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1. EXECUTIVE SUMMARY
Deutetrabenazine (Austedo™) was submitted as an original application to Division of Psychiatry 
Products (DPP) for the treatment Tardive Dyskinetia (NDA 209885) in December, 2016. 
However, Deutetrabenazine (Austedo) had previously been submitted to the Division of 
Neurology Products (DNP) as a 505(b)(2) application for the treatment of chorea associated 
with Huntington’s disease under NDA 208082. The reference drug was Xenazine 
(tetrabenazine).  A Complete Response (CR) letter was issued by DNP in May 2016. The Sponsor 
filed a Class 2 resubmission in October 2016 with DNP in response to the CR letter and Austedo 
was approved in April 2017 for the treatment of chorea associated with Huntington’s disease. 
After the approval of NDA 208082, NDA 209885 was reclassified as an efficacy supplement. The 
current supplement is seeking approval for use of Austedo for the treatment of Tardive 
Dyskinesia (TD). The Sponsor cross-referenced the Clinical Pharmacology studies submitted to 
NDA 208082.  The only new additions to the Clinical Pharmacology part of this submission were 
a population pharmacokinetic (PopPK) and Exposure-Response (E-R) analysis in TD patients.  
This review focuses primary on the PopPK and E-R evaluations.

Deutetrabenazine is a selectively deuterium substituted, stable, non-radioactive, isotopic form 
of tetrabenazine (XENAZINE®). XENAZINE is approved for the treatment of chorea associated 
with Huntington’s disease (HD). Both deutetrabenazine and tetrabenazine undergo extensive 
hepatic metabolism by carbonyl reductase, to active metabolites, alpha-dihydrotetrabenazine 
[α-HTBZ] and beta-dihydrotetrabenazine [β-HTBZ]). Alpha (α)-HTBZ and β-HTBZ are 
subsequently metabolized primary by CYP2D6 to yield O-desmethyl (ODM) HTBZ. The active 
metabolites, α-HTBZ and β-HTBZ potently inhibit vesicular monoamine transporter, type 2 
(VMAT2) in the central nervous system, resulting in decreased uptake of monoamines into 
synaptic vesicles and reduction of dopaminergic neurotransmission at the synaptic level in the 
brain in both TD and HD. The relative abundance of the α-HTBZ and β-HTBZ active metabolites 
is 3:1. OCP review of NDA 208082 indicated that the 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 clinical development program of deutetrabenazine for the treatment of TD includes two 
pivotal trials: one randomized, placebo-controlled, Phase 2/3 study (SD-809-C-18), one 
randomized, placebo-controlled, Phase 3 study (SD-809 C-23); and an ongoing open-label, long-
term, Phase 3 safety study (SD-809-C-20). These studies evaluated the safety and efficacy of SD-
809 to reduce the severity of abnormal involuntary movements in patients with TD using either 
individualized titration regimens or fixed dose regimens.  The clinical pharmacology of SD-809 
was evaluated in 5 Phase 1 studies in healthy adult subjects. Data from these 5 Phase 1 studies 
were previously submitted and reviewed under NDA 208082 for the treatment of chorea 
associated with HD and are cross-referenced in the TD application and review. 
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1.1 Recommendations

The Office of Clinical Pharmacology has reviewed the information included in NDA 209885. This 
NDA is approvable from a clinical pharmacology perspective for treatment of Tardive 
Dyskinesia. Key review issues with specific recommendations and comments are summarized 
below:

Review Issues Recommendations and Comments

Supportive evidence of 
effectiveness

The primary evidence of effectiveness was demonstrated in 
one pivotal phase 3 trial and supportive evidence from a 
phase 2 trial. A significant dose/exposure-response 
relationship further indicated that higher dose/exposure is 
associated with higher reduction in the Abnormal Involuntary 
Movement Scale (AIMS) total score.      

General dosing 
instructions

1. Overall, the proposed dosing for AUSTEDO in the general 
patient population is acceptable.

 As tested in the pivotal phase 3 and phase 2 trial, the 
recommended starting dose for the treatment of TD is 
12 mg (6 mg twice daily). 

 The dose may be increased at weekly intervals in 
increments of 6 mg per day to a tolerated dose that can 
reduce TD. Doses of 12 mg per day and higher should be 
given as two divided doses.

 The maximum total daily dose is 48 mg/day (maximum 
single dose of 24 mg) 

2. AUSTEDO should be administered with food

3. AUSTEDO should be swallowed whole, i.e., should not be 
crushed or chewed.
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Dosing in patient

subgroups (intrinsic and 
extrinsic factors)

Dosage adjustment is recommended in subgroups of 
patients who are either CYP2D6 poor metabolizers (PMs) 
and/or who are taking concomitant strong CYP2D6 
inhibitors based on a dedicated drug-drug interaction study 
in the presence and absence of CYP2D6 inhibitors and 
understanding of the disposition of the drug. 

 There are no changes in the recommendation for the 
starting daily dose and other instructions listed above.

 However, the maximum total daily dose in CYP2D6 
PMs and/or those taking strong CYP2D6 inhibitors 
should be limited to a maximum total daily dose of 36 
mg/day (maximum single dose of 18 mg)

These recommendations are consistent with the study 
protocol of the phase 2 trial. Additionally, they are also 
consistent with AUSTEDO indicated for the treatment of 
chorea associated with Huntington’s disease. The QT-IRT 
review concluded from a dedicated thorough QT study that 
clinically relevant QT prolongation might be expected in 
some patients if the maximum total daily dose of 48 
mg/day is administered.

Bridge between the “to-be-
marketed” and clinical trial 
formulations

The clinical trial formulation is reported to be the same as the 
to-be-marketed product

1.2 Post-Marketing Requirements and Commitments 

None

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT

2.1 Pharmacology and Clinical Pharmacokinetics

Deutetrabenazine (SD-809, AUSTEDO™, Teva Pharmaceuticals) is a selectively deuterium 
substituted, stable, non-radioactive, isotopic form of tetrabenazine (XENAZINE®, Valeant 
Pharmaceuticals). XENAZINE® and AUSTEDO™ are approved products indicated for the 
treatment of chorea associated with Huntington’s disease. The exact mechanism by which SD-
809 exerts its efficacy in the treatment of tardive dyskinesia (TD) is unknown. However, it is 
believed to be a vesicular monoamine transporter type-2 (VMAT2) inhibitor in the CNS, 
resulting in reversible depletion of monoamines (dopamine, serotonin, norepinephrine and 
histamine. More specifically, the major circulating dihydro metabolites (deuterated and non-
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deuterated alpha-dihydrotetrabenazine [α-HTBZ] and beta-dihydrotetrabenazine [β-HTBZ]) are 
believed to be potent VMAT2 inhibitors and contribute to therapeutic efficacy of SD-809 in 
patients with TD.  

Please refer to Clinical Pharmacology/Biopharmaceutics Review of Austedo for the treatment of 
chorea associated with Huntington’s disease that was put in DARRTS on 4/13/16 and 2/23/17 
for more details on clinical pharmacokinetics. 

2.2 Dosing and Therapeutic Individualization

2.2.1 General dosing
The dosing recommendation for the treatment of TD is a starting daily dose of 12 mg (6 mg 
twice daily). The dose may be increased at weekly intervals in increments of 6 mg per day to a 
tolerated dose that can reduce TD. Doses of 12 mg per day and higher should be given as two 
divided doses. The maximum total daily dose of SD-809 is 48 mg/day (maximum single dose of 
24 mg) unless the subject is receiving strong CYP2D6 inhibitor, in which case, the maximum 
total daily dose is limited to 36 mg/day.

2.2.2 Therapeutic individualization
The maximum recommended total daily dose of SD-809 should be limited to 36 mg/day (should 
not exceed single dose of 18 mg) in TD Patients who are either receiving concomitant strong 
CYP2D6 inhibitors and/or who are CYP2D6 PMs. 

2.3 Outstanding Issues
None.

2.4 Summary of Labeling Recommendations
The Office of Clinical Pharmacology recommends the following labeling concepts be included in 
the final package insert:

 The recommended starting dose of AUSTEDO is 12 mg per day (6 mg twice daily) for 
patients with TD. The dose of AUSTEDO may be increased at weekly intervals in increments 
of 6 mg per day to a maximum recommended daily dosage of 48 mg. Administer total daily 
dosages of 12 mg or above in two divided doses.

 The maximum total daily dose of SD-809 is 48 mg/day (maximum single dose of 24 mg) 
unless the subject is receiving strong CYP2D6 inhibitor, in which case, the maximum total 
daily dose is limited to 36 mg/day.

 Administer AUSTEDO with food 
 Swallow AUSTEDO whole. Do not chew, crush, or break tablets.
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3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW

3.1 Overview of the Product and Regulatory Background
AUSTEDO contains selectively deuterium substituted, stable, non-radioactive, isotopic form of 
tetrabenazine, a vesicular monoamine transporter 2 (VMAT2) inhibitor. Two trideuteromethoxy 
groups (-OCD3) are substituted at the 9- and 10-positions during the synthesis of 
deutetrabenazine to replace 2 trihydromethoxy groups (-OCH3) at the corresponding positions 
in tetrabenazine.  AUSTEDO tablets are intended for oral administration only. 

The proposed indication is for the treatment of tardive dyskinesia (TD) in adult patients. 
INGREZZA (Valbenazine) is currently the only approved treatment of TD. AUSTEDO is also 
indicated for the treatment of chorea associated with Huntington’s disease 

3.2 General Pharmacological and Pharmacokinetic Characteristics
Please refer to Clinical Pharmacology/Biopharmaceutics Review of Austedo for the treatment of 
chorea associated with Huntington’s disease that was put in DARRTS on 4/13/16 and 2/23/17 
for more details on the general pharmacology and clinical pharmacokinetics.

3.3 Clinical Pharmacology Questions

3.3.1 To what extent does the available clinical pharmacology information 
provide pivotal or supportive evidence of effectiveness?
The evidence of effectiveness is primarily supported by the reduction in the Abnormal 
Involuntary Movement Scale (AIMS) total score data relative to baseline as compared to the 
placebo group from one phase 3 trial (SD-809-C23). The results from one phase 2 trial (SD-809-
C-18) provided supportive evidence of effectiveness of SD-809. The results from internal 
exposure-response analyses using the modified intent-to-treat (mITT) population of phase 3 
data provided additional supportive evidence. 

In phase 2 trial SD-809-C-18, which is a randomized double-blind, placebo-controlled study, 
patients with TD were started on a regimen of 12 mg/day (6 mg twice daily) and doses were 
adjusted weekly at increments of 6 mg/day. The maximum total daily dose of SD-809 was 48 
mg/day unless the subject was receiving a strong CYP2D6 inhibitor, in which case, the maximum 
total daily dose was limited to 36 mg/day. The titration design did not allow for a formal dose 
comparison, since the subjects who responded to treatment at a lower dose were not escalated 
to the next higher dose. However, a significant reduction in the AIMS total score relative to 
baseline was observed in SD-809 treated group compared to the placebo group at the end of 
week 12, and is shown in Figure 1.
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Figure 1 Mean (SE) change from baseline in AIMS total score by treatment and study visit in 
SD-809-C-18 (mITT population, N=113)

Source: Clinical study report SD-809-C-18, Figure 2 on page 72

In the pivotal phase 3 trial, SD-809-C-23, which is a randomized, double-blind, placebo-
controlled study, patients with TD received fixed doses of 12, 24 and 36 mg/day (6, 12 and 18 
mg twice daily) for 12 weeks. The 24 and 36 mg doses were titrated during a 4-week dose 
escalation phase and maintained over the subsequent 8 weeks. A clear trend in dose-response 
was observed in the primary efficacy endpoint at the end of week 12, as shown in Figure 2. 
While there seems to be separation in the efficacy response at lower total daily dose of 12 mg, 
the efficacy at higher total daily doses of 24 mg and 36 mg seem to plateau.  

(Please refer to the statistical review by Dr. Semhar Ogbagaber. and clinical efficacy review by 
Dr. Anandraj Mattai for further details about the pivotal efficacy data).
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Figure 2 Mean (SE) change from baseline in AIMS total score by treatment and study visit in 
SD-809-C-23 (mITT population, N=222)

Source: Clinical study report SD-809-C-23, Figure 3 on page 95

SD-809 is VMAT2 inhibitor, which results in reversible reduction in the uptake of monoamines 
(e.g., dopamine, serotonin, norepinephrine, and histamine) into the synaptic vesicles, which is 
believed to the purported mechanism of efficacy in treatment of TD. Following oral 
administration, SD-809 undergoes extensive hepatic metabolism by carbonyl reductase 
resulting in major circulating metabolites α-dihydrotetrabenazine [HTBZ] and β-HTBZ, which are 
believed to be potent VMAT2 inhibitors. An internal exposure-response analysis using the 
observed average concentrations of [α+ β]-HTBZ at week 8 and/or week 12 in study SD-809-C-
23 only and the percent reduction in the AIMS total score relative to the baseline was 
conducted. The results in the modified intent-to-treat (mITT) patients shown in Figure 3 below 
suggest that there is an E-R relationship for efficacy. 
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Figure 3 FDA’s exposure – response analysis using the Geometric mean of the observed 
average concentrations of [α+ β]-HTBZ at week 8 and/or week 12 in study SD-809-C-23 and 

percent change in AIMS total score from baseline results 

Red: final E-R model fit, blue: LOESS (locally weighted scatterplot smoothing)

3.3.2 Is the proposed general dosing regimen appropriate?

Yes, the proposed dosing regimen of starting with a total daily dose of 12 mg (6 mg twice daily) 
is appropriate. However, there are a few considerations about the maximum recommended 
total daily dose for the treatment of TD. As described above, in the phase 2 study, the 
maximum total daily dose of SD-809 was 48 mg/day but for the subjects who received a strong 
CYP2D6 inhibitor, it was limited to 36 mg/day. In the pivotal phase 3 trial, a maximum total 
daily dose of 36 mg/day was administered and the dose-response relationship seems to 
plateau, especially at the higher two doses (24 and 36 mg). In the light of the results of the 
internal E-R analyses for efficacy where no clear plateau was observed (despite the apparent 
lack of consistency with the dose-response results), the recommendation of total daily dose of 
48 mg/day (24 mg twice daily) seems reasonable from an efficacy perspective. Furthermore, 
the cumulative density function plot of the % change in the AIMS total score shown in Figure 4 
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below in mITT population of study SD-809-C-23, indicate that a small proportion of patients (in 
the fourth quartile of the geometric mean of the observed Cave of [α+ β]-HTBZ) may merit 
benefit based on a higher dose. The maximum recommended total daily dose for treatment of 
TD is also consistent with that listed for the approved indication in the treatment of chorea 
associated with Huntington’s disease.  

Figure 4 Cumulative density function plots of percent change from baseline in AIMS total 
score for mITT population of SD-809-C-23 

Geometric mean of the observed Cave of [α+ β]-HTBZ: Quartile 1: < 15.6 ng/ml; Quartile 2: 15.7 
– 30.5 ng/ml, Quartile 3: 30.6 – 51.3 ng/ml and Quartile 4: >52.2 ng/ml

Originally submitted by the sponsor as part of the application seeking the indication of treating 
chorea associated with Huntington’s disease, the TQT study had some major concerns. 
Nevertheless, the QT-IRT review concluded that clinically relevant QT prolongation might be 
expected in some patients if the maximum total daily dose of 48 mg/day is administered. We 
note that experience with the 48 mg dose in the TD population is limited to a small subset of 
the population enrolled in the phase 2 study and defer to the medical officer regarding the 
adequacy of this safety experience to support dosing up to this dose level. There is also 
experience with the 48 mg dose in the HD population, although the benefit-risk assessment 
may be different in this population. 
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3.3.3 Is an alternative dosing regimen and management strategy required for 
subpopulations based on extrinsic and intrinsic factors?
Yes. The maximum recommended total daily dose of SD-809 should be limited to 36 mg/day 
(should not exceed single dose of 18 mg) in TD patients who are either receiving concomitant 
CYP2D6 Inhibitors and/or who are CYP2D6 PMs. A total of n=13 CYP2D6 poor metabolizers 
(PMs), were involved in the AUSTEDO development program for the treatment of TD, n = 4 in 
SD-809-18 and n=9 in SD-809-23. In study SD-809-18. The highest total daily doses of 42 mg and 
48 mg were administered in one PM each, while all the PMs in study SD-809-23 were in the arm 
receiving a total daily dose of 36 mg. Owing to the lack of safety experience in the current 
program, especially the potential for increased QTc prolongation risk being even higher in PMs, 
limiting the total daily dose to 36 mg seems appropriate. These recommendations are 
consistent (a) with the other labeled indication for AUSTEDO in the treatment of chorea 
associated with Huntington’s disease and (b) in principle with lowering the dose of INGREZZA 
and XENAZINE in CYP2D6 PMs and/or who are on concomitant strong CYP2D6 inhibitors.  

4. APPENDICES 

4.1 Summary of Bioanalytical Method Validation
Please refer to Clinical Pharmacology/Biopharmaceutics Review of Austedo for the treatment of 
chorea associated with Huntington’s disease that was put in DARRTS on 4/13/16 and 2/23/17 
for more details on bioanalytical method validation.
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4.2 Pharmacometrics Assessment: Population PK Analyses

4.2.1 Sponsor’s Population PK analysis:

Population PK (PopPK) analyses were conducted by the sponsor to characterize the disposition 
of α- and β-HTBZ following oral administration of SD-809 to healthy volunteers and subjects 
with moderate to severe TD. Their primary objectives for the PopPK analyses were:

(1) to identify the intrinsic and extrinsic covariates that could potentially address the 
variability in the PK parameters of α- and β-HTBZ

(2) to derive the exposure metrics, namely, Cave, Cmin, AUC (at steady state), for each of α- 
and β-HTBZ and also the total (α + β)-HTBZ, which can be used for the subsequent 
exposure-response analyses of efficacy and safety endpoints

The data for this analyses included rich PK data collected in 80 healthy subjects from three 
phase 1 studies (AUS-SD-809-CTP-07 part 2, AUS-SD-809-CTP-08 [excluding period with 
paroxetine] and SD-809-C-11), 16 subjects with Tourette syndrome in a phase 1b study (Study 
SD-809-C-17) and sparse PK data collected in 49 and 216 subjects with TD enrolled in a phase 2 
(SD-809 C-18) and a phase 3 (SD-809-C-23) study, respectively. A brief summary of the study 
characteristics are listed in Table 1 below. 
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Table 1: Description of studies used in PopPK analyses dataset

Study ID Subjects Doses Description of data

AUS-SD-809-CTP-
07
Part 2

Phase 1, 
Healthy subjects 
(N=24)

Single dose cohort:
7.5, 15, 22.5 mg

Multiple dose cohort
7.5, 15, 22.5 mg BID

Single dose cohort (after doses on days 1, 4 in group 1; 
and day 4 in group 2): Rich PK samples collected 
predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16, 24, 36, 48, 
60, 72 hours post dose
Multiple dose cohort (after doses on days 7-10, 13-17 in 
group 1; and days 13-17 in group 2): Rich PK samples 
collected at intervals listed above. 
Trough samples were collected on days 7-9 in group 1 
and days 13-16 in groups 1 and 2

AUS-SD-809-CTP-
08 [excluding 
period with 
paroxetine]

Phase 1,
Healthy subjects who 
were CYP2D6 EM/IMs
(N=24)

22.5 mg 
After doses on each of days 1 and 11: 
Predose, 1, 2, 2.5, 3, 3.5, 4, 4.5, 5, 6, 7, 8, 10, 12, 16, 24, 
36, 48, 60, 72 hours post dose

SD-809-C-11
Phase 1,
Healthy subjects 
(N=32)

6, 12, 18, 24 mg
After dose on day 1 of each period:
Predose, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 8, 12, 16, 24, 
36, 48, 60, 72 hours post dose

SD-809-C-17

Phase 1b, Subjects 
with Moderate to 
Severe Tourette 
Syndrome (N=21, with 
9 subjects in PK 
substudy)

Starting dose of 6 mg QD, 
titrated up at weekly 
increments of 6 mg/day 
that can suppress tics,
Maximum total daily dose 
of 36 mg at week 5

Patients enrolled in the PK substudy: within 1 hour pre-
dose and at 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, and 6 hours 
postdose
For patients not participating in the PK substudy, a single 
sample was collected at the time of the blood draw for 
clinical laboratory tests
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SD-809-C-18
Phase 2,
Patients (N=92)

12, 18, 24, 30 mg,
36, 42, 48 mg

Sparse PK: After taking the morning dose at home: 
One PK sample collected each on arrival at the clinic and 
at least 2 hours after that, at week 9 visit; and 
one PK sample each on arrival at the clinic and at least 3 
hours after that, at week 12 visit.
In case of withdrawal from the study or incidence of 
serious AE, one PK sample as soon as possible after SAE 
or within 48 hours of the last dose if possible

SD-809-C-23
Phase 3,
Patients (N=216)

12, 24, 36 mg

Sparse PK: After taking the morning dose at home: 
One PK sample collected on arrival at the clinic, at week 
8 and 12 visits
In case of withdrawal from the study or incidence of 
serious AE, one PK sample as soon as possible after SAE 
or within 48 hours of the last dose if possible

Source: Adapted from the PopPK and Exposure-Response report (CP-16-11) Tables 1 & 2 on pages13-16 
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Overall, the final dataset for PopPK analyses consists of a total of 3787 non-BLQ concentrations 
(14.1% of which were in subjects with TD) and 362 BLQ concentrations (6.1% of which were in 
subjects with TD) for α-HTBZ, and a total of 3191 non-BLQ concentrations (16.4% of which were 
in subjects with TD) and 411 BLQ concentrations (4.6% of which were in subjects with TD) for β-
HTBZ. The BLQ concentrations for both α- and β-HTBZ were imputed to half of LLOQ values (M6 
replacement method). The summary of the description of the samples of α- and β-HTBZ are 
shown in Table 2 below. 

Table 2 Summary of α- and β-HTBZ concentrations used in PopPK analyses

Source: PopPK and Exposure-Response report (CP-16-11) Table 3 on page 19 

This dataset includes a total of only 13 CYP2D6 poor metabolizers (PMs), all of them were in 
studies with sparse PK sampling: n = 4 in SD-809-18 and n=9 in SD-809-23. In study SD-809-18, 
the highest total daily doses of 42 mg and 48 mg were administered in one PM each, while all 
the PMs in study SD-809-23 were in the arm receiving a total daily dose of 36 mg. In summary, 
in the PopPK analyses dataset, only one PM received the maximum recommended daily dose 
(48 mg) per the proposed label. Although the sponsor considered information pertinent to 
stratification of the functional CYP2D6 status depending on the concomitant use of moderate (n 
= 39), strong inhibitor(s) (n = 30) or lack thereof and the metabolizer status, specific details with 
regards to the dose(s), time of administration and the time of discontinuation of the CYP2D6 
inhibitor(s) were unavailable. 
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The PopPK data consisting of α- and β-HTBZ were modeled simultaneously using non-linear 
mixed effects in NONMEM. The sponsor used a structural model consisting of a two 
compartment model with two pathways of absorption, one characterized by a first order and 
another characterized by a zero order input, first order elimination rate from the central plasma 
compartment to describe the PK of both α- and β-HTBZ from phase 1 and 2 studies. The same 
structural model was used to characterize the PK of both α- and β-HTBZ from the pivotal study 
SD-809-23 while fixing a few parameters and estimating the others.. Due to the sparse PK 
sampling design in study SD-809-23, formation/bioconversion parameters (both fixed and 
random effects) were fixed to values estimated from the PopPK model developed previously.  
The schematic of the structural model is shown in Figure 5 below. 

Figure 5: Final population PK model

Source: PopPK and Exposure-Response report (CP-16-11) Figure 2 /page 21

Covariates identification was performed using a step-wise approach. Continuous covariates 
tested included age, body weight, height, dose and total daily dose, lean body weight and BMI. 
Categorical covariates tested include sex, CYP2D6 function status – (a) functional, defined as 
intermediate, extensive, ultra-rapid CYP2D6 metabolizer (IM, EM, UMs respectively) without 
concomitant use of a strong or moderate CYP2D6 inhibitor, (b) moderate CYP2D6 inhibition, 
defined as IM, EM, UMs with concomitant administration of a moderate CYP2D6 inhibitor but 
not on a strong CYP2D6 inhibitor and (c) CYP2D6 non-functional, defined as IM, EM, UMs, with 
concomitant administration of a strong CYP2D6 inhibitor or having a PM. 

The final model included age and body weight as a covariate on the apparent clearance (CL/F) 
and apparent volume (V/F) for both α- and β-HTBZ; CYP2D6 functional status (namely, 
moderate and non-functional) on apparent clearance for both α- and β-HTBZ. The typical CL/F 
of α-HTBZ decreased by 16.7% and 36.5% for moderate and non-functional inhibition 
respectively, while for β-HTBZ they decreased by 45.2% and 66.2% respectively. Lastly, daily 
dose was included as a covariate on the relative fraction of absorption/biotransformation, as it 
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was identified as a significant one in a previous analysis. The parameter estimates of final 
PopPK model are shown in Table 3. 

Table 3 Parameter estimates of the final PopPK model

Source: PopPK and Exposure-Response report (CP-16-11) Table 7 on page 35

The qualification of the final PopPK model was performed using the goodness of fit plots, 
shown in Figure 6, Figure 7 for α- and β-HTBZ respectively. Furthermore, the individual 
predictions from simulation of 1000 replicates using the estimates from the final PopPK model 
were overlaid with the observed data and visualized using Visual Predictive Check (VPC) shown 
in Figure 8. Additionally, non-parametric bootstrap analysis using 600 datasets (generated by 
resampling with replacement from the analysis dataset with stratification by study) was 
performed to evaluate the statistical significance of the covariate effects and to assess the 
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precision of the final PopPK model parameter estimates. The results of the bootstrap analysis 
are shown in Table 4. 
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Figure 6 Goodness of fit plots for the final PopPK model of α-HTBZ

Figure 7 Goodness of fit plots for the final PopPK model of β-HTBZ

Source: PopPK and Exposure-Response report (CP-16-11) Figures 5,6 on pages 36-7
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Figure 8 VPC of the final population PK model stratified based on the study

Source: PopPK and Exposure-Response report (CP-16-11) Figure. 7 on Page 39

Reference ID: 4137774



23

Table 4 Non-parametric Bootstrap Results: precision of CL/F and V/F and covariate effects

Source: PopPK and Exposure-Response report (CP-16-11) Table 8 on Page 40
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Reviewer’s comments:

The sponsor modeled the PK data of both the α- and β-HTBZ simultaneously from all the studies 
listed in Table 1, which included both rich and sparse sampling designs. The sponsor initially 
developed a PopPK model using all the data shown in Table 1 except the data from study SD-
809-23. Though most of the parameters were re-estimated except for one, which characterizes 
the formation/bioconversion, the original structural model was retained. Given the sparse PK 
sampling design in study SD-809-23, the formation/bioconversion could not be estimated and 
therefore, both the fixed and random effects on it were fixed to values that were obtained in the 
model developed from mostly rich PK data. This is considered acceptable because it is unlikely 
for the PK of SD-809 to be different in healthy subjects and patients with TD. Overall, the final 
popPK model seems to characterize the PK of α- and β-HTBZ reasonably well in studies SD-809-
18 and SD-809-23. Furthermore, the non-parametric bootstrap analyses seem to suggest that 
the parameters were estimated reasonably well. Since the popPK model seems acceptable, the 
exposure metrics simulated based on it can be used for subsequent exposure-response analyses. 

Based on the final model, the highest impact of impairment of CYP2D6 function would decrease 
the mean value of the typical CL/F of α- and β-HTBZ by about 37% and 66% respectively. 
Consequently, the expected impact on the exposures, e.g., Cave, AUC0-24 of total (α+β)-HTBZ is 
likely to be 2-fold higher for individuals with non-functional status relative to the functional 
CYP2D6 status. However, this impact on the systemic exposure (AUCinf) of the total (α+β)-HTBZ 
was found to be 3-fold higher in the presence of paroxetine (strong CYP2D6 inhibitor) than in the 
absence of it, in the dedicated DDI study SD-809-C-08. More specifically, the exposures (AUCinf) 
were 1.9-folder higher for α-HTBZ and 6.5-fold higher for β-HTBZ, respectively. It should be 
noted that the popPK dataset included only n=13 CYP2D6 PMs and owing to lack of the relevant 
inhibitor information with respect to the time of administration/discontinuation, dose of 
administration, there may be some uncertainty in the magnitude obtained from the popPK 
model. Furthermore, all the 13 PMs were from studies with sparse PK sampling design (1-2 
samples per subject) with only one subject receiving 48 mg, the maximum recommended daily 
dose and so, there are concerns with that estimate. Therefore, the reviewer recommends 
reporting the magnitude of the impact of CYP2D6 impairment on the PK of SD-809 obtained 
from the dedicated DDI study instead of the value obtained from the popPK analysis, consistent 
with the clinical pharmacology review of Deutetrabenazine for the treatment of Huntington’s 
disease (please refer to Dr. Wang’s clinical pharmacology review)
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4.2. Exposure-Response Analyses

4.3.1 Exposure-Efficacy Analyses

4.3.1.1. Sponsor’s Exposure-Efficacy Analyses

Relationships were explored between Cave of total [α+β]-HTBZ (and also other exposure 
metrics e.g., AUC, Cmin) and the change in AIMS score at week 12 (only included subjects who 
completed 12 weeks of treatment) in TD patients from studies SD-809-18 and SD-809-23. This 
constituted the intent-to-treat (ITT) population for the exposure-efficacy analyses. Additionally, 
the sponsor also conducted similar analyses on the modified ITT (mITT) population, defined as 
patients in the ITT population who had a baseline AIMS score of ≥6 as assessed by central video 
rating, were randomized to treatment, received the study drug, and had at least 1 post-baseline 
AIMS assessment. The sponsor reported the results of mITT population as the primary analyses. 

The posterior Bayes estimates of the PK parameters from the final PopPK model and the actual 
dosing records in studies SD-809-18 and SD-809-23 were used to simulate rich PK profiles for 
both α- and β-HTBZ. The relevant exposure metrics were derived from these rich profiles and 
the shape of the association with the efficacy endpoint along with potential effect(s) of 
covariate(s) were investigated. The distribution of the exposure metric: Cave of the total [α+β]-
HTBZ) is shown in Figure 9 below. The cumulative density function of the percent change in the 
AIMS score from baseline is shown in Figure 10. 

. 

Reference ID: 4137774



26

Figure 9 Distribution of Cave of the total [α+β]-HTBZ by Quartile – Pooled studies SD-809-18 
and SD-809-23 

Source: PopPK and Exposure-Response report (CP-16-11) Fig. in Appendix 1.2.3 on Pages 180
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Figure 10 – mITT Population - Cumulative density function of percent change from AIMS score 
at baseline – by quartile in studies SD-809-18 and SD-809-23 

Source: PopPK and Exposure-Response report (CP-16-11) Figure 11 on Page 50
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From the exploratory cumulative density function plots of the percent change in the AIMS score 
from baseline, it seems to show a separation between the different quartiles from the pooled 
data. Amongst the different structural PK/PD models investigated (Emax with and without Hill’s 
coefficient and linear), a linear model seems to adequately describe the observed exposure-
response relationship. The typical values for this structural model are shown in Table 5. 
Additionally, the sponsor also found that the baseline AIMS score was a significant covariate 
(included as a power function term) on the placebo effect (Eo). The typical values of the final 
PK/PD model used to characterize the exposure response relationship are in Table 6 and the 
goodness of fit plots are shown in Figure 11

Table 5 Typical values of the structural PK/PD model of the relationship between ∆AIMS score 
vs. Cave of the total [α+β]-HTBZ

Source: PopPK and Exposure-Response report (CP-16-11) Table 14 on Page 51

Table 6: Typical values of the final PK/PD model of the relationship between ∆AIMS score vs. 
Cave of the total [α+β]-HTBZ

Source: PopPK and Exposure-Response report (CP-16-11) Table 15 on Page 52
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Figure 11 Goodness of fit of the final PK/PD model of the relationship between ∆AIMS score 
at week 12 and Cave of the total [α+β]-HTBZ

Source: PopPK and Exposure-Response report (CP-16-11) Figure 12 on Page 53
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Reviewer’s comments:

The sponsor’s exposure-response analyses using the Cave of the total [α+β]-HTBZ and the 
primary efficacy endpoint in TD patients from studies SD-809-18 and SD-809-23 seems 
appropriate. The final PK/PD model parameters (shown in Table 6) seem to be estimated 
reasonably well and also consistent between the ITT and mITT populations. Furthermore, the 
exposure-response model fits (shown in Figure 11) seem to be in reasonable agreement when 
overlaid with the observed data from the pooled studies. 

It should be noted that SD-809-18 had flexible dose-design, which included a 6-week titration 
period during which the dose of SD-809 was increased on a weekly basis until there was either 
adequate control of dyskinesias, the patient experienced a protocol-defined clinically significant 
adverse event, or the maximal allowable dose was reached; and a subsequent maintenance 
period of 6 weeks, during which dose reduction for adverse events were allowed. On the other 
hand, SD-809-23 was fixed-dose, parallel group study, which included a dose-escalation period 
of 4 weeks during which the dose was increased to daily doses of 12 mg, 24 and 36 mg 
respectively in three of the active treatment cohorts, and a subsequent maintenance period of 8 
weeks, during which dose reduction for adverse events was allowed 

The least-square mean changes in the AIMS score from baseline over time and across the 
different dose cohorts in studies SD-809-18 and SD-809-23 are shown in Figure 12 and Figure 13 
respectively. It can be observed that in study SD-809-18, owing to the flexible dosing design, the 
longitudinal changes in the AIMS score from baseline were reported only by treatment (placebo 
vs. active treatment), while, in study SD-809-23, the fixed-dose parallel-group design allowed for 
comparison of the longitudinal changes in the AIMS score from baseline across the different 
dose cohorts. Furthermore, the trend observed in study SD-809-23 seem to show that the 
primary efficacy endpoint at (week 8 and) week 12 visit are overlapping for the (total daily) dose 
cohorts of 24 mg and 36 mg. The lack of separation in the dose-response relationship between 
the 24 mg and 36 mg dose cohorts is presumably suggestive that an Emax type model may be 
more appropriate to describe the dose-response relationship for this study 

The fixed-dose parallel-study is potentially suggestive of an Emax type dose-response 
relationship for the observed data in SD-809-23, and thus using a linear exposure-response 
relationship to describe the data pooled across the studies appears inconsistent and may be 
inappropriate. Also, it is difficult to interpret dose/exposure-relationships for studies with 
flexible dosing design. Therefore, the reviewer also explored the exposure-response relationship 
separately for the fixed-dose study. 
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Figure 12 Mean (SE) change from baseline in AIMS score by treatment and study visit (mITT 
population, N=113) in study SD-809-18

Source: Clinical Study Report: Study SD-809-18, Figure 2 on Page 76

Figure 13 Mean (SE) change from baseline in AIMS score by treatment and study visit (mITT 
population, N=222) in study SD-809-23

Source: Clinical Study Report: Study SD-809-23, Figure 3 on Page 95
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4.3.1.2. Reviewer’s Exposure-Efficacy Analyses

Introduction

The studies included in the exposure-response analysis use a sparse PK sampling approach and 
the exposure metrics are derived from rich PK profiles simulated based on the PopPK model. 
Consequently, the results of the E-R analyses rely on the accuracy of the PopPK model 
parameter estimates. In addition, as described in Section 4.3.1.1, there may be concerns with 
the appropriateness of using pooled data for investigating the E-R relationships especially when 
the studies included have different designs. The reviewer performed independent exposure-
efficacy analyses using the geometric mean of the observed concentrations, Cave, of the total 
[α+β]-HTBZ in study SD-809-23 only, since it has a fixed dose design, facilitating easy 
interpretation of the exposure-response relationship. 

Objective

 To evaluate the exposure efficacy response relationship using the geometric mean of 
the observed concentrations – Cave, of the total [α+β]-HTBZ in study SD-809-23 for both 
ITT and mITT populations (as defined by the sponsor)

Datasets 

Datasets used in the analyses are summarized in the Table 7 below.

Table 7: Analysis Datasets

Study Number Name Link to EDR

pkdat948.xpt

pkdat949.xptCP-16-11

erdata.xpt

\\cdsesub1\evsprod\NDA209885\0004\m5\datasets\cp-
16-11\analysis\adam\datasets 
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Software

The statistical software Phoenix NLME and R version (3.3.1) were utilized for dataset 
compilation, analyses and generation of plots.

Methods

The observed concentrations of α- and β-HTBZ in study SD-809-23 at week 8 and/or at week 12, 
as available, were explored for variability as a whole and also within each individual. In general, 
the concentrations, sampled as trough concentrations, seem to be within ± 30% range for most 
of the individuals suggesting it was reasonable to explore the geometric mean across the time 
intervals as an exposure metric for exposure-efficacy response analyses. 

Results

The fits are shown in Figure 14 Figure 15 and XXY the parameter estimates in Table 8 and Table 
9 for the exposure-response model based on the geometric mean of the observed 
concentrations at weeks 8 and/or 12 as available, for ITT and mITT populations respectively. 
Overall, the results are comparable to the sponsor’s analyses. Therefore, the interpretation of 
the final exposure-efficacy analyses remains unchanged. The reviewer also explored the Emax 
model for characterizing the exposure-response relationship for efficacy but was unable to 
estimate the model parameters. Despite the lack of inconsistency between the dose-response 
relationship for efficacy, and lack of a clear plateau in the exposure-response relationship, the 
cumulative density function plot (shown in Figure 16) of the primary efficacy endpoint data of 
the mITT population in pivotal phase 3 trial SD-809-C-23 seem to suggest that a small 
proportion of patients (in the fourth quartile of the geometric mean of the observed Cave of 
[α+ β]-HTBZ) may benefit from on a higher dose.
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Figure 14 FDA’s exposure – response analysis using the Geometric mean of the observed 
average concentrations of [α+ β]-HTBZ at week 8 and/or week 12 in mITT population of study 

SD-809-C-23 and change in AIMS total score from baseline results 

Red: final E-R model fit, blue: LOESS (locally weighted scatterplot smoothing)

Reference ID: 4137774



35

Figure 15 FDA’s exposure – response analysis using the Geometric mean of the observed 
average concentrations of [α+ β]-HTBZ at week 8 and/or week 12 in ITT population of study 
SD-809-C-23 and change in AIMS total score from baseline results

Red: final E-R model fit, blue: LOESS (locally weighted scatterplot smoothing)
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Figure 16 Cumulative density function plots of percent change from baseline in AIMS total 
score for mITT population of SD-809-C-23

Cave of the observed concentrations: Quartile 1: < 15.6 ng/ml; Quartile 2: 15.7 – 30.5 ng/ml, 
Quartile 3: 30.6 – 51.3 ng/ml and Quartile 4: >52.2 ng/ml

Table 8: Parameter estimates for the linear model used to describe the exposure-response 
relationship of Cave of total [α+β]-HTBZ in study SD-809-23 (mITT population) – Reviewer’s 

analysis

mITT Population (Reviewer’s Analysis)
Parameter

Estimate CV% 95%CI 

Placebo effect (E0)
(∆AIMS score)

-1.64
(Baseline AIMS/9)1.773 -16.91 [-2.186, -1.093]

β 
(∆AIMS score x ml/ng) -0.0322 -18.78 [-0.044, -0.020]

Effect of baseline AIMS 
on Placebo 1.773 18.47 [1.13, 2.42]

Residual Error 2.99 4.74 [2.71, 3.26]
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SPONSOR’S RESULTS

Placebo effect (E0)
(∆AIMS score)

-1.735
(Baseline AIMS/9)1.526 -13.4 [-2.194, -1.276]

β 
(∆AIMS score x ml/ng) -0.024 -18.7 [-0.033, -0.015]

Effect of baseline AIMS 
on Placebo 1.526 18.8 [0.961, 2.092]

Residual Error 3.003 4.1 [2.759, 3.247]

Table 9: Parameter estimates for the linear model used to describe the exposure-response 
relationship of Cave of total [α+β]-HTBZ in study SD-809-23 (ITT population) – Reviewer’s 

analysis

ITT Population (Reviewer’s Analysis)
Parameter

Estimate CV% 95%CI 

Placebo effect (E0)
(∆AIMS score)

-1.10
(Baseline AIMS/9)1.844 -18.5 [-1.50, -0.698]

β 
(∆AIMS score x ml/ng) -0.029 -15.9 [-0.038, -0.020]

Effect of baseline AIMS 
on Placebo 1.844 15.4 [1.28, 2.40]

Residual Error 2.76 4.6 [2.51, 3.01]

SPONSOR’S RESULTS

Placebo effect (E0)
(∆AIMS score)

-1.378
(Baseline AIMS/9)1.686 -14.4 [-1.768, -0.989]

β 
(∆AIMS score x ml/ng) -0.023 -17.1 [-0.031, -0.015]

Effect of baseline AIMS 
on Placebo 1.686 14.7 [1.199, 2.173]

Residual Error 2.837 3.7 [2.63, 3.043]
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.

List of Analysis Codes and Output files

Filename Description Link to PM Review Shared Drive

E-R_Deutetrabenazine.R

E-R analyses for efficacy with 
data from study SD-809-23 – 

Dataset generation and 
analysis (in R)

erdata_revisedITT.csv, 

erdata_revisedmITT.csv

Dataset for E-R efficacy 
analyses for SD-809-23 ITT and 

mITT populations – using 
geometric mean of the 

observed concentrations as 
exposure metric

ER_ITTpop.phxproj

E-R model for efficacy for study 
SD-809-23– using 

erdata_revisedITT.csv and 
erdata_revisedmITT.csv

 dataset and Phoenix files 
along with the output for 

run4.mod 

\\cdsnas\Pharmacometrics\Reviews
\Ongoing PM 

Reviews\Deutetrabenazine NDA209
885_GG\ER Analyses  

4.3.2. Exposure-Safety Analyses

4.3.2.1. Sponsor’s Exposure-Safety Analyses

The percent of patients who experienced selected AEs listed by treatment is presented in Table 
10 below

Reference ID: 4137774



39

Table 10 Number of patients with AEs in the treatment arms 

PopPK and Exposure-Response report (CP-16-11) Table 19 on Page 58

Relationships were explored between exposures (Cave of the total [α+β]-HTBZ) and the 
selected AEs listed above. The exposure metrics were derived from rich PK profiles simulated 
using the final PopPK model parameter estimates and the actual dosing records. Logistic 
regression analyses did not reveal any of the associations between the occurrences of the event 
(listed AEs) to the exposures to be significant. The results are summarized in Table 11 below. 

Table 11 Logistic regression for probability of AEs and Cave of the total [α+β]-HTBZ
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