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1 EXECUTIVE SUMMARY 
 
Teva Pharmaceutical Industries, Ltd., submitted two short-term pivotal studies (Study 18 and 
23) under NDA 209885 to investigate SD-809 (Deutetrabenazine) for the treatment of 
Tardive Dyskinesia (TD). Tardive dyskinesia is a kinetic movement disorder that results from 
prolonged used of dopamine receptor antagonist (DRAs). Symptoms in TD include irregular, 
jerky movements; extrapyramidal syndromes such as chorea, athetosis, dystonia, akathisia, 
stereotyped behaviors and tremor. Tetrabenazine has been approved in the US, Canada, and 
the EU for Hungtington’s disease (HD). The FDA approved Tetrabenazine for treatment of 
chorea associated with HD on August 15, 2008. Tetrabenazine has been used to treat 
hyperkinetic movement disorders including TD for many years but there are no approved 
drugs to treat TD in the US.  
 
The two pivotal trials evaluated efficacy of SD-809 compared to placebo in patients with TD.  
Study 18 was flexible (12-48 mg/day) and dose titrated to identify well tolerable dose. Study 
23 was a fixed dose (SD-809 12 mg/day, SD-809 24 mg/day, SD-809 36 mg/day) study. 
Patients completing these studies are expected to enroll in a long-term safety study and 
receive therapy for up to 2 years. 
 
The primary efficacy endpoint was AIMS (Abnormal Involuntary Movement Scale) total 
score (items 1 through 7). In Study 23, the change from baseline to Week 12 in AIMS total 
score for SD-809 36 mg/day was statistically significant; in Study 18, the flexibly dosed 
study drug SD-809 showed statistically significant improvement compared to placebo, with 
the mean and median daily dose supporting the approval of 36 mg in Study 23.  
 
In Study 23, the comparison of 24 mg/day with placebo failed to reach statistical significance 
after adjusting for multiplicity; however, given such a tiny nominal (that is, unadjusted) p-
value 0.003 and very similar efficacy outcomes to 36 mg/day, whether the 24 mg/day dose 
should also be approved is deferred to the clinical review team after taking all aspects into 
consideration. 
 
 
2 INTRODUCTION 
 
2.1 Overview 
 
Two international pivotal studies were conducted in support of a New Drug Application (NDA 
209-885) to demonstrate efficacy and safety of deutetrabenazine for treatment of moderate to 
severe tardive dyskinesia in adult patients aged 18 to 75 years.  
 
In study 18, we had agreed to keep CGIC as the only key secondary endpoint (See Reviewer’s 
Comments in Section 3.2.1.1).  However, the Sponsor added endpoints based on PGIC and 
modified CDQ-24 as key secondary endpoints toward the end of the trial.  
  
 

Reference ID: 4133736



 6 

2.2 Data Sources  
 
The sponsor’s submitted data and SAS program listings for the two pivotal studies are available 
in the following directory of the CDER’ electronic document room (EDR):    
\\CDSESUB1\evsprod\NDA209885\0001\m5\datasets\study-sd-809-c-18 
\\CDSESUB1\evsprod\NDA209885\0001\m5\datasets\study-sd-809-c-23 
 
3 STATISTICAL EVALUATION 
 
3.1 Data and Analysis Quality 
 
The reviewer found the quality and integrity of the submitted data satisfactory and acceptable for 
the review analysis.  
 
3.2 Evaluation of Efficacy 
 
The objective of these confirmatory studies was to provide evidence of short term efficacy 
of deutetrabenazine on TD in adult patients.  

3.2.1 Study Design and Endpoints 

3.2.1.1 Study 18  
 
Study Design 
This is a multicenter, double-blind, placebo-controlled, parallel group trial evaluating the safety 
and efficacy of deutetrabenazine (18 to 48 mg per day) in adult subjects (18 to 75 years of age) 
with moderate to severe TD. Subjects had a history of using a dopamine receptor antagonist 
(DRA) – for at least 3 months (or 1 month for subjects above 59 years of age). 
 
This is an international study whereby the first visit of the first subject occurred on 11 June 2014 
and the last subject completed on 21 May 2015. The study consisted of screening/tapering period 
up to 4 weeks; a 6-week titration period, a 6-week maintenance period, and a 1-week washout 
period.  Tolerable dose that controlled dyskinesia was identified during the titration period which 
was then established in the maintenance period. Dose reduction due to adverse events was 
allowed during the maintenance period. Clinic visits were scheduled at week 2, 4, 6 during the 
titration period and week 9 and 12 during maintenance period. The overall study period was 20 
weeks (including 3-week post-treatment safety follow-up period) for completers. Patients who 
completed the trial would then have an option to enroll into a long term follow-up study (SD-
809-C-20). 
 
Subjects who fulfilled the inclusion criteria were randomized (1:1) to one of the two treatment 
groups: placebo, SD-809. A randomization tool called Interactive Technology Response System 
(ITRS) is used to randomly assign subjects. Randomization was stratified by baseline DRA 
(currently using DRA versus not using).   
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Study Endpoints (Primary and Key secondary efficacy) 
The primary efficacy outcome was the change from baseline to Week 12 in AIMS (items 1 
through 7) score, which was assessed by a blinded central video rating. The AIMS is a 12-item 
scoring tool. Responses to items 1 through 10 range 0 = “none” to 4 = “most severe”, which 
generally assess orofacial movements, extremity and truncal dyskinesia, and global severity as 
judged by the examiner and patients awareness of movements. Responses to items 11-12 involve 
“yes/no” answer and assess issues regarding teeth and/or dentures. Items 1 through 7 of AIMS 
deal with orofacial movements, extremity and truncal dyskinesia. Higher AIMS score is 
indicative of severe dyskinesia. The presence of missing item score results in a missing AIMS 
total score.  
 
The sponsor-proposed key secondary efficacy endpoints were: 
1) Proportion of subjects who were a treatment success at week 12 based on the CGIC*. 
2) Proportion of subjects who were a treatment success at week 12 based on the PGIC†. 
3) Change in the modified CDQ-24‡ from baseline to week 12. 
 
*CGIC: is a single item questionnaire (7-item Likert scale) that asks the investigator to assess 
their TD symptoms. The score ranges from -3 = “very much worse” to 3 = “very much 
improved”. 
† PGIC: is a single item questionnaire (7-item Likert scale) that asks the patient to assess their 
TD symptoms. The score ranges from -3 = “very much worse” to 3 = “very much improved”. 
‡ CDQ-24: is a disease-specific quality of life questionnaire to use in subjects with craniocervical 
dystonia (both cervical dystonia and blepharospasm) (24-item self-administered). The score 
ranges from 0 = “never or not at all” to 3 = “always or very severely”. 
 

The original protocol was issued on March 24, 2014, and was amended twice (20 May 2014 and 
08 July 2014) with one additional country specific amendment (10 October 2014).  
 
Reviewer’s Note: The Sponsor agreed to keep CGIC as the only key secondary endpoint 
(Meeting Minutes, 3/4/2014). Please refer to statistical reviews (IND 120631/SDN 4 and SDN 
14). In the original protocol (03/24/2014), endpoints based on CGIC and CDQ-24 were 
considered as key secondary endpoints. Consequently, in the first amended protocol 
(05/20/2014), the Sponsor reclassified CDQ-24 as an additional secondary endpoint (that is, not 
a key secondary endpoint). However, the final SAP (04/28/2015) added endpoints based on 
PGIC and modified CDQ-24 as key secondary endpoints. Modified CDQ-24 was promoted from 
an additional secondary to a key secondary endpoint. It should be noted that these changes 
occurred at a late stage of the trial. 
 
Site Investigation: Site 151 in Study 18 was requested for inspection. The rationale was based 
on the enrollment size and big placebo-subtracted mean treatment effect. Efficacy analysis by 
removing Site 151 showed that Study 18 was not positive. Site 108 in Study 18 and 23 was 
selected by the clinician for high enrollment and it was never inspected before. Site 110 in Study 
18 and 23 was also selected for inspection for serious compliance violation. 
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3.2.1.2 Study 23  
 
Study Design 
This is a multicenter, double-blind, placebo-controlled, fixed-dose, parallel group study to assess 
the safety, efficacy and tolerability of deutetrabenazine in adult subjects (18 to 75 years of age). 
Subjects had moderate to severe TD with a history of using a dopamine receptor antagonist 
(DRA) – for at least 3 months (or 1 month in patients above 60 years or above). 
 
The study lasted from 29 October 2014 to 19 August 2016 and was international in scope. The 
study consisted of screening period up to 4 weeks; a dose-escalation period for up to 4 weeks, an 
8-week maintenance period, and a 1-week washout period.  A safe and tolerable dose of SD-809 
or placebo was established during the dose-escalation period by increasing it to placebo, SD-809 
12 mg/day, SD-809 24 mg/day, SD-809 36 mg/day (see Table 1). Clinic visits were scheduled at 
week 2, 4 during the dose-escalation period and week 8 and 12 during maintenance period. 
Patients who tolerated the study drug were eligible to enroll into a long term safety study (SD-
809-C-20). 
 
Table 1: Schedule for Dose Escalation 

 
Source: Table 1 of Sponsor’s Clinical Study Report (Page 26) 
 
At the screening period, subject with AIMS (items 1 through 7) total score of ≥ 6 will be included 
as assessed by a site investigator. Then eligibility for randomization is confirmed by a blinded 
central rater who reviews video recording of AIMS. Subjects who fulfilled the inclusion criteria 
were randomized (1:1:1:1) to one of the four treatment groups: placebo, SD-809 12 mg/day, SD-
809 24 mg/day, SD-809 36 mg/day.  As in Study 18, the process of stratification was 
implemented using Interactive Technology Response System (ITRS) which randomly assigned 
subjects to each treatment group. Subjects were stratified by baseline DRA (currently using DRA 
versus not using).   
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Figure 1: Overall Study Schema 
 

 
Source: Figure 1 of Sponsor’s Clinical Study Report (Page 28) 
 
Study Endpoints (Primary and Key secondary efficacy) 
The primary efficacy outcome was the change from baseline to Week 12 in AIMS (items 1 
through 7) score, which was the same measure in study 18. The primary endpoint was targeted 
on the highest dose only (SD-809 36 mg/day).  
 
The proposed key secondary efficacy endpoints were:  
 
1) Proportion of subjects who were a treatment success, defined as Much Improved or Very 
Much Improved based on the CGIC at week 12 for SD-809 36 mg/day. 
2) Change in the total motor AIMS score from baseline to week 12 for SD-809 24 mg/day. 
3) Proportion of subjects who were a treatment success, based on CGIC at week 12 for SD-809 
24 mg/day. 
4) Change in the total motor AIMS score from baseline to week 12 for SD-809 12 mg/day. 
5) Proportion of subjects who were a treatment success, based on CGIC at week 12 for SD-809  
12 mg/day. 
 
The original protocol which was issued on 18 July 2014 was amended three times: 28 August 
2014, 15 September 2014 and 29 October 2015.  
 
Reviewer’s Note: In the Advice letter to the Sponsor on January 29, 2016, the FDA remarked on 
the testing order of hierarchical testing procedure. From a regulatory perspective, the advice 
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highlighted the importance of establishing the primary efficacy on 24 mg/day dose first and then 
the key secondary endpoint on 36 mg/day next. However, the Sponsor opted to keep the testing 
order whereby the key secondary endpoint on 36 mg/day precedes the primary efficacy of 24 
mg/day. In addition, in the FDA-Sponsor breakthrough meeting (April 12, 2016), the Sponsor 
emphasized that the CGIC endpoint on the 36 mg/day dose group was more important and had to 
precede the AIMS total score on 24 mg/day dose group on the testing hierarchy.   

3.2.2 Statistical Methodologies 
 
The following statistical methodologies were pre-specified in the sponsor’s statistical analysis 
plan. 

3.2.2.1 Study 18 
The primary analysis for the primary and key secondary efficacy endpoints was carried out on 
the modified Intent-to-Treat population (mITT*). The ITT which includes all randomized 
subjects is considered as a secondary population for analysis of efficacy. 
 
*mITT: patients in the ITT population who received study drug and had at least 1 centrally read 
postbaseline assessment of the AIMS from at least 1 scheduled postbaseline time point (weeks 
2, 4, 6, 9, and 12) (Page 53, CSR). 
 
Efficacy Analyses Methods (Primary and Key Secondary Efficacy) 
The mixed model repeated measure (MMRM) with unstructured covariance structure was used 
to evaluate the change in AIMS total score from baseline to week 12. It included the following 
terms: treatment, time (weeks 2, 4, 6, 9, 12), baseline AIMS score, treatment-by-time interaction, 
and the DRA status. The Satterthwaite method was used to estimate denominator degrees of 
freedom.  
 
Pearson’s chi-square test was used to compute the treatment difference among the proportion of 
subjects who were treatment success at week 12 based on CGIC. If the frequency of cell counts 
is less than 5, then Fisher’s exact test is implemented to compare proportion of success between 
SD-809 and placebo. 
 
Reviewer’s Remark: Since CGIC was the only accepted key secondary endpoint, this reviewer 
did not examine the other two proposed key secondary endpoints based on PGIC and modified 
CDQ-24 that had no agreement on (refer to first amended protocol on 20 May 2014 and 
Statistical Review under IND 120631, SDN 4 and SDN 14). 
 
Multiple Testing Procedure 
If the primary efficacy endpoint was statistically significant at 5% significance level, then the 
key secondary endpoints would be tested using a prespecified hierarchical method that controls 
overall type I error. Comparisons involving the proposed key secondary endpoints are tested in 
the following order at two-sided 5% level significance:  
 

1. Proportion of subjects who were a treatment success at week 12 based on the CGIC. 
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Sample Size Calculation 
A total of 92 subjects would provide a 90% power to detect a treatment difference of 2.8 in 
AIMS score between SD-809 and placebo groups  by assuming a standard deviation of 4.1 
(AIMS change from baseline to maintenance therapy). The sample size is based on a 
significance level at 5% (2 sided test) a two sample t-test. Similarly, 80% power would detect a 
treatment difference of 2.4.  
 
Sensitivity Analyses 
To evaluate robustness of the main results from MMRM, the Sponsor conducted the following 
sensitivity analyses of the primary endpoint based on mITT and ITT populations: 
 

1. An ANCOVA model which included treatment, DRA status, and baseline AIMS score. 
For subjects with missing AIMS data at week 12 was replaced using the least favorable 
change from either treatment group.  

2. The same ANCOVA model as above but missing data at week 12 for a subject was 
substituted by the last available change from baseline for the same subject. 

3.2.2.2 Study 23 
Both primary and key secondary efficacy was analyses conducted on the mITT* population. 
 
*mITT: included all randomized subjects with baseline AIMS ≥6 as assessed by central video 
rating, who took at least one dose of study medication and had at least one post-baseline efficacy 
assessment of the AIMS. The mITT included total of 222 subjects: 58, 60, 49 and 55 subjects in 
the placebo, SD-809 12 mg/day, SD-809 24 mg/day and SD-809 36 mg/day treatment groups, 
respectively.  
 
Efficacy Analyses Methods (Primary and Key Secondary Efficacy) 
Primary efficacy, change in AIMS total score from baseline to Week 12, was assessed using 
mixed model repeated measure (MMRM) with unstructured covariance structure and the 
Kenward-Roger approximation to estimate denominator degrees of freedom. The model terms 
were: treatment group, visit, treatment-by-visit interaction, baseline AIMS total score, and 
baseline use of DRAs.  
 
The key secondary endpoints were analyzed using either Cochran Mantel-Haenszel (mITT) or 
MMRM. The Cochran Mantel-Haenszel (CMH) was stratified by baseline use of DRAs to 
compare response rates between SD-809 doses and placebo. In CMH analyses, missing data at a 
certain visits were treated as failures.  
 
Multiple Testing Procedure 
A hierarchical testing procedure that controls type I error was applied to test multiple 
hypotheses. The multiple hypotheses involve one primary endpoint and five key secondary 
endpoints. Including the primary there were 6 hypotheses in total:  
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1. Proportion of subjects who were a treatment success, defined as Much Improved or Very 
Much Improved based on the CGIC at week 12 for SD-809 36mg/day. 

2. Change in the total motor AIMS score from baseline to week 12 for SD-809 24 mg/day. 
3. Proportion of subjects who were a treatment success, based on CGIC at week 12 for SD-

809 24mg/day. 
4. Change in the total motor AIMS score from baseline to week 12 for SD-809 12 mg/day. 
5. Proportion of subjects who were a treatment success, based on CGIC at week 12 for SD-

809 12mg/day. 
 

Sample Size Calculation 
For a fixed randomization ratio (1:1:1:1) to placebo, SD-809 12 mg, SD-809 24 mg , SD-809 
36 mg, two-sided test at alpha of 5% level of significance, assuming the standard deviation of 
the AIMS score change from baseline to maintenance therapy is equal to 3.4, a total of 228 
subjects (57 per group) would be required to provide a power of 80% to detect a treatment 
difference of 1.8 points in AIMS total score at Week 12. Adjusting for possible 20% subjects 
that may be excluded from the primary efficacy population (for not meeting the baseline AIM 
total score ≥ 6 before randomization), the total enrollment size is approximately 288. The 
sample size computation entails that enrollment continues until 228 subjects with baseline AIM 
total score ≥ 6 are enlisted. 
 
Sensitivity Analyses 
To assess robustness of the primary efficacy analysis method, among several sensitivity 
analyses that were conducted were: 
 

1. ANCOVA model with terms treatment group, baseline use of DRA, baseline AIMS 
total score. Missing response variable at Week 12 is replaced by the least favorable 
change from baseline in each treatment group. 

2. Same as above but missing data is replaced by the last available change from baseline 
value. 

3. The MMRM analysis using ITTPB population. ITTPB is a subset of the ITT population 
defined as all subjects in the ITT population who received study drug, and had a post-
baseline assessment of AIMS, regardless of their baseline AIMS total score. 

4. The MMRM analysis using mITT200 population. mITT200 is a subset of the mITT 
population which includes the first 200 patients randomized in the mITT population. 

5. Multiple imputation by imputing data using MAR/MNAR missing data mechanism. 
6. Tipping point analysis whereby the primary efficacy analysis at Week 12 will be 

repeated on complete data using multiple imputation methodology. Here, data is 
imputed using MNAR missing data assumption and investigate when statistical 
significance disappears.  

 
Reviewer’s Note: The sensitivity analyses based on ITTPB and mITT200 were suggested by 
the FDA (FDA Advice on January 01, 2016). 
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3.2.3 Patient Disposition, Demographic and Baseline Characteristics 

3.2.3.1 Study18  
There were 41 centers: United States, 29 sites; Poland, 7 sites; Slovakia, 3 sites; Czech Republic, 
3 sites.  
 
The ITT population (n = 117), which was the secondary efficacy analysis data, included all 
randomized subjects. There were a total of 113 subjects in the mITT population: placebo (n = 
57), and SD-809 (n = 56). Four (4) patients from the mITT and Per-Protocol populations were 
excluded due to lack of at least one centrally read post-baseline AIMS score. Further, 40 patients 
(22 in SD-809 group; 18 in Placebo group) were excluded for various reasons (List of Patients 
Excluded; Listing 16.2.2, Pages 1- 5). 
 
Table 2: Summary of Patient Populations  

 
Source: Table 6 of Sponsor’s Clinical Study Report (Page 67) 
 
Two hundred and two (202) patients were initially screened out of which 117 of them were 
randomized (58 in SD-809 group and 59 in placebo group). Figure 2 below shows 52 (88.1%) 
subjects in the placebo arm, and 52 (89.7%) subjects in SD-809 treatment groups completed the 
study. There was not substantial number who withdrew or discontinued due to stated reasons 
such as, consent withdrawal, adverse event, protocol violation, and lost to follow-up.  
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Figure 2: Subject Disposition (All Screened Patients) 
  

 
Source: Disposition of Patients from Sponsor’s Clinical Study Report (Page 65) 
 
Baseline characteristics of subjects in the mITT are presented in Table 3. The average age of 
patients was 54.9 years, ranging from 25 to 75 years. The mean AIMS score at baseline was 9.6.  
Overall, treatment groups were balanced with respect to age, sex and race. The majority of 
participants were whites (69.9%) and 80.5% were using a DRA. Majority of the patients were of 
not Hispanic or Latino origin (85.8%). Most patients had Schizophrenia (55%) followed by 
Schizoaffective disorder (15%). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference ID: 4133736



 15 

Table 3: Summary of Demographic and Baseline Characteristics (mITT Population; 
N=113) 
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SD=standard deviation 
Source: Summary of Demographics of Sponsor’s CSR (Page 68-69) 

3.2.3.2 Study23 
The study involved 75 centers in 6 countries: United States, 38 centers; Poland, 19 centers; 
Hungary, 7 centers; Czech Republic, 6 centers;  Slovakia, 3 centers; Germany, 2 centers. The ITT 
population included 298 subjects met the eligibility criteria and were randomized placebo (74), 
SD-809 12 mg/day (75), SD-809 24 mg/day (74), or SD-809 36 mg/day (75).  
 
Figure 3 displays the rate of discontinuation in the 4 treatment groups: placebo (9%), SD-809 12 
mg/day (11%), SD-809 24 mg/day (12%), and SD-809 36 mg/day (13%), which was similar 
across treatment groups. The total discontinuation rate was 11%. Discontinuation reasons 
included adverse events, loss to follow-up, non-compliance with study drug and withdrawal by 
patient.  
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Figure 3: Patient Disposition (ITT Population) 
  

 
Source: Disposition of Patients from Sponsor’s Clinical Study Report (Page 81) 
 
Table 4 shows 34 (11%) subjects in the ITT population had major protocol deviations. A total of 
221 (74%) patients in the ITT had one or more protocol deviations.  Frequency of major protocol 
deviations were balanced among the treatment group and did not impact efficacy conclusions.  
 
Table 4: Major Protocol Deviations (ITT Population; N=298) 
 

 
Source: Sponsor’s Clinical Study Report (Page 82) 
 
Baseline demographic characteristics in mITT population are summarized in Table 5. The 
average age of patients was 57.0 years, ranging from 21 to 81 years. Overall, treatment groups 
were balanced with respect to age, sex and race. Majority of participants (79%) were whites, and 
overwhelming majority were of not Hispanic or Latino origin (87%). 
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Table 5: Summary of Demographics (mITT) 

 

 
SD=standard deviation 
The denominator for percentages is the number of subjects with non-missing responses in each 
category and treatment group.  
Source: Summary of Demographics of Sponsor’s Protocol (Page 68-69) 
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Table 6: Summary of Patient Populations  
 

 
Source: Sponsor’s Clinical Study Report (Page 85) 

3.2.4 Results and Conclusions  

3.2.4.1 Study 18 
 
Primary Endpoint 
The reviewer confirmed sponsor’s efficacy findings (see Table 7). SD-809 was statistically 
significantly superior to placebo in the mean change from baseline in AIMS total score at week 
12 (mITT, MMRM), with a least square mean treatment difference to placebo of 1.4 (p-value = 
0.0188).  
 
Table 7: Abnormal Involuntary Movement Scale: Change in AIMS Score from Baseline to 
Week 12 (mITT, N=113; MMRM) 

Visit SD-809 
N=56 

Placebo 
N=57 

Difference in 
means (SD-809 
- placebo) and 

SE 
N 
Mean Baseline Score (SD) 

56 
9.7 (4.14) 

57 
9.6 (3.78) 

-- 

AIMS total score change from baseline MMRM at 
Week 12, n 
    LS mean (SE) 
    Minimum, Maximum 
    95% CI  
    p-value 
    

52 
 

-3.0 (0.45) 
-16, 3 

-3.9, -2.1 

51 
 

-1.6 (0.46) 
-9, 5 

-2.5, -0.7 
 

-- 
 

-1.4 (0.60) 
-- 

-2.6, -0.2 
0.0188 

CI = confidence interval; LS mean = least-squares means; MMRM = mixed model repeated 
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measures; SE = standard error; AIMS = Abnormal Involuntary Movement Scale; mITT = 
modified Intent-to-Treat; SD= Standard Deviation 
Source: Table 10 of Sponsor’s Clinical Study Report (Page 72) 
 
Figure 4: LS Mean Change from Baseline in AIMS Score by Treatment and Study Visit 
(mITT; N=113) 
 

 
Source: Figure 11-1 of Sponsor’s Clinical Study Report (Page 127) 
 
Sensitivity analyses based on mITT population using ANCOVA with LOCF (LS Mean (SE) = -
1.4 (0.57); p = 0.013) or imputing missing last observation with least favorable change (LS Mean 
(SE) = -1.5 (0.67); p = 0.027) in either group yielded the same conclusions as the primary 
efficacy analysis results. Also, MMRM based sensitivity results using per-protocol* population 
(LS Mean (SE) = -1.6 (0.76); p = 0.043) were consistent with the main efficacy conclusions.  
 
*Per-Protocol: All patients in the mITT who met the following (Page 53, CSR): 
a. Had documented compliance with randomized study drug (80% to 105%) 
b. Had measureable levels of active metabolites at the time of the AIMS assessment at week 12 
c. Had no major protocol deviations (i.e., excludes patients who did not complete 12 weeks of 
treatment or were missing week 12 efficacy assessments; took any prohibited concomitant 
medications or altered background CNS medication). 
 
Reviewer’s Note: One of the entry criteria was based on a cutoff AIMS score of ≥6 as assessed 
by the investigator at Screening and Baseline. But, the primary efficacy parameter was based on 
centrally read AIMS score of video-recorded examinations. Due to cumbersome logistical 
problems stated by the Sponsor, the AIMS based enrollment decision was not conducted 
appropriately. That is, the central rater was not able to evaluate Baseline AIMS video on the 
same day the subject was in the clinic. Rather, it was assessed after randomization which 
contributed to the inclusion of subjects that did not meet the strict criteria of AIMS score ≥6. It 
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was determined that 14.1% (16/113) of randomized patients had a centrally read AIMS score < 
6. Essentially, these patients did not meet the inclusion criteria.  
 
Table 8: Primary Endpoint in Subpopulation of mITT Population with Baseline AIMS 
Score of ≥6 (N=97; MMRM) 

 
 

SD-809 
(N=48) 

Placebo 
(N=49) 

Difference in means or 
percentages (SD-809 - 

placebo) 
 

End of Titration Period (Week 6) a  
   Mean (SD) -3.3 (3.39) -1.8 (3.23) -1.5 
   p-value -- -- 0.0267 
a Based on centrally read AIMS score (sum of Items 1 to 7). Missing week 12 values were 
imputed with the last observation carried forward. 
Source: Table 23 of Sponsor’s Clinical Study Report (Page 84) 
 
The sponsor conducted the primary efficacy analysis on the subpopulation excluding those with 
baseline AIMS score < 6. The result was compatible with the overall conclusion of the study (p = 
0.027).   
 
Table 9: Daily Dose Levels Summary for Study 18 (mITT; N=113) 

 
Total Daily Dose 

SD-809 
(N=56) 

Placebo 
(N=57) 

Total 
(N=113) 

End of Titration Period (Week 6) [1]  
   n 56 57 113 
   Mean (SD) 38.8 (7.92) 36.6 (9.26) 37.7 (8.65) 
   Median 36.0 36.0 36.0 
   Min, Max 18, 48 12, 48 12, 48 
End of Treatment Period  
   n 56 57 113 
   Mean (SD) 38.3 (7.97) 36.7 (9.15) 37.5 (8.58) 
   Median 36.0 36.0 36.0 
   Min, Max 18, 48 12, 48 12, 48 
[1]The first dose in the Maintenance Period for subjects who were dosed in the Maintenance Period and the last dose 
received in the Titration Period for those who were not. SD = Standard Deviation. 
Source: Table 14.1.4.3.2 of Sponsor’s Clinical Study Report (Page 281) 
 
Table 9 above summarizes the total daily dose at the end of titration and treatment periods in the 
mITT population. The mean daily dose level for SD-809 at the end of titration period (38.8 
mg/day) is similar to the average dose level at the end of treatment period (38.3 mg/day). 
Likewise, the comparison for the placebo and overall average dose levels are similar at the end 
of the two treatment periods. 
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Sponsor-Proposed Key Secondary Endpoint 
The proposed key secondary endpoints were tested hierarchically given the primary analysis was 
statistically significant (p < 0.05). However, SD809 failed to separate from placebo at the 5% 
level of significance on the first key secondary endpoint, CGIC (p = 0.40). Hence, comparisons 
on the other two key secondary endpoints were then considered only exploratory by Sponsor.  
Regardless, FDA never agreed to these two key secondary endpoints. 
 
Reviewer’s Note: This reviewer has included two figures to visualize the distribution of change 
in AIMS total score and percent of improved subjects (Figure 5, Figure 6). 
 
Figure 5 captures the distribution of change from baseline in AIMS total score. Most of the data 
are contained in bins between no change and a change of 5 to 6 units. With increasing magnitude 
of change, the proportion of improved subjects in the drug group is higher than those in placebo. 
  
Figure 5: Percent of Patients with Specified Magnitude of AIMS Total Score Improvement 
at Week 12 (mITT) 

 
Source: Reviewer’s Result 
 
Figure 6 captures visual efficacy contrast between SD-809 and placebo. For example, 78.57% 
and 63.16% improved at least by 1 point in SD-809 and placebo groups, respectively. The graph 
shows a trend of improvement in change from baseline in AIMS total score at Week 12 for 
subjective response cutoff. 
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Figure 6: Percent Response (AIMS Total Score) for Each Treatment Group at Week 12 by 
Response Threshold 

 
[Note: Missing data are considered as “No Change or Worsened” bin in the graph] 
Source: Reviewer’s Result 

3.2.4.2 Study 23 
 
Primary Endpoint 
The reviewer confirmed sponsor’s efficacy findings. The results of the primary efficacy analysis 
are presented in Table 10. SD-809 36 mg/day was statistically significantly superior to placebo 
in the mean change from baseline in AIMS total score at Week 12 (mITT, MMRM). The least 
square mean treatment difference to placebo was -1.9 points.  
 
The change from baseline in AIMS total score SD-809 24 mg/day group was nominally 
statistically significant, but was specified lower in the hierarchy than the first key secondary 
endpoint, proportion of patients with treatment success at Week 12 with SD-809 36 mg/day, 
which was negative (p = 0.059).  
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Table 10: Abnormal Involuntary Movement Scale: Change in AIMS Score from Baseline to 
Week 12 (mITT, N=222; MMRM) 

Statistic Placebo 
(N=58) 

SD-809 
12 mg/day 

(N=60) 

SD-809 
24 mg/day 

(N=49) 

SD-809 
36 mg/day 

(N=55) 
Baseline n, Mean 

(SD) 
58, 9.47 (2.71) 60, 9.62 (2.40) 49, 9.37 (2.93) 55, 10.05 (3.21) 

Week 12, n 56 53 45 52 
LS Mean (SE) -1.4 (0.41) -2.1 (0.42) -3.2 (0.45) -3.3 (0.42) 

LS Mean difference  
(SD-809 – placebo) 

(SE) 

-- -0.7 (0.57) -1.8 (0.60) -1.9 (0.58) 

95% CI -- -1.84, 0.42 -3.00, -0.63 -3.09, -0.79 
p-value -- 0.217 0.003 0.001 

CI = confidence interval; LS mean = least-squares means; MMRM = mixed model repeated 
measures; SE = standard error; AIMS = Abnormal Involuntary Movement Scale; 
mITT=modified Intent-to-Treat 
Source: Table 14 Sponsor’s Clinical Study Report (Page 93) 
 
Figure 7: LS Mean Change from Baseline (with 95% CI) in AIMS Total Score by Visit 
(mITT; N=222) 
 

 
Source: Figure 3 Sponsor’s Clinical Study Report (Page 95) 
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Key Secondary Endpoints 
Since the first key secondary endpoint in the hierarchy was not met, analysis of the remaining 
endpoints was considered exploratory. 
 
Reviewer’s Note: The results above indicate that only the primary endpoint would be considered 
for labeling.  
 
Table 11: Clinical Global Impression of Change: Proportion of Patients Considered a 
Treatment Success Based on the CGIC at Week 12 for SD-809 Compared with Placebo 
(mITT, N=222; MMRM) 

 
CGIC=Clinical Global Impression of Change; CI=confidence interval; CMH=Cochran-Mantel- 
Haenszel; DRA=dopamine receptor antagonist; OR=odds ratio. 
Source: Table 15 of Sponsor’s Clinical Study Report (Page 94) 
 
Reviewer’s Note: Figure 8 and Figure 9 are included as exploratory plots to visualize the 
distribution of change in AIMS total score and percent of improved subjects. Figure 8 shows 
distribution of data categorized in a 1-unit bin. Majority of the change from baseline in AIMS is 
represented between ‘no change’ to ‘5-6’ bins.  
 
The empirical percentage response for each treatment group at Week 12 by various response 
cutoffs is shown in Figure 9. There was a consistent improvement trend in the change from 
baseline in AIMS total score at Week 12 for several arbitrary response magnitudes. 
Approximately, 80.77% (SD-809 36 mg), 77.78% (SD-809 24 mg), 73.58% (SD-809 12 mg) and 
55.36% (placebo) of subjects in the mITT population showed greater than 1 point improvement 
in response.  
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Figure 8: Percent of Patients with Specified Magnitude of AIMS Total Score Improvement 
at Week 12 (mITT) 

 
[Note: This is based on completers only] 
Source: Reviewer’s Result 
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Figure 9: Percent Response (AIMS Total Score) for Each Treatment Group at Week 12 by 
Response Threshold 

 
[Note: This is based on completers only] 
Source: Reviewer’s Result 
 
Sensitivity Analysis: the primary efficacy analysis was repeated using the first 200 randomized 
subjects in the mITT (mITT200) and ITTPB populations. Results are summarized in Table 12 
and Table 13, which showed that SD-809 36mg and 24 mg are nominally statistically significant.  
 
Table 12: Primary Efficacy Analysis Using the first 200 Subjects (mITT200) 

 
Source: Table 18 of Sponsor’s Clinical Study Report (Page 98) 
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Table 13: Primary Efficacy Analysis Using ITTPB Population (N=288) 

 
Source: Table 17 of Sponsor’s Clinical Study Report (Page 97) 
 
Tipping Point Analysis 
 
Tipping point analysis for the primary endpoint assessed the severity of deviation from the MAR 
which is the underlying assumption for the MMRM methodology (Table 14). Under the multiple 
imputation paradigm, missing values at Week 12 were imputed using regression based model. A 
threshold shift (change from baseline AIMS score) above 3.79 points could lead to a p-value 
above 0.05, hence a non-significant efficacy conclusion.  
 
Table 14: Tipping Point Analysis: Total Motor AIMS Score Change from Baseline to Week 
12 by Treatment Group Using Multiple Imputation Methodology (Regression Method) for 
Missing Data Under MNAR for SD-809 36 mg/day Compared to Placebo (mITT; N=222) 
 

 
Source: Table 26 of Sponsor’s Clinical Study Report (Page 107) 
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A similar ad-hoc tipping point analysis was conducted for the treatment group, SD-809 24 
mg/day (number of imputations = 25) by this reviewer (Table 15). The study conclusion under 
MAR would be reversed when the shift parameter is slightly above 2.37. That is, patients who 
dropped out from SD-809 24 mg arm would need a decrease of 0.83 units from baseline for the 
study conclusion to change because the primary efficacy LS mean change from baseline for SD-
809 24 mg was -3.2 units. Dropouts from placebo treated patients would receive the same benefit 
as the placebo arm completers. 
 
Table 15: Tipping Point Analysis: Total Motor AIMS Score Change from Baseline to Week 
12 by Treatment Group Using Multiple Imputation Methodology (Regression Method) for 
Missing Data Under MNAR for SD-809 24 mg/day Compared to Placebo (mITT; N=222) 
 
Shift SD-809 24 mg/day 

(N=49) 
LS Mean Difference 95% CI p-value 

0 -1.80 -2.99, -0.61 0.0031 
0.5 -1.70 -2.90, -0.50 0.0056 
1 -1.60 -2.83, -0.37 0.011 
1.5 -1.51 -2.77, -0.24 0.019 
2 -1.41 -2.71, -0.11 0.034 
2.25 -1.36 -2.69, -0.036 0.044 
2.37 -1.34 -2.68, -0.0014 0.049 
2.38 -1.34 -2.68, -0.0015 0.050 
2.5 -1.32 -2.67, 0.036 0.056 
Source: Reviewer’s Results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference ID: 4133736



 30 

Figure 10: P-Value Plot: Tipping Point for Shift Parameter Between 0 to 2.5 Analysis SD-
809 24 mg/day Compared to Placebo (mITT; N=222) 

  
Source: Reviewer’s Results 
 
3.3 Evaluation of Safety  
 
Safety evaluation was not conducted in this review. 
 
4 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS 
 
This section contains the reviewer’s results of subgroup analyses. For exploratory purposes, the 
primary efficacy models were used to investigate treatment effect in the subgroups. 
 
4.1 Gender, Race, Age, and Geographic Region 
 
This reviewer conducted exploratory subgroup analysis by race, gender and age. The primary 
efficacy analysis model (MMRM) was used to investigate the treatment effect.   
 
In both studies whites were numerically better than non-whites in SD-809 group compared to 
placebo. In study 23, subjects who were 65 or greater years of age and women subgroups had 
greater treatment effect. The sample size for the subgroup above the age of 65 is very small. 
 
 
 
 
 

Reference ID: 4133736



 31 

Study 18 
 
Table 16: Study 18 Subgroup Analysis by Race: AIMS Total Score (mITT) 
 Baseline LS◊ Mean Change from 

Baseline 
LS◊ Mean Difference from  

Placebo 
Treatment Group N Mean (SD*) N Mean SE# Mean SE# 
White 
Placebo 42 9.40 (3.86) 38 -1.52 0.53 -- -- 
SD-809 37 10.24 (3.90) 35 -3.35 0.54 -1.83 0.73 

Non-White 
Placebo 15 10.13 (3.64) 13 -2.37 1.31 -- -- 
SD-809 19 8.53 (4.44) 17 -2.94 1.16 -0.58 1.13 
*Standard Deviation, #Standard Error, ◊Least Squares 
Source: Reviewer’s Results 
 
Table 17: Study 18 Subgroup Analysis by Gender: AIMS Total Score (mITT) 
 Baseline LS◊ Mean Change from 

Baseline 
LS◊ Mean Difference from  

Placebo 
Treatment Group N Mean (SD*) N Mean SE# Mean SE# 
Men 
Placebo 26 8.04 (2.75) 22 -0.85 0.69 -- -- 
SD-809 28 8.68 (4.12) 25 -2.18 0.61 -1.33 0.73 

Women 
Placebo 31 10.90 (4.07) 29 -2.19 0.66 -- -- 
SD-809 28 10.64 (3.98) 27 -3.74 0.67 -1.55 0.92 
*Standard Deviation, #Standard Error, ◊Least Squares 
Source: Reviewer’s Results 
 
Table 18: Study 18 Subgroup Analysis by Age: AIMS Total Score (mITT) 
 Baseline LS◊ Mean Change from 

Baseline 
LS◊ Mean Difference from  

Placebo 
Treatment Group N Mean (SD*) N Mean SE# Mean SE# 
Age < 65 
Placebo 51 9.51 (3.87) 45 -1.50 0.49 -- -- 
SD-809 46 9.24 (3.97) 43 -2.55 0.48 -1.05 0.60 

Age >= 65 
Placebo 6 10.33 (3.08) 6 -2.46 1.63 -- -- 
SD-809 10 11.60 (4.53) 9 -5.33 1.30 -2.87 2.08 
*Standard Deviation, #Standard Error, ◊Least Squares 
Source: Reviewer’s Results 
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Study 23 
 
Table 19: Study 23 Subgroup Analysis by Race: AIMS Total Score (mITT) 
 Baseline LS◊ Mean Change from 

Baseline 
LS◊ Mean Difference from  

Placebo 
Treatment Group N Mean (SD*) N Mean SE# Mean SE# 
White 
Placebo 49 9.49 (2.72) 47 -1.26 0.45 -- -- 
SD-809 12 mg/day 46 9.65 (2.53) 41 -1.99 04.6 -0.74 0.63 
SD-809 24 mg/day 36 9.28 (2.91) 33 -3.29 0.52 -2.03 0.68 
SD-809 36 mg/day 45 10.20 (3.33) 43 -3.40 0.46 -2.14 0.63 

Non-White 
Placebo 9 9.33 (2.78) 9 -1.85 1.10 -- -- 
SD-809 12 mg/day 14 9.50 (1.99) 12 -2.27 0.97 -0.42 1.38 
SD-809 24 mg/day 13 9.62 (3.10) 12 -2.76 1.05 -0.90 1.41 
SD-809 36 mg/day 10 9.40 (2.67) 9 -2.99 1.11 -1.14 1.48 
*Standard Deviation, #Standard Error, ◊Least Squares 
Source: Reviewer’s Results 
 
Table 20: Study 23 Subgroup Analysis by Gender: AIMS Total Score (mITT) 
 Baseline LS◊ Mean Change from 

Baseline 
LS◊ Mean Difference from  

Placebo 
Treatment Group N Mean (SD*) N Mean SE# Mean SE# 
Men 
Placebo 31 9.74 (2.54) 30 -1.80  0.61 -- -- 
SD-809 12 mg/day 28 9.21 (2.02) 24 -2.26  0.67 -0.46 0.87 
SD-809 24 mg/day 24 9.71 (2.68) 21 -3.29  0.71 -1.49 0.90 
SD-809 36 mg/day 23 10.00 (2.98) 20 -2.98  0.71 -1.19 0.92 

Women 
Placebo 27 9.15 (2.90) 26 -0.89 0.58 -- -- 
SD-809 12 mg/day 32 9.97 (2.67) 29 -2.04 0.53 -1.07 0.77 
SD-809 24 mg/day 25 9.04 (3.18) 24 -3.02 0.60 -2.13 0.81 
SD-809 36 mg/day 32 10.09 (3.41) 32 -3.56 0.52 -2.66 0.77 
*Standard Deviation, #Standard Error, ◊Least Squares 
Source: Reviewer’s Results 
 
Table 21: Study 23 Subgroup Analysis by Age: AIMS Total Score (mITT) 
 Baseline LS◊ Mean Change from 

Baseline 
LS◊ Mean Difference from  

Placebo 
Treatment Group N Mean (SD*) N Mean SE# Mean SE# 
Age < 65 
Placebo 48 9.35 (2.44) 46 -1.69 0.44 -- -- 
SD-809 12 mg/day 46 9.67 (2.38) 40 -2.06 0.46 -0.36 0.61 
SD-809 24 mg/day 35 9.23 (2.76) 32 -3.66 0.52 -1.97 0.66 
SD-809 36 mg/day 36 10.11 (3.12) 33 -2.54 0.50 -0.85 0.66 

Age > = 65 
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Placebo 10 10.00 (3.89) 10 0.84 0.91 -- -- 
SD-809 12 mg/day 14 9.43 (2.53) 13 -1.84 0.79 -2.68 1.21 
SD-809 24 mg/day 14 9.71 (3.43) 13 -1.87 0.77 -2.71 1.19 
SD-809 36 mg/day 19 9.95 (3.46) 19 -4.62 0.66 -5.47 1.12 
*Standard Deviation, #Standard Error, ◊Least Squares 
Source: Reviewer’s Results 
 
  
4.2 Other Special/Subgroup Populations: U.S. versus Non U.S. 

 
The reviewer also explored the treatment effect in US and non-US regions. In study 18, it should 
be noted that the majority of study participants were in the US and the mean improvement in the 
change from baseline to Week 12 in AIMS total score was greater in the US.   
 
There was a similar pattern in Study 23 whereby greater treatment effect was exhibited in the 
US. 
 
Study 18 
 
Table 22: Study 18 Subgroup Analysis by Region: AIMS Total Score (mITT) 
 Baseline LS◊ Mean Change from 

Baseline 
LS◊ Mean 

Difference from 
Placebo 

Treatment Group N Mean (SD*) N Mean SE# Mean SE# 
US 
Placebo 46 9.65 (3.89) 40 -1.71 0.53 -- -- 
SD-809 47 9.77 (4.28) 44 -3.25 0.49 -1.55 0.66 

Non-US 
Placebo 11 9.36 (3.47) 11 -1.29 0.95 -- -- 
SD-809 9 9.11 (3.41) 8 -2.12 1.10 -0.82 1.39 
 *Standard Deviation, #Standard Error, ◊Least Squares 
Source: Reviewer’s Results 
 
 
Study 23 
 
Table 23: Study 23 Subgroup Analysis by Region: AIMS Total Score (mITT) 
 Baseline LS◊ Mean Change from 

Baseline 
LS◊ Mean 

Difference from 
Placebo 

Treatment Group N Mean (SD*) N Mean SE# Mean SE# 
US 
Placebo 30 9.57 (2.60) 28 -1.17 0.58 -- -- 
SD-809 12 mg/day 37 9.47 (2.32) 32 -2.12 0.55 -0.95 0.78 
SD-809 24 mg/day 24 9.62 (2.90) 22 -3.58 0.67 -2.4 0.86 
SD-809 36 mg/day 32 10.28 (3.13) 29 -3.29 0.57 -2.12 0.80 

Non-US 
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Placebo 28 9.36 (2.87) 28 -1.52 0.60 -- -- 
SD-809 12 mg/day 23 9.91 (2.56) 21 -1.91 0.66 -0.38 0.87 
SD-809 24 mg/day 25 9.12 (3.00) 23 -2.68 0.63 -1.16 0.86 
SD-809 36 mg/day 23 9.74 (3.36) 23 -3.29 0.64 -1.76 0.87 
 *Standard Deviation, #Standard Error, ◊Least Squares 
Source: Reviewer’s Results 
 
5 SUMMARY AND CONCLUSIONS 
 
5.1 Statistical Issues  
 
In the flexible dose (18 mg to 48 mg per day) study, the mean daily dose for SD-809 and placebo 
groups was 38.3 mg and 36.7 mg, respectively. The median was 36 mg.  
 
In the fixed dose study, the result of the primary endpoint was statistically significant at SD-809 
36 mg/day. Due to multiple dose groups and multiple efficacy endpoints, the Sponsor pre-
specified a sequential testing order, where the Sponsor insisted on testing CGIC with SD-809 36 
mg/day as the first key secondary endpoint followed by change from baseline in AIMS total 
score SD-809 24 mg/day. Although the p-value associated with testing for the 24 mg/day dose on 
AIMS total score was very small (0.003), from a statistical perspective it was considered only 
nominally statistically significant as the Sponsor ignored our appeal to change the order by 
assessing the efficacy of the lower doses prior to assessing the CGIC outcome. 
 
5.2 Collective Evidence 
 
Both studies showed that SD-809 was beneficial for the treatment of moderate to severe TD. In 
particular, Study 23 determined that 36 mg/day treatment group was statistically significantly 
different from placebo group in the primary endpoint - change from baseline to Week 12 in 
AIMS total score (p = 0.001). Also, the 24 mg/day dose was nominally statistically significant (p 
= 0.003) as the preceding key secondary endpoint (based on CGIC) was not positive in the pre-
specified hierarchical testing order. It is to be noted that in this study the AIMS results (estimated 
treatment effects and strength of statistical evidence) for 24mg/day were similar to those for the 
36 mg/daily. However, in the flexible-dose study (Study 18) where the dose ranged from 18 to 
48 mg/daily, the mean and median doses were near 36 mg/day.  
 
5.3 Conclusions and Recommendations  
 
In Study 18, flexibly dosed SD-809, with mean and median daily doses around 36-38 mg, was 
efficacious for the treatment of moderate to severe TD. In Study 23, SD-809 (36 mg/day) was 
evidenced to be statistically significant advantage over placebo in treating patients with moderate 
to severe TD. Comparison of 24 mg/day with placebo failed to reach statistical significance after 
adjusting for multiplicity; however, given such a tiny nominal (that is, unadjusted) p-value, 
whether this dose should be approved is deferred to the clinical review team after taking all 
aspects into consideration. 
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