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This addendum to the original statistical review of NDA 209,241 has been prepared to document 
the individual patient response on the primary efficacy measure (AIMS dyskinesia total score) 
over time for both studies 1202 and 1304. This addendum does not change the conclusions of the 
original statistical review filed on 03/06/2017.
The figures include all randomized subjects with at least an AIMS dyskinesia total score value at 
baseline. Scores for patients who discontinued for any reason during the double-blind period are 
displayed as blue squares (connected by a blue line to create the profile over time). Gray dotted 
lines represent the AIMS dyskinesia total score trajectories for the completers.
Note that in Study 1202 central ratings of the video recorded AIMS assessments were only 
performed at baseline and week 6. In order to display informative patient efficacy profiles for 
Study 1202 the AIMS scores generated by the independent site raters are used, which are also 
available for weeks 2 and 4 of the double-blind period.
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Figure 1. Study 1202 AIMS Dyskinesia Total Score (Site raters)

(Source: Reviewer; BL=Baseline)
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Figure 2. Study 1202 AIMS Dyskinesia Total Score Change from Baseline (Site raters)

(Source: Reviewer)
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Figure 3. Study 1304 AIMS Dyskinesia Total Score (Central raters)

(Source: Reviewer; BL = Baseline)
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Figure 4. Study 1304 AIMS Dyskinesia Total Score Change from Baseline (Central raters)

(Source: Reviewer)
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1 EXECUTIVE SUMMARY  
 
The two positive efficacy studies submitted under this NDA support the claim that the 80 mg 
dose of Valbenazine reduces the symptoms of Tardive Dyskinesia (TD) as measured by the 
Abnormal Involuntary Movement Scale (AIMS) in an acute setting (double-blind treatment 
phase of 6 weeks). The 40 mg dose of Valbenazine appears to be efficacious for some patients 
with TD, but does not meet the strict evidentiary standard for approval (e.g., no replication of 
finding). 
The two efficacy studies supporting the claim are the Phase 2 study NBI-98854-1202 and the 
Phase 3 study NBI-98854-1304. Study 1304 (n=225) tested two fixed doses of Valbenazine 
versus placebo. Patients treated with the 80 mg dose of Valbenazine had an average of -3.1 
points greater reduction on the primary efficacy endpoint (i.e., AIMS total score change from 
baseline to week 6) compared to placebo (95% CI: -4.2, -2.0; p < 0.0001). The 40 mg 
Valbenazine group also had favorable numeric results (average improvement on the AIMS of -
1.8 points over placebo). However, the results for the 40 mg group were not statistically 
significant because the 80 mg dose was not statistically significant (p=0.056) on the key 
secondary endpoint Clinical Global Impression of Change-TD, which was placed before any 40 
mg dose tests in the fixed testing sequence. 
Patients treated with Valbenazine (dose titration from 25, to 50, to 75 mg every two weeks based 
on therapeutic response and tolerability) in Study 1202 (n=89) achieved on average a -2.4 point 
greater reduction in the AIMS total score at the end of week 6 compared to patients treated with 
placebo (95% CI: -3.7, -1.1). The majority of Valbenazine patients (69%) were titrated to the 75 
mg dose by the end of the study and the mean dose at week 6 was 64.4 mg/day. Those findings 
allow viewing the results from Study 1202 to serve as replication for the Phase 3 results for the 
80 mg dose. 
This reviewer did not find any major statistical issues for Study 1304, besides the unfortunate 
order of endpoints in the fixed testing sequence which the Division had recommended revising 
during the IND stage. The sponsor had decided not to modify their approach. 
The review of Study 1202 revealed a number of statistical concerns, which could be partially 
alleviated by this reviewer’s analyses. One major issue was the choice of the per-protocol set as 
primary efficacy analysis set. Fortunately for the sponsor the efficacy conclusions did not differ 
when considering the ITT set. However, the ‘ITT’ set is not issue-free either, as it was turned 
into a completer set by the choice of primary analysis method (i.e., ANCOVA change from 
baseline to week 6) implemented with protocol amendment 2. This amendment did not receive 
full regulatory scrutiny (i.e., no statistical review), because Study 1202 was regarded as non-
pivotal. This reviewer explored the efficacy trajectories of the 12 patients who discontinued the 
study during the double-blind phase (and were excluded from the ‘ITT’ set). The available AIMS 
data (prior drop-out) and an exploratory tipping point analysis suggest that omitting those 
patients did not materially impact the efficacy conclusion of Study 1202.  
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2 INTRODUCTION 
 
2.1 Overview 
 
2.1.1. Class and Indication 
  
NBI-98854 (Valbenazine) is an orally active vesicular monoamine transporter 2 inhibitor under 
development by Neurocrine Biosciences for the treatment of Tardive Dyskinesia (TD)  

TD is a neurological condition characterized by involuntary movements and 
is associated with long-term neuroleptic drug use. 
 
2.1.2. History of Drug Development  
 
The first Phase 2 studies (e.g., Study 1201) in the sponsor’s TD development program (IND 
111,591) did not achieve statistically significant efficacy results. Subsequently the sponsor 
convened a panel of experts, who recommended the use of central raters instead of site raters and 
a change in the score descriptors for the Abnormal Involuntary Movement Scale (AIMS). Those 
changes were implemented in Studies 1202 (Phase 2) and 1304 (Phase 3). This IND received 
Breakthrough Therapy Designation. 
 
Advice to Applicant 
Study 1202 
The protocol and protocol amendments for Study NBI-98854-1202 appear not to have been 
reviewed by a statistical reviewer, since this Phase 2 study was not considered a pivotal trial. 
Below is the clinical reviewer’s view of Amendment 2 to the protocol (Review noted 
04/18/2014): 
“The protocol was amended to include scoring of AIMS items 1-7 by a central, blinded video 
rater, to make the AIMS dyskinesia total score (items 1-7) change from baseline derived from the 
blinded, central video rater’s scores the primary endpoint of the study and to make the AIMS 
dyskinesia total score as scored by the site’s certified, independent AIMS rater a secondary 
efficacy endpoint. As previously discussed with the sponsor, this study is not a pivotal trial; 
therefore, these changes are deemed acceptable. […] No action indicated from a clinical 
perspective.” [bold highlight added] 
 
At the June 24, 2014 EOP2 meeting the sponsor inquired whether a single pivotal study would 
suffice to confirm efficacy. The Division disagreed. However, after the sponsor submits the draft 
CSR of Study 1202 for a preliminary review, the Division states in a post meeting note “… we 
believe that study 1202 could potentially provide evidence in support of NBI-98854 registration 
for the treatment of TD.” 
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Study 1304 
The sponsor submitted the protocol (and amendments) and the SAP (and revisions) for FDA 
review. The final SAP was submitted on September 10, 2015 prior to unblinding of the study. 
Statistical comments regarding the testing sequence given two dose groups and the primary and 
key secondary endpoints were communicated. The Division recommended testing the primary 
endpoint for both high and low dose first, before testing the key secondary endpoint. The sponsor 
did not implement that recommendation and proceeded with testing the primary and key 
secondary endpoint first for the high dose, before testing any endpoint for the lower dose. 
Further comments were conveyed regarding sensitivity analyses, choice of key secondary 
endpoints and specifications of the primary statistical model. 
 
2.1.3. Specific Studies Reviewed 

The studies selected for review are the Phase 2 Study NBI-98854-1202 and the Phase 3 study 
NBI-98854-1304. Both studies are presented as the pivotal studies supporting the TD claim by 
the sponsor. Table 1 provides some basic characteristics for both studies. 
 
Table 1. List Of All Studies Included In Review 
Study 
Number 

Phase and 
Design 

Treatment 
Period 

 # of Subjects 
per Arm 

Study 
Population 

1202 
MC, R, DB, 
PG, PC trial  

6 weeks 
NBI-98854 
25-75mg/ 51 

Placebo/ 51 

Tardive 
Dyskinesia 

1304 
MC, R, DB, 
PG, PC trial  

6 weeks 

NBI-98854 
40mg/ 76 

NBI-98854 
80mg/ 80 

Placebo/ 78 

Tardive 
Dyskinesia 

* MC: multi-center, R: randomized, DB: double-blind, PG: parallel group, PC: placebo 
controlled 
 
 
2.1.4. Major Statistical Issues 

Major statistical issues include the choice of the per-protocol set as primary analysis set and the 
definition of the ‘ITT’ set leading to a completer set in Study 1202. Not per se a statistical issue, 
but the pre-specified fixed testing procedure in Study 1304 precludes the formal statistical testing 
of the primary efficacy endpoint for the 40 mg dose (nominal p-value of 0.0021). 
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2.2 Data Sources  
 
The review encompasses the protocols, statistical analysis plans, and study reports for Studies 
1202 and 1304. Also considered were the Integrated Summary of Efficacy and the 120-Day 
Safety Update submission for Study 1304. 
 
Most analyses performed by this reviewer are based on the following datasets. 
Study 1202: 
Primary efficacy dataset: a_aimscr 
Efficacy based on independent site raters: a_aims 
Secondary efficacy: cgitd 
 
Study 1304:  
Primary and key secondary efficacy: A_aims; cgitd 
Exploratory efficacy analysis (AIMS components): qs 
 
The electronic location of the initial submission is: \\Cdsesub1\evsprod\NDA209241\0002 
 
The 120-Day Safety Update can be accessed at the following location: 
\\Cdsesub1\evsprod\NDA209241\0014 
 
3 STATISTICAL EVALUATION 
 
3.1 Data and Analysis Quality 
 
Some issues were encountered regarding the completeness of the analysis dataset a_aimscr for 
Study 1202. The psychiatric diagnosis variable ‘diag’ was not included with the primary efficacy 
dataset, although it is a predictor in the primary efficacy analysis model. This reviewer found the 
‘diag’ variable in the medical history dataset ‘mhdiag’. Furthermore the opening of a number of 
SAS datasets for Study 1304 relied on writing formatting statement code in SAS to overcome the 
issue of missing formats. This reviewer was able to replicate the AIMS Dyskinesia Total Score 
data based on a dataset containing the seven components of the AIMS Dyskinesia Total Score. 
The randomization process for both studies (1202 and 1304) appears valid (see appendix for 
Figures A1 and A2, which display the assignment of patients over time to the treatment groups).  
The SAP for Study 1202 (dated 10/10/2013) was submitted with the NDA. It is unclear whether 
the SAP was ever submitted to the IND. If the SAP was indeed submitted it seems likely that it 
was not reviewed by the Biometrics Division because Study 1202 was regarded as exploratory. 
The SAP for Study 1304 was submitted to the IND and reviewed. The Division provided 
comments; most of which the sponsor accepted. 
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3.2 Evaluation of Efficacy 

3.2.1 Study Design and Endpoints 
 
Study NBI-98854-1202 
Study 1202 was conducted between February and December 2013 at 29 study centers in the US 
and Puerto Rico. It is a Phase 2, randomized, double-blind, dose-titration, placebo-controlled 
study to evaluate the efficacy, safety, and tolerability of NBI-98854 (25 mg titrated to 50 mg and 
subsequently to 75 mg once daily for 6 weeks) in subjects with schizophrenia or schizoaffective 
disorder, or mood disorder with TD, or GI disorder with TD. 
 
Efficacy Endpoints 
The primary efficacy endpoint was the change from baseline in the Abnormal Involuntary 
Movement Scale (AIMS) dyskinesia total score (sum of Items 1-7) based on the blinded, central 
AIMS video raters’ assessment. 
The AIMS total dyskinesia score calculated from the site’s certified, independent AIMS rater’s 
assessment and the Clinical Global Impression of Tardive Dyskinesia (CGI-TD) were evaluated 
as secondary efficacy endpoints. 
 
Dose titration algorithm  
The starting dose for the patients randomized to Valbenazine was 25 mg once daily. Patients 
were eligible for a dose escalation at the end of week 2 (to 50 mg) and then again at the end of 
week 4 (to 75 mg). Dose escalation eligibility was based on a 2-part evaluation of the current 
dose: (1) if the subject had a score of mild, moderate, or severe on any of the AIMS items 1 to 7 
as assessed by the independent on-site AIMS rater; and (2) if the physician investigator 
determined that a dose escalation was acceptable based on the safety and tolerability of the 
current dose. At any time after week 2, the physician investigator could decrease the dose to the 
previous dose for any patient who was unable to tolerate a given dose increase (Study report 
page 28). 
 
Protocol Amendment 
A Scientific Advisory Board recommended the “triple blind” central rating by two movement 
disorder neurologists (instead of independent site raters as specified in the original protocol), 
consensus scores for Items 1 through 7, and alternative descriptors for the AIMS scores. The 
recommendations were implemented with protocol amendment 2 before study completion and 
database lock. The COA staff found the changes to the score descriptors acceptable. 
 
  

Reference ID: 4064319



 10 

Study NBI-98854-1304 
Study 1304 was conducted between November 2014 and March 2016 at 63 sites in North 
America and Puerto Rico. It is a Phase 3, double-blind, parallel-group, fixed-dose study to 
evaluate the efficacy, safety, and tolerability of NBI-98854 (40 mg once daily or 80 mg once 
daily) compared with placebo (1:1:1) in subjects with schizophrenia or schizoaffective disorder, 
or mood disorder with TD. The study design includes a double-blind, placebo-controlled 
treatment period for 6 weeks followed by an NBI-98854 extension period for 42 weeks. During 
the extension period, all subjects received NBI-98854. The extension period of this study was 
ongoing at the time of NDA submission; results were included with the 120-Day Safety Update.  
The sponsor’s approach to control the Type I error was a fixed testing sequence (test primary 
followed by key secondary efficacy endpoint for 80 mg Valbenazine; if statistically significant 
results then test primary and key secondary endpoints for the 40 mg Valbenazine dose). 
 
Efficacy Endpoints 
The primary efficacy endpoint was the AIMS dyskinesia total score mean change from baseline 
to week 6 based on the blinded, central video raters’ assessment. 
The key secondary efficacy endpoint was the mean CGI-TD score at week 6. 

3.2.2 Statistical Methodologies 
 
Study 1202 
Analysis sets 
The Safety analysis set includes all subjects who are randomized to a treatment group and 
receive at least one dose of study drug. 
 
The ITT analysis set includes all subjects in the safety analysis set who have an evaluable 
blinded, central video rater’s AIMS dyskinesia total score change from baseline (CFB) value at 
one or more scheduled assessment times during the double-blind treatment period.  
 
Reviewer’s note: After the switch to central raters and to ANCOVA as primary analysis and the 
subsequent central rating only at baseline and week 6 this ITT set is effectively a completer set. 
 
The Per-Protocol (PP) analysis set will include subjects in the ITT analysis set who meet the 
following criteria: 

1. An evaluable blinded, central video rater’s AIMS dyskinesia total score CFB value at 
Week 6, 

2. For subjects in the Valbenazine group, a quantifiable Valbenazine plasma concentration 
at Week 6, and 

3. No efficacy-related important protocol deviations. 
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For the week 6 analysis only the first two criteria listed above are applied. 
 
Reviewer’s note: The PP analysis set was specified as the primary efficacy analysis set by the 
sponsor. 
 
 
Primary analysis for primary endpoint: AIMS total score change from baseline (BL) to Week 6 
 
The primary analysis of the AIMS data is an analysis of covariance (ANCOVA) of the blinded, 
central video rater total score CFB data at Week 6 using the PP analysis set. The ANCOVA 
model includes the baseline AIMS total score as a covariate and treatment group and disease 
category as fixed effects. 
 
Analysis of secondary endpoint: CGI-TD at Week 6 
Hypothesis tests comparing the Valbenazine group to placebo at Week 6 were performed for the 
CGI-TD scores using an analysis of variance (ANOVA) model. The ANOVA model includes 
treatment group and disease category as fixed effects. 
 
Reviewer’s note:  The CGI-TD was not clearly pre-specified as key secondary efficacy endpoint 
in Study 1202. The protocol and SAP list the AIMS (independent site raters) and the CGI-TD as 
secondary efficacy endpoints. If assuming a fixed sequence testing procedure, it is not clear 
whether the CGI-TD would be tested before or after the AIMS (independent site raters). Note 
that the results for the AIMS (independent site raters) were not statistically significant. 
 
Study 1202 protocol, amendments and conduct 
 

• Original protocol [dated September 25, 2012]: The primary efficacy variable was to be 
assessed by independent site raters (BL, Week 2, 4, 6) and the primary analysis was 
MMRM. 

• Protocol amendment 1 [February 4, 2013]: Minor changes. 
• Protocol amendment 2 [September 26, 2013]: The primary efficacy assessment is now to 

be made by central raters (BL, Week 2, 4, 6) and primary analysis is changed to 
ANCOVA of CFB to Week 6. MMRM is retained as supplemental analysis. 

• SAP [dated October 10, 2013]: Implements changes of protocol amendment 2.  
 

No subjects were randomized into the study under the original protocol. Of the 102 subjects 
randomized, 62 were randomized under protocol amendment No. 1 and 40 were randomized 
under amendment No. 2. 
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Deviations from the protocol and SAP occurred in the conduct of the study as documented in the 
1202 Study Report [dated July 7, 2015]: Central Ratings were only conducted at BL and Week 6; 
and the supplemental MMRM analysis was not done as a result. 

“As described in the SAP, it was originally planned to have the central video raters’ score 
the AIMS videos at all study visits (baseline, Weeks 2, 4, and 6, and follow-up visit at 
Week 8); however, only the baseline (Day -1) and Week 6 videos were scored due to the 
large number of video recordings across timepoints and the nature of the study design. As 
a result, all summaries and analyses of the central video raters’ AIMS dyskinesia total 
score CFB data (including responder analyses) were performed only for Week 6. The 
supplemental analysis of these data using the MMRM model was also not conducted. 
Furthermore, the original ITT analysis set specification included all subjects in the safety 
analysis set who have an evaluable blinded, central video raters’ AIMS dyskinesia total 
score CFB value at one or more scheduled assessment times during the double-blind 
treatment period; however, due to the above modifications, this specification is now 
equivalent to including subjects with a central video raters’ AIMS dyskinesia total score 
CFB value at Week 6.” (Study report p. 67) 

 
Note the sponsor’s response to the information request by Michael Davis requesting information 
why the supplemental MMRM analysis was not performed (sponsor response SN 25 
(01/26/2017)): “data generated from this analysis [MMRM] would be uninformative due to the 
titration design of the study with subjects on different doses (25 mg or 50 mg) at intermediate 
time points”. 
 
The change in the planned primary analysis from MMRM to ANCOVA with Amendment 2 and 
the subsequent sponsor decision to employ central raters for BL and Week 6 AIMS assessments 
only was not discussed between the sponsor and the Division. A comparison of the AIMS central 
rating results of the original primary analysis method (MMRM) with the final analysis method 
(ANCOVA) is not feasible, since data based on central ratings is only available for baseline and 
Week 6. The appropriateness of the ANCOVA in the presence of missing data is based on 
Missing Completely At Random (MCAR) assumption. The exploration of the impact of missing 
data is described in the reviewer’s results section of this review. 
 
Study 1304 
Analysis Sets 
The safety analysis set includes all subjects who are randomized to a treatment group and 
dispensed study drug. 
 
The primary efficacy analysis set is the ITT analysis set, which includes all subjects in the 
safety analysis set who have a baseline (Day-1) AIMS dyskinesia total score value and at least 
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one post-randomization AIMS dyskinesia total score value reported during the double-blind, 
placebo-controlled treatment period. 
 
 
Analysis 
The primary efficacy endpoint for this study is the AIMS dyskinesia total score mean change 
from baseline at Week 6, and the key secondary efficacy endpoint is the CGI-TD mean score at 
Week 6. 
 
Primary Endpoint: AIMS dyskinesia total score mean change from baseline at Week 6 
The primary analysis of this endpoint is a MMRM analysis. The model includes the baseline 
AIMS dyskinesia total score as a covariate, with treatment group (placebo, Valbenazine 40 mg, 
or Valbenazine 80 mg), disease category (schizophrenia/schizoaffective disorder or mood 
disorder), and visit (Week 2, 4, or 6) as fixed effects, and subject as a random effect. The model 
also includes the following interaction terms: (a) treatment group x visit and (b) baseline x visit. 
 
Secondary: CGI-TD mean score at Week 6 
An analysis of the CGI-TD scores at Weeks 2 through 6 was performed using a MMRM model 
similar to the primary endpoint analysis, but without the covariate (baseline AIMS total score) or 
the baseline x visit interaction term. 
 
Multiplicity 
Fixed sequence: 80 mg AIMS, 80 mg CGI-TD, 40 mg AIMS, 40 mg CGI-TD. 
 
Sensitivity Analyses 
A Tipping Point and Jump to Reference Analysis were performed to assess the impact of 
deviations from the missing at random assumption for missing data under the repeated measures 
primary analysis model (MMRM). 
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3.2.3 Patient Disposition, Demographic and Baseline Characteristics 
 

Study 1202 
 
Table 2. Study 1202 Summary of Analysis Sets 
Populations Placebo 

n (%) 
NBI 25-75 mg 

n (%) 
Total 
n (%) 

Randomized 51 51 102 
Safety 49 (96) 51 (100) 100 (98) 
ITT 44 (86) 45 (88) 89 (87) 
PP* 44 (86) 32 (63) 76 (75) 
*The Per Protocol Set is included here because it is the pre-specified primary efficacy analysis set. 
 
Of the 102 subjects randomized into Study 1202, 100 (98%) received at least one dose of study 
drug. Two subjects in the placebo group did not receive study drug. Note that the number of ITT 
completers is the same as number of subjects included in the ITT population (by definition of 
‘ITT’ in this study). The percentage of randomized subjects excluded from the ‘ITT set’ is 14% 
(n=7) for the placebo and 12% (n=6) for the Valbenazine arm. Patients were excluded from the 
‘ITT set’ if they had no week 6 AIMS central rating (Placebo: 10% (n=5), Valbenazine 12% 
(n=6)), which is for the most part equivalent to early discontinuation due to an adverse event, 
non-compliance, or withdrawal of consent (Table 3). Note that 11 subjects in the Valbenazine 
group had no quantifiable drug plasma concentration at week 6. Those subjects were excluded 
from the PP population. 
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Table 3. Study 1202 Subject Enrollment and Disposition (All Randomized Subjects) 

 
(Source: Study Report p. 69) 
 
Of the 100 subjects in the safety analysis set, 57% were male and 43% female (Table 4). The 
average age was 56.2 years. The majority of patients were Caucasian (63%), followed by African 
American (34%). 
 
Table 4. Study 1202 Select Demographics and Baseline Characteristics (Safety Analysis 
Set) 
Variable  Statistic or 

Category 
Placebo 
(n=49) 

NBI 25-75 mg 
(n=51) 

Total 
(n=100) 

Age (years) Mean 56 57 56 
SD 9.8 10.8 10.3 
Median 57 56 57 
Min, Max 34, 78 32, 78 32, 78 

Gender 
(n[%])  

Male 27 (55) 30 (59) 57 (57) 
Female 22 (45) 21 (41) 43 (43) 

Race* (n [%]) Black or 
African 
American 

16 (33) 18 (35) 34 (34) 

 Caucasian 30 (61) 33 (65) 63 (63) 
Disease 
Category 
(n[%]) 

Schizophrenia/ 
schizoaffective 30 (61) 28 (55) 58 (58) 

Mood Disorder 18 (37) 20 (39) 38 (38) 
Gastrointestinal 
disorder 1 (2) 3 (6) 4 (4) 
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Baseline 
AIMS 
Dyskinesia 
Total Score 

n 44 45 89 
Mean 7.9 8.0 8.0 
SD 4.5 3.5 4.0 
Median 7 7 7 
Min, Max 1, 23 3, 18 1, 23 

(Source: 1202 Study Report p. 73, 75; *omitted races with at most 1 patient per treatment group) 
 
 
Study 1304 
 
A total of 234 subjects were randomized in the double-blind phase of the study (Table 5). The 
safety set included 227 of the 234 subjects (two subjects withdrew and returned all study drug 
and five subjects had no post-baseline safety data collected). The ITT analysis set included 225 
subjects (two safety set subjects were excluded because they had no post-baseline AIMS total 
score).  
 
Table 5. Study 1304 Summary of Analysis Sets 
Populations Placebo 

n (%) 
NBI 40 mg 

n (%) 
NBI 80 mg 

n (%) 
Total 
n (%) 

Randomized 78 76 80 234  
Safety 76 (97) 72 (95) 79 (99) 227 (97) 
ITT 76 (97) 70 (92) 79 (99) 225 (96) 
 
Of the 29 (12.4%) subjects who discontinued during the double-blind treatment period, eight 
(3.4%) were discontinued because of an adverse event (four NBI 40 mg, two NBI 80 mg, and 
two placebo subjects). Ten subjects withdrew consent (five NBI 40 mg, four NBI 80 mg, and one 
placebo subject). Other reasons for discontinuations were lost to follow-up, non-compliance, and 
sponsor/investigator decision (Table 6). 
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Table 6. Study 1304 Subject Enrollment and Disposition Through Week 6 (All Randomized 
Subjects at Day -1) 

 
(Source: Study Report p. 70) 
 
Baseline characteristics appear well balanced across treatment groups. The mean age was 56 
years; slightly more males (54%) were randomized than females. 56% of subjects were 
Caucasians, followed by African Americans (38%) (Table 7). 
 
Table 7. Study 1304 Select Demographics and Baseline Characteristics (Safety Analysis 
Set) 
Variable  Statistic or 

Category 
Placebo 
(n=76) 

NBI 40 mg 
(n=72) 

NBI 80 mg 
(n=79) 

Total 
(N=227) 

Age (years) Mean 57 55 56 56 
SD 10.5 8.5 10.1 9.7 
Median 58 56 57 57 
Min, Max 30, 84 26, 74 32, 83 26, 84 

Gender 
(n[%])  

Male 42 (55) 42 (58) 39 (49) 123 (54) 
Female 34 (45) 30 (42) 40 (51) 104 (46) 

Race* (n [%]) Black or 
African 
American 

29 (38) 26 (36) 32 (41) 87 (38) 

 Caucasian 43 (57) 41 (57) 44 (56) 128 (56) 
Disease 
Category 
(n[%]) 

Schizophrenia/ 
schizoaffective 

50 (66) 48 (67) 52 (66) 150 (66) 

Mood Disorder 26 (34) 24 (33) 27 (34) 77 934) 
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Baseline 
AIMS 
Dyskinesia 
Total Score 

Mean 9.9 9.7 10.4 10.0 
SD 4.3 4.1 3.6 4.0 
Median 10 9 10 10 
Min, Max 0, 20 2, 20 3, 20 0, 20 

(Source: Study Report p. 75-76; *omitted races with at most 1 patient per treatment group) 
 
Study 1202 
Dose Titration Summary 
The majority of subjects in the Valbenazine and placebo groups had their dose up titrated at 
Week 2 (84% and 91%, respectively) and Week 4 (77% and 82%, respectively). A total of 34 
Valbenazine subjects had their dose up titrated at both Week 2 (25 to 50 mg) and Week 4 (50 to 
75 mg) compared with 35 placebo subjects. A summary of study drug titration is provided in 
Table 8 below. 
 
Table 8. Study 1202 Summary of Dosing Titration by Visit and Treatment (Safety Analysis 
Set) 
Visit Category Placebo 

N=49 
Valbenazine 

N=51 
Week 2 Maintain dose (n[%]) 4 (9) 8 (16) 

Up titrate dose (n [%]) 41 (91) 42 (84) 
Down titrate dose (n[%]) 0 (0) 0 (0) 
Total (n) 45 50 

Week 4 Maintain dose (n[%]) 7 (16) 10 (21) 
Up titrate dose (n [%]) 37 (82) 37 (77) 
Down titrate dose (n[%]) 1 (2) 1 (2) 
Total (n) 45 48 

(Source: Study Report p. 79) 

3.2.4 Results and Conclusions 
 
Sponsor’s Results 
 
Study 1202 Primary Efficacy Endpoint 
 
Per Protocol Population 
 
The primary efficacy endpoint (difference between Valbenazine and placebo groups in change 
from BL in AIMS Dyskinesia Total Score from baseline to week 6) was statistically significant 
for the per-protocol set (p-value < 0.0001). 
 

Reference ID: 4064319



 19 

Table 9. Study 1202 Primary Endpoint Results (Per-Protocol) 
Study 
Number 

Treatment Group Primary Efficacy Measure: AIMS Dyskinesia Total 
Score (PP) 

  

Mean Baseline 
Score (SD) 

LS Mean 
Change from 
Baseline (SE) 

Placebo-
subtracted 
Differencea 
(95% CI) 

Study 
1202 

Valbenazine (25-75 
mg/day)* [n=32] 

 8.0 (3.3) -3.4 (1.2) -3.0 (-4.5, -1.6) 

Placebo [n=44]  7.9 (4.5) -0.3 (1.1) -- 
SD: standard deviation; SE: standard error; LS Mean: least-squares mean; CI: confidence interval. 
a Difference (drug minus placebo) in least-squares mean change from baseline.    
* Doses statistically significantly superior to placebo. 
[Results confirmed by reviewer.] 

 
 
Reviewer’s note: The results for the Per Protocol population are listed here because it is the pre-
specified primary analysis set for efficacy. This reviewer notes that a per protocol analysis is in 
principle not acceptable as primary efficacy analysis, because it violates the balance achieved by 
randomization. 
 
 
ITT Population 
 
Statistical significance for the primary efficacy endpoint was also achieved in the ‘ITT’ set (p-
value: 0.0005). 
 
Table 10. Study 1202 Primary Endpoint Results (ITT) 
Study 
Number 

Treatment Group Primary Efficacy Measure: AIMS Dyskinesia Total 
Score (ITT) 

  

Mean Baseline 
Score (SD) 

LS Mean 
Change from 
Baseline (SE) 

Placebo-
subtracted 
Differencea 
(95% CI) 

Study 
1202 

Valbenazine (25-75 
mg/day)* [n=45] 

8.0 (3.5) -2.6 (1.2) -2.4 (-3.7, -1.1) 

Placebo [n=44] 7.9 (4.5) -0.2 (1.1) -- 
SD: standard deviation; SE: standard error; LS Mean: least-squares mean; CI: confidence interval. 
a Difference (drug minus placebo) in least-squares mean change from baseline.    
* Doses statistically significantly superior to placebo. 
[Results confirmed by reviewer.] 
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Reviewer’s note: The ‘ITT’ set by the sponsor definition is equivalent to a completer set. 
Implications are explored in the reviewer’s results section. 
 
Secondary Efficacy Endpoint  
 
The secondary efficacy endpoint Clinical Global Impression of Change-Tardive Dyskinesia 
(CGI-TD) achieved nominal statistical significance at week 6 (Table 12). CGI-TD was not pre-
specified in a multiple testing procedure. Note that no patient in either group worsened over the 
course of the 6-week study (Table 11). 
 
Table 11. Study 1202 CGI TD Assessment (Week 6) - ITT 
 Placebo (n=44) 

n (%) 
Valbenazine (n=45) 

n (%) 
Response Category   
Very much improved 2 (4.5) 6 (13.3) 
Much improved 5 (11.4) 24 (53.3) 
Minimally improved 24 (54.5) 12 (26.7) 
No change 13 (29.5) 3 (6.7) 
Minimally worse 0 0 
Much worse 0 0 
Very much worse 0 0 
 
 
Table 12. Study 1202 Secondary Endpoint Results 
Study 
Number 

Treatment Group Key Secondary Efficacy Measure: Clinical Global 
Impression of Change (Week 6) 

   LS Mean (SE) Placebo-subtracted 
Differencea (95% CI) 

Study 
1202 

Valbenazine (25-75 
mg/day) 

 2.2 (0.3) -0.8 (-1.2, -0.5) 

Placebo  3.1 (0.3) -- 
SD: standard deviation; SE: standard error; LS Mean: least-squares mean; CI: confidence interval. 
a Difference (drug minus placebo) in least-squares mean.    
[Results confirmed by reviewer.] 

 
 
Secondary results based on independent site raters 
 
Note that the primary efficacy results for the AIMS Total Score are based on central raters 
scoring videotaped assessments. Prior to protocol amendment 2 the assessment and scoring was 
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performed by independent site raters. For completeness the independent site rater results are 
provided in Table 13. Note that they are not statistically significant. 
 
Table 13. Study 1202 Secondary Endpoint Results (on site raters and ANCOVA) 
Study 
Number 

Treatment Group Secondary Efficacy Measure: AIMS Dyskinesia Total 
Score (on-site raters) - ITT 

  

Mean Baseline 
Score (SD) 

LS Mean 
Change from 
Baseline (SE) 

Placebo-
subtracted 
Differencea 
(95% CI) 

Study 
1202 

Valbenazine (25-75 
mg/day) 

16.1 (4.7) -4.3 (1.7) -1.8 (-3.8, 0.1) 

Placebo 15.5 (5.2) -2.4 (1.6) -- 
SD: standard deviation; SE: standard error; LS Mean: least-squares mean; CI: confidence interval. 
a Difference (drug minus placebo) in least-squares mean change from baseline.    
(Source: Study Report p. 89; Results confirmed by reviewer.) 
 
 
Supplementary Analysis (MMRM) on AIMS scores generated by site raters 

The original protocol specified a repeated measures model using on site rater scores. The results 
of such analysis are provided in Table 14. 
 
 
Table 14. Study 1202 Secondary Endpoint Results (on site raters and MMRM) 
Study 
Number 

Treatment Group Secondary Efficacy Measure: AIMS Dyskinesia Total 
Score (on-site raters) - ITT 

  

Mean Baseline 
Score (SD) 

LS Mean 
Change from 
Baseline (SE) 

Placebo-
subtracted 
Differencea 
(95% CI) 

Study 
1202 

Valbenazine (25-75 
mg/day)* 

16.1 (4.7) -5.1 (1.3) -1.9 (-3.7, -0.1) 

Placebo 15.5 (5.2) -3.2 (1.3) -- 
SD: standard deviation; SE: standard error; LS Mean: least-squares mean; CI: confidence interval. 
a Difference (drug minus placebo) in least-squares mean change from baseline.    
* Doses statistically significantly superior to placebo. 
(Source: Study Report p. 90 and Sponsor Table 14.15.7; Results confirmed by reviewer.) 
 
This approach would have resulted in statistically significant results at week 6 for the ITT 
population. The differences at weeks 2 and week 4 would not have represented statistical 
significant separations between the treatment arms. 
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Study 1304 
Primary Efficacy Endpoint – AIMS 

The primary efficacy endpoint Change from Baseline to Week 6 in AIMS Dyskinesia Total 
Score achieved statistical significance at alpha=0.05 for the 80 mg Valbenazine dose (p < 
0.0001). Table 15 presents the LS mean point estimate of the change and of the placebo-
subtracted difference, with the patients treated with Valbenazine 80 mg on average improving by 
about 3 points more than the placebo treated patients. The 40 mg dose achieved nominal 
statistical significance (p=0.0021), but according to the sponsor specified multiple comparison 
Type I error control procedure testing could not proceed beyond the not statistically significant 
secondary endpoint (CGI-TD) for the 80 mg dose (Table 17). 
 
 
Table 15. Study 1304 Primary Endpoint Results 
Study 
Number 

Treatment Group 
(n) 

Primary Efficacy Measure: AIMS Dyskinesia Total 
Score (ITT) 

  

Mean Baseline 
Score (SD) 

LS Mean 
Change from 
Baseline (SE) 

Placebo-
subtracted 
Differencea 
(95% CI) 

Study 
1304 

Valbenazine (40 mg/day) 
(70) 

9.8 (4.1) -1.9 (0.4) -1.8 (-3.0, -0.7) 

Valbenazine (80 mg/day)* 
(80) 

10.4 (3.6) -3.2 (0.4) -3.1 (-4.2, -2.0) 

Placebo 
(76) 

9.9 (4.3) -0.1 (0.4) -- 

SD: standard deviation; SE: standard error; LS Mean: least-squares mean; CI: confidence interval. 
a Difference (drug minus placebo) in least-squares mean change from baseline.    
* Doses statistically significantly superior to placebo. 
(Results confirmed by reviewer.) 
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Key Secondary Efficacy Endpoint – CGI-TD 
 
The key secondary endpoint CGI-TD LS mean comparison at week 6 did not result in 
statistically significant separation between either Valbenazine dose and placebo. 
 
Table 16. Study 1304 Key Secondary Endpoint Results 
Study 
Number 

Treatment Group Key Secondary Efficacy Measure: Clinical Global 
Impression of Change (Week 6) 

   LS Mean (SE) Placebo-subtracted 
Differencea (95% CI) 

Study 
1304 

Valbenazine (40 mg/day)  2.9 (0.1) -0.3 (-0.5, 0.0) 
Valbenazine (80 mg/day)  2.9 (0.1) -0.3 (-0.5, 0.0) 
Placebo  3.2 (0.1) -- 

SD: standard deviation; SE: standard error; LS Mean: least-squares mean; CI: confidence interval. 
a Difference (drug minus placebo) in least-squares mean.    

(Results confirmed by reviewer.) 

 
 
Table 17. Study 1304 Summary Table of Efficacy Results given Multiplicity Control 
Procedure 
Testing Procedure Sequence P-value Conclusion 
Week 6 AIMS mean change from BL:  
Val 80 mg vs. placebo 

<0.0001 Stat. significant. 

   
Week 6 CGI-TD mean score:  
Val 80 mg vs. placebo 

0.0560 Not stat. significant. Stop 
testing. 

   
Week 6 AIMS mean change from BL:  
Val 40 mg vs. placebo 

0.0021 Not stat. significant. 

   
Week 6 CGI-TD mean score:  
Val 40 mg vs. placebo 

0.0742 Not stat. significant. 

(Source: Study Report p. 91) 
 
Based on the pre-specified testing procedure, a statistically significant result has been observed 
for the primary endpoint for 80 mg dose. The Week 6 CGI-TD mean score for the 80 mg 
Valbenazine dose was not statistically different from placebo. Therefore all subsequent tests are 
declared not statistically significant. 
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Sensitivity Analysis Results – AIMS 

The tipping point sensitivity analysis indicated that the AIMS dyskinesia total score mean 
difference for the 40 mg and 80 mg groups vs. placebo comparison at Week 6 remained 
significant (at nominal significance level of 0.05) up until the score for the Valbenazine 
treatment group subjects with missing Week 6 data were worsened by more than 60% and 230% 
respectively. 
 
The jump to reference sensitivity analysis indicated statistically significant improvement (at 
nominal significance level of 0.05) in the AIMS dyskinesia total score in the 40 mg (p=0.006; 
95% CI: -2.8, -0.5) and 80 mg (p<0.0001; 95% CI: -3.9, -1.6) groups vs. placebo at Week 6. 
 
 
Open label extension of 1304 
 
There were 202 ITT patients who completed the 6 week double-blind phase of the trial (Placebo: 
69, NBI 40 mg: 63, and NBI 80 mg: 70). Of those 198 entered the open-label extension (with the 
placebo group subjects being re-randomized to 40 or 80 mg). A total of 124 (62.6%) subjects 
completed the extension period (week 48). The 74 (37%) discontinuations are mainly due to 
adverse events (15.7%), withdrawal of consent (8.6%), and being lost to follow-up (7.1%) (Table 
18). AIMS assessments by central raters were performed at weeks 8, 16, 32, 48, and 52 (off 
drug) (Table 19, Figure 1). 
 
One should be cautious when attempting to draw conclusions from the observed mean change 
from baseline AIMS scores in the extension phase given the substantial rate of discontinuations 
and the lack of a control group. 
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Table 18. Study 1304 Open-label Extension: Subject Enrollment and Disposition 
 NBI 40 mg 

n (%) 
NBI 80 mg 

n (%) 
Total 
n (%) 

Entered 97 101 198 
Discontinued 36 (37.1) 38 (37.6) 74 (37.4) 
Completed 61 (62.9) 63 (62.4) 124 (62.6) 

    
Discontinuation Reason    

Adverse Event 14 (14.4) 17 (16.8) 31 (15.7) 
Protocol Deviation 0 (0) 1 (1.0) 1 (0.5) 
Non-Compliance 3 (3.1) 3 (3.0) 6 (3.0) 
Withdrawal of Consent 9 (9.3) 8 (7.9) 17 (8.6) 
Death 0 (0) 1 (1.0) 1 (0.5) 
Lost to Follow-Up 8 (8.2) 6 (5.9) 14 (7.1) 
Sponsor/Investigator Decision 2 (2.1) 2 (2.0) 4 (2.0) 

(Source: 120-Day Safety Update p. 1575) 
 
 
Table 19. Study 1304 Observed Mean AIMS Total Score Change from Baseline During the 
Extension and Posttreatment Periods (ITT) 
Visit Statistic NBI 40 mg 

(n=97) 
NBI 80 mg 

(n=101) 
N 

(n=198) 
Week 8 n 94 97 191 
 Mean (SEM) -1.9 (0.4) -4.0 (0.4)  
Week 16 n 81 87 168 
 Mean (SEM) -2.2 (0.5) -4.3 (0.4)  
Week 32 n 66 75 141 
 Mean (SEM) -2.5 (0.5) -4.9 (0.5)  
Week 48 n 60 63 123 
 Mean (SEM) -3.0 (0.5) -4.8 (0.6)  
Week 52 n 60 61 121 
Follow-up Mean (SEM) -1.4 (0.5) -1.2 (0.6)  
(Source: 120-Day Safety Update p. 33, 1576-1579) 
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Figure 1. Study 1304 AIMS Mean Score Change from Baseline During the Extension and 
Posttreatment Periods by Treatment (Arithmetic Mean ± SEM, ITT) 

 
(Source: Reviewer; compare to 120-Day Safety Update p. 33) 
 
Reviewer’s Results 
 
This reviewer obtained the same results as presented by the sponsor for the primary and key 
secondary endpoints of Studies 1202 and 1304. 
 
Study 1202 
 
Figure 2 below displays the frequencies of the score changes observed for the AIMS total score 
by treatment group with negative score changes indicating improvement over the 6-week 
treatment period. The distributions overlap to some degree, but it is also apparent that the 
frequencies for Valbenazine treated patients are larger compared to placebo in the range 
indicating improvement. 
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Figure 2. Study 1202 Frequency of Subjects with Specified Magnitude in AIMS CFB at 
Week 6 

 
(Source: Reviewer) 
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Review Issues 
Study 1202 
A host of review issues are due to the fact that Study 1202 is a Phase 2 (non-pivotal) study. As a 
consequence the clinical team was less worried about changes to the protocol and protocols and 
amendments were not reviewed by the Biometrics Division. A SAP appears to have never been 
submitted for review to the Division. 
 
Review Issues for Study 1202 

1) The Per Protocol Set (PP) is specified as the primary analysis set. The PP set excludes 
randomized subjects based on deviations from the protocol, which possibly affects the 
balance between treatment groups achieved by randomization. It is therefore in principle 
not acceptable as primary efficacy analysis set. The sponsor presents the efficacy results 
also for the ‘ITT’ set. The results for the PP and ITT sets (Table 9, Table 10) lead to the 
same conclusions favoring Valbenazine over placebo. 

 
2) However, the original definition of the ITT set (i.e., baseline and at least one post-

baseline AIMS score) is impacted by the switch from a repeated measures to an 
ANCOVA (change from BL to week 6) model with protocol amendment 2 and the 
decision to conduct central ratings only at baseline and week 6, which turns the ‘ITT’ set 
in a completer set. There are 12 subjects who discontinued during the DB phase and are 
excluded from the ‘ITT’ set. 

 
3) No multiple testing control procedure (e.g., order in fixed testing sequence) was specified 

for the secondary endpoints CGI-TD and AIMS (independent site raters). As a 
consequence only the primary endpoint can be considered for labeling. 
 

4) The change from independent site raters to central raters for the AIMS scoring occurred 
as study 1202 was already underway. Since the change occurred prior to unblinding of 
treatment assignment this reviewer is less concerned.  

 
5) Titration design 

Patients are up titrated from 25 mg, to 50 mg, to 75 mg given therapeutic response and 
tolerability/safety.  At week 6 the mean dose is 64.4 mg/day. The number of patients on 
25 mg, 50 mg, and 75 mg at week 6 are respectively 5, 9, and 31. The design makes it 
somewhat difficult to connect the results with the doses of 40 mg and 80 mg tested in the 
Phase 3 trial. Given that 69% of patients were titrated to 75 mg by week 6 and the 
favorable treatment effect for this subset of patients (Table 20 presents exploratory 
efficacy results by titration dose) Study 1202 appears supportive for the 80 mg dose. 
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Table 20. Study 1202 Primary Endpoint Results by Week 6 Dose 
Study 
Number 

Treatment Group 
(n) 

Primary Efficacy Measure: AIMS Dyskinesia Total 
Score (ITT) 

  

Mean Baseline 
Score (SD) 

LS Mean 
Change from 
Baseline (SE) 

Placebo-
subtracted 
Differencea 
(95% CI) 

Study 
1202 

Valbenazine 25 mg/day 
(5) 

7.8 (5.3) -4.3 (1.7) -4.1 (-7.0, -1.2) 

Valbenazine 50 mg/day 
(9) 

9.1 (4.3) -3.9 (1.5) -3.7 (-5.9, -1.4) 

Valbenazine 75 mg/day 
(31) 

7.7 (3.0) -2.0 (1.2) -1.8 (-3.2, -0.3) 

    
Placebo 
(44) 

7.9 (4.5) -0.2 (1.1) -- 

SD: standard deviation; SE: standard error; LS Mean: least-squares mean; CI: confidence interval. 
a Difference (drug minus placebo) in least-squares mean change from baseline.    
(Source: Reviewer) 
 

Caution needs to be exercised in interpreting the results shown in Table 20 especially for the 25 
and 50 mg doses due to titration design (not fixed-dose design) and the small samples, since 
more difficult to treat patients get pushed to higher doses. Note that patients were not 
randomized to these four treatment groups. 
 
The placebo-subtracted difference in AIMS Total Score Change from BL for 75 mg/day dose is -
1.8 (somewhat smaller than the estimate of -2.4 for the combined Valbenazine doses) but fairly 
close. 
 
A detailed evaluation of review issue 2): ‘ITT’ Set being Completer Set 
There were 12 patients (Valbenazine: 5, Placebo: 7) who were randomized, but discontinued 
during the double-blind period (do not have a central rater AIMS score at week 6) and as 
consequence are not included in the ‘ITT’ set. Table 3 lists the discontinuation reasons (mostly 
noncompliance, withdrawal of consent, and adverse event). The numbers by treatment group are 
too small to determine any differences in discontinuation reasons between groups. 
 
Figures A8 and A9 in the appendix display the AIMS profiles of those discontinued patients 
(AIMS scoring by independent site raters, since central raters only scored BL and Week 6). 
There appears to be an improvement on average in the AIMS total score for the discontinued 
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Valbenazine patients. Only one placebo patient who discontinued has an AIMS total score at 
week 2 or later (i.e., many discontinuations occurred early). There are three placebo patients with 
early termination visits that are not mapped to a visit week. Considering the available data it does 
not appear that the discontinued placebo subjects worsened on their AIMS scores prior to 
discontinuation. It is difficult to assess the impact of those exclusions from the ITT set because 
the AIMS data available (prior discontinuation) are from the independent site raters and the 
primary efficacy analysis is based on data generated by the central raters.  
It is somewhat re-assuring though that the difference between the randomized set (N=102) and 
the ‘ITT’ set (N=89) is not that large and the discontinuations occurred roughly to the same 
degree in the Valbenazine and Placebo arms. Also patient profiles (as far data is available) do not 
seem to indicate large differences in the general efficacy trajectories (AIMS) for patients on 
Valbenazine or Placebo. 
 
Exploratory Analysis (‘Tipping Point’) 
To assess the potential impact of excluding randomized patients from the primary analysis set 
this reviewer performed a simple tipping point analysis by imputing incrementally worse scores 
for the excluded Valbenazine patients while imputing either no change or minimal improved 
scores for the excluded placebo subjects. The primary analysis was re-run with the excluded 
patients (scores imputed) added to the ‘ITT’ set. The discrepancy between the randomized set 
(N=102) and the ‘ITT’ set (N=89) is 13 (Valbenazine [n=6], Placebo [n=7]). Two slightly 
different scenarios were explored: 

1) Assume placebo subjects maintain baseline AIMS score (CFB = 0) 
2) Assume placebo patients improve slightly (CFB = -1) 

  
A baseline score of 8 was imputed for the excluded patients from both treatment groups (the 
observed baseline mean for both treatment groups [ITT; central raters]). The results of this 
exploratory analysis are provided in Table 21. 
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Table 21. Study 1202 Sensitivity Analysis Including ‘Randomized but Excluded’ Patients 

Assumed AIMS CFB Placebo-subtracted Difference (95% CI) 
Placebo (n=7) Valbenazine (n=6) 

0 0 -2.3 (-3.5, -1.2) 
0 1 -2.3 (-3.4, -1.1) 
0 2 -2.2 (-3.4, -1.0) 
   
0 5 -1.9 (-3.2, -0.6) 
   
0 9 -1.5 (-3.0, -0.1) 
0 10 -1.4 (-2.9, 0.1) 
   

-1 0 -2.2 (-3.4, -1.0) 
   

-1 8 -1.5 (-2.9, -0.1) 
-1 9 -1.4 (-2.8, 0.1) 

(Source: Reviewer) 
To contextualize above results we need to compare the tipping points (CFB of 9 or 10) with the 
observed AIMS change scores of the Valbenazine group. Figure 2 displays the frequency 
distribution of AIMS CFB for the completers. The observed ranges (min, max) and means are 
for Placebo: (-11, 7) with mean CFB of -1.1 and for Valbenazine: (-11, 3) with mean CFB of -
3.6. 
 
Conclusions 
The six excluded Valbenazine patients would have to worsen on average by 9 or 10 points in the 
AIMS total score to turn the primary efficacy outcome to no longer statistically significant. 
Observing such magnitude of worsening seems rather unlikely given the highest observed 
worsening of three points for Valbenazine completers. A caveat of this simple approach is the 
omission of variability in the scores for excluded patients (i.e., imputation of the same score for 
each patient and not a realization from a distribution of scores.) 
 
Study 1304 
Figure 3 and Figure 4 below provide a visualization of the primary efficacy endpoint – change in 
AIMS Total Score. Patients on Valbenazine 80 mg more often realize a substantial improvement 
on the AIMS as compared to patients randomized to Valbenazine 40 mg or placebo. 
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Figure 3. Study 1304 Frequency of Subjects with Specified Magnitude in AIMS CFB at 
Week 6 (ITT) 

 
(Source: Reviewer) 
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Figure 4: Study 1304 Percent of Patients with Specified Magnitude of AIMS Total Score 
Improvement at Week 6 (ITT) 

 
(Source: Reviewer) 
 
 
For a figure displaying cumulative percentages of improvement (e.g., one point or better, two 
points or better …) see figure A10 in the appendix. 
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Study 1304 AIMS Components 
The AIMS Total Score is the sum of seven components (body regions). It is of interest to 
ascertain whether Valbenazine affects certain components more than others and whether the 
overall effect (i.e., reduction in total score) is driven by one or two strongly affected body 
regions. Figure 5 through Figure 7 display the mean AIMS component scores by week and 
within treatment group. It does not appear to be the case that the effect is concentrated in one or 
two body regions, all components of the AIMS appear to be affected by Valbenazine treatment, 
with the 80 mg dose showing the clearest trend for improvement. 
 
Figure 5. Study 1304 AIMS Component Mean Profiles (Placebo) 

 
(Source: Reviewer) 
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Figure 6. Study 1304 AIMS Component Mean Profiles (Valbenazine 40 mg) 

 
(Source: Reviewer) 
 
Figure 7. Study 1304 AIMS Component Mean Profiles (Valbenazine 80 mg) 

 
(Source: Reviewer) 
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3.3 Evaluation of Safety  
 
The reader is referred to the clinical review for the evaluation of safety. 
 
 
4 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS 
 
4.1 Gender, Race, Age, and Geographic Region 

 
The purpose of the following subgroup analyses is to assess the consistency of treatment effects 
across subgroups. Randomization was not stratified by those subgroups, besides underlying 
disease category. 
 
Study 1304 
Gender 
 
The proportion of males (53.8%) and females (46.2%) randomized into Study 1304 was similar 
(121 males versus 104 females). The results for the primary efficacy endpoint appear consistent 
across males and females (Table 22). 
 
Table 22. Study 1304 Exploratory Subgroup Analysis by Gender 
Study 
Number 

Treatment Group (n) Efficacy Measure: Change from Baseline in AIMS 
Dyskinesia Total Score at Week 6 

  

Mean Baseline 
Score (SD) 

LS Mean 
Change from 
Baseline (SE) 

Placebo-
subtracted 
Differencea 
(95% CI) 

Study 
1304 

Valbenazine (40 mg/day) 
Females (30) 10.2 (4.3) -2.6 (0.7) -1.8 (-3.6, -0.1) 
Males (40) 9.6 (4.0) -1.3 (0.6) -1.9 (-3.5, -0.4) 
Valbenazine (80 mg/day) 
Females (40) 10.3 (3.7) -3.3 (0.6) -2.5 (-4.1, -0.9) 
Males (39) 10.4 (3.4) -3.0 (0.6) -3.6 (-5.1, -2.0) 
Placebo 
Females (34) 10.4 (3.8) -0.8 (0.6) -- 
Males (42) 9.5 (4.6) 0.6 (0.6) -- 

SD: standard deviation; SE: standard error; LS Mean: least-squares mean; CI: confidence interval. 
a Difference (drug minus placebo) in least-squares mean change from baseline.    
(Source: Reviewer) 
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Race 
 
The following is the break-down of the ITT set by race: 
Black or African American (n=86 [38%]); 
White (n=128 [57%]); 
Other (n=6 [3%]); 
American Indian or Alaska Native (n=2 [1%]); 
Multiple (n=2 [1%]); 
Native Hawaian or other Pacific Islander (n=1 [0.5%]). 
 
This reviewer limited the exploratory subgroup analysis by race to ‘Black or African American’ 
and ‘White’ race, due to the minimal representation of any other race in Study 1304. African 
Americans appear to see no effect of Valbenazine when on the 40 mg dose. Due to the small 
sample size this finding could have occurred by chance. 
 
 
Table 23. Study 1304 Exploratory Subgroup Analysis by Race 
Study 
Number 

Treatment Group (n) Efficacy Measure: Change from Baseline in AIMS 
Dyskinesia Total Score at Week 6 

  

Mean Baseline 
Score (SD) 

LS Mean 
Change from 
Baseline (SE) 

Placebo-
subtracted 
Differencea 
(95% CI) 

Study 
1304 

Valbenazine (40 mg/day) 
African American (25) 9.5 (4.8) -1.0 (0.7) -0.1 (-2.1, 1.8) 
White (41) 10.1 (3.7) -2.4 (0.6) -2.6 (-4.2, -1.1) 
Valbenazine (80 mg/day) 
African American (32) 9.6 (3.5) -3.4 (0.7) -2.5 (-4.3, -0.6) 
White (44) 11.0 (3.6) -2.9 (0.5) -3.2 (-4.7, -1.7) 
Placebo 
African American(29) 9.7 (4.0) -0.9 (0.7) -- 
White (43) 10.2 (4.3) 0.2 (0.5) -- 

SD: standard deviation; SE: standard error; LS Mean: least-squares mean; CI: confidence interval. 
a Difference (drug minus placebo) in least-squares mean change from baseline.    
(Source: Reviewer) 
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Age 
A total of 36 (16%) patients randomized to Study 1304 were 65 years or older, the other 189 
(84%) were younger than 65. Eight of the 36 were randomized to Valbenazine 40 mg, 12 to 
Valbenazine 80 mg and 16 to Placebo.  
 
 
Table 24. Study 1304  Exploratory Subgroup Analysis by Age 
Study 
Number 

Treatment Group (n) Efficacy Measure: Change from Baseline in AIMS 
Dyskinesia Total Score at Week 6 

  

Mean Baseline 
Score (SD) 

LS Mean 
Change from 
Baseline (SE) 

Placebo-
subtracted 
Differencea 
(95% CI) 

Study 
1304 

Valbenazine (40 mg/day) 
< 65 (62) 9.9 (4.2) -1.9 (0.5) -1.7 (-3.0, -0.5) 
≥ 65 (8) 9.3 (3.2) -1.7 (1.3) -2.1 (-5.1, 1.0) 
Valbenazine (80 mg/day) 
< 65 (67) 10.3 (3.5) -3.3 (0.4) -3.2 (-4.4, -1.9) 
≥ 65 (12) 10.5 (4.1) -2.1 (1.1) -2.5 (-5.2, 0.2) 
Placebo 
< 65 (60) 9.5 (4.1) -0.2 (0.5) -- 
≥ 65 (16) 11.6 (4.7) 0.4 (0.9) -- 

SD: standard deviation; SE: standard error; LS Mean: least-squares mean; CI: confidence interval. 
a Difference (drug minus placebo) in least-squares mean change from baseline.    
(Source: Reviewer) 
 
 

The treatment effect appears similar for the two age groups. Any inferences for the older age 
bracket should be regarded cautiously in light of the small sample size. 
 
Study 1202 
 
Subgroup analyses were not performed for Study 1202 due to small overall sample size (‘ITT’ 
population of 89) and the dose titration design. 
 
4.2 Other Special/Subgroup Populations 

Exploratory subgroup analyses were also conducted based on metabolizer status, disease 
category, and antipsychotic medication use. 
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Genotype/Metabolizer Type 
 
Table 25: Study 1304 Metabolizer Subgroup Frequencies 
Genotype Frequency (%) 
CYP2D6 Extensive Metabolizer 125 (55.8) 
CYP2D6 Extensive Metabolizer or Intermediate 
Metabolizer 

4 (1.8) 

CYP2D6 Extensive Metabolizer or Ultra Rapid 
Metabolizer 

5 (2.2) 

CYP2D6 Intermediate Metabolizer 70 (31.3) 
CYP2D6 Poor Metabolizer 13 (5.8) 
CYP2D6 Ultra Rapid Metabolizer 7 (3.1) 
 
Table 26. Study 1304 Exploratory Subgroup Analysis by CYP2D6 Metabolizer Category 
Study 
Number 

Treatment Group (n) Efficacy Measure: Change from Baseline in AIMS 
Dyskinesia Total Score at Week 6 

  

Mean Baseline 
Score (SD) 

LS Mean 
Change from 
Baseline (SE) 

Placebo-
subtracted 
Differencea 
(95% CI) 

Study 
1304 

Valbenazine (40 mg/day) 
Intermediate M* (31) 10.3 (4.6) -1.3 (0.6) -1.9 (-3.8, 0.1) 
Extensive M** (39) 9.4 (3.7) -2.4 (0.6) -2.0 (-3.5, -0.6) 
Valbenazine (80 mg/day) 
Intermediate M (29) 10.2 (3.2) -3.6 (0.7) -4.2 (-6.2, -2.2) 
Extensive M (50) 10.5 (3.8) -2.9 (0.5) -2.6 (-4.0, -1.2) 
Placebo 
Intermediate M (23) 10.0 (4.3) 0.6 (0.7) -- 
Extensive M (53) 9.9 (4.3) -0.3 (0.5) -- 

SD: standard deviation; SE: standard error; LS Mean: least-squares mean; CI: confidence interval. 
a Difference (drug minus placebo) in least-squares mean change from baseline.    
*Intermediate M includes patients classified as: Intermediate (n=70) and Poor (n=13) CYP2D6 Metabolizer. 
** Extensive M includes patients classified as: Extensive (n=125), Extensive or Intermediate (n=4), Extensive or Ultra Rapid (n=5), and Ultra 
Rapid (n=7) CYP2D6 Metabolizer (n=7). (Source: Reviewer) 
 

Patients on Valbenazine 80 mg categorized as intermediate metabolizers appear to realize a 
somewhat larger effect on their TD symptoms as compared to the extensive metabolizer group. 
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Disease Category 
 
Table 27. Study 1304  Exploratory Subgroup Analysis by Disease Category 
Study 
Number 

Treatment Group (n) Efficacy Measure: Change from Baseline in AIMS 
Dyskinesia Total Score at Week 6 

  

Mean Baseline 
Score (SD) 

LS Mean 
Change from 
Baseline (SE) 

Placebo-
subtracted 
Differencea 
(95% CI) 

Study 
1304 

Valbenazine (40 mg/day) 
Mood disorder* (24) 11.4 (3.5) -1.9 (0.7) -1.7 (-3.7, 0.3) 
Schizophrenia** (46) 9.0 (4.2) -1.9 (0.5) -1.9 (-3.4, -0.5) 
Valbenazine (80 mg/day) 
Mood disorder  (27) 10.9 (3.8) -3.1 (0.7) -2.9 (-4.8, -1.0) 
Schizophrenia  (52) 10.1 (3.5) -3.2 (0.5) -3.2 (-4.7, -1.8) 
Placebo 
Mood disorder (26) 11.2 (3.6) -0.2 (0.7) -- 
Schizophrenia (50) 9.3 (4.5)  0.0 (0.5) -- 

SD: standard deviation; SE: standard error; LS Mean: least-squares mean; CI: confidence interval. 
a Difference (drug minus placebo) in least-squares mean change from baseline.   *Mood disorder with neuroleptic-induced TD. 
**Schizophrenia or schizoaffective disorder with neuroleptic-induced TD. 
(Source: Reviewer) 
The effects of treatment appear similar across disease categories. Note that the categorization as 
“schizophrenia/schizoaffective” and “mood disorders” is somewhat questionable as far as 
clinically meaningfulness is concerned. Mood disorders include depression and bipolar disorder, 
and bipolar disorder is more similar to schizoaffective disorder than unipolar depression (Mike 
Davis, FDA clinical reviewer). 
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Antipsychotic Use 
 
Table 28. Study 1304  Exploratory Subgroup Analysis by Antipsychotic Medication Use 
Study 
Number 

Treatment Group (n) Efficacy Measure: Change from Baseline in AIMS 
Dyskinesia Total Score at Week 6 

  

Mean Baseline 
Score (SD) 

LS Mean 
Change from 
Baseline (SE) 

Placebo-
subtracted 
Differencea 
(95% CI) 

Study 
1304 

Valbenazine (40 mg/day) 
 No (7) 12.6 (3.3) -1.0 (1.4) -1.3 (-4.6, 2.1) 
 Yes (63) 9.5 (4.1) -2.0 (0.5) -1.9 (-3.1, -0.6) 
Valbenazine (80 mg/day) 
 No (16) 12.0 (4.4) -3.7 (0.9) -3.9 (-6.5, -1.4) 
 Yes (63) 10.0 (3.2) -3.0 (0.5) -2.9 (-4.2, -1.6) 
Placebo 
 No (13) 9.8 (4.0) 0.2 (1.0) -- 
 Yes (63) 10.0 (4.4) -0.1 (0.5) -- 

SD: standard deviation; SE: standard error; LS Mean: least-squares mean; CI: confidence interval. 
a Difference (drug minus placebo) in least-squares mean change from baseline.    
(Source: Reviewer) 
 

Only a small subset of subjects was not on a stable antipsychotic upon entry into the study. The 
small sample size prevents any firm conclusions. 
 

 
A summary of the exploratory subgroup analyses for the Valbenazine 80 mg group versus 
placebo is provided in Figure 8 below. 
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Figure 8. Study 1304 Forest Plot Exploratory Subgroup Analysis of AIMS CFB (80 mg) 

 
(Source: Reviewer) 
 
 
 
5 SUMMARY AND CONCLUSIONS 
 
 
5.1 Statistical Issues  
 
The basic issue in this NDA is the approach by the sponsor to put forward one Phase 2 dose 
titration study and one Phase 3 multiple dose study to support their claim. 
There are essentially two problems arising from a study labeled as Phase 2 and designed as a 
dose titration study when submitted as the second adequate and well controlled trial under the 
NDA. The first is the difficulty to directly derive support for either of the two fixed doses tested 
in Phase 3 (40 mg or 80 mg) from the dose titration study. 
The second is that by its nature of being labeled as Phase 2, the regulatory requirements 
communicated to the sponsor during the IND stage were lower. In particular, Study 1202 
protocol amendment 2 (change to central raters and ANCOVA) did not receive the same level of 
scrutiny as a study labeled as pivotal would have received. Especially important for this 
statistical reviewer, protocol amendment 2 did never receive a Biometrics review. In summary, 
the strength of statistical evidence to support an efficacy indication should not be compromised 
by a trial that was initially considered exploratory unless the protocol and SAP were reviewed 
and agreed upon with the same rigor as applied to a pivotal trial. 
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Study 1202 
With the majority of subjects being titrated to the 75 mg dose at the end of Study 1202 and this 
subset showing a treatment effect in an exploratory analysis this reviewer is satisfied as far as 
replication of the positive result of the 80 mg dose in the Phase 3 study is concerned. 
Changes in the planned analysis from the original protocol (MMRM to ANCOVA) led to the 
‘ITT set’ being a completer set. Fortunately in this therapeutic setting the number of 
discontinuations during the double-blind phase was modest. An exploration of the patient 
efficacy trajectories prior discontinuation and the results of a tipping point analysis lend some 
confidence to the results obtained from the ‘ITT’/Completer set. 
 
Study 1304 
The sponsor specified multiple testing Type I error control procedure did not allow for the 
inferential testing of the primary efficacy endpoint for the 40 mg dose (nominal p-value of 
0.002). The Division had advised the sponsor to change the proposed procedure, but the sponsor 
declined that proposal. 
 
5.2 Collective Evidence 
 
The Phase 3 Study 1304 provides strong statistical evidence for the 80 mg dose on the primary 
efficacy endpoint. The primary efficacy endpoint for the 40 mg dose cannot be declared 
statistically significant due to the failure of the 80 mg dose on the secondary efficacy endpoint, 
which is located above in the fixed testing sequence. 
The Phase 2 Study 1202, despite numerous flaws, is solid enough to serve as replication of the 
positive findings for the 80 mg dose. 
 

5.3 Conclusions and Recommendations 

The statistical results provide adequate evidence to support the Valbenazine 80 mg dose for the 
acute treatment of Tardive Dyskinesia. The Valbenazine 40 mg dose appears to benefit some 
patients with TD; however it did not meet the strict evidentiary standard for efficacy (e.g., 
replication of finding). 
 
5.4 Labeling Recommendations 

 need to be removed from 
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APPENDICES  
 
Figure A1. Study 1202 Randomization 

 
(Source: Reviewer) 
 
Figure A2. Study 1304 Randomization 
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Figure A4 

 
 
Figure A5 
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Study 1202 
Table A2. Sites with highest enrollment (Study 1202*) 
Siteid Investigator Patients enrolled Audited by sponsor 
204 Daniel F. Mantri 11  
215 Kenia Castro (Hialeah, FL) 17  
224 Julio Castro-Gayol (Hialeah, FL) 18 Yes 
*29 sites total (the other 26 sites enrolled ≤ 5 subjects each) 
 
Figure A6 
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Figure A7 

 
 
Conclusions: 
From the funnel plots: There are no really extreme sites (i.e., sites whose average CFB falls 
outside of the 95% or even 99.8% confidence bounds of the mean) with more than two subjects 
forming the site average. 
  

Reference ID: 4064319



 49 

Figure A8. Study 1202 AIMS Total Score (site rating) Patient Profiles for Valbenazine 
Subjects who Discontinued Early from DB Phase 

 
 
Figure A9. Study 1202 AIMS Total Score (site rating) Patient Profiles for Placebo Subjects 
who Discontinued Early from DB Phase 

 
(ET = Early Termination) 
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Table A3. Study 1202 Mean AIMS Dyskinesia Total Scores (site rating) of Patients 
excluded from ’ITT’ 
Visit Placebo 

n 
Mean 

Valbenazine 
n 

Mean 

Screening 7 
17.7 

5 
16.0 

Baseline 7 
16.9 

5 
13.8 

Early Term* 3 
16.7  

Week 2 1 
18.0 

5 
13.0 

Week 4/ET 1 
14.0 

5 
10.8 

(*Early Term = Early Termination. Note that the three early termination visits not necessarily occurred between the 
Baseline and prior to the scheduled Week 2 visits.) 
 
 
Figure A10 
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Figure A11. Study 1304 AIMS CFB by Gender 

 
 
Figure A12. Study 1304 AIMS CFB LS Mean Difference by Gender 
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