 hours. 
The median clearance values (CL/F) of the α-HTBZ, and the β-HTBZ metabolites of 
SD-809 are approximately 47 L/hour and 70 L/hour, respectively, in the HD patient 
population without impaired CYPD2D6 function or CYP2D6 inhibition (Population PK 
report SD-809-CLN-078). 
 
2.2.9 What are the basic pharmacokinetic parameters of SD-809 after single and 
multiple doses?  
 
Pharmacokinetic parameters of SD-809 and its active metabolites after single and 
multiple doses are shown in the tables below.  
 

Mean Pharmacokinetic Parameters (%CV) for SD-809 following Single and 
Multiple Oral Doses of SD-809  
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Mean Pharmacokinetic Parameters (%CV) for Total-(α+β)-HTBZ following Single 
and Multiple Oral Doses of SD-809 

 

 
 

There was no observable difference between the mean profiles of SD-809 and TBZ 
following equal 25 mg doses (see figure and table below), however the plasma 
concentrations of α-HTBZ and β-HTBZ were higher following administration of SD-809 
25 mg than following TBZ 25 mg. The deuterium substitution had an equal impact on α-
HTBZ and β-HTBZ. Overall, systemic exposure to total (α+β)-HTBZ from SD-809 was 
approximately double that from TBZ following administration of equal doses of SD-809 
and TBZ. Plasma concentrations of 9-ODM-α-HTBZ and 9-ODM-β-HTBZ after SD-809 
dosing were approximately one-half those of 9-ODM-α-HTBZ and 9-ODM-β-HTBZ 
after TBZ dosing. 
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Mean Plasma Concentration-Time Curves for SD-809, TBZ, and Their Dihydro 

Metabolites Following Single-Dose Administration of SD-809 25 mg or TBZ 25 mg 
(Study AUS-SD-809-CTP-06; PK Population, N=19) 

 
 

Pharmacokinetic Parameters for SD-809, TBZ, and Their Dihydro Metabolites 
Following Single-Dose Administration of SD-809 25 mg or TBZ 25 mg (Study AUS-

SD-809-CTP-06) 

 
 

Pharmacokinetic Parameters for O-Desmethyl Metabolites Following Single-Dose 
Administration of SD-809 25 mg or TBZ 25 mg (Study AUS-SD-809-CTP-06; N=14) 
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2.2.10 Do the pharmacokinetic parameters change with time following chronic 
dosing? 
No.  
Individual Cmax and systemic exposure (AUC) values at steady-state for total (α+β)-
HTBZ were generated and normalized to dose levels intended for labeling. Dose-
normalized PK parameters did not differ comparing Weeks 9 and 12 (SD-809-CLN-078: 
Population PK Analysis of SD-809 in Subjects with Chorea with HD). 
 
2.2.11  What is the variability in the PK data? 
 
The inter-individual variability in CL/F, estimated via population pharmacokinetics, was 
38.2 % for α-HTBZ CL/F and 67.3% for β-HTBZ. The inter-individual variability of 
Vd/F was 12.8 % for α-HTBZ and 23.9% for β-HTBZ. 

 
2.2.12 How do the pharmacokinetics of the drug in healthy volunteers 

compare to that in patients? 
 
Population PK models previously constructed for α-HTBZ and β-HTBZ in Phase 1 
studies were updated with PK concentration-time data collected in a Phase 3 trial (SD-
809-C-15 [First-HD]). 
To compare exposure to total (α+β)-HTBZ from SD-809 in the HD subject population 
with healthy volunteers, PK parameters from Study SD-809-C-15 were estimated for 
subjects with HD with functional CYP2D6 (defined as not receiving a concomitant 
CYP2D6 inhibitor and not a PM phenotype). The parameters were normalized to a dose 
of 15 mg BID and compared to results from healthy subjects administered 15 mg BID in 
Study AUS-SD-809-CTP-07 Part 2. Peak and systemic exposure (AUC) values in 
subjects with HD were similar to the exposure in healthy volunteers receiving equivalent 
doses. 
 
Comparison of Steady-State Exposure of Total (α+β)-HTBZ in Healthy Volunteers 

and Simulations from Subjects with HD Following 15 mg BID Dosing 
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2.2.13 Based on the pharmacokinetic parameters, what is the degree of linearity or 
nonlinearity in the dose-concentration relationship? 
 
The PK profiles of single tablet doses of SD-809 7.5 mg, SD-809 15 mg, and SD-809 
22.5 mg (one 7.5-mg tablet and one 15-mg tablet) administered following a standardized 
meal, and of a single dose of TBZ 25 mg administered following an overnight fast, were 
compared in a sequential group study in healthy adult male and female subjects (Study 
AUS-SD-809-CTP-07, Part 2). In general, the PK of the dihydro metabolites (HTBZ) 
was found to be linear and dose-proportional over a 3-fold dose range (7.5 mg to 22.5 
mg). Following administration of single doses of SD-809, mean AUCinf and mean Cmax 
for the individual and total (α+β)-HTBZ increased in a dose-proportional manner.  
 

Mean Plasma Concentration-Time Curves for Total (α+β)-HTBZ Following 
Administration of Single Doses of SD-809 or TBZ (Study AUS-SD-809-CTP-07, Part 

2, N=12/ treatment) 
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Individual and Mean Total (α+β)-HTBZ Cmax and AUC After Administration of 
SD-809 or TBZ (Study AUS-SD-809-CTP-07 Part 2) 

 

 
The dose proportional increase in exposure in Study AUS-SD-809-CTP-07 is consistent 
with the results obtained over the dose range of 6 mg to 24 mg in the bioavailability study 
with the final formulation (SD-809-C-11). 
 

Dose Dependence of AUCinf of Total d6-(α+β)-HTBZ in Study SD-809-C-11 

 
 

 
 

2.3 INTRINSIC FACTORS 
 
2.3.1 What intrinsic factors influence exposure and/or response and what is the 
impact of any differences in exposure on the pharmacodynamics? Based on what is 
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known about exposure response relationships and their variability, is dosage 
adjustment needed for any of the subgroups? 
 
The impact of intrinsic factors was studied in a population PK analysis. The population 
was 23 to 74 years old, 47.7% male, and 100% Caucasian. 
Population PK analysis showed that age and gender did not influence SD-809 
pharmacokinetics. 
The pharmacokinetics of SD-809 and its primary metabolites have not been formally 
studied in specific populations, including pediatric, geriatric subjects and patients with 
renal or hepatic impairment. There was no apparent effect of gender on the PK of α-
HTBZ or β-HTBZ. 
Per the Xenazine label, the exposure to α-HTBZ and β-HTBZ was 30-39% greater in 
patients with hepatic impairment and the mean TBZ Cmax in hepatically impaired 
subjects was approximately 7- to 190-fold higher than that in healthy subjects. Similar to 
Xenazine, SD-809 is contraindicated for patients with hepatic impairment.  
 
Impaired CYP2D6 Function  
An in vivo drug-drug interaction (DDI) study conducted with SD-809, showed a 3-fold 
increase in total (α+β)-HTBZ exposures when a strong CYP2D6 inhibitor (paroxetine) 
was co-administered with SD-809. In addition, the SD-809 dose was capped at 18 mg 
BID (36 mg daily) in patients taking strong CYP2D6 inhibitors in the efficacy and safety 
trials. This data supports that the daily dose of SD-809 should not exceed 36 mg in 
patients taking strong CYP2D6 inhibitors and in patients who are CYP2D6 poor 
metabolizers. 
 

2.4     EXTRINSIC FACTORS 
 
2.4.1 Is SD-809 a substrate, inhibitor or inducer of CYP enzymes or major 
transporters?  
 
In vitro metabolism studies (conducted with TBZ) indicated that there is no meaningful 
inhibition or induction of CYP-based enzymes by TBZ and its metabolites α-HTBZ and 
β-HTBZ at concentrations that are relevant for dosing.  
In addition, the SD-809 metabolites with exposures >25% of (α+β)-HTBZ, e.g. 2-
methylpropanoic acid metabolite of β-HTBZ (M1) and monohydroxy tetrabenazine (M4), 
have been evaluated in a panel of in vitro DDI studies.  
The following in vitro studies were conducted with M1 and M4: 

• Direct and time-dependent inhibition of CYP1A2, CYP2B6, CYP2C8, CYP2C9, 
CYP2C19, CYP3A4/5 in human liver microsomes 

• Induction of CYP1A2, CYP2B6 and CYP3A4 mRNA levels in primary cultures 
of cryopreserved human hepatocytes 

• In Vitro Evaluation of M1/M4 as an inhibitor and substrate of human P-gp, 
BCRP, OATP1B1, OATP1B3, OAT1, OAT3 and OCT2 transporters  
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The results of the in vitro studies indicate that M1/M4 is not expected to cause clinically 
relevant drug interactions. Details of the methods and results are provided in the 
individual study reviews. 
Note: M1 is substrate of OAT3.   
 
2.4.2 Are there any in-vivo drug-drug interaction studies that indicate the 
exposure alone and/or exposure response  relationships are different when drugs are 
coadministered? If yes, is there a need for dosage adjustment? 
 
2.4.2.1  Influence of other drugs on SD-809: 
 
SD-809, like TBZ, is rapidly converted in the liver by carbonyl reductase to its active 
metabolites α-HTBZ and β-HTBZ, which are subsequently metabolized principally by 
CYP2D6. Strong CYP2D6 inhibitors markedly increase exposure to the active 
metabolites of TBZ (Xenazine label). In the case of SD-809, the deuteration effect is 
expected to reduce the impact of CYP2D6 status due to genotype or concomitant 
medication usage. The sponsor conducted an in vivo DDI study with a strong CYP2D6 
inhibitor (paroxetine) to evaluate the effect of a strong CYP2D6 inhibitor on SD-809 and 
its active metabolites’ exposure. 
This was an open-label, sequential, drug-drug interaction study in 24 healthy subjects 
(CYP2D6 extensive or intermediate metabolizers only). Paroxetine was administered for 
9 days to ensure that steady-state levels of paroxetine were achieved to maximize its 
CYP2D6 inhibitory effects. The results of this study showed that the exposure of d6-α-
HTBZ was increased 1.85-fold, and d6-β-HTBZ was increased 6.5-fold when SD-809 
was co-administered with paroxetine. There was a 3-fold increase in mean AUC0–∞ for 
total d6-(α+β)-HTBZ from 624 ng hr/mL on Day 1 (SD-809 alone) to 1901 ng·hr/mL on 
Day 11 (SD-809 + paroxetine) and slower elimination (mean t1/2, 9.75 hours on Day 1, 
compared with 16.0 hours on Day 11).  Prolongation of the half-lives of d6-α-HTBZ and 
d6-β-HTBZ was associated with reduced formation of O-desmethyl metabolites of HTBZ 
on Day 11 (SD-809 + paroxetine) compared with Day 1 (SD-809 alone). 
 

Mean Plasma Concentration of SD-809 and Primary Metabolites by Dose Day 
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Mean plasma concentrations of d6-α HTBZ and d6-β HTBZ were higher in IM 
phenotype subjects on both Day 1 (SD-809 alone) and Day 11 (SD-809 + paroxetine) 
compared with subjects with a CYP2D6 EM phenotype.  
 

Comparison of PK Parameters by Analyte, With and Without Paroxetine 

 
 
PD Results: The SD-809 + paroxetine treatment exhibited greater QTcF interval mean 
increases from pre-dose compared to the monotherapies through Hour 8, with the 
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maximum mean QTcF increase of +9.2 msec at Hour 6 (to a mean value of 404.8 msec), 
compared to a maximum mean increase in QTcF of +1.5 msec at Hour 6 for SD-809 
alone and +0.7 msec at Hour 5 for paroxetine alone. 
  
Reviewer’s Comments: 
According to the sponsor, no adjustment in SD-809 dosing is needed in patients taking 
strong CYP2D6 inhibitors or who are poor metabolizers of SD-809 based on the 
overlapping ranges in predicted total (α+β)-HTBZ exposures. The dose of SD-809 can be 
titrated based on efficacy of chorea control and tolerability for each patient. 
However, results from the DDI study SD-809-C-08 show a 3-fold increase in total (α+β)-
HTBZ exposures when paroxetine was co-administered with SD-809. In addition, in the 
DDI study, the SD-809 + paroxetine treatment exhibited greater QTcF interval mean 
increases from pre-dose compared to the monotherapies through Hour 8. 
The sponsor used data from the phase 3 study to conduct additional simulations, which 
show that, in subjects with impaired CYP2D6 function, SD-809 at 48 mg/day (100% of 
the maximum recommended daily dose) is predicted to yield median AUC0-24 values that 
fall within the exposure range of tetrabenazine 50 mg/day in subjects with impaired 
CYP2D6 function. However, the effect of impaired CYP2D6 function on SD-809 
pharmacokinetics might be underestimated by the analysis of data from the Phase 3 trial 
because of the limited number of subjects with impaired CYP2D6 function in this trial 
and the sparseness of the PK sampling. Moreover, the sponsor’s simulation results show 
that, in subjects with impaired CYP2D6 function, SD-809 at 48 mg/day is predicted to 
yield higher Cmax of total (α+β)-HTBZ than TBZ at 50 mg/day in subjects with impaired 
CYP2D6 function, although AUC0-24 seems to be in similar range (source: Summary of 
Clinical Pharmacology, Figure 10). The sponsor’s PK modeling also predicts that SD-809 
doses of 36 mg per day (75% of the maximum clinical dose) in subjects receiving strong 
CYP2D6 inhibitors (or CYP2D6 poor metabolizers) will result in α- and β-HTBZ 
exposures comparable to those observed with 50 mg per day of TBZ in CYP2D6 poor 
metabolizers (pre-NDA meeting background materials, page 38). In addition, the safety 
database (9 subjects who are PMs or on 2D6 inhibitors) is not large enough to support 
removing the adjustment in SD-809 dosing for PMs and patients on 2D6 inhibitors based 
on safety information only, especially considering that these patients had their dose 
capped at 18 mg BID (36 mg daily) in patients taking strong CYP2D6 inhibitors in the 
phase 3 trial (only one of the PMs was on 42 mg/day). Moreover, several of these 
subjects back-titrated to a lower maintenance dose (subjects 1, 20, 30). 
 
To further evaluate the maximum daily dose in patients taking strong CYP2D6 inhibitors 
or who are poor metabolizers of SD-809, predicted mean steady state PK profiles of total 
(α+β)-HTBZ at different doses of SD-809 with or without strong CYP2D6 inhibitor 
paroxetine were derived through nonparametric superposition using data from the 
dedicated DDI study (SD-809-C-08). Although the results (see figure below) show that 
total (α+β)-HTBZ exposure at 18 mg BID SD-809 dose in subjects with impaired 
CYP2D6 function is higher than that at 24 mg BID dose (the proposed maximum SD-809 
dose for patients without impaired CYP2D6 function or CYP2D6 inhibition) in subjects 
with normal CYP2D6 function, such total (α+β)-HTBZ exposure is similar or lower than 
the total (α+β)-HTBZ exposure at approved maximum Xenazine dose (25 mg BID) in 
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CYP2D6 PM subjects and subjects on concomitant strong CYP2D6 inhibitors.  
Therefore, SD-809 dose adjustment is bridged to the Xenazine dosing recommendations 
in subjects with impaired CYP2D6 function. The 18 mg BID SD-809 dose (36mg/day) is 
considered to be acceptable.  
 

Predicted Mean Steady-state PK Profiles of Total (α+β) HTBZ at Different 
Scenarios with or without Strong 2D6 Inhibitor Paroxetine 

 
 
OCP Recommendation: The daily dose of SD-809 should not exceed 36 mg with a 
maximum single dose of 18 mg in patients taking strong CYP2D6 inhibitors and in 
patients who are CYP2D6 poor metabolizers. 
 
 

2.5 GENERAL BIOPHARMACEUTICS 
 
2.5.1 Based on the BCS principles, in what class is this drug and   
 formulation? What solubility, permeability and dissolution   
 data support this classification? 
 
The sponsor has not provided such information in the NDA. The sponsor proposes to 
include the following in the label: Deutetrabenazine is a white to slightly yellow 
crystalline powder that is sparingly soluble in water and soluble in ethanol.  
For formulation, see below Sect 2.5.2. 
 
2.5.2 Is the proposed to-be-marketed formulation bioequivalent to the formulation 
used in the clinical trials and pharmacokinetic studies? 
 
SD-809 Formulation A (Study AUS-SD-809-CTP-07) is the SD-809 Drug Product that is 
planned for commercialization. This formulation has been used in the efficacy and safety 
tials. 
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Comment: However, the Tmax was increased for the tablet compared to powder-in-
capsule formulation. This issue will be addressed by the biopharmaceutics team. 
 
Powder-in-capsule formulation (AUS-SD-809-CTP-06): 

 
 
Tablet formulation (Study AUS-SD-809-CTP-07): 

 
 
2.5.3 What is the effect of food on the bioavailability of the drug from the dosage 
form? What dosing recommendations need to be made regarding the administration 
of SD-809 in relation to meals or meal types? 
 
The effect of co-administration of high fat and high caloric meal on the bioavailability 
(BA) of SD-809 has been assessed for two tablet formulations (A and B) in study AUS-
SD-809-CTP-07, see table above. The Cmax of the HTBZ metabolites was increased 50% 
for formulation A and 100% for formulation B after administration with food than when 
fasting and AUC0-t was increased slightly (11% for formulation A) when administered in 
the fed state. Formulation A was selected for further development based on its more 
consistent PK profile across subjects compared with Formulation B. 
The relative BA values for total (α+β)-HTBZ met the 80% to 125% criterion for 
bioequivalence when SD-809 18 mg was administered following consumption of a high-
fat, high-calorie meal and when it was administered following consumption of a 
standardized meal (Study SD-809-C-11). 
 

SD-809-C-11: Comparison of PK Parameters for SD-809 18 mg by Meal Type 
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SD-809 was administered with food in all clinical studies.  
The sponsor recommends SD-809 to be administered with food, this is acceptable. 

 
 

2.6  ANALYTICAL 
 
2.6.1 What bioanalytical method is used to assess concentrations   
 of active moieties and is the validation complete and acceptable? 
 
Plasma concentrations of SD-809 and metabolites were measured in clinical studies using 
validated liquid chromatography tandem mass spectrometry (LC-MS/MS) methods 

). 
Two validated assays were used: ALM.TBZ.1 for measuring the concentrations of TBZ 
and its α- and β-HTBZ metabolites in human plasma and ALM.SD809.1 for SD-809 and 
its deuterated α- and β-HTBZ metabolites with ranges 0.100 ng/mL to 10.0 ng/mL for 
SD-809 or TBZ and 0.500 ng/mL to 100 ng/mL for their HTBZ- metabolites. 
Separate validated assays were used to measure the 9-O- and 10-O-desmethyl metabolites 
of deuterated and non-deuterated α-HTBZ and β-HTBZ (SD-809-CLN-050 and SD-809-
CLN-051) with ranges 0.500 to 50.0 ng/mL for O-desmethyl-metabolites. 
Details pertaining to assay methodology, assay validation, acceptance criteria, and 
performance of the assays during the analysis of study samples are provided in the 
individual study reviews. 
 
The validation results of the LC-MS/MS bioanalytical assays for SD-809, TBZ, and their 
respective HTBZ- and O-desmethyl- metabolites are acceptable. The results are 
summarized in the table below. 
 
Summary of Method Validation for Analysis of SD-809, TBZ, and their α-HTBZ, β-
HTBZ, and O-Desmethyl Metabolites by LC-MS/MS in Human Plasma Containing 

Lithium Heparin as Anticoagulant 
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In addition, the following analytical methods were used in the mass balance study 
SD-809-C-12: 
 
Whole Blood, Plasma, Urine and Feces Samples for Measurement of Total 
Radioactivity  study no. ASX/03) 
Total radioactivity was determined at  by quantitative 
radiochemical analysis.  Radioactivity in fecal homogenate and whole blood was 
determined after combustion in oxygen using an Automatic Sample Oxidiser (Tri-Carb®, 
Perkin Elmer). The combustion products are absorbed into CarboSorb E and mixed with 
the scintillator cocktail PermaFluor E+ for measurement of radioactivity.  
Radioactivity in liquid samples (plasma and urine) was quantified directly by Liquid 
Scintillation Counting (LSC) using a liquid scintillation counter with automatic external 
standard quench correction. Samples were mixed with scintillant (Ultima Gold XR) and 
counted (2300TR Scintillation Counter, Perkin Elmer). Detected counts per minute (cpm) 
were converted to disintegrations per minute (dpm) using quench correction. 
 
Metabolite Profiling and Identification (semi-quantitative methods) 

 Study no ASX/04 
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EOP2 Briefing package: Comparison of metabolites exceeding 10% of total plasma sample 
(pooled up to 12h post-dose) radioactivity following oral administration of SD 809 or 
tetrabenazine  

 
Changes in the metabolic profile of SD-809 as compared to tetrabenazine are 
summarized as follows: 
• M4 is a major metabolite for both SD-809 and TBZ, likely a metabolite of HTBZ, 
• M1 is a major metabolite of SD-809 (accounting for 12.7% of radioactivity), but a 
minor metabolite for TBZ (accounting for 4.0% of radioactivity). 
 
Sponsor Preliminary Response for EOP2 Meeting Discussion:   
Auspex notes that the data provided in the meeting package were preliminary derived 
from a single pooled sample per cohort.  Auspex can now present data from the 
individual subjects based on time-proportional pooling (‘updated results’) that are 
provided in the attached document. These data demonstrate that M1 is not present as a 
major metabolite of SD-809.  These results show that M1 for SD-809 is approximately 2-
fold higher than observed for tetrabenazine. Given this Auspex believes there is no safety 
risk given that SD-809 is given at approximately half the dose of tetrabenazine. Auspex 
therefore believes that no further justification for M1 exposure needs to be demonstrated. 
 
NDA Submission: M1 is a minor metabolite of SD-809 (9.2% of radioactivity), Table 10. 
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In the Response to Requests for Clarification Regarding Nonclinical and 
Biopharmaceutics Issues from the Mid-Cycle Communication Teleconference (Dec 22, 
2015), the sponsor acknowledged the differences between the original data for Xenazine 
(NDA 21894) and the mass balance study SD-809-C-12 conducted for development of 
SD-809 related to the status of 9-O-desmethyl-β-DHTBZ (also referred to as 9-O-
desmethyl-β-HTBZ) as a major metabolite of Xenazine. However, the sponsor made the 
following point: 
In Prestwick study CAM/06, P16 was identified as “O-dealkylated HTBZ,” without 
resolution of α- or β- diastereomers and without identification of the site of demethylation 
(i.e., the 9 or 10 positions). Thus, while the amalgam of these four metabolites is 
responsible for 31% of the radioactivity, it is not clear whether 9-O-desmethyl-β-DHTBZ 
is responsible for greater than 10%. 
Reviewer’s Comment: However, the levels of 9-O-desmethyl α-HTBZ, 10-O-desmethyl 
α-HTBZ and 10-O-desmethyl β-HTBZ are very low or BLQ after TBZ administration 
(see data from Study AUS-SD-809-CTP-07, Part 2: Summary of Steady State 
Pharmacokinetic Parameters by Treatment of 9-O-desmethyl-HTBZ Metabolites, Table 
below). Therefore, 9-O-desmethyl-β-DHTBZ is responsible for the majority of this 31% 
of the radioactivity. 
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2. Plasma pooling strategy  
The plasma pooling for metabolite identification and profiling is questionable. Plasma 
samples from only 4 time points (2, 2.5, 6, and 12 h) were selected for pooling for 
metabolite profiling. Although the max concentration of radioactivity in plasma was 
observed at 3-4 h post- dose, these time points were not included in the pooling. This 
pooling strategy has the potential to change the percent of total plasma radioactivity 
for each metabolite and could be responsible for the discrepancy between the original 
data for Xenazine (NDA 21894) and the SD-809-C-12 study results related to the 
status of 9-O-desmethyl-β-DHTBZ as a MHM. 
Additional evidence of how the change in the pooling technique can change the 
percent of total plasma radioactivity results for the metabolites can be seen by 
comparing the results in the two tables above: for example M2 after TBZ 
administration is 18.7% of total in the EOP2 Briefing package and 6.4% of total in 
Table 10. 

 
Concentration of radioactivity in plasma after [14C]-SD-809 (nominal 25 mg; 2.92 

MBq) to male human subjects (Cohort 1) 
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A request for information was sent to the sponsor regarding the plasma pooling strategy. 
According to the sponsor, the semi-quantitative analyses of metabolites by radioactivity 
were conducted on the metabolite profile samples from 2 to 12 hours via a per-subject 
“AUC pool” approach (Hamilton, 1981).  
Reviewer’s Comment: However, in Hamilton, all (nine) time points covering the whole 
concentration-time profile were used for pooling. 
 
In addition, the sponsor claims that, in the mass-balance and metabolite identification 
study conducted with TBZ in NDA 21894, metabolite identification and semi-
quantification was performed on samples that were collected out to 8 hours post dose. 
Reviewer’s Comment: However, in the mass-balance and metabolite identification study 
conducted with TBZ (NDA 21894), three plasma pools (0.25 – 1.5, 2 – 3 and 4 – 8 hours) 
were prepared using a total of 13 plasma samples, covering most of the concentration-
time profile of TBZ, including Tmax. 
 
In summary, the Metabolite Profiling and Identification results of the mass balance study 
SD-809-C-12 are not acceptable. 
It is recommended that the sponsor assess the concentration of circulating SD-809-related 
metabolites for the purpose of determining if there are major metabolites in humans 
dosed with SD-809. The sponsor should use adequate plasma pooling methods. 
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3.0  DETAILED LABELING RECOMMENDATION 
 

 
Labeling recommendations will not be provided in this review cycle. 
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PK and Initial Tolerability Studies 
 
I. AUS-SD-809-CTP-06: A phase 1, randomized, double-blind, single-dose 

crossover study to compare the pharmacokinetics, safety and tolerability of 
SD-809 (d6-tetrabenazine) with tetrabenazine in healthy volunteers. 

 
Objectives: 
• To compare the pharmacokinetics of SD-809 (d6-tetrabenazine) and tetrabenazine and 
their respective α- and β-dihydrotetrabenazine (HTBZ) metabolites. 
• To evaluate the safety and tolerability of a single dose of SD-809 and tetrabenazine. 
 
Study Design Randomized, double-blind, two-period, crossover study 
Study Population* 21 healthy subjects, male and female, 18-50 years old * 

19 subjects included in the PK analysis 
Treatment Group Each subject received a single oral dose of each treatment (see dosage 

and admin), separated by a minimum seven day wash-out period.  
Dosage and Administration Tetrabenazine (TBZ), 25 mg (powder in size 4 gelatin capsules) ** 

SD-809, 25 mg (powder in size 4 gelatin capsules) 

Subjects fasted for at least 4 hours pre and 4 hours post dosing 

PK Sampling: plasma pre-dose, 20 and 40 min, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16, 24, 36, 48, 60 
and 72 hours post-dose for each treatment period 

Analysis LC-MS/MS method for TBZ/SD-809 and HTBZ metabolites 
Range: 0.100 ng/mL to 10.0 ng/mL for SD-809 or TBZ 
0.500 ng/mL to 100 ng/mL for HTBZ metabolites 

PK Assessment Cmax, tmax, AUC0-t, AUC0-inf, t1/2 , Vd/F, CL/F of TBZ and metabolites*** 

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
PD Assessment None 
 
* Four subjects had diminished CYP2D6 function, defined as poor metabolizers (PM) in the study, 
although all of these PMs had at least one functional allele. 
**TBZ used was synthesized by Auspex  
*** Tetrabenazine (SD-808) 
SD-809 (SD-809) 
α-HTBZ (SD-946) 
β-HTBZ (SD-947) 
d6-α-HTBZ (SD-948) 
d6-β-HTBZ (SD-949) 
 
Bioanalytical Assays: 
Two validated assays were used: ALM.TBZ.1 for measuring the concentrations of TBZ 
and its α- and β-HTBZ metabolites in human plasma and ALM.SD809.1 for SD-809 and 
its deuterated α- and β-HTBZ metabolites.   
Assays were validated for clinical use at .  
In both assays, analytes and the Internal Standards (IS) were extracted from human 
plasma using a liquid-liquid extraction.  
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The IS for samples assayed with ALM.TBZ.1 were the deuterated forms of the analytes 
while the IS for samples assayed with ALM.SD809.1 were the non-deuterated forms of 
the analytes.  
The analytes were separated by HPLC on a C18 column and detected using API4000 
MS/MS detector in positive MRM mode.  
Plasma concentrations of individual subjects at each time point and performance of the 
validated assays generating these results are reported in AUS-SD-809-CTP-06 Analytical 
Phase Report. 
Reviewer’s Comments:  
The performance of the assays (ALM.TBZ.1 and ALM.SD809.1) for TBZ/SD-809 and α- 
and β-HTBZ metabolites during the analysis of the study samples is acceptable. 
Details of the validation results are presented in Bioanalytical Study Reports. 
The sponsor claims that the statistical analysis for the O-desmethyl metabolites followed 
the analysis plan for the parent drug and the alpha- and beta-dihydrotetrabenazine 
metabolites as described in the Pharmacokinetic Statistical Analysis Plan (PK-SAP), 
dated 25 Aug 2011. However, only α- and β-HTBZ metabolites are mentioned in the 
CSR and in 16.1.9.1 Statistical Analysis Plan (Sept 2011):  
9.5.4 Drug Concentration Measurement: Tetrabenazine and its α- and β-HTBZ 
metabolites from individual patients were measured in one assay while SD-809 and its 
deuterated α- and β-HTBZ metabolites were measured in another.  
This analysis is reported in SD-809-CLN-016 - Analytical Phase Report Addendum. 
Some of the validation summary in this Addendum include validation results from Study 
07, which was conducted later. 
Also, it is not indicated in the report how the samples were split (from the ones analyzed 
for TBZ, α- and β-HTBZ) and how they were stored (study conducted 2 years earlier than 
the additional analysis of the samples). Therefore, the results for the O-desmethyl 
metabolites should be considered exploratory and interpreted with caution. 
 
Pharmacokinetic Results: 
 
Pharmacokinetics of Tetrabenazine and SD-809 
Plasma concentrations of both TBZ and SD-809 were low relative to the concentrations 
observed for their metabolites. TBZ and SD-809 concentrations reached a max at 
approximately one hour, declined rapidly thereafter and were below the limit of detection 
in most subjects by three hours. Mean Cmax was about 0.3 ng/ml for both TBZ and SD-
809. Elimination half-lives for the majority of subjects were not calculable.  
The pharmacokinetics of TBZ and SD-809 did not show appreciable differences in either 
EMs or the wider population (all evaluable subjects, including IMs). 
 
Pharmacokinetics of α-HTBZ and d6-α-HTBZ 
Plasma concentrations of α-HTBZ and d6-α-HTBZ were higher than those measured for 
β-HTBZ and parent drug.  
In EMs, the mean half-lives were almost double for d6-α-HTBZ (7.95 hours) than for α-
HTBZ (4.51 hours). This resulted in a greater than two fold increase in overall exposure 
(AUCinf 316 versus 137 ng·hr/mL). Cmax values were slightly higher (mean 44.4 versus 
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42.0 ng/mL) and Tmax slightly later (median 1.5 versus 1.0 hours) for d6-α-HTBZ 
compared to α-HTBZ. 
 
Summary of PK Parameters for α-HTBZ and d6-α-HTBZ after 25 mg d0- and d6-

TBZ 

 
 

Summary of PK Parameters for β-HTBZ and d6-β-HTBZ after 25 mg d0- and d6-
TBZ 

 
 

 
Summary Pharmacokinetic Parameters for SD-809 and Tetrabenazine after 25 mg 

Single Doses of SD-809 or Tetrabenazine 
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Summary of Pharmacokinetic Parameters for total (α+β)-HTBZ and total d6-(α+β)-
HTBZ after 25 mg Single Doses of SD-809 or Tetrabenazine 

 
Note: TBZ used in study 06 was synthesized by Auspex. The PK results for TBZ and 
(α+β)-HTBZ are similar to the PK results when TBZ from  source was used (in 
Study 07). 
 

PK results from Study 07 (Table 4 in Sect 2.7.2): 

 
 
In addition, the PK results for (α+β)-HTBZ are similar to the dose-adjusted PK results 
when TBZ from  source was used (in study SD-809-C-21).  

 
Study SD-809-C-21 Results: 

Summary of PK Parameters for total (α+β)-HTBZ and total d6-(α+β)-HTBZ after 
Single Doses of SD-809 or Tetrabenazine 

Reference ID: 3914812

(b) (4)

(b) (4)



 7 

 
  
Effect of CYP2D6 Phenotype of the PK of the Primary Metabolites of Tetrabenazine 
and SD-809 
Four subjects were identified as PM (Subjects 001104, 001105, 001107 and 001204). The 
genotypes for these subjects were *4/*41,* 4/*41,* 4/*41 and *4/*10 for Subjects 
001104, 001105, 001107 and 001204 respectively. The *4 designation represents a null 
allele and *41 and *10 represent an allelic variant that results in partial metabolic 
capacity. 
Deuteration increased exposure to the active metabolites of SD-809 (d6-α-HTBZ and 
d6-β-HTBZ) relative to those from tetrabenazine in these subjects.  
Comment: however PM had still 2x increased AUCinf levels of total (α+β)-d6-TBZ 
compared to EM/IM after SD-809 administration.  PM had 3x increased AUCinf levels of 
total (α+β)-TBZ compared to EM/IM after TBZ administration, see tables below. 
According to the sponsor, the ability of deuteration to affect the pharmacokinetics of the 
active metabolites of SD-809 in these subjects is consistent with their genetic potential 
for partial CYP2D6 metabolism. Note: This was confirmed by the pharmacogenomics 
reviewer. 
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Note: 3x increased AUCinf levels of total (α+β)-HTBZ in PM compared to EM/IM after 
TBZ 
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Note: 2x increased AUCinf levels of total (α+β)-d6-HTBZ in PM compared to EM/IM 
after SD-809 administration 
 
In addition, the following metabolites were also analyzed in this study: 
 

O-desmethyl Metabolites Analyzed  
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The highest plasma concentrations were observed for 9-O-desmethyl-β-HTBZ, followed 
by the 9-O-desmethyl-α-HTBZ with plasma concentrations of 10-O-desmethyl-β-HTBZ 
being very low. Plasma concentrations of both deuterated and non-deuterated 10-O-
desmethyl-α-HTBZ could not be quantified in any subject. 
For all the quantifiable O-desmethyl metabolites, plasma concentrations measured in 
subjects following administration of SD-809 were lower relative to those measured 
following administration of tetrabenazine. 
A summary of the mean PK parameters of the O-desmethyl metabolites of SD- 
809 (d6-tetrabenazine) and tetrabenazine by analyte is provided below (however these 
results should be considered exploratory and interpreted with caution, see bioanalytical 
assay). 

Summary of Key Pharmacokinetic Parameters by Analyte 

 
Note: The 2x increase in (α+β)-d6-HTBZ relative to (α+β)-d0-HTBZ is accompanied by 
a 2x decrease in d3-9-O-desmethyl β-DHTBZ relative to 9-O-desmethyl β-DHTBZ. 
 
Safety Results:  
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No serious adverse events were reported in the study. No significant changes in 
laboratory parameters, vital signs, or ECGs were observed following either treatment.  
A total of 37 TEAEs was reported in 15 of the 21 enrolled subjects during the study, most 
of these AEs were mild. The most common adverse events following both treatments 
were somnolence, nausea and headache. 
One subject (an EM) withdrew consent for study participation approximately four hours 
following dosing with SD-809 in Period 1 due to AEs of headache, nausea, agitation and 
photophobia.  
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II. AUS-SD-809-CTP-07: A Phase 1 Study to Evaluate the Pharmacokinetics of 
Two Extended Release (ER) Formulations of SD-809 with and without Food, 
compared to Tetrabenazine Tablets and the Pharmacokinetics and Dose 
Proportionality of the Selected Formulation Following Single and Multiple 
Doses 

 
Objectives: 
• Evaluate the safety and pharmacokinetics of two candidate formulations of SD-809 ER 
relative to tetrabenazine (TBZ) 
• Evaluate the effect of food on the bioavailability of SD-809 ER 
• Select a formulation of SD-809 ER for use in future clinical studies 
• Evaluate the dose-proportionality of single and multiple doses of SD-809 ER 
• Compare steady state pharmacokinetics of SD-809 ER and tetrabenazine 
 
Study Design Part 1: randomized, open-label, single-dose, five-way crossover study 

of TBZ and two SD-809 ER formulations in healthy subjects 
Part 2: open-label, single and multiple ascending dose study of SD-809 
ER and TBZ in healthy subjects 

Study Population Two separate cohorts of 24 healthy subjects for Part 1 and Part 2. 
Healthy male or female subjects aged ≥18 and ≤50 years inclusive; 
CYP2D6 extensive or intermediate metabolizer phenotype. 

Treatment Groups 5 treatment groups in Part 1, two treatment groups in Part 2 (see dosage 
and admin)  

Dosage and Administration Part 1: a single oral dose of each of the following: 
• Tetrabenazine 25 mg (fasted state) * 
• SD-809 ER 15 mg formulation A (fasted state) 
• SD-809 ER 15 mg formulation B (fasted state) 
• SD-809 ER 15 mg formulation A (fed state) 
• SD-809 ER 15 mg formulation B (fed state) 
Part 2: SD-809 Formulation A in the fed state and TBZ in the fasted 
state** 

PK Sampling: plasma See *** 

Analysis LC-MS/MS method for TBZ and metabolites, including deuterated and 
non-deuterated forms of α- and β-dihydrotetrabenazine (HTBZ) and the 
O-desmethyl-metabolites of α- and β-HTBZ 
Range: 0.100 ng/mL to 10.0 ng/mL for SD-809 or tetrabenazine  
0.500 ng/mL to 100 ng/mL for HTBZ metabolites 
0.500 to 50.0 ng/mL for O-desmethyl-metabolites 

PK Assessment Cmax, tmax, AUC0-t, AUC0-12, AUC0-inf, t1/2 , Rac, Vd/F, CL/F of TBZ/SD-
809 and metabolites 

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
PD Assessment None 
 
* TBZ from  source was used 
** Dosing in Part 2: 
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*** Blood sampling in Part 1 and Part 2: 

 
 
Bioanalytical Assays: 
Two validated assays were used: ALM.TBZ.1 for measuring the concentrations of TBZ 
and its α- and β-HTBZ metabolites in human plasma and ALM.SD809.1 for SD-809 and 
its deuterated α- and β-HTBZ metabolites.   
Separate validated assays were used to measure the 9-O- and 10-O-desmethyl metabolites 
of deuterated and non-deuterated α-HTBZ and β-HTBZ (SD-809-CLN-050 and SD-809-
CLN-051). 
Assays were validated at  in the following ranges:  
0.100 ng/mL to 10.0 ng/mL for SD-809 or tetrabenazine  
0.500 ng/mL to 100 ng/mL for HTBZ metabolites 
0.500 to 50.0 ng/mL for O-desmethyl-metabolites 
Reviewer’s Comment: The validation of the assays and the performance of the assays 
for TBZ/SD-809 and the metabolites during the analysis of the study samples are 
acceptable. Details of the validation results are presented in Bioanalytical Study Reports. 
 
Pharmacokinetic Results: 
 
Part 1:  
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The Cmax values for total (α+β)-HTBZ were lower for both SD-809 ER formulations in 
the fed and fasted states at a dose level of 15 mg than for tetrabenazine at a dose level of 
25 mg. The Tmax values were significantly later for total (α+β)-HTBZ for both SD-809 
ER formulations in the fed and fasted states compared with tetrabenazine (2.5 to 6 hours 
compared with 1 hour). The apparent half-life was significantly longer for total (α+β)-
HTBZ following SD-809 ER in the fed and fasted states compared with tetrabenazine. 
Note: The t1/2 appears to be longer in the fasted state for both formulations. 
 

 
 
Mean Plasma Concentration of Total HTBZ by Treatment (Part 1) 

 
 
There was a food effect for both SD-809 ER formulations, with significantly higher Cmax 
of the HTBZ metabolites administration after food than when fasting and an increase of 
50% for formulation A and 100% for formulation B. 
The AUC0-t was increased slightly (11% for formulation A) when administered in the fed 
state, but to a lesser extent as compared to Cmax. 
Based on the pharmacokinetic data observed in Part 1, SD-809 ER formulation A, was 
selected for use in Part 2. 
Note: SD-809 was administered with food in all subsequent studies. 
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Comparison of Pharmacokinetic Parameters for SD-809 Formulations, Fed vs 
Fasted – Part 1 

 
 
Part 2:  
With single doses and at steady state, the terminal elimination half-lives for d6-α-HTBZ, 
d6-β-HTBZ, and d6-(α+β)-HTBZ following all SD-809 ER doses administered were 
longer than their non-deuterated counterparts in the tetrabenazine control.  
The median Tmax of HTBZ analytes was 3 to 4 hours post-dose for both single dose and 
steady state across the dose range of SD-809 ER, compared with approximately 1 hour 
for tetrabenazine.  
At steady state, the peak to trough fluctuation for total (α+β)-HTBZ of SD-809 was much 
lower (3 to 4 fold) than those observed for the corresponding analytes of tetrabenazine 
(approximately 11-fold). 
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A descriptive summary of key steady-state pharmacokinetic parameters of the O-
desmethyl HTBZ metabolites for the dose administered on Day 17 to Group 1 (SD-809 
ER formulation A 15 mg Fed) and on Day 10 to Group 2 (tetrabenazine 25 mg Fasted) is 
provided below. 
 

Summary of Steady State Pharmacokinetic Parameters by Treatment of 9-O-
desmethyl-HTBZ Metabolites– Part 2 

 
 
At steady state, the plasma levels of O-desmethyl metabolites of HTBZ were about 75% 
lower following administration of 15 mg SD-809 ER compared with 25 mg tetrabenazine 
(even though exposure to the active moieties α-HTBZ and β-HTBZ for these dose levels 
were similar). 
 
Assessment of Accumulation and Time Dependence 
The ratios of steady-state pharmacokinetics of α-HTBZ and β-HTBZ compared with their 
corresponding single-dose values are presented by treatment below. 
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Linearity with dose was assessed using a power regression model. The estimates of the 
exponents of dose for each of Cmax and AUC were slightly greater than unity although 
these differences were not statistically significant. The r² value was at least 85% for each 
of these parameters, indicating that linear dose dependence was able to explain most of 
the variation across dose levels for these parameters.  
 

Table of Linear Regression Analysis of α- and β-HTBZ Pharmacokinetic 
Parameters across Treatments and Dose Levels 

 

 
 
In conclusion, the pharmacokinetics of d6-α-HTBZ, d6-β-HTBZ, and d6-(α+β)-HTBZ 
are approximately linear with dose with the data suggesting increases in AUC and Cmax 
which are slightly greater than dose proportional. 
The dose of SD-809 ER, estimated to provide total (α+β)-HTBZ exposure comparable to 
that from tetrabenazine 25 mg (determined from regression models of single-dose 
exposure AUCinf and steady state AUC0-12),  was 11.4 – 13.2 mg. 
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Safety: 
Part 1: single 15 mg doses of SD-809 ER Formulation A and Formulation B were both 
well tolerated and had a comparable safety profile under fed or fasting conditions. No 
significant differences were observed between the two formulations compared to each 
other or to tetrabenazine in terms of incidence, type, severity, relationship, or frequency 
of TEAEs. 
Part 2: both single and multiple doses of SD-809 ER were well tolerated.  
Somnolence and headache were the most frequently reported AEs assessed as possibly 
drug-related.  
Somnolence exhibited a dose-response relationship, occurring in 0%, 25%, and 67% of 
the subjects treated with 7.5 mg BID, 15 mg BID, and 22.5 mg BID SD-809 ER 
regimens, respectively (and in 50% of subjects receiving 25 mg BID tetrabenazine). 
Headache was not dose related, being reported in 25%, 25%, and 0% of subjects 
following treatment with 7.5 mg BID, 15 mg BID, and 22.5 mg BID SD-809 ER, 
respectively (and in 0% of subjects receiving 25 mg BID tetrabenazine). 
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III. SD-809-C-12: An Open-Label, Two-Period Study Designed to Evaluate and 
Compare the Mass Balance Recovery, Metabolite Profile and Metabolite 
Identification of Oral Doses of Both [14C]-SD-809 and [14C]-Tetrabenazine in 
Healthy Male Subjects 

 
Objectives: 
• To determine the mass balance recoveries after single oral doses of 14C-SD-809 and 
[14C]-tetrabenazine (TBZ) 
• To determine the routes and rates of excretion of SD-809 and TBZ 
• To provide plasma, urine and feces samples for metabolite profiling and structural 
identification following oral doses of [14C]-SD-809 and [14C]-tetrabenazine 
• To determine the pharmacokinetics of total radioactivity in plasma after a single oral 
dose of [14C]-SD-809 and [14C]-tetrabenazine 
• To determine the pharmacokinetics of SD-809, d6-alpha-dihydrotetrabenazine 
(d6-α-HTBZ) and d6-beta-dihydrotetrabenazine (d6-β-HTBZ) in plasma after a single 
oral dose of [14C]-SD-809 
Study Design 2-period, 2-cohort, open-label study in healthy male subjects 
Study Population 6 healthy male subjects/cohort (total of 12) between 35 and 65 years; 

CYP2D6 extensive or intermediate metabolizer phenotype. 
Treatment Groups Cohort 1: Single oral dose of 25 mg [14C]-SD-809 

Cohort 2: Single oral dose of 25 mg [14C]-tetrabenazine 
Dosage and 
Administration* 

Cohort 1: Single oral dose of 25 mg [14C]-SD-809 containing NMT 
2.92 MBq (79 μCi) [14C] in the fasted state 
Cohort 2: Single oral dose of 25 mg [14C]-TBZ containing NMT 2.92 
MBq (79 μCi) [14C] in the fasted state 

PK Sampling:  
 

Blood/Plasma: pre-dose, 20 and 40 min, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 18, 
24, 36, 48, 72, 96, 120, 144, 168, 192 and 216 hour for total 
radioactivity and PK analysis (plasma only) for the metabolites with 
validated assays. One pooled plasma sample/cohort for metabolite 
identification (semi-quatitative analysis)**  

Urine and feces: pre-dose, 0–6, 6–12, 12–24 h, then daily until Day 7 
(144 h post-dose) with final collection on 168 h post-dose** 

Analysis*** Total radioactivity: quantitative radiochemical analysis 
Validated LC-MS/MS method for TBZ/SD-809 and deuterated and 
non-deuterated forms of α- and β-dihydrotetrabenazine (HTBZ) and the 
O-desmethyl-metabolites of α- and β-HTBZ in plasma 
Semi-quantitative methods for all other metabolites of TBZ/SD-809* 

PK Assessment Plasma: Cmax, Tmax, AUC0-t, AUC0-12, AUC0-inf, t1/2 , MRT of TBZ/SD-
809 and metabolites 
Urine and feces: Ae and %Fe and Total Ae and %Total Fe, where total 
represents urine and feces combined 

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
*Unlabelled SD-809 and TBZ drug substances were provided by  Chemistry 
for radiolabelling. The radiolabeled products were formulated as 25 mg hard gelatin capsules. 
** Urinary metabolites were identified and quantified from a single urine cohort sample pooled 
over the 0 to 72 h. Plasma metabolites were identified and quantified from individual plasma 
samples pooled over the 2 to 12 h post-dose, e.g. 2-, 2.5-, 6-, and 12-h time points. 
** Four different analyses/reports were generated; these are described under Analytical Methods 
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Analytical Methods 
 
Whole Blood, Plasma, Urine and Feces Samples for Measurement of Total 
Radioactivity  study no. ASX/03) 
Blood samples were collected into lithium heparin tubes. Urine and feces samples were 
collected into polypropylene containers; samples were shipped daily following 
completion of the collection period. 
Total radioactivity was determined at  by quantitative 
radiochemical analysis.  
Radioactivity in fecal homogenate and whole blood was determined after combustion in 
oxygen using an Automatic Sample Oxidiser (Tri-Carb®, Perkin Elmer). The combustion 
products are absorbed into CarboSorb E and mixed with the scintillator cocktail 
PermaFluor E+ for measurement of radioactivity.  
Radioactivity in liquid samples (plasma and urine) was quantified directly by Liquid 
Scintillation Counting (LSC) using a liquid scintillation counter with automatic external 
standard quench correction. Samples were mixed with scintillant (Ultima Gold XR) and 
counted (2300TR Scintillation Counter, Perkin Elmer). Detected counts per minute (cpm) 
were converted to disintegrations per minute (dpm) using quench correction. 
 
Plasma Samples for Bioanalytical Analysis 

 (16.1.13.1 Bioanalytical Report)  
Blood samples (4 mL) were collected into lithium heparin tubes, centrifuged at 1500 g 
for 10 min at 4°C within 30 min of sample collection and the resultant plasma was placed 
on dry ice within 20 min of completion of centrifugation. An 1 mL aliquot of plasma was 
transferred to a polypropylene tube and the remaining plasma was transferred to a 
duplicate tube. The samples were stored at approximately -80°C until shipped to  

 for analysis. Comment: If these duplicate samples are still 
available, they can be used to analyze M1 and M4 using a validated assay.  
Plasma concentrations of SD-809, TBZ and their respective α- and β- HTBZ metabolites 
and O-desmethyl-metabolites of α- and β-HTBZ metabolites were determined using 
validated turbo ion spray liquid chromatography with tandem mass spectrometry (LC-
MS/MS). The lower limit of quantification (LLOQ) for SD-809 and TBZ was 0.100 
ng/mL, and for the associated metabolites was 0.500 ng/mL. 
Reviewer’s Comments: The same assays have been used for the analysis of PK samples 
of most of the clinical studies in the SD-809 development. Details of the validation 
results are presented in Bioanalytical Study Reports. The validation and the performance 
of the assays for TBZ/SD-809 and their metabolites during the analysis of the study 
samples are acceptable.  
 
Metabolite Profiling and Identification  

 Study no ASX/04 
Metabolite profiling and chemical structure identification were performed from plasma 
and urine samples using high performance LC with on-line radiodetection and LC-
MS/MS. Metabolite profiling from feces samples was not performed. 
 
Urine and Feces Samples  
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For metabolite characterization, 0.5% of total urine sample weight for each subject was 
collected over the following collection periods to create a 0 to 72 h pool: 0 to 6 h, 6 to 12 
h, 12 to 24 h, 24 to 48 h, and 48 to 72 h. Subsequently, each of the 6 individual pools was 
combined into a cohort pool using a fixed volume from each subject. The 0 to 72 h cohort 
pool accounted for 90% of total urinary radioactivity in the SD-809 cohort and 91% in 
the tetrabenazine cohort. Samples were analyzed by . 
 
Plasma Samples for Metabolite Characterization 
Blood samples (5 × 4 mL) were collected into lithium heparin tubes, centrifuged and the 
resultant plasma was placed on dry ice and stored at approximately -80°C until shipped to 

 for analysis. 
A time proportional AUC plasma pool for the purposes of metabolite identification and 
profiling was constructed for each subject across the 2-, 2.5-, 6-, and 12-h time points in 
the following proportion: 2 h, 0.57 mL; 2.5 h, 0.91 mL; 6 h, 2.16 mL; 12 h; 1.36 mL 
(total of 5.00 mL). Note: An Information Request was sent to the sponsor to clarify why 
only 4 time points were used for pooling and how the selection of these time points was 
made; the sponsor’s response is provided in the Appendix. 
 
Mass Balance Results: 
Excretion balance of [14C]-SD-809 
After administration of single oral doses (nominal 25 mg; 79 Ci, 2.92 MBq) of [14C]-SD-
809 to six healthy subjects, 74.78 – 86.48 % dose was excreted in the urine up to 240 
hours after administration; the majority of the urinary radioactivity was recovered within 
48 hours of dosing.  
In the ten days after dose administration 7.70 – 11.32 % dose was recovered in the feces; 
the majority of the fecal radioactivity was recovered within 144 hours. 
The total recovery (urine + feces) from the subjects was in the range 83.79 – 96.89 % 
(see tables below).  
 

Concentration of radioactivity in individual urine samples – Cohort 1 
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Recovery of drug related material in urine and feces after administration of a single 
oral dose of [14C]-SD-809 (nominal 25 mg; 2.92 MBq) to male healthy subjects 

(Cohort 1) 

 
 
Maximal concentrations of radioactivity were seen between 0.67 and 6 hours in plasma 
and between 1 and 8 hours in whole blood. Maximal concentrations for each subject 
ranged from 90.7 to 148.5 ng equivalents/mL in plasma and 64.9 – 116.7 ng 
equivalents/g in whole blood. Radioactivity in plasma was less than 2 x background for 
the majority of subjects by 96 hours. 
Reviewer’s Comment: For most of the subjects, the max concentration of radioactivity 
in plasma was observed at 3-4 h post- (SD-809) dose, see table below. However, these 
time points were not selected for plasma pooling for the metabolite identification and 
profiling, instead, the sponsor selected the 2-, 2.5-, 6-, and 12-h time points. An 
Information Request was sent to the sponsor to clarify how the selection of the plasma 
samples for pooling was made; the sponsor’s response is provided in the Appendix. 
 

Concentration of radioactivity in plasma after [14C]-SD-809 (nominal 25 mg; 2.92 
MBq) to male human subjects (Cohort 1) 
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Excretion balance of [14C]-Tetrabenazine 
After administration of single oral doses (nominal 25 mg; 79 Ci, 2.92 MBq) of [14C]-TBZ 
to six healthy subjects, 76.42 – 82.93 % dose was excreted in the urine up to 216 hours 
after administration; the majority of the urinary radioactivity was recovered within 48 
hours of dosing.  
In the nine days after dose administration 7.80 – 13.54 % dose was recovered in the 
feces; the majority of the fecal radioactivity was recovered within 96 hours.  
The total recovery (urine + feces) from the subjects was in the range 84.22 - 93.63 % (see 
tables below). 
 

Concentration of radioactivity in individual urine samples – cohort 2 
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Recovery of drug related material in urine and feces after administration of a single 

oral dose of [14C]-Tetrabenazine (nominal 25 mg; 2.92 MBq) to healthy subjects 
(Cohort 2) 

 
 
Maximal concentrations of radioactivity were seen between 1 and 4 hours in plasma and 
whole blood and ranged from 68.0 to 230.3 ng equivalents/mL in plasma and 43.0 -171.0 
ng equivalents/g in whole blood. Radioactivity in plasma was less than 2 x background 
for the majority of subjects by 72 hours. 
 

Concentration of radioactivity in plasma after [14C]-TBZ (nominal 25 mg; 2.92 
MBq) to male subjects (Cohort 2) 
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Conclusion: The mean recovery of radioactivity was 92.22 % dose for [14C]-SD-809 and 
91.42% for [14C]-TBZ. For both products, the majority of the recovered dose was 
excreted into the urine, with averages of 82.90 % for [14C]-SD-809 and 80.38 % for 
[14C]-TBZ. The time course of radioactivity in plasma and whole blood was similar 
between TBZ and SD-809. 
 
Metabolite Profiling and Identification Results: 
Notes: Multiple Information Requests were sent to the sponsor and a Telecon was held 
with the sponsor on 25 Sept 2015 to clarify different aspects of the methods used and the 
results. The sponsor’s responses and the Telecon Memo are provided in the Appendix. 
 
The following were the Clinical Pharmacology reviewer’s main concerns: 

1. Bioanalytical Methods: 
• Based on the semi-quantitative methods of analysis  

 Study no ASX/04), the Sponsor has changed positions on the status of 
M1 as a major human metabolite (MHM; >10% total drug-related exposure); 

• Has not been able to demonstrate, with the semi-quantitative methods, that a 
known MHM of TBZ (per the Xenazine label), 9-O-desmethyl-β-DHTBZ, is a 
MHM in the patients dosed with TBZ in the mass balance study; 

• Using the semi-quantitative methods, the exposure to the active metabolites (α+ 
β)-HTBZ (metabolites M5 + M6) after administration of 25 mg SD-809 was 
estimated to be 4x higher (instead of the expected 2x higher) than that following 
administration of 25 mg TBZ (see Table 10 below). The remaining studies in the 
clinical pharmacology program for SD-809 (using validated quantitative methods 
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• M1 is not present in rats and would represent an uncharacterized safety issue for 
SD-809 according to the nonclinical reviewer. 

• The sponsor did not clarify why only the six metabolites shown in the red circled 
in Figure 2 were quantified using a validated LC-MS/MS assay but the 
metabolites circled in blue were not quantified using this validated assay. 

 
Comparison of metabolites exceeding 10% of total plasma sample (pooled up to 12h post-
dose) radioactivity following oral administration of SD 809 or tetrabenazine (EOP2 Briefing 
package): 

 
Changes in the metabolic profile of SD-809 as compared to tetrabenazine are 
summarized as follows: 
• M4 is a major metabolite for both SD-809 and TBZ, likely a metabolite of HTBZ, 
• M1 is a major metabolite of SD-809 (accounting for 12.7% of radioactivity), but a 
minor metabolite for TBZ (accounting for 4.0% of radioactivity). 
 
Sponsor Preliminary Response for EOP2 Meeting Discussion:   
Auspex notes that the data provided in the meeting package were preliminary derived 
from a single pooled sample per cohort.  Auspex can now present data from the 
individual subjects based on time-proportional pooling (‘updated results’) that are 
provided in the attached document. These data demonstrate that M1 is not present as a 
major metabolite of SD-809.  These results show that M1 for SD-809 is approximately 2-
fold higher than observed for tetrabenazine. Given this Auspex believes there is no safety 
risk given that SD-809 is given at approximately half the dose of tetrabenazine. Auspex 
therefore believes that no further justification for M1 exposure needs to be demonstrated. 
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Note:  In addition, the urine metabolite U1 (corresponding to M1) was 5 times greater in 
the SD-809 cohort pool relative to that of the TBZ pool. 
 

Summary of Urine Metabolites 

 
 
In the Response to Requests for Clarification Regarding Nonclinical and 
Biopharmaceutics Issues from the Mid-Cycle Communication Teleconference (Dec 22, 
2015), the sponsor acknowledged “the differences between the original data for Xenazine 
(NDA 21894) and the mass balance study SD-809-C-12 conducted for development of 
SD-809 related to the status of 9-O-desmethyl-β-DHTBZ (also referred to as 9-O-
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desmethyl-β-HTBZ) as a major metabolite of Xenazine”. However, the sponsor made the 
following point: 
In Prestwick study CAM/06, P16 was identified as “O-dealkylated HTBZ,” without 
resolution of the α- or β- diastereomers and without identification of the site of 
demethylation (i.e., the 9 or 10 positions). Thus, while the amalgam of these four 
metabolites is responsible for 31% of the radioactivity, it is not clear whether 9-O-
desmethyl-β-DHTBZ is responsible for greater than 10%. 
Reviewer’s Comment: However, the levels of 9-O-desmethyl α-HTBZ, 10-O-desmethyl 
α-HTBZ and 10-O-desmethyl β-HTBZ are very low or BLQ after TBZ administration, 
see data from Study AUS-SD-809-CTP-07, Part 2: Summary of Steady State PK 
Parameters by Treatment of 9-O-desmethyl-HTBZ Metabolites (page 16). Therefore, 9-
O-desmethyl-β-HTBZ is responsible for the majority of this 31% of the radioactivity. 
 

2. Plasma pooling strategy  
The plasma pooling for metabolite identification and profiling is questionable (see 
Appendix and comments under Plasma Samples for Metabolite Characterization). 
Plasma samples from only 4 time points (2, 2.5, 6, and 12 h) were selected for 
pooling for metabolite profiling. Although the max concentration of radioactivity in 
plasma was observed at 3-4 h post- (SD-809) dose, these time points were not 
included in the pooling. This pooling strategy has the potential to change the percent 
of total plasma radioactivity for each metabolite and could be responsible for the 
discrepancy between the original data for Xenazine (NDA 21894) and the SD-809-C-
12 study results related to the status of 9-O-desmethyl-β-DHTBZ as a MHM. 
Additional evidence of how the change in the pooling technique can change the 
percent of total plasma radioactivity results for the metabolites can be seen by 
comparing the results in the two tables above: for example M2 after TBZ 
administration is 18.7% of total in the EOP2 Briefing package and 6.4% of total in 
Table 1. 

 
Notes: A request for information was sent to the sponsor regarding the plasma pooling 
strategy. According to the sponsor, the semi-quantitative analyses of metabolites by 
radioactivity were conducted on the metabolite profile samples from 2 to 12 hours via a 
per-subject “AUC pool” approach (Hamilton, 1981).  
Reviewer’s Comment: However, in Hamilton, all (nine) time points covering the whole 
concentration-time profile were used for pooling. 
 
In addition, the sponsor claims that, in the mass-balance and metabolite identification 
study conducted with TBZ in NDA 21894, metabolite identification and semi-
quantification was performed on samples that were collected out to 8 hours post dose. 
Reviewer’s Comment: However, in the mass-balance and metabolite identification study 
conducted with TBZ (NDA 21894), three plasma pools (0.25 – 1.5, 2 – 3 and 4 – 8 hours) 
were prepared using a total of 13 plasma samples, covering most of the concentration-
time profile, including Tmax. 
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In summary, the Metabolite Profiling and Identification results of study SD-809-C-12 are 
not acceptable. 
It is recommended that the sponsor assess the concentration of circulating SD-809-related 
metabolites for the purpose of determining if there are major metabolites in humans 
dosed with SD-809. The sponsor should use adequate plasma pooling methods. 
In addition, as the sponsor is unable to reference the activity of the metabolites M1 and 
M4 from past experience with Xenazine, M1 and M4 need to be evaluated in in vitro 
studies (VMAT2 and off-target binding). This could be done post approval as a PMR. 
 

3. DDI Potential of SD-809 Metabolites: 
The Clinical Pharmacology Drug-Drug Interaction (DDI) Guidance defines a major 
metabolite as having exposure >25% of parent. In the case of TBZ/SD-809, (α+β)-HTBZ 
can be considered as parent (since α and β-HTBZ are active and TBZ levels are so low 
that comparison to TBZ would show that almost all of the metabolites are greater than 
25% of TBZ). According to Table 11 (see the sponsor response to IR Sept 24, 2015 in the 
Appendix), both M1 and M4 are greater than 25% of (α+β)-HTBZ (M1 is 40% of (α+β)-
HTBZ and M4 is 56% of (α+β)-HTBZ). In vitro DDI study results were submitted for 
M1 but not for M4. 
Note: As the sponsor is unable to reference the DDI potential of M4 from past experience 
with Xenazine, M4 will be evaluated in the following in vitro studies and the results from 
these studies will be submitted before Jan 15, 2016: 
 Direct and time-dependent inhibition of CYP1A2, CYP2B6, CYP2C8, CYP2C9, 
CYP2C19, CYP3A4/5 in human liver microsomes 
 Induction of CYP1A2, CYP2B6 and CYP3A4 mRNA levels in primary cultures of 
cryopreserved human hepatocytes 
 Inhibition of major transporters by M4 
 Substrate determination for P-gp, BCRP, OATP1B, OAT1, OAT3, and OCT2 
 
Comment: The drug interaction potential strategy for M4 proposed in Teva’s Response 
to FDA Telecon Request for Information Regarding Metabolites (20 Oct 2015) is 
acceptable. 
 
Safety Results: 
Single oral doses of 25 mg [14C]-SD-809 and [14C]-tetrabenazine were well tolerated in 
this study. All adverse events were mild in severity. There were no clinically significant 
findings in clinical laboratory assessments, vital signs parameters, ECG measurements, or 
physical examinations. 
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Bioavailability Studies 
 
IV. SD-809-C-11: A Relative Bioavailability Study of Three Dose Strengths of 

SD-809 ER 
 
Objectives: 
• To evaluate the relative bioavailability of three dose strengths and four dose levels of 
SD-809 when administered as single doses following a standard meal. 
• To evaluate the effect of a high-fat meal on the relative bioavailability of a single 18-mg 
dose of SD-809 compared to a standard meal. 
 
Study Design Randomized, open-label, 5-way crossover study of single doses of SD-809 

tablets in healthy subjects 
Study Population N = 32 subjects, male and female, 18-45 years old, CYP2D6 extensive or 

intermediate metabolizers 
Treatment Group Treatment A: 6 mg SD-809 (1 x 6 mg tablet) following a standard meal 

Treatment B: 12 mg SD-809 (1 x 12 mg tablet) following a standard meal 
Treatment C: 18 mg SD-809 (1 x 18 mg tablet) following a standard meal 
Treatment D: 24 mg SD-809 (1 x 18 mg tablet and 1 x 6 mg tablet) 
following a standard meal 
Treatment E: 18 mg SD-809 (1 x 18 mg tablet) following a high-fat meal 

Dosage and 
Administration 

See trt group 

PK Sampling: plasma predose and at 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 8, 12, 16, 24, 36, 48, 60, 72 
and 96 h post (each) dose 

Analysis LC-MS/MS method for SD-809 and HTBZ metabolites 
Range: 0.100 ng/mL to 10.0 ng/mL for SD-809  
0.500 ng/mL to 100 ng/mL for HTBZ metabolites 

PK Assessment Cmax, tmax, AUC0-t, AUC0-inf, t1/2 , CL/F of SD-809 and metabolites 

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
PD Assessment none 
 
Bioanalytical Assay: 
Plasma samples were assayed for SD-809 and its α-HTBZ and β-HTBZ metabolites by 
validated liquid chromatography/tandem mass spectrometry (LC-MS/MS) methods. The 
range was from 0.100 to 10.0 ng/mL for SD-809 and 0.500 to 100 ng/mL for both d6-α- 
and β-HTBZ. Details of the validation are presented in 4.1.4 Bioanalytical Study Reports.  
The validation of the assays and the performance of the assays for SD-809 and its 
metabolites during the analysis of the study samples are acceptable. 
 
Pharmacokinetic Results: 
The following study drugs were administered during the course of the study: SD-809 
Tablets 6 mg, 12 mg and 18 mg. All strengths Manufactured by:  

. 
Reviewer’s Comment: However, the SD-809 commercial formulation (and the one used 
in the efficacy trials SD-809-C-15 and SD-809-C-16) was supplied as tablet formulation 
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at strengths of 6 mg, 9 mg, and 12 mg. According to the CMC reviewer, the strengths of 
6, 9, 12, and 18 mg are  similar. 

 
 

Mean Plasma Concentration of Total (α+β)-d6-HTBZ by Dose Level 

 
 

Mean Plasma Concentration of Total (α+β)-d6-HTBZ by Meal Type 
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Summary of Key PK Parameters by Analyte and Treatment 

 
 

The dose dependence of the PK of SD-809 was investigated by assessing the relative 
bioavailability of the dose-normalized PK parameters of the metabolites of SD-809 at 
four dose levels (6, 12, 18, and 24 mg), when administered with a standard meal. 
 

Dose-Normalized Comparison of SD-809 PK Parameters Administered With a 
Standard Meal 

Reference ID: 3914812

APPEARS THIS WAY ON ORIGINAL



 35 

 
 

A regression analysis test indicated a linear dose dependence (with 95% CI for the 
exponent 0.95 - 1.19) over the dose range studied (6 mg to 24 mg). A similar analysis 
was performed for Cmax and AUC0-t for total d6-(α+β)-HTBZ and for Cmax, AUC0-t, and 
AUCinf for α-HTBZ and β-HTBZ separately. Only AUC0-t for β-HTBZ showed an 
exponent that was concluded to be different from one. 
The dose dependence of AUCinf of total d6-(α+β)-HTBZ is presented in the figure below 
as the individual values along with the means and standard deviations at each dose level. 
 

 
 

Note: The highest AUCinf at each dose level was for Subject 011, who was an 
intermediate metabolizer. 
Conclusions: There was a linear dose dependence of PK parameters Cmax, AUC0-t, and 
AUCinf of the HTBZ metabolites of SD-809 across the dose range of 6 mg to 24 mg 
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administered with a standard meal, as shown by the power regression analysis of Cmax 
and AUC as a function of dose. 

 
Comparison of PK Parameters for SD-809 18 mg by Meal Type 

 
 

The relative bioavailability of d6-HTBZ metabolites for administration of SD-809 18 mg 
with a high-fat meal compared with administration with a standard meal met the criteria 
for bioequivalence for Cmax, AUC0-t, and AUCinf. These results demonstrated that the SD-
809 formulation was not sensitive to meal composition. 
 
Safety results: 
There were no serious AEs in this study. Constipation and abdominal distension were the 
AEs with highest incidence, each reported by four subjects. 
Two subjects discontinued early: Subject 025 withdrew consent for study participation 
for personal reasons after Period 2. Subject 003 was discontinued by the PI due to an AE 
of syncope that occurred prior to dosing in Period 4, 5 days postdose following Treatment 
A (6 mg standard meal). According to the sponsor, the AE was not related to study 
medication (plasma concentrations of SD-809, α-HTBZ and β-HTBZ were all below 
LOQ by 24 hours postdose in Period 3). 
 
 
 
 

Reference ID: 3914812

APPEARS THIS WAY ON ORIGINAL



 37 

Healthy Subject PD and PK/PD Studies 
 
V. SD-809-C-21: A Randomized Double-Blind, Placebo- and Positive-Controlled 

Crossover Study to Evaluate the Effects of Single Doses of SD-809 
(Deutetrabenazine) and Tetrabenazine on the Corrected QT Interval 

 
Objectives:  

• To evaluate the effects of SD-809 (deutetrabenazine) and tetrabenazine (TBZ) on 
the corrected QT (QTc) interval 

• To evaluate the safety and pharmacokinetics of SD-809  
 
Study Design Randomized, double-blind, placebo- and positive-controlled, six-period, 

crossover study 
Study Population 48 heathy subjects, males and females, 18-50 years old, CYP2D6 

extensive or intermediate metabolizers 
Treatment Group Trt A: 12 mg SD-809 plus moxifloxacin placebo and placebo for TBZ*  

Trt B: 24 mg SD-809 plus moxifloxacin placebo and placebo for TBZ  
Trt C: SD-809 placebo plus moxifloxacin placebo and placebo for TBZ 
Trt D: 400 mg moxifloxacin plus SD-809 placebo and placebo for TBZ  
Trt E: 50 mg TBZ plus moxifloxacin placebo and SD-809 placebo 
Trt F: Placebo for TBZ plus moxifloxacin placebo and SD-809 placebo 

Dosage and 
Administration 

Within each treatment period, subjects received a single dose of study 
drug. 

Treatments A, B, C, and D were administered in the fed state, following 
a standard breakfast; trt. E and F were administered under fasting 
conditions. 

Washout periods of a minimum 5-day between doses. 

PK Sampling: plasma Pre-dose and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, and 24 h post dose 

Analysis LC-MS/MS method for SD-809/TBZ and HTBZ metabolites 
Range: 0.100 ng/mL to 10.0 ng/mL for SD-809/TBZ  
0.500 ng/mL to 100 ng/mL for HTBZ metabolites 

PK Assessment Cmax, tmax, AUC0-t, AUC0-inf, t1/2 , CL/F of SD-809 and metabolites 

Safety Assessment Vital signs, adverse events, ECG, clinical chemistry  
PD Assessment Electrocardiograms were collected continuously via a Holter monitor 

from approximately 1.5 hours prior to each study drug administration 
through 24 hours after dosing. 
Primary outcome measures: 
 The placebo-adjusted change from baseline in QTcF (ΔΔQTcF) at 
each time point (same as PK sample collection time points) after a single 
low dose (12 mg) and high dose (24 mg) of SD-809 
 ΔΔQTcF at each time point after a single dose (50 mg) of TBZ 

 
* Tetrabenazine from  source was used in this study. 
 
Bioanalytical Assays: 
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Two validated assays were used: ALM.TBZ.1 for measuring the concentrations of TBZ 
and its α- and β-HTBZ metabolites in human plasma and ALM.SD809.1 for SD-809 and 
its deuterated α- and β-HTBZ metabolites.   
Note: The internal standards for ALM TBZ.1 were the analytes for ALM SD-809.1 and 
vice versa. The assays were validated in the following ranges:  
0.100 ng/mL to 10.0 ng/mL for SD-809 or tetrabenazine  
0.500 ng/mL to 100 ng/mL for HTBZ metabolites 
Reviewer’s Comment: The validation of the assays and the performance of the assays 
for TBZ/SD-809 and the metabolites during the analysis of the study samples are 
acceptable. Details of the validation results are presented in Bioanalytical Study Reports. 
 
Pharmacokinetic Results: 
Selection of Doses: The 24-mg SD-809 dose is the maximum single dose in the proposed 
SD-809 product labeling and was predicted to provide comparable exposure (AUC) to a 
50-mg dose of TBZ. A 50-mg dose of TBZ has been shown to induce QTc prolongation 
of approximately 8 msec (Lundbeck, 2012 Label). Additional studies of TBZ 50 mg in 
the presence of CYP2D6 inhibitors did not further increase the effect on the QTc interval. 
Thus, evaluation of higher doses of SD-809 was not deemed necessary. 
Reviewer’s comment: According to the QT Interdisciplinary Review Team, the design 
of this study is not adequate to evaluate the effect of study drugs on the QT interval 
(single-dose, no supratherapeutic dose, please refer to the PK/PD results section). 
 
Mean Total (α+β)-HTBZ Plasma Concentration Profiles for SD-809 (12 mg and 24 

mg) and Tetrabenazine 50 mg (N=41) 

 
 
The pharmacokinetics for total (α+β)-HTBZ after SD-809 administration in the 12-24 mg 
dose range appeared dose-proportional (Cmax and AUC with the 24-mg dose were 
approximately twice the Cmax and AUC with the 12-mg dose). 
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Summary of Plasma PK Parameters of Total (α+β)-HTBZ (N=41) 

 
 
Reviewer’s comment: Based on the above plot and the PK results, it appears that the 
Mean Total (α+β)-HTBZ exposure (AUC0-24h) after 24 mg SD-809 is lower than after 50 
mg TBZ. According to sponsor’s simulations and proposed conversion ratio, they should 
be similar. 
 
PK/PD results: 
QT Interdisciplinary Review Team Comments: 
The applicant has chosen to conduct a single dose study despite known accumulation of 
the active metabolites. The Pharmacokinetic analysis indicates that the metabolite 
exposure reached a single 24-mg dose is lower than metabolite exposure following the 
highest therapeutic dose at steady state. There is a clear limitation of this TQT study that 
the plasma alpha- and beta-HTBZ concentrations achieved with the single dose of 24 mg 
SD-809 do not cover the expected steady state exposure (Cmax) following the highest 
therapeutic dose of 24 mg b.i.d. and the worst case clinical scenario (CYP2D6 poor 
metabolizer or administered a strong CYP2D6 inhibitor). Similar to Xenazine, a statistic 
significant exposure response relationship between the sum concentration of the active 
metabolites (α+β) and QT has been observed. Clinically relevant QT prolongation might 
be expected in some patients at the highest therapeutic dose of 24 mg b.i.d., especially in 
CYP2D6 poor metabolizer or patients co-administered a strong CYP2D6 inhibitor. 
 
Safety results: 
No SAEs were reported. All AEs were mild or moderate in severity, and most were 
assessed as not related to study drug.  
The most common AEs were headache (9 subjects [19%]), dizziness (7 subjects [15%]), 
dermatitis contact (6 subjects [13%]), and restlessness (5 subjects [10%]). All five AEs of 
restlessness occurred with tetrabenazine treatment. 
One subject withdrew from the study due to an AE, a moderate, unrelated event of foot 
fracture that occurred during the washout period after the moxifloxacin treatment period. 
There were no notable changes in chemistry, hematology, urinalysis, vital signs, safety 
ECGs, or physical examinations during the study. 
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Extrinsic Factor PK Studies 
 
VI. SD-809-C-08: A Drug Interaction Study of SD-809 ER and Repeated Doses 

of Paroxetine 
 
Objective: to evaluate the effect of a potent CYP2D6 inhibitor on the pharmacokinetics 
and safety of a single dose of SD-809 ER. 
 
Study Design Open-label, sequential, drug-drug interaction study in 24 healthy 

subjects 
Study Population 24 healthy male and female subjects who were CYP2D6 extensive or 

intermediate metabolizers, 18-50 years old 
Treatment Group Each subject received an oral dose of SD-809 22.5 mg, administered as 

one 15 mg tablet and one 7.5 mg tablet* on Days 1 and 11 and 20 mg 
paroxetine on Days 4 to 12. 

Dosage and Administration Subjects received a single 22.5 mg oral dose of SD-809 on Day 1 
followed by a 72-hour washout. Subjects then received paroxetine on 
Days 4 to 12 to achieve steady-state. On Day 11, another single dose of 
SD-809 was administered followed by a 72-hour washout. 

SD-809 was administered approximately 30 minutes following the start 
of a standardized breakfast meal with moderate fat content (35%). 

PK Sampling: plasma SD-809: Pre-dose and at 1, 2, 2.5, 3, 3.5, 4, 4.5, 5, 6, 7, 8, 10, 12, 16, 
24, 36, 48, 60 and 72 hours post-dose 

Paroxetine: 1 h pre-dose on Days 9 and 10. 

Analysis LC-MS/MS assays for SD-809 and metabolites, including deuterated α- 
and β-dihydrotetrabenazine (HTBZ) and the O-desmethyl-metabolites 
of α- and β-HTBZ 
Range: 0.100 ng/mL to 10.0 ng/mL for SD-809  
0.500 ng/mL to 100 ng/mL for HTBZ metabolites 
0.500 to 50.0 ng/mL for O-desmethyl-metabolites 
LC-MS/MS assay for paroxetine, range 0.500 to 50.0 ng/mL 

PK Assessment Cmax, tmax, AUC0-t, AUC0-inf, t1/2 , Vd/F, CL/F of SD-809 and metabolites 

Safety Assessment Adverse events, vital signs, electrocardiograms, clinical chemistry  
PD Assessment change from baseline in QTcF, with changes in QTcB as a secondary 

analysis 
 
* These are the initial Formulation A strengths, manufactured by   
Later, e.g., in Study SD-809-C-11, different strengths (6mg, 12mg, 18 mg) were used. The 
commercial strengths are 6mg, 9mg and 12 mg. 
 
Bioanalytical Assays: 
The following validated LC-MS/MS assays were used for the analysis of SD-809, its 
metabolites and paroxetine in plasma samples in this study: ALM SD-809.1, ALM004 
and ALM014. 
The ranges of the first assay (ALM SD-809.1) were from 0.100 to 10.0 ng/mL for SD-
809 and 0.500 to 100 ng/mL for deuterated α- and β-HTBZ.  
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The validated range for the second assay (ALM004) was from 0.500 to 50.0 ng/mL for 
the 9-O- and 10-O-desmethyl metabolites of α-HTBZ and β-HTBZ. 
Another validated LC-MS/MS assay (ALM014) with a range from 0.500 to 50.0 ng/mL 
was used to quantify paroxetine in plasma. 
Samples were analyzed in a total of 23 analytical runs. 
Reviewer’s Comment: The accuracy, precision (including the standard curves), 
reproducibility, specificity, recovery, and frozen stability of the analytical methods are 
acceptable. The performance of the assays during the study samples analysis is also 
acceptable. 
 
Discussion of Study Design: 
This was an open-label, sequential, drug-drug interaction study in 24 healthy subjects 
(CYP2D6 extensive or intermediate metabolizers only). Paroxetine, a potent CYP2D6 
inhibitor, is used in drug-drug interaction studies and is also a frequent concomitant 
medication in the intended patient population. The recommended initial dose of 
paroxetine for most clinical indications is 20 mg QD, without regard to meals. Paroxetine 
was administered for 9 days (Days 4 to 12) to ensure that steady-state of paroxetine were 
achieved to maximize its CYP2D6 inhibitory effects; trough plasma concentrations of 
paroxetine were also assessed on Days 9 through 13 to document achievement of steady-
state concentrations of paroxetine. 
Reviewer’s Comment: The study design is adequate to assess the DDI between a potent 
CYP2D6 inhibitor and SD-809. 
 
Pharmacokinetic Results: 
Subject 011 was excluded from the PPPK analysis set as this subject’s CYP2D6 
phenotype could not be determined due to the presence of multiple copies of one allele.  
It was concluded that it is possible that this subject could exhibit the phenotype of an 
ultra-rapid metabolizer. This possibility was supported by the trough plasma 
concentrations of paroxetine, a CYP2D6 substrate, observed for this subject that were all 
BLQ. Subject 011 was therefore excluded from the PPPK analysis set. 
 

Mean Plasma Concentration of SD-809 and Primary Metabolites by Dose Day 
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Plasma concentrations of the HTBZ metabolites d6-α-HTBZ and d6-β HTBZ were higher 
in subjects receiving SD-809 plus paroxetine (Day 11) compared with the same subjects 
receiving SD-809 alone (Day 1). There was a 3-fold increase in mean AUC0–∞ for d6-
(α+β)-HTBZ from 624 ng hr/mL on Day 1 (SD-809 alone) to 1901 ng·hr/mL on Day 11 
(SD-809 + paroxetine) and slower elimination (mean t1/2, 9.75 hours on Day 1, compared 
with 16.0 hours on Day 11). Increased exposure of d6-α-HTBZ (1.85-fold), and d6-β-
HTBZ (6.5-fold) was observed when SD-809 was co-administered with paroxetine. 
Prolongation of the half-lives of d6-α-HTBZ and d6-β-HTBZ was associated with 
reduced formation of O-desmethyl metabolites of HTBZ on Day 11 (SD-809 + 
paroxetine) compared with Day 1 (SD-809 alone). Therefore, dosing adjustment is 
needed in CYP2D6 poor metabolizers or patients on CYP2D6 potent inhibitors. 
Key PK parameters of SD-809 and its metabolites are presented for all subjects and by 
phenotype in the following tables. 
 

Summary of Key PK Parameters of Primary Analytes after SD-809 22.5 mg 
Administration with or without Paroxetine 
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Efficacy and Safety Studies 
 
VII. SD-809-C-15: A Randomized, Double Blind, Placebo Controlled Study of SD-

809 Extended Release for the Treatment of Chorea associated with 
Huntington Disease 

 
Objective: to evaluate the efficacy, safety, and tolerability of SD-809 in adults with 
chorea associated with Huntington Disease (HD). 
 
Study Design Randomized, double-blind, placebo-controlled, parallel-group study to 

evaluate the efficacy, safety, and tolerability of SD-809 in adults with 
chorea associated with HD 

Study Population Adult subjects with HD 
Treatment Groups 90 subjects were randomized 1:1 to receive either SD-809* or placebo 
Dosage and 
Administration** 

The starting dose was SD-809 6 mg or placebo.  

The dose of study drug was to be adjusted weekly in increments of 6 mg 
per day (SD-809 or placebo) during the titration phase until there was 
adequate control of chorea**. 

Overall treatment period was 12 weeks, including 8-week titration phase 
and 4-week maintenance phase. 

PK Sampling Two PK samples/subject on Weeks 9 and 12  

PK Assessment popPK (separate report) 
Efficacy Assessment Primary: Change from baseline in Total Maximal Chorea Score (TMC) 
Safety Assessment Vital signs, body weight, adverse events, ECGs, clinical chemistry, 

anxiety and depression subscores 
 
* SD-809 6 mg (batch number N451173), SD-809 9 mg (N451737), and 12 mg (N451174) 
** The maximum total daily dose of SD-809 was 48 mg per day (24 mg twice daily), unless the 
subject was receiving a strong CYP2D6 inhibitor, in which case the maximum total daily dose 
was 36 mg (18 mg twice daily). 
 
Bioanalytical Assays: 
A validated LC-MS/MS assay was used for quantification of SD-809 and the HTBZ 
metabolites in study plasma samples. 
The ranges of the assay were from 0.100 to 10.0 ng/mL for SD-809 and 0.500 to 100 
ng/mL for deuterated α- and β-HTBZ.  
Reviewer’s Comment: The accuracy, precision (including the standard curves), 
reproducibility, specificity, recovery, and frozen stability of the analytical methods are 
acceptable. The performance of the assays during the study samples analysis is also 
acceptable. 
 
Pharmackinetic Results:  
Weeks 9 and 12 PK Sampling:  
Subjects were to record the start time of their last meal and the time of their last dose in 
their diary and to bring the diary with them to the clinic visit. Subjects took their usual 
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morning dose of study drug at home and had PK blood sampling upon arrival in the clinic 
on these visits.  
Subjects had a second PK sample drawn at least 2 hours (Week 9) or 3 hours (Week 12) 
after their initial sample.  
Subjects who withdrew early from the study were to have a single blood sample collected 
for PK at the Early Termination Visit if the last dose was within the prior 48 hours, if 
possible. 
A population PK dataset was constructed based on PK data collected in 44 subjects with 
chorea associated to HD in study SD-809-C-15 (popPK report). 

 
 
Notes: Seven subjects received a concomitant strong CYP2D6 inhibitor, and 1 subject 
with a PM phenotype received a concomitant strong CYP2D6 inhibitor. 
The majority of subjects (>75%) received 18, 21, or 24 mg BID doses of SD-809 at the 
Week 9 visit. 
 
In subjects with functional CYP2D6, the median CL/F of α-HTBZ was approximately 
1.25-fold higher than with impaired CYP2D6 at Week 9. The median CL/F of β-HTBZ in 
subjects with functional CYP2D6 was approximately 3.5 to 4-fold higher than those with 
impaired CYP2D6 on Week 9 or Week 12. 
 

Descriptive Statistics of Exposure Parameters of Total (α+β)-HTBZ Derived with 
the Final Population PK Models at Week 9 
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Reviewer’s Comment: The total (α+β)-HTBZ exposure (Cmax, Cmin, Cave and AUC) in 
subjects with impaired CYP2D6 function was more than 2x higher than in subjects with 
functional CYP2D6. 
Further details about PK and PK/PD analysis is provided in the pharmacometrics review. 
Pharmacometrics Reviewer Summary: The SD-809 dose should be adjusted in patients 
taking strong CYP2D6 inhibitors or who are poor metabolizers of SD-809. A maximum 
dose of 18 mg BID (36 mg daily) is recommended. 
 
Safety Results:  
Adverse Events in Subjects with Impaired CYP2D6 Function 
A total of 21 subjects (10 SD-809 subjects; 11 placebo subjects) had impaired CYP2D6 
function, including subjects with the CYP2D6 poor metabolizer phenotype and subjects 
receiving a strong CYP2D6 inhibitor at Baseline. 
There were no notable differences in the most common AEs between the subgroup of 
subjects with impaired CYP2D6 function and the subgroup of subjects without impaired 
CYP2D6 function, however, the strength of these comparisons is limited by the small 
sample size of subjects with impaired CYP2D6 function.  
The only AEs that occurred in more than one subject with impaired CYP2D6 function 
over the entire treatment period were irritability (2 SD-809; 2 placebo), somnolence (2 
SD-809; 1 placebo), diarrhea (2 SD-809; 0 placebo), and fatigue (2 SD-809; 0 placebo). 
All of the AEs in subjects with impaired CYP2D6 function were mild to moderate in 
severity and none of these subjects experienced a serious AE. 
Reviewer’s Comment: Three subjects with impaired CYP2D6 function back-titrated to a 
lower maintenance dose (Subjects 1, 20, 30). 
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VIII. SD-809-C-16: An Open-Label, Long-Term Safety Study of SD-809 ER in 

Subjects with Chorea Associated with Huntington Disease. 
 
Objectives: 
 Evaluate the safety and tolerability of titration and maintenance therapy with SD-809 
 Evaluate the safety and tolerability of switching subjects from Xenazine to SD-809 
 Evaluate the pharmacokinetics of Xenazine, SD-809, and their respective α- and β-
HTBZ metabolites in subjects switching from Xenazine to SD-809 
 
Study Design Open-label, single-arm, two-cohort study: 

The Rollover Cohort had completed Study SD-809-C-15 (First-HD), 
including a 1-week washout;  
The Switch Cohort switched overnight from stable dosing (≥8 weeks) 
with Xenazine® (tetrabenazine) to SD-809. 

Study Population 112 subjects with HD, including 37 Switch subjects and 75 Rollover 
subjects 

Treatment Group 2 cohorts, see Study Design  
Dosage and 
Administration* 

Rollover subjects were titrated to an optimal dose of SD-809, beginning 
with 6 mg SD-809. Titration was permitted through Week 8. 

Switch subjects were converted from their existing Xenazine dosing 
regimen to an SD-809 regimen predicted to provide comparable daily 
exposure (AUC) of total (α+β)-HTBZ relative to the subject’s prior 
Xenazine dose**. 

Study drug was administered with meals, with total daily doses of 12 
mg and higher administered in two divided doses. 

PK Sampling: plasma Rollover Cohort: only if subject withdrew early from the study or 
experienced an SAE: a single blood PK sample  

Switch Cohort: PK data were collected in 12 subjects using a rich 
sampling scheme (5 samples/subject over 6 hours post-dose) and in 24 
subjects using a sparse sampling scheme (2 samples/subject)*** 

Analysis LC-MS/MS method for TBZ/SD-809 and HTBZ metabolites 
Range: 0.100 ng/mL to 10.0 ng/mL for SD-809 or TBZ 
0.500 ng/mL to 100 ng/mL for HTBZ metabolites 

PK Assessment TBZ/SD-809 and metabolites plasma concentrations 

Efficacy Observed values and changes in the Unified Huntington Disease Rating 
Scale (UHDRS) Total Maximal Chorea (TMC) score and Total Motor 
Score (TMS) 

Safety Assessment Adverse events, vital signs, body weight, electrocardiograms, clinical 
chemistry, anxiety and depression subscores  

 
* The maximum total daily dose of SD-809 was 72 mg per day (36 mg twice daily), unless the subject was 
receiving a strong CYP2D6 inhibitor, in which case the maximum total daily dose was 36 mg (18 mg bid). 
**The mean dose of Xenazine at Baseline was 42 mg and, after the overnight switch, the mean dose of SD-
809 was 20 mg. No dose change was allowed during the first week. After Week 1, SD-809 dose could be 
adjusted to optimize chorea control.  
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*** ARC-Switch Pharmacokinetic Sampling Plan 

 

 
Bioanalytical Assays: 
Two validated assays were used: ALM.TBZ.1 for measuring the concentrations of TBZ 
and its α- and β-HTBZ metabolites in human plasma and ALM.SD809.1 for SD-809 and 
its deuterated α- and β-HTBZ metabolites.   
Assays were validated for the following analytes:  
Tetrabenazine (SD-808) 
SD-809 (SD-809) 
α-HTBZ (SD-946) 
β-HTBZ (SD-947) 
d6-α-HTBZ (SD-948) 
d6-β-HTBZ (SD-949) 
In both assays, analytes and the Internal Standards (IS) were extracted from human 
plasma using a liquid-liquid extraction. The analytes were separated by HPLC on a C18 
column and detected using API4000 MS/MS detector in positive MRM mode. The IS for 
samples assayed with ALM.TBZ.1 were the deuterated forms of the analytes while the IS 
for samples assayed with ALM.SD809.1 were the non-deuterated forms of the analytes.  
Reviewer’s Comments:  
The performance of the assays (ALM.TBZ.1 and ALM.SD809.1) for TBZ/SD-809 and α- 
and β-HTBZ metabolites during the analysis of the study samples is acceptable. 
Details of the validation results are presented in Bioanalytical Study Reports. 
 
Pharmackinetic Results:  
 
PK Bridging Strategy 
Exposure to the active α-HTBZ and β-HTBZ metabolites of SD-809 and TBZ was 
evaluated in Phase 1 studies, in which TBZ was administered as unformulated powder-in-
capsule and as commercially available tablets sourced from  

. A US approved Xenazine tablets was not available for use in the Phase 1 studies. 
Xenazine was only available as a baseline medication in Study SD-809-C-16.  
To establish a bridge between Xenazine and SD-809 exposure over the intended dose 
range, two approaches were used.  
In the first, non-normalized plasma concentrations of total (α+β)-HTBZ were compared 
from samples collected pre and post in-clinic visit, allowing comparison of Xenazine 
(baseline visit) with SD-809 (Week 8 visit). 
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expected to represent an increased safety risk for patients after dose adjustment. This will 
be discussed in the Mass balance study SD-809-C-12 review. 
 
Efficacy Results:  
The following efficacy conclusions are reported by the sponsor, details and PK/PD 
analysis will be provided in the pharmacometrics review. 
Efficacy in Rollover Cohort 

• Improvements observed in the mean TMC score were consistent with those 
observed in First-HD. 

Efficacy in Switch Cohort 
• Subjects who switched overnight from a stable dosing regimen of Xenazine to an 

AUC-matched dosing regimen of SD-809 experienced no loss in control of 
chorea, as assessed by the mean UHDRS TMC score and TMS, through Week 1. 

• Dose adjustment was permitted after Week 1; at Week 8, mean decreases from 
Baseline in TMC score and TMS were observed (p=0.03), indicating potential 
improvement in chorea control following SD-809 dose adjustment. 

 
Safety Results:  
In the Rollover Cohort, 39 (52.0%) subject experienced AEs, with the AEs assessed as 
mild or moderate in intensity in 36 (92.3%) of these 39 subjects. The most common AEs 
were fall (13%), somnolence (8%), depression (8%), and insomnia (8%).  
Five subjects had an AE that led to a dose reduction or dose suspension. Three subjects 
experienced serious AEs (anxiety, major depression, suicidal ideation, dehydration, 
encephalopathy), with one of these serious AEs (major depression) leading to study 
withdrawal. Three additional subjects withdrew from the study due to an AE (worsening 
chorea, suicidal ideation, and depression). 
In the Switch Cohort, 21 (56.8%) subjects experienced at least one AE, with AEs 
assessed as mild to moderate in 20 of the 21 subjects. The most common AEs were 
somnolence (24%), anxiety (8%), and fall (8%).  
There were no adverse events of chorea or worsening chorea during the reporting period, 
including the first week after the conversion from Xenazine to SD-809.  
Two subjects experienced serious AEs (pneumonia and dehydration), no subjects 
withdrew from the study due to an AE, and four subjects had an AE that led to a dose 
reduction or dose suspension. 
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Bioanalytical Reports 
 
IX. SD-809-CLN-011 Validation Report for Method TBZ.1: Determination of 

Tetrabenazine and its metabolites in Human Plasma by LC-MS/MS 
 
The analytical method ALM TBZ.1 was developed at the , 

. The method involves the extraction of the analytes (SD808, SD946 and 
SD947) and the internal standards (IS) from human plasma using liquid-liquid extraction.  
Analytes: Tetrabenazine (SD-808) 
α-HTBZ (SD-946) 
β-HTBZ (SD-947) 
IS: SD809 = d6-tetrabenazine (d6-TBZ) 
SD948 = d6-α-dihydrotetrabenazine (d6-α-HTBZ) 
SD949 = d6-β-dihydrotetrabenazine. (d6-β-HTBZ) 
Note: The internal standards for method ALM TBZ.1 were the analytes for method ALM 
SD-809.1 and vice versa. 
The analytes and the IS were separated by HPLC on a C18 column and the eluates 
monitored by an API 4000 MS/MS detector in positive MRM mode.  
Note: The analytes α-HTBZ and β-HTBZ were used within the assay only as mixed 
working solutions (see fig 11), likely in order to distinguish between the closely eluting 
α-HTBZ and β-HTBZ in case the retention time (RT) has slightly shifted. 

 
The method range is from 0.100 to 10.0 ng/mL for SD808 and 0.500 to 100 ng/mL for 
both SD946 and SD947 using a 200 μL aliquot of human plasma. 
The validation results are presented in the table below. 
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Specificity: No evidence of interference was observed in six individual sources of 
plasma. No significant effect on the quantification of SD808, SD946 or SD947 was 
observed using six individual sources of plasma. 
Recovery: The recovery at each concentration (QCL, QCM and QCH) was required to be 
consistent and reproducible. The mean recovery for each QC level were to be greater than 
50%. Recovery of the internal standard was required to be similar to that of the analyte. 
To determine recovery of SD808, SD946 and SD947 from the plasma extraction process, 
six replicates of extracted quality control samples at three concentration levels (0.300, 
3.00 and 7.50 ng/mL) were injected along with six replicates of unextracted SD808, 
SD946 and SD947 prepared at the same concentration levels in solution. Overall 
recovery of SD808 was 67.0%. Overall recoveries of SD946 and SD947 were 89.0% and 
88.8%, respectively. 
To determine the total recovery of the ISs (SD809, SD948 and SD949) from the same 
plasma extraction process, the mean of the IS peak areas from 18 different extracted 
quality control samples were compared with peak areas from 18 unextracted IS injections 
prepared at the same nominal concentration in solutions. Overall recovery of the ISs were 
68.0%, 83.7% and 83.6% for SD809, SD948 and SD949, respectively. 
 
The validation of the bioanalytical assay TBZ.1 is acceptable. 

Reference ID: 3914812

APPEARS THIS WAY ON ORIGINAL



 54 

X. SD-809-CLN-012 Validation Report for Method SD809.1: Determination of 
SD-809 and its metabolites in Human Plasma by LC-MS/MS 

 
The analytical method SD809.1 was developed at the  

. The method involves the extraction of the analytes (SD809, SD948 and 
SD949) and the internal standards (IS) from human plasma using liquid-liquid extraction.  
Analytes: SD809 = d6-tetrabenazine (d6-TBZ) 
SD948 = d6-α-dihydrotetrabenazine (d6-α-HTBZ) 
SD949 = d6-β-dihydrotetrabenazine. (d6-β-HTBZ) 
IS: Tetrabenazine (SD-808) 
α-HTBZ (SD-946) 
β-HTBZ (SD-947) 
The analytes and the IS were separated by HPLC on a C18 column and the eluates 
monitored by an API 4000 MS/MS detector in positive MRM mode.  
Notes: The internal standards for method TBZ.1 were the analytes for method SD-809.1 
and vice versa. 
Same as in method TBZ.1, the analytes α-HTBZ and β-HTBZ were used within the assay 
only as mixed working solutions (see fig 11 under method TBZ.1). 
 
The validation results for method SD-809.1 are presented in the same table as for method 
TBZ.1 (under IX. SD-809-CLN-011). 
 
The validation results of the bioanalytical assay SD-809.1 are acceptable. 
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XI. SD-809-CLN-050 Validation method for the determination of d0-O-
Desmethyl Metabolites (SD-971, SD-972, SD-973 and SD-974) of the 
Dihydrotetrabenazine metabolites from Tetrabenazine in Human Plasma 
containing lithium heparin as anticoagulant 

 
The method involves extracting the analytes and the Internal Standards (IS) from human 
plasma using a liquid-liquid extraction procedure. The analytes were separated by HPLC 
on a PFP phase column and the eluates monitored by an API4000 MS/MS detector in 
positive MRM mode. 
Analytes: SD-971 = 9-O-desmethyl-α-dihydrotetrabenazine 
SD-972 = 10-O-desmethyl-α-dihydrotetrabenazine 
SD-973 = 9-O-desmethyl-β-dihydrotetrabenazine 
SD-974 = 10-O-desmethyl-β-dihydrotetrabenazine 
Internal Std: SD-975 = 9-O-desmethyl-d3-α-dihydrotetrabenazine 
SD-976 = 10-O-desmethyl-d3-α-dihydrotetrabenazine  
SD-977 = 9-O-desmethyl-d3-β-dihydrotetrabenazine 
SD-978 = 10-O-desmethyl-d3-β-dihydrotetrabenazine 
 
Notes: Same as in the previous 2 methods, the internal standards for method SD-809-
CLN-050 were the analytes for method SD-809-CLN-051 and vice versa. 
Also, the analytes α- and β- desmethyl metabolites were used within the assay only as 
mixed working solutions (see figures under method SD-809-CLN-051). 
 
The method was validated in the range from 0.500 to 50.0 ng/mL for all analytes using 
100 μL aliquot of human plasma. 
The validation results are presented in the table below. 
 

 

 
 
Recovery:  
The overall recovery of SD-971 was 91.4%  
The overall recovery of SD-972 was 89.9%  
The overall recovery of SD-973 was 94.7%  
The overall recovery of SD-974 was 93.9%  
Specificity:  SD-971, SD-972, SD-973 and SD-974 showed no significant interference at 
the retention time of the IS and the IS showed no significant interference at the retention 
time of SD-971, SD-972, SD-973 and SD-974. Specificity was tested with no significant 
interference observed in the 6 individual plasma sources tested. 
The validation results of the bioanalytical method SD-809-CLN-050 are acceptable. 
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XII. SD-809-CLN-051 Validation method for the determination of d3-O-

desmethyl metabolites (SD-975, SD-976, SD-977 and SD-978) of the d6-
dihydrotetrabenazine metabolites from SD-809 (d6-Tetrabenazine) in human 
plasma containing lithium heparin as anticoagulant 
 

The method involves extracting the analytes and the Internal Standards (IS) from human 
plasma using a liquid-liquid extraction procedure. The analytes were separated by HPLC 
on a PFP phase column and the eluates monitored by an API4000 MS/MS detector in 
positive MRM mode. 
Analytes: SD-975 = 9-O-desmethyl-d3-α-dihydrotetrabenazine 
SD-976 = 10-O-desmethyl-d3-α-dihydrotetrabenazine  
SD-977 = 9-O-desmethyl-d3-β-dihydrotetrabenazine 
SD-978 = 10-O-desmethyl-d3-β-dihydrotetrabenazine 
Internal Std: SD-971 = 9-O-desmethyl-α-dihydrotetrabenazine 
SD-972 = 10-O-desmethyl-α-dihydrotetrabenazine 
SD-973 = 9-O-desmethyl-β-dihydrotetrabenazine 
SD-974 = 10-O-desmethyl-β-dihydrotetrabenazine 
 
The method was validated in the range from 0.500 to 50.0 ng/mL for all analytes using 
100 μL aliquot of human plasma. 
 
The validation results are presented in the table below. 

 
  
Recovery: 
The overall recovery of SD-975 was 78.2%  
The overall recovery of SD-976 was 76.3 %  
The overall recovery of SD-977 was 78.5 %  
The overall recovery of SD-978 was 73.8 %  
 
Specificity: SD-975, SD-976, SD-977 and SD-978 showed no significant interference at 
the retention time of the IS and the IS showed no significant interference at the retention 
time of SD-975, SD-976, SD-977 and SD-978. Specificity was tested with no significant 
interference observed in the 6 individual plasma sources tested. 
Matrix effect was tested by analyzing 6 individual blank plasma sources spiked at PQCL 
level with each analyte. 
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XIII. SD-809-NC-053 LC-MS/MS analysis of Tetrabenazine reference standards 
 

Results from  study ASX/04 confirmed that the early eluting 
component (M1) in human plasma was a 2-methylpropanoic acid metabolite of d6-β-
HTBZ. 

 
A reference standard SD-1020 analyzed as part of the clinical study consisted of two 
closely eluting diastereoisomers; with plasma metabolite M1 appearing to be coincident 
with the 1st diastereoisomer of SD-1020. 
The Sponsor has synthesized, separated and purified each of the two diastereoisomers of 
SD-1020 which have been designated SD-1021 and SD-1022. 
The aim of this study was to confirm by means of LC-MS/MS which of the two reference 
standards (SD-1021or SD-1022) was coincident with the M1 metabolite observed in 
human plasma in study ASX/04. 
An over-spiking experiment was performed in pooled human plasma extract in order to 
find out which of the two supplied reference standards was consistent with metabolite 
M1. The sample was first run untreated (i.e. no spike) before being separately spiked with 
either SD-1021 or SD-1022 reference standard at a higher concentration (based on peak 
height) and re-run a second time (SD-1021) and a third time (SD-1022). The retention 
times and change in peak height was used to confirm whether the candidate reference 
standards SD-1021 or SD-1022 correspond to the plasma metabolite designated M1. 
Human plasma extracts (n=3) from the related study ASX/04 were used for this analysis. 
The extracts were pooled to generate a pool of sufficient volume (ca. 600 μL) to perform 
the over-spiking experiment. 
Pooled human plasma extract, Subject 002, 2-12 hours  
Pooled human plasma extract, Subject 005, 2-12 hours  
Pooled human plasma extract, Subject 006, 2-12 hours  
A pooled human plasma extract was prepared by combining aliquots of the duplicate B 
plasma extract samples for subjects 002, 005 and 006 into a single tube. 
For SD-1021/ SD-1022 over-spiking, an aliquot (190 μL) of the pooled human plasma 
extract was transferred to a 1.5 mL Eppendorf tube; to the tube was added 10 μL of SD-
1021/ SD-1022  reference standard at 5 μg/mL. 
Sample (100 μL) was injected for LC-MS/MS analysis using an accurate mass full scan 
at a mass resolution of 30,000 with a targeted product ion for m/z 356. 
In addition, a mixed reference standard containing both SD-1021 and SD-1022 was 
analyzed prior to and after the samples and used as retention time markers. 
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The figure below shows the accurate mass extracted ion chromatograms for M1 (m/z 
356) in the non-spiked (untreated) plasma extract (top trace), in the SD-1021 over-spiked 
plasma extract (middle trace) and in the SD-1022 over-spiked plasma extract (bottom 
trace). The figure clearly shows that the SD-1021 reference standard coincides with 
metabolite M1; with the peak height increasing approximately 3-fold on addition of the 
SD-1021 reference standard spike (middle trace). 
 

Accurate mass extracted ion chromatogram for m/z 356 in pooled human plasma 
extract (2-12 hour, AUC) untreated and over-spiked with SD-1021 or SD-1022 
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Conclusion: The over-spiking experiment performed in this study confirmed that the 
early eluting component M1 in human plasma was SD-1021 (figure below). 
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In Vitro Studies 
 
XIV. SD-809-NC-001: In Vitro Stability of Tetrabenazine, SD-809, alpha-

dihydrotetrabenazine, beta-dihydrotetrabenazine, d6-alpha-
dihydrotetrabenazine and d6-beta-dihydrotetrabenazine in Human, Rat, 
Dog, Monkey, and Mouse Liver Microsomes 

 
Objectives:  
1) Investigate whether the Phase 1 metabolism of tetrabenazine (TBZ) is similar to or 
different than that of its deuterated analog SD-809 in in vitro liver microsomes of 
multiple species. 
2) Investigate whether the Phase 1 metabolism of the metabolites of TBZ (i.e. alpha-
HTBZ and beta-HTBZ) are similar to or different than those of their deuterated analogs 
d6-alpha-HTBZ and d6-beta-HTBZ in in vitro liver microsomes of multiple species..  
The in vitro evaluation was performed by Auspex. 
 
Methods: TBZ, alpha-HTBZ, beta-HTBZ, SD-809, d6-alpha-HTBZ, d6-beta-HTBZ 
were incubated with liver microsomes from rat, mouse, monkey, dog, and human. The 
respective test article half-life (t1/2) was determined. Test articles were analyzed with 
HPLC-MS/MS. 
 
The results of this study will be summarized together with the results of studies SD-809-
NC-002 and SD-809-NC-003 (under SD-809-NC-003 Results). 
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XV. SD-809-NC-002: In Vitro Stability of Tetrabenazine, SD-809, alpha-

dihydrotetrabenazine (HTBZ), beta-HTBZ, d6-alpha-HTBZ and d6-beta-
HTBZ in Human S9 Liver Fraction 

 
Objectives:  
1) Investigate whether the Phase 1 metabolism of tetrabenazine (TBZ) is similar to or 
different than that of its deuterated analog SD-809 in human S9 or cytosol liver fraction. 
2) Investigate whether the Phase 1 metabolism of the metabolites of TBZ (i.e. alpha-
HTBZ and beta-HTBZ) are similar to or different than those of their deuterated analogs 
d6-alpha-HTBZ and d6-beta-HTBZ in human S9 or cytosol liver fraction. 
The in vitro evaluation was performed by Auspex. 
 
Methods: TBZ, alpha-HTBZ, beta-HTBZ, SD-809, d6-alpha-HTBZ, d6-beta-HTBZ 
were incubated with human S9 or cytosol liver fraction and the respective test article 
half-life (t1/2) was determined if possible. Test articles were analyzed with HPLC-
MS/MS. 
 
The results of this study will be summarized together with the results of studies SD-809-
NC-001 and SD-809-NC-003 (under SD-809-NC-003 Results). 
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XVI. SD-809-NC-003: In Vitro Stability of Tetrabenazine, SD-809, alpha-
dihydrotetrabenazine (HTBZ), beta- HTBZ, d6-alpha- HTBZ and d6-beta- 
HTBZ in Human CYP1A2, 2D6 and 3A4 isozymes 

 
Objectives:  
1) Investigate whether the Phase 1 metabolism of tetrabenazine (TBZ) is similar to or 
different than that of its deuterated analog SD-809 in human CYP1A2, CYP2D6, and 
CYP3A4 isozymes.  
2) Investigate whether the Phase 1 metabolism of the metabolites of TBZ (i.e. alpha-
HTBZ and beta-HTBZ) are similar to or different than those of their deuterated analogs 
d6-alpha-HTBZ and d6-beta-HTBZ in human CYP1A2, CYP2D6, and CYP3A4 isozymes. 
The in vitro evaluation was performed by Auspex. 
 
Methods: TBZ, alpha-HTBZ, beta-HTBZ, SD-809, d6-alpha-HTBZ, d6-beta-HTBZ 
were incubated with human CYP1A2, CYP2D6, and CYP3A4 isozymes and the respective 
test article half-life (t1/2) was determined if possible. Test articles were analyzed with 
HPLC-MS/MS. 
 
Results: 
SD-809 and TBZ  
In in vitro human liver test systems, SD-809 and TBZ were metabolized rapidly; half-
lives could not be calculated in S9. The half-lives of SD-809 and TBZ in human liver 
microsomes were twelve minutes or less under the test conditions and were similar (i.e., 
within 10% of each other) (see Table below). 
Both TBZ and SD-809 were rapidly metabolized in the presence of CYP3A4, with 
relatively little metabolism in the presence of CYP1A2 (half-life: 135 and 164 minutes, 
respectively) or CYP2D6 (half-life: 178 and 204 minutes, respectively). In the three 
tested CYP enzymes, the stability of SD-809 was similar to that of TBZ, indicating that 
the substitution of deuterium for hydrogen in the O-linked methyl groups of SD-809 did 
not alter the CYP-dependent metabolism of SD-809 relative to tetrabenazine. 
 

Half-lives of SD-809 and Tetrabenazine after Incubation with Human S9, Human 
Liver Microsomes, or Recombinant CYP1A2, CYP2D6, and CYP3A4 

 
 

α-HTBZ and β-HTBZ:  
The rates of metabolism, measured as substrate loss of deuterated α- and β-HTBZ, were 
compared to the corresponding nondeuterated forms after incubation with human liver S9 
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fraction (SD-809-NC-002), with human liver microsomes (SD-809-NC-001), and with 
CYP enzymes (SD-809-NC-003).  
In in vitro human liver test systems, the metabolic half-life of deuterated α-HTBZ was 
greater than that of nondeuterated α-HTBZ by 48.5%. Across the two assays, the 
metabolic half-life of deuterated β-HTBZ was greater than that of nondeuterated β-HTBZ 
by 105% to 138% (SD-809-NC-001, SD-809-NC 002). 
The half-lives of nondeuterated α-HTBZ and β-HTBZ were shortest in the presence of 
CYP2D6 isozymes (SD-809-NC-003), consistent with this enzyme’s predominant role in 
HTBZ metabolism (per the Xenazine label).  
In the presence of CYP2D6, the half-life of deuterated α-HTBZ was greater than that of 
nondeuterated α-HTBZ by 226%, while the metabolic half-life of deuterated β-HTBZ 
was greater than that of nondeuterated α-HTBZ by 138%. There was measurable loss of 
α-HTBZ and, to a lesser degree, β-HTBZ in the presence of CYP3A4 isozymes with 
similar (within 31%) rates comparing deuterated and nondeuterated forms. 
 
Half-lives of Deuterated and Nondeuterated α-HTBZ and β-HTBZ after Incubation 

with Human S9, Human Liver Microsomes, or Recombinant CYP1A2, CYP2D6, 
and CYP3A4 
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XVII. SD-809-NC-041: Contribution of CYP1A2, CYP2D6 and CYP3A4/5 
Enzymes to the In Vitro Metabolism of d6- and d0-α-dihydrotetrabenazine 
and β-dihydrotetrabenazine in Human Liver Microsomes 

 
Objective: to evaluate the contribution of selected CYP enzymes (CYP1A2, CYP2D6 
and CYP3A4/5) to the in vitro metabolism of d6- and d0-α-HTBZ and d0- and d6-β-
HTBZ. 
 
Methods: The O-desmethyl metabolites of deuterated or nondeuterated α-HTBZ and β-
HTBZ (1 μM) were quantified after incubation with human liver microsomes (0.5 mg 
protein/mL) in the presence of selective CYP inhibitors (10 μM furafylline [a CYP1A2 
metabolism-dependent inhibitor], 1 μM quinidine [a CYP2D6 direct inhibitor] and 50 μM 
troleandomycin [a CYP3A4/5 metabolism-dependent inhibitor]) or appropriate solvent 
and positive controls in the presence of an NADPH-regenerating system. Analytes were 
analyzed with HPLC-MS/MS.  
Positive control incubations with marker substrates (phenacetin, a CYP1A2 substrate; 
dextromethorphan, a CYP2D6 substrate; and midazolam, a CYP3A4/5 substrate) in the 
presence and absence of furafylline (10 μM), quinidine (1 μM) or troleandomycin (50 
μM), respectively, were performed concurrently with the test article incubations to 
determine if the test system was metabolically competent and to confirm the inhibition of 
CYP enzymes. The contribution of CYP1A2, CYP2D6 and CYP3A4/5 to the metabolism 
of phenacetin, dextromethorphan and midazolam were determined to be 81, 74 and 93%, 
respectively. 
 
Results: 
The 9- and 10-O-desmethyl metabolites were detected in the incubates of nondeuterated 
α-HTBZ, nondeuterated β-HTBZ, and deuterated β-HTBZ in the presence and absence of 
CYP inhibitors. The 10-O-desmethyl metabolite of deuterated α-HTBZ was below level 
of detection. The impact of the individual CYP enzymes was assessed by comparing the 
rate of O-desmethyl metabolite formation in the presence versus the absence of selective 
CYP inhibitors (see Table below).  
CYP2D6 was responsible for 69% to 89% of the formation of 9-and 10-O-desmethyl 
HTBZ from both deuterated and nondeuterated substrates, where measurable; the 
formation of 10-O-desmethyl HTBZ from deuterated substrates was too low for 
calculation of CYP2D6 contribution. The selective inhibitors of CYP1A2 and CYP3A4/5 
had less impact on the formation of the O-desmethyl metabolites of HTBZ, with neither 
enzyme contributing more than 29%. 
These results confirm that CYP2D6 is the CYP isozyme primarily responsible for the 
O-demethylation of deuterated and nondeuterated α- and β- HTBZ substrates. 
 

Contribution of CYP2D6, CYP1A2, CYP3A4/5 on the Formation of the 9- and 10-
O-desmethyl Metabolites of Nondeuterated or Deuterated α-HTBZ and β-HTBZ in 

Human Liver Microsomes 
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Comment: There seems to be a shift in the metabolism from CYP2D6 to CYP1A2 and 
3A4/5, esp. in the 9- and 10-O-desmethyl β-HTBZ production. However, the % 
contribution of these enzymes is less than 29% and CYP2D6 is still the major enzyme 
responsible. Also, 10-O-desmethyl β-HTBZ is a minor metabolite for both TBZ and SD-
809. 
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XVIII. SD-809-NC-071: In Vitro Evaluation of SD-1021 (M1) as an Inhibitor of 

Cytochrome P450 (CYP) Enzymes in Human Liver Microsomes 
 
Objective: to evaluate in vitro (in human liver microsomes) the inhibition potential of the 
SD-809 major metabolite M1 (SD-1021) on major CYP enzymes (CYP1A2, CYP2B6, 
CYP2C8, CYP2C9, CYP2C19, CYP2D6 and CYP3A4/5.  
The in vitro evaluation was performed by . 
 
Methods: To evaluate M1 as a direct, time-dependent and metabolism-dependent 
inhibitor of CYP enzymes, pooled human liver microsomes were incubated with marker 
substrates at concentrations approximately equal to their Km or S50 in the presence or 
absence of M1.  A mixed-gender pool of 200 individual human liver microsomal samples 
was used for this study (see table below). 
 

 
 
To assess M1 ability to act as a direct inhibitor of CYP enzymes, M1 (at concentrations 
ranging from 0.1 to 100 μM) was incubated with marker substrate (at concentrations near 
the Km or S50, see table below) in duplicate 200-μL incubation mixtures as indicated in 
the table below.  
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IC50 determinations: Summary of assay conditions – Direct, time-dependent and 

metabolism-dependent inhibition of enzymes by M1 

 
 
Note: Metabolism-dependent inhibition is often synonymous with time-dependent 
inhibition. In the case of inhibitory metabolites, all metabolism-dependent inhibitors are 
time-dependent inhibitors since the formation of metabolites takes time. However, the 
converse is not true; not all time-dependent inhibitors are metabolism-dependent 
inhibitors. To distinguish between time-dependent and metabolism-dependent inhibition, 
SD-1021 was pre-incubated with human liver microsomes for 30 minutes without and 
with an NADPH-generating system, respectively, prior to the incubation with the marker 
substrate. Known direct and metabolism-dependent inhibitors of CYP enzymes were 
included as positive controls in all experiments. 
All metabolite analyses were performed with LC-MS/MS methods. Authentic metabolite 
standards were used, and deuterated metabolites were used as internal standards in all 
assays. 
 
The following direct inhibitors were included as positive controls and incubated for the 
normal incubation time and with the normal microsomal protein concentration in the 
presence of the marker substrate. 

 
 
The following metabolism-dependent inhibitors were preincubated with human liver 
microsomes for zero and 30 minutes followed by incubation with marker substrate for the 
normal pre-incubation time and with the normal microsomal protein concentration. 
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Results: Under the experimental conditions examined, there was no evidence that SD-
1021 was a direct, time-dependent (NADPH-independent) or metabolism-dependent 
(time-dependent and NADPH-dependent) inhibitor of any CYP enzyme examined (i.e., 
CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6 and CYP3A4/5) as any 
isolated IC50 values are reported as > 100 μM and less than 7.2% inhibition was observed 
for any CYP enzymes at the highest test article concentration (100 μM).  
 

Summary of results: In vitro evaluation of SD-1021(M1) as an inhibitor of human 
CYP enzymes 

 
 
M1 

 
 
Reviewer’s Comment: The experimental conditions and the results of this study are 
acceptable. 

Reference ID: 3914812



 70 

XIX. SD-809-NC-072: In Vitro Evaluation of SD-1021 (M1) as an Inducer of 
Cytochrome P450 Expression in Cultured Human Hepatocytes 

 
Objective: to evaluate in vitro (in human hepatocytes) the induction potential of the SD-
809 major metabolite M1 (SD-1021) on major CYP enzymes.  
The in vitro evaluation was performed by . 
 
Methods: This study was designed to allow any inductive effects of M1 to be assessed 
relative to three clinically relevant CYP inducers: omeprazole (an AhR activator and 
CYP1A2 inducer), phenobarbital (a CAR activator and CYP2B6 inducer) and rifampin (a 
PXR agonist and inducer of CYP3A4). 
Three preparations of cultured human hepatocytes from three separate livers were treated 
once daily for three consecutive days with DMSO (0.1% v/v, vehicle control), flumazenil 
(25 μM, negative control), one of seven concentrations of M1 (0.01, 0.1, 1, 6, 10, 30 or 
100 μM) or one of three known human CYP enzyme inducers, omeprazole (50 μM), 
phenobarbital (750 μM) and rifampin (20 μM). 
The stock solutions of SD-1021 were prepared fresh prior to use on each day of 
treatment.  
After treatment, the cells were harvested with Buffer RLT to isolate RNA, which was 
analyzed by qRT-PCR to assess the effect of SD-1021 on mRNA levels. 
Quantitative RT-PCR was conducted according to SOP L6160.06 and the Applied 
Biosystems protocol. Each PCR was performed in triplicate. A Primer Mix was prepared 
for each Gene Expression assay. 
 
Results: 

CYP1A2 mRNA percent positive control: The effect of treating 
cultured human hepatocytes with SD-1021 (M1) on CYP1A2 mRNA levels 

 
 

Treatment of cultured human hepatocytes with up to 100 μM of M1 caused little or no 
change in CYP1A2 mRNA levels. 

 
CYP2B6 mRNA percent positive control: The effect of treating 

cultured human hepatocytes with SD-1021 (M1) on CYP2B6 mRNA levels 
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SD-1021 caused little or no change in CYP2B6 mRNA levels in hepatocyte cultures 
HC10-8 and HC7-5. In hepatocyte culture HC4-18, however, SD-1021 caused > 2-fold 
change increases in CYP2B6 mRNA levels. However, these increases were < 20% of the 
positive control, phenobarbital, up to 8.5%. 

 
CYP3A4 mRNA percent positive control: The effect of treating 

cultured human hepatocytes with SD-1021 (M1) on CYP3A4 mRNA levels 

 
 

M1 (SD-1021) at up to 100 μM had little or no effect on CYP3A4 mRNA levels in all 
three hepatocyte cultures except for slight elevations in hepatocyte culture HC4-18. 
These elevations were not concentration-dependent and were < 20% of the positive 
control, rifampin. 
 
Conclusion: under the conditions of this study where the CYP positive controls, 
omeprazole, phenobarbital and rifampin caused appropriate increases in CYP1A2, 
CYP2B6 and CYP3A4 mRNA, treatment with up to 100 μM M1 (SD-1021) had little or 
no effect on CYP1A2 mRNA levels in all three hepatocyte cultures. 
 
Reviewer’s Comment: The experimental conditions and the results of this study are 
acceptable. 
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XX. SD-809-NC-073: In Vitro Evaluation of SD-1021 (M1) as an Inhibitor and 
Substrate of Human P-gp, BCRP, OATP1B1, OATP1B3, OAT1, OAT3 and 
OCT2 Transporters 

 
Objective: to evaluate in vitro M1 (SD-1021) as an inhibitor and a substrate of human 
transporters. The in vitro evaluation was performed by . 
 
Methods: The ability of M1 (0.01, 0.03, 0.1, 0.3, 1 and 3 μM) to inhibit human ABC 
transporters (efflux transporters: P-gp and BCRP) was evaluated by measuring the 
bidirectional permeability of a probe substrate (digoxin or prazosin) across a monolayer 
of Caco-2 and MDCKII-BCRP cells in the presence of SD-1021.  
The ability of M1 (0.003, 0.01, 0.03, 0.1, 0.3, 1 and 3 μM) to inhibit human uptake 
transporters (OATP1B1, OATP1B3, OCT2, OAT1 and OAT3) was evaluated by 
measuring the accumulation of probe substrates (see table below). 
To determine if M1 (0.3, 1 and 3 μM) is a substrate of human ABC transporters (P-gp 
and BCRP), the bidirectional permeability of SD-1021 across MDCKII-MDR1 and 
MDCKII-BCRP cells was measured. To determine if M1 (0.3, 1 and 3 μM) is a substrate 
of human SLC transporters (OATP1B1, OATP1B3, OCT2, OAT1 and OAT3), the 
accumulation of M1 (0.3, 1 and 3 μM) in transporter-expressing and control HEK293 
cells was measured. 
Comment: The (M1) concentrations tested are adequate, since they cover the estimated 
max plasma concentrations of M1 (0.126 μM). 
Estimate the max conc for M1 (MW 356.2):  
The steady state (α+β) HTBZ Cmax following 24 mg b.i.d. is 112 ng/ml according to SD-
809-CLN-078, Population PK Modeling, Table 7. 
According to Table 11 in the sponsor response to IR (Sept 24, 2015), M1 is 40% of 
(a+β)-HTBZ (e.g. 44.8 ng/ml [μg/L] or 0.125 μM) and M4 is 56% of (a+β)-HTBZ. 
 
SD-1021 was evaluated for its ability to inhibit human efflux and uptake transporters as 
summarized in the table below: 

 
 
The potential of SD-1021 to be a substrate of human efflux and uptake transporters was 
evaluated as outlined below. 
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Results: 
P-gp, BCRP, OATP1B1, OATP1B3, OCT2, OAT1 and OAT3 were not inhibited more 
than 23% in the presence of SD-1021 at the concentrations tested, indicating that 
SD-1021 is not an inhibitor of the tested efflux and uptake transporters. 
 

P-gp inhibition: Bidirectional permeability of digoxin across Caco-2 cells in the 
presence of SD-1021, valspodar and verapamil 

 
 

BCRP inhibition: Bidirectional permeability of prazosin across MDCKII-BCRP 
cells in the presence of SD-1021, Ko143 and ritonavir 

 
 

OATP1B1 inhibition: Uptake of estradiol-17β-glucuronide into OATP1B1 cells in 
the presence of SD-1021, rifampin and cyclosporine 
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OATP1B3 inhibition: Uptake of estradiol-17β-glucuronide into OATP1B3 cells in 
the presence of SD-1021, rifampin and cyclosporine 

 
 

OCT2 inhibition: Uptake of metformin into OCT2 cells in the presence of SD-1021, 
quinidine and cimetidine 

 
 

OAT1 inhibition: Uptake of p-aminohippurate into OAT1 cells in the presence of 
SD-1021, probenecid and novobiocin 

 
 

OAT3 inhibition: Uptake of estrone-3-sulfate into OAT3 cells in the presence of SD-
1021, probenecid and ibuprofen 
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The efflux ratio of SD-1021 in MDR1- and BCRP-expressing cells was below two in the 
presence and absence of appropriate inhibitors, suggesting that SD-1021 is not a substrate 
of the efflux transporters P-gp and BCRP. 
The accumulation of SD-1021 in OATP1B1, OATP1B3, OCT2 and OAT1 cells was less 
than two at the majority of conditions and was not affected by the appropriate positive 
control inhibitors, suggesting SD-1021 is not a substrate of OATP1B1, OATP1B3, OCT2 
or OAT1.The accumulation of SD-1021 in OAT3 cells was time and concentration 
dependent and was more than 2 fold higher than in control cells in the majority of test 
conditions. The uptake into OAT3 cells was reduced in the presence of the positive 
control inhibitor suggesting that SD-1021 is a substrate of OAT3. 
 

OAT3 inhibition: Uptake of estrone-3-sulfate into OAT3 cells in the presence of  
SD-1021, probenecid and ibuprofen 

 
 
Conclusions: 
SD-1021 is not an inhibitor of the tested efflux and uptake transporters (P-gp, BCRP, 
OATP1B1, OATP1B3, OCT2, OAT1 and OAT3). 
SD-1021 is not a substrate of the efflux transporters P-gp and BCRP. 
SD-1021 is not a substrate of OATP1B1, OATP1B3, OCT2 or OAT1. 
The uptake into OAT3 cells was reduced in the presence of the positive control inhibitor 
suggesting that SD-1021 is a substrate of OAT3. 
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XXI. DP-2016-001: In Vitro Evaluation of SD-1018 (SD-809 Metabolite M4) as an 
Inhibitor of Cytochrome P450 (CYP) Enzymes in Human Liver Microsomes 

 
Objective: to evaluate in vitro M4 (SD-1018) as an inhibitor of the major CYP enzymes 
(CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6 and CYP3A4/5) in human 
liver microsomes. 
The in vitro evaluation was performed by  
 
Methods: To evaluate SD-1018 as a direct, time-dependent and metabolism-dependent 
inhibitor of CYP enzymes, human liver microsomes from a pool of 200 individuals were 
incubated with marker substrates in the presence or absence of SD-1018. SD-1018 was 
evaluated for its ability to inhibit the following human CYP enzymes using the conditions 
specified: 
 

IC50 determinations: Summary of assay conditions to measure microsomal CYP 
enzyme activity –Direct, time-dependent and metabolism-dependent inhibition of 

enzymes by SD-1018 

 
 
To distinguish between time-dependent and metabolism-dependent inhibition, SD-1018 
was pre-incubated with human liver microsomes for 30 min without and with an 
NADPH-generating system, respectively, prior to the incubation with the marker 
substrate.  
Known direct and metabolism-dependent inhibitors of CYP enzymes were included as 
positive controls in all experiments. 
The following direct inhibitors were included as positive controls and incubated for the 
normal incubation time and with the normal microsomal protein concentration in the 
presence of the marker substrate: 

 
 
The following metabolism-dependent inhibitors were pre-incubated with human liver 
microsomes for zero and 30 min followed by incubation with marker substrate for the 
normal preincubation time and with the normal microsomal protein concentration: 
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All metabolite analyses were performed with LC-MS/MS methods. 
 
Results: The evaluation of SD-1018 as a direct, time-dependent and metabolism-
dependent inhibitor of human CYP enzymes is summarized in the table below: 
 

 
 
Conclusions: there was little or no evidence that SD-1018 caused direct, time-dependent 
or metabolism-dependent inhibition of any of the CYP enzymes evaluated.  
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XXII. DP-2016-002: In Vitro Evaluation of SD-1018 (SD-809 Metabolite M4) as an 
Inducer of Cytochrome P450 Expression in Cultured Human Hepatocytes 

 
Objective: to evaluate in vitro M4 (SD-1018) as an inducer of major CYP enzymes in 
human liver hepatocytes.  
The in vitro evaluation was performed by  
 
Methods: SD-1018 was evaluated for its effect on the following human CYP mRNA 
levels: CYP1A2, CYP2B6 and CYP3A4. 
Three cryopreserved preparations of cultured human hepatocytes from three separate 
livers (referred to as HC10-10, HC10-8 and HC7-8) were treated once daily for three 
consecutive days with methanol (1% v/v, vehicle control), flumazenil (25 μM, negative 
control), one of seven concentrations of SD-1018 (0.1, 0.3, 1, 3, 5, 10 or 20 μM) or one 
of three known human CYP inducers, omeprazole (50 μM), phenobarbital (750 μM) and 
rifampin (20 μM). After treatment, the cells were harvested with Buffer RLT to isolate 
RNA, which was analyzed by qRT-PCR to assess the effect of SD-1018 on CYP1A2, 
CYP2B6 and CYP3A4 mRNA levels.  
The potential of SD-1018 to cause cytotoxicity was assessed based on the release of 
lactate dehydrogenase (LDH) into the culture medium (a measure of cell membrane 
integrity) and by daily microscopic evaluation. 
 
Results: Treatment of cultured human hepatocytes with positive control CYP inducers 
caused appropriate increases in CYP mRNA expression. Omeprazole (50 μM) caused 
increases from 38.6- to 163-fold in CYP1A2 mRNA levels. Phenobarbital (750 μM) 
caused increases from 9.57- to 20.1-fold in CYP2B6 mRNA levels. Rifampin (20 μM) 
caused increases from 17.4- to 71.5-fold in CYP3A4 mRNA levels. 
Treatment of cultured human hepatocytes with up to 20 μM SD-1018 had little or no 
effect on CYP1A2 mRNA levels (range of 0.996- to 2.14-fold change) or CYP2B6 
mRNA levels (range of 1.13- to 2.33-fold change). The increases above 2.0-fold were 
only up to 0.703 and 13.0% as effective as the positive controls, omeprazole and 
phenobarbital (respectively), at inducing CYP mRNA expression. 
 

CYP1A2 mRNA percent positive control: The effect of treating cultured human 
hepatocytes with SD-1018 on CYP1A2 mRNA levels 
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CYP2B6 mRNA fold increase: The effect of treating cultured human hepatocytes 
with SD-1018 on CYP2B6 mRNA levels 

 
 
Treatment of hepatocyte cultures HC10-10, HC10-8 and HC7-8 with up to 20 μM 
SD-1018 caused concentration-dependent increases up to 2.86-, 3.95- and 4.27-fold 
change (respectively) in CYP3A4 mRNA levels. However, the maximal increases were 
only 11.3, 16.4 and 4.64% (respectively) as effective as the positive control, rifampin, at 
inducing CYP3A4 mRNA expression. 
 

CYP3A4 mRNA fold increase: The effect of treating cultured human hepatocytes 
with SD-1018 on CYP3A4 mRNA levels 

 
 
Conclusion: treatment of cultured human hepatocytes with up to 20 μM SD-1018 had 
little or no effect (i.e. < 2.0-fold change and/or < 20% of the positive control) on 
CYP1A2 and CYP2B6 mRNA levels. 
Treatment with up to 20 μM SD-1018 caused concentration-dependent increases > 2.0-
fold in CYP3A4 mRNA levels in all three preparations tested; however, these increases 
were < 20% as effective as the positive control rifampin at inducing CYP3A4 mRNA 
expression. 
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XXIII. DP-2016-003: In Vitro Evaluation of SD-1018 (SD-809 Metabolite M4) as an 
Inhibitor and a Substrate of Human P-gp, BCRP, OATP1B1, OATP1B3, 
OAT1, OAT3, and OCT2 Transporters 

 
Objective: to evaluate SD-1018 (SD-809 metabolite M4) as an inhibitor and a substrate 
of human transporters (P-gp, BCRP, OATP1B1, OATP1B3, OAT1, OAT3 and OCT2). 
The in vitro evaluation was performed by  
 
Methods:  
SD-1018 (0.1, 0.3, 1, 3, 10 and 20 μM) was evaluated as an inhibitor of human ABC and 
SLC transporters as outlined in the following table. 

 
Known inhibitors were included as positive controls in all experiments. 
 
SD-1018 (0.3, 1 and 4 μM) was evaluated as a substrate of human ABC and SLC 
transporters as summarized in the table below. 

 
Known substrates and inhibitors were included as positive controls in all experiments. 
 
Results:  
Evaluation of M4 as an inhibitor: 
Under the conditions tested, SD-1018 was not an inhibitor of the P-gp, BCRP, 
OATP1B1, OATP1B3 and OAT3 transporters.  
 

P-gp inhibition: Bidirectional permeability of digoxin across Caco-2 cells in the 
presence of SD-1018, valspodar and verapamil 
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BCRP inhibition: Bidirectional permeability of prazosin across MDCKII-BCRP 
cells in the presence of SD-1018, Ko143 and lopinavir 

 
 

OATP1B1 inhibition: Accumulation of [3H]-estradiol-17β-glucuronide into 
OATP1B1 cells in the presence of SD-1018, cyclosporin and rifampin 

 
 

OATP1B3 inhibition: Accumulation of [3H]-estradiol-17β-glucuronide into 
OATP1B3 cells in the presence of SD-1018, cyclosporin and rifampin 
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OAT3 inhibition: Accumulation of [3H]-estrone-3-sulfate into OAT3 cells in the 
presence of SD-1018, ibuprofen and probenecid 

 
 
SD-1018 at the highest concentration evaluated inhibited the OAT1 and OCT2 
transporters by 26 and 16%, respectively. IC50 values were not calculated as the 
inhibition of these transporters was less than 50%. 
 

OAT1 inhibition: Accumulation of [3H]-p-aminohippurate into OAT1 cells in the 
presence of SD-1018, novobiocin and probenecid 

 
 
OCT2 inhibition: Accumulation of [14C]-metformin into OCT2 cells in the presence 

of SD-1018, cimetidine and quinidine 

 
 
Substrate determination:  
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The efflux ratio of SD-1018 (0.3, 1 and 4 μM) across MDCKII-MDR1 cells was less than 
two in the absence and presence of the P-gp inhibitor valspodar (10 μM), indicating SD-
1018 is not a substrate of the P-gp transporter. 
The efflux ratio of SD-1018 (0.3, 1 and 4 μM) across MDCKII-BCRP cells was less than 
two in the absence and presence of the BCRP inhibitor Ko143 (1 μM). 
The uptake ratio of SD-1018 (0.3, 1 and 4 μM) into OATP1B1-expressing cells was 
greater than two in the absence of inhibitor, but was not reduced in the presence of 
OATP1B1 inhibitor rifampin (10 μM), indicating that the uptake of SD-1018 was not 
OATP1B1-mediated and consequently, is not a substrate of the OATP1B1 transporter. 
The uptake ratio of SD-1018 (0.3, 1 and 4 μM) into OATP1B3-expressing cells was less 
than two in the absence of inhibitor with the exception of each tested concentration at the 
3-min time point where the uptake ratios were approximately four. At these same 
conditions in the presence of OATP1B3 inhibitor rifampin (10 μM), the uptake ratios 
were not reduced to below two, indicating that the uptake of SD-1018 was not 
OATP1B3-mediated and consequently, is not a substrate of the OATP1B3 transporter. 
The uptake ratio of SD-1018 (0.3, 1 and 4 μM) into OAT1-expressing cells was less than 
two in the absence and presence of the OAT1 inhibitor probenecid (100 μM), indicating 
SD-1018 is not a substrate of the OAT1 transporter. 
The uptake ratio of SD-1018 (0.3, 1 and 4 μM) into OAT3-expressing cells was less than 
two in the absence and presence of the OAT3 inhibitor probenecid (100 μM), indicating 
SD-1018 is not a substrate of the OAT3 transporter. 
The uptake ratio of SD-1018 (0.3, 1 and 4 μM) into OCT2-expressing cells was less than 
two in the absence and presence of the OCT2 inhibitor quinidine (300 μM), indicating 
SD-1018 is not a substrate of the OCT2 transporter. 
 
Conclusions:  
Under the conditions tested, SD-1018 was not an inhibitor of the P-gp, BCRP, 
OATP1B1, OATP1B3 and OAT3 transporters. SD-1018 at the highest concentration 
evaluated inhibited the OAT1 and OCT2 transporters by 26 and 16%, respectively. IC50 
values were not calculated as the inhibition of the transporters was less than 50%. 
SD-1018 was not a substrate of the P-gp, BCRP, OATP1B1, OATP1B3, OAT1, OAT3 
and OCT2 transporters under the conditions tested (net efflux ratio or uptake ratio was 
less than two and/or was not reduced in the presence of a known inhibitor). 
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Appendix 
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Response to FDA Telcon Request for information regarding Metabolite - 20 
Oct 2015 
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Response to IR about plasma pooling 
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Pharmacometrics Review 

OFFICE OF CLINICAL PHARMACOLOGY: 

PHARMACOMETRIC REVIEW 

 

1 SUMMARY OF FINDINGS 

1.1 Key Review Questions 
The purpose of this review is to address the following key questions. 

1.1.1 Is the PK bridging between SD-809(deutetrabenazine) and the reference 
product, Xenazine (tetrabenazine tablet), acceptable? 

Yes, the PK bridging between SD-809 and Xenazine is acceptable if the recommend 
maximum daily dose of SD-809 is 48 mg (24 BID).  

Since this NDA is a 505(b)(2) submission for SD-809 with Xenazine as the reference listed 
drug, PK bridging between SD-809 and Xenazine needs to be established. However, in the 
Phase 1stage, the Sponsor was not able to obtain US approved Xenazine tablets to 
conduct PK bridging studies. Instead, commercially available tetrabenazine tablets 
sourced from  and unformulated tetrabenazine power in 
capsule were used in Phase 1 studies to evaluate the exposure to the active α-HTBZ and 
β-HTBZ metabolites following administration of SD-809 and tetrabenazine. Since the US 
approved Xenazine was not used in Phase 1 studies, data from Phase 1 studies cannot be 
used to establish the PK bridge between SD809 and its reference drug, Xenazine.  
 
Xenazine was only available as a baseline treatment in the Switch Cohort of Study SD-
809-C-16, which is an open-label, long-term safety study of SD-809 in subjects with 
chorea associated with Huntington’s disease. There were two cohorts in Study SD-809-C-
16, the Rollover Cohort and the Switch Cohort. The Rollover Cohort had successfully 
completed Study SD-809-C-15, including a 1-week washout; the Switch Cohort switched 
overnight from stable dosing (≥8 weeks) with Xenazine to SD-809. The objective of the 
Switch Cohort was to evaluate the safety and tolerability of switching subjects from 
Xenazine to SD-809 and to evaluate the pharmacokinetics of Xenazine, SD-809, and their 
respective α-HTBZ and β-HTBZ metabolites in subjects switching from Xenazine to SD-
809. Patients in the Switch cohort (N=37) underwent PK sampling at Baseline (Day 0) 
while on stable doses of Xenazine. Patients were then switched overnight to an AUC-
matched dose of SD-809 and were evaluated in the clinic at Week 1 to assess chorea 
control; dose adjustment was then permitted to optimize chorea control after week 1. 
Patients underwent PK sampling after approximately 8 weeks of repeated-dose 
administration with SD-809. For both treatments, stable doses were administered for at 
least one week prior to PK sampling. Rich PK data were collected in 12 subjects (5 
samples/subject over 6 hours post-dose) and sparse PK data were collected in 24 subjects 
(2 samples/subject). (The initial switch was a simple 2:1 conversion based on the stable 
daily dose of Xenazine. This dose conversion ratio was derived from Phase 1 PK studies 
including study SD-809-CTP-07 and supported by population PK modeling and 
simulation analysis in the Phase 1 stage. However, the majority of subjects in the Switch 
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study experienced dose increase after week 1, suggesting that the 2:1 conversion ratio 
might not be optimal.) 
 

To assess the overall comparability of exposure observed in the Switch Cohort, non-
normalized plasma concentrations of total (α+β)-HTBZ observed over approximately 6 
hours after administration of Xenazine (Day 0) or SD-809 (Week 8) at steady state were 
presented below (Figure 1), allowing comparison of Xenazine with SD-809. 

Figure 1 Non-normalized total (α+β)-HTBZ plasma concentrations at Baseline 
(Xenazine) and at Week 8 (SD-809) 

 

Source: Information amendment clinical 0047 page 7 
However, the SD-809 dose for the same subject could be different from that at Week 0 
due to permitted dose adjustment to optimize chorea control after Week 1. Therefore, to 
appropriately compare exposure following administration of Xenazine and SD-809 over 
the intended dose range, concentrations and parameters were normalized to the maximum 
single dose for each treatment, i.e. 37.5 mg for Xenazine and 24 mg for SD-809. Dose–
normalized plasma concentrations of total (α+β)-HTBZ in the Switch Cohort following 
administration of Xenazine and SD-809 appears to be in similar range, as shown in 
Figure 2. In addition, dose-normalized observed Cmax were compared between Xenazine 
and SD-809 in the rich sampling subgroup in the Switch Cohort. The result shows that 
Cmax of SD-809 at highest proposed dose appears to be covered by Cmax of Xenazine at 
highest approved dose, as shown in Table 1. Therefore, the PK bridging between SD-809 
and Xenazine is acceptable if the highest recommend daily dose of SD-809 is 48 mg (24 
mg BID).  

 

Reference ID: 3914812

APPEARS THIS WAY ON ORIGINAL





NDA 208082  Page 4 of 16 

Pharmacometrics Review 

To further evaluate the maximum daily dose in patients taking strong CYP2D6 inhibitors 
or who are poor metabolizers of SD-809, predicted mean steady state PK profiles of total 
(α+β)-HTBZ at different doses of SD-809 with or without strong CYP2D6 inhibitor 
paroxetine were derived through nonparametric superposition using data from the 
dedicated DDI study (SD-809-C-08). Although the results show that total (α+β)-HTBZ 
exposure at 18 mg BID SD-809 dose in subjects with impaired CYP2D6 function is 
higher than that at 24 mg BID dose (the proposed maximum SD-809 dose for patients 
without impaired CYP2D6 function or CYP2D6 inhibition) in subjects with normal 
CYP2D6 function, such total (α+β)-HTBZ exposure is similar or lower than the total 
(α+β)-HTBZ exposure at approved maximum Xenazine dose (25 mg BID) in CYP2D6 
PM subjects and subjects on concomitant strong CYP2D6 inhibitors. Therefore, SD-809 
dose adjustment is bridged to the Xenazine dosing recommendations in subjects with 
impaired CYP2D6 function. The 18 mg BID SD-809 dose is considered to be acceptable 
in subjects with impaired CYP2D6 function. The predicted mean steady state PK profiles 
of total (α+β)-HTBZ are shown in Figure 3.  
 
Moreover, in the pivotal efficacy study SD-809-C-15, maximum dose levels for subjects 
on strong CYP2D6 inhibitors were restricted to 18 BID, instead of 24 mg BID for 
subjects with normal CYP2D6 function. Table 2 shows the SD-809 dose levels for 
CYP2D6 PMs and subjects on strong 2D6 Inhibitors in Study SD-809-C-15.  
 
Figure 3 Predicted Mean Steady-state PK Profiles of Total (α+β) HTBZ at Different 

Scenarios with or without Strong 2D6 Inhibitor Paroxetine 
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Table 3 Description of SD-809-C-15 Study Design 

 

Source: Study report SD-809-CLN-078 page 10 

Table 4 Summary of α-HTBZ and β-HTBZ Samples 

 

Source: Study report SD-809-CLN-078 page 19 

3.1.3 Structural Model 
The structure of the PK models describing the kinetics of α-HTBZ and β-HTBZ is 
illustrated in Figure 4. For both α-HTBZ and β-HTBZ, a two-compartment model with 
first order elimination and parallel first order and zero order absorption resulted in the 
best fit.  

Reference ID: 3914812

APPEARS THIS WAY ON ORIGINAL



NDA 208082  Page 8 of 16 

Pharmacometrics Review 

Figure 4 Schematic Representation of Population PK Models for α-HTBZ and β-
HTBZ 

 

Source: Study report SD-809-CLN-078 page 13 
 

3.1.4 Covariate Model 
Covariates were tested on clearance and volume of distribution parameters. Intrinsic 
covariates included age, sex, race, body weight, CYP2D6 phenotype, CRCL, and liver 
function test (BIL, PT). Extrinsic covariates included daily dose levels and CYP2D6 
inhibitors (presence or absence of strong inhibitor). The final model included body 
weight as a covariate on clearance and volume of distribution terms, as well as impaired 
CYP2D6 function as a covariate on clearance.  

3.1.5 Final Model Results 
Parameter estimates of the final models are provided in Table 5.Due to the sparseness of 
data in study SD-809-C-15, structural PK models of α-HTBZ and β-HTBZ previously 
estimated from Phase 1 data were used to model concentration-time profiles. Absorption 
and distribution parameters were fixed based on a population PK model developed in the 
healthy volunteers using Phase 1 data form studies AUS-SD-809-CTP-07 Part 2, SD-809-
C-08 and SD-809-C-11 CL/F and Vc/F as well as the corresponding random effects and 
covariate effects were estimated in the current model.  
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Table 5 Final Population PK Parameters of α-HTBZ and β-HTBZ in Study SD-809-
C-15 

 

Source: Study report SD-809-CLN-078 page 27 
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Diagnostic plots for the final model of α-HTBZ and β-HTBZ are presented in Figure 
5 and Figure 6, respectively. Figure 5 Diagnostic Plots for the Final Population PK 

Model of α-HTBZ 

 

Source: Study report SD-809-CLN-078 page 63 
 

Figure 6 Diagnostic Plots for the Final Population PK Model of β-HTBZ 

 

Source: Study report SD-809-CLN-078 page 64 
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The prediction-corrected visual predictive check shows that the model was reasonably 
able to reproduce the observed data (Figure 7, Figure 8) 

Figure 7 Prediction-Corrected Visual Predictive Checks of the Final Population PK 
Model of α-HTBZ  

 

Source: Study report SD-809-CLN-078 page 75 
 

Figure 8 Prediction-Corrected Visual Predictive Checks of the Final Population PK 
Model of β-
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HTBZ

 

Source: Study report SD-809-CLN-078 page 77 
Bootstrap analysis results are shown in Table 6 and Table 7 for α-HTBZ and β –HTBZ, 
respectively, indicating acceptable parameter estimation.  

Table 6 Bootstrap Values of the Full Population PK Model of α-HTBZ 

 

Source: Study report SD-809-CLN-078 page 50 
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Table 7 Bootstrap Values of the Full Population PK Model of β -HTBZ 

 

Source: Study report SD-809-CLN-078 page 51 

Reviewer’s comments:  The goodness of fit and VPC show that the final models are able 
to reasonably describe the PK profiles of α-HTBZ and β-HTBZ in study SD-809-C-15. 
Bootstrap analysis results suggest acceptable parameter estimation from the final 
models. Due to the sparseness of data in study SD-809-C-15, absorption and distribution 
parameters were fixed based on a population PK model developed in the healthy 
volunteers using Phase 1 data, which is considered to be acceptable because the PK of 
SD-809 is similar between healthy subjects and HD patients. The modeling results show 
that impairment of CYP2D6 is expected to decrease the typical CL/F of α-HTBZ andβ-
HTBZ by approximately 22% and 72%, respectively. The median Cmax and AUC0-24 
values of total (α+β)-HTBZ in a subject with impaired CYP2D6 is expected to be 
approximately 2-fold higher than that expected in a subject with functional CYP2D6. 
However, the dedicated DDI study SD-809-C-08 shows that systemic exposure (AUCinf) 
of total (α+β)-HTBZ was 3-fold higher in the presence of paroxetine than that in the 
absence of paroxetine (1.9-folder higher for α-HTBZ and 6.5-fold higher for β-HTBZ, 
respectively). The pharmacometrics reviewer recommends reporting the dedicated DDI 
study results rather than the popPK analysis results regarding the CYP2D6 impairment 
effect on exposure based on the following considerations. The popPK was not pre-
specified to evaluate the effect of impaired CYP2D6 function on SD-809 PK. Detailed 
information on the dose given, time of administration, and time of discontinuation for the 
co-administered strong CYP2D6 inhibitors is not available. .Moreover, the sample size of 
subject with impaired CYP2D6 function in the popPK analysi is relatively small (N=9; 3 
CYP2D6 poor metabolizers and 7 subjects on strong CYP2D6 inhibitors including 
paroxetine, bupropion, and fluoxetine; with 1 subject who is both CYP2D6 PM and also 
on strong CYP2D6 inhibitor) and only sparse PK data is available from these 9 subjects 
(4 samples per subject).  
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4 REVIEWER’S ANALYSIS 

4.1 Introduction 
The PM reviewer conducted analysis to evaluate the maximum daily dose in patients 
taking strong CYP2D6 inhibitors or who are poor metabolizers of SD-809. Specifically, 
mean steady state PK profiles of total (α+β)-HTBZ at different doses of SD-809 with or 
without strong CYP2D6 inhibitor paroxetine were predicted through nonparametric 
superposition using data from the dedicated DDI study. 

4.2 Objectives 
The objective of the reviewer’s analysis is to evaluate the impact of impaired CYP2D6 
function on the PK profiles of total (α+β)-HTBZ and to facilitate the dose 
recommendation for subjects with impaired CYP2D6 function.  

4.3 Methods 

4.3.1 Data Sets 
Data sets used are summarized in Table 8 Analysis Data Sets. 

Table 8 Analysis Data Sets 

Study Number Name  Link to Sharedrive 

SD-809-C-08 Study_c_08_PC.csv \\cdsnas\pharmacometrics\Reviews\Ongoing PM 
Reviews\Deutetrabenzine_NDA208082_XW\PPK 
Analyses\Study C-08 

 

4.3.2 Software 
Phoenix 6.4 (Certara) andR 3.0.2 (R Foundation for Statistical Computing) were used for 
the analysis. 

4.3.3 Models 
 Nonparametric superposition using data from the dedicated DDI study (SD-809-C-08) 
was performed to derive the predicted mean steady state PK profiles of total (α+β)-HTBZ 
at different doses of SD-809 with or without strong CYP2D6 inhibitor paroxetine. No 
model was used and no assumption was made. 

4.3.4  Results 
See Section 1 (Summary of Findings) of this report. 

5 LISTING OF ANALYSES CODES AND OUTPUT FILES 
File Name Description Location in \\cdsnas\pharmacometrics\ 

superposition.csv Simulated 
PK profile 
of total 
(α+β)-
HTBZ in 

\\cdsnas\pharmacometrics\Reviews\Ongoing PM 
Reviews\Deutetrabenzine_NDA208082_XW\FDA 
Reviews\Mid cycle\CYP2D6 
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patients 
with  and 
without 
impaired 
2D6 
function  
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