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Abstract

Introduction Valbenazine is a novel vesicular monoamine
transporter 2 inhibitor approved for the treatment of tardive
dyskinesia in adults.

Objective Using data from double-blind, placebo-con-
trolled trials, analyses were conducted to evaluate the
cardiovascular effects of once-daily valbenazine in patients
with a psychiatric disorder who developed tardive dyski-
nesia after exposure to a dopamine-blocking medication.
Methods Data were pooled from three 6-week, double-
blind, placebo-controlled trials: KINECT (NCT01688037),
KINECT 2 (NCTO01733121), and KINECT 3
(NCT02274558). Data from the 42-week valbenazine
extension period of KINECT 3 were also analyzed. Out-
comes of interest included cardiovascular-related treat-
ment-emergent adverse events, vital sign measurements,
and electrocardiogram parameters.

Results The pooled safety population included 400 partici-
pants (placebo, n = 178; valbenazine 40 mg/day, n = 110;
valbenazine 80 mg/day, n = 112). A history of cardiac dis-
orders was present in 11.8% of participants, and 74.3% were
taking a concomitant medication with known potential for QT
prolongation. Mean changes from baseline to week 6 in supine
vital signs and QTcF (Fridericia correction) were as follows
for placebo, valbenazine 40 mg/day, and valbenazine
80 mg/day, respectively: systolic blood pressure (0.2, —2.1,
— 1.8 mmHg), diastolic blood pressure (—0.1, —1.6,
— 1.2 mmHg), heart rate (— 1.7, —2.2, — 1.7 bpm), QTcF
interval (1.2, 1.1, 2.1 ms); all p>0.05 for valbenazine vs.
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placebo. No statistically significant differences were observed
between placebo and valbenazine in cardiovascular-related,
treatment-emergent adverse events. No notable additional
effects on cardiovascular outcomes were found with up to
48 weeks of valbenazine treatment.

Conclusions Results from double-blind, placebo-con-
trolled trials showed no apparent difference between val-
benazine and placebo on cardiovascular outcomes. No
additional cardiovascular risk was detected during a longer
extension study with valbenazine.

Key Points

Data from clinical trials of valbenazine, which is
approved for the treatment of tardive dyskinesia in
adults, were analyzed to assess the cardiovascular
profile of this medication.

Results indicated that valbenazine had minimal
cardiovascular effects in patients with tardive
dyskinesia who had a concurrent psychiatric
disorder, the majority of whom were taking
concomitant antipsychotic or antidepressant
medications.

1 Introduction
In patients with psychiatric disorders, cardiovascular dis-

eases account for approximately 20-30% of co-morbid
medical diagnoses and 30% of deaths, higher than in the
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general population [1-5]. Prominent cardiovascular risk
factors in patients with psychiatric disorders include obe-
sity, hypertension, diabetes mellitus, atrial fibrillation,
peripheral vascular disease, hyperlipidemia, and ischemic
heart disease [1, 6, 7]. Direct pathophysiological connec-
tions between psychiatric illness and cardiovascular dis-
ease may exist, particularly via the sympathetic nervous
system and the hypothalamic-pituitary axis, both of which
are activated by increased stress, anxiety, and depression
and are also involved in cardiovascular control [1, 3, 8].
Psychiatric illness and cardiovascular risk may also be
indirectly linked through social or behavioral factors such
as non-adherence to medical advice or treatment, social
isolation, smoking, overeating, and a sedentary lifestyle
[1, 3,8, 9].

The risk of cardiovascular disease in patients with psy-
chiatric disorders can be further complicated by the need
for medications associated with adverse effects such as
increased blood pressure, hypotension, cerebrovascular
events, and electrocardiogram (ECG) QT prolongation
[6, 7]. Cardiovascular warnings can be found in the pre-
scribing information for many antipsychotic medications
(e.g., quetiapine, risperidone, haloperidol) and antidepres-
sant medications (e.g., citalopram, fluoxetine) [7, 10].
Antipsychotic medications have also been associated with
metabolic changes that may affect cardiovascular health,
including hyperglycemia/diabetes mellitus, dyslipidemia,
and weight gain [6]. Some mechanisms by which these
medications may affect cardiovascular function include ion
channel blockade (e.g., calcium, sodium, potassium), con-
duction disturbance or sinus node abnormality, ventricular
dysfunction, and hypotension [2, 6]. Psychotropic medi-
cations may also impair cardiovascular function by delay-
ing ventricular repolarization, which can result in a
prolonged QT interval and possible torsades de pointes, an
unpredictable arrhythmia that is difficult to manage [2, 11].

Valbenazine is a novel vesicular monoamine transporter
2 inhibitor approved by the US Food and Drug Adminis-
tration on 11 April, 2017 for treating adults with tardive
dyskinesia (TD) [12], a movement disorder associated with
exposure to dopamine receptor-blocking agents such as
antipsychotic medications [13—-15]. Valbenazine clinical
trials enrolled patients with schizophrenia, schizoaffective
disorder, or a mood disorder, and stable doses of con-
comitant medications (e.g., antipsychotics and antidepres-
sants) were allowed for psychiatric management [16-18].
Valbenazine was well tolerated in clinical trials, and the
prescribing information for this new drug (40-80 mg/day,
once-daily dosing) carries no black-box warnings or con-
traindications as of October 2017 [19]. The label includes
only two warnings and precautions: somnolence, which can
impair driving ability; and possible QT prolongation, with
recommended avoidance in patients with congenital long
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QT syndrome or with arrhythmias associated with a pro-
longed QT interval [19]. In the current report, data from
three placebo-controlled, phase II/III trials and one exten-
sion trial were analyzed to provide more detailed infor-
mation regarding the cardiovascular profile of valbenazine
in patients with TD and schizophrenia, schizoaffective
disorder, or a mood disorder.

2 Methods
2.1 Trial Design and Participants

The cardiovascular profile of once-daily valbenazine was
assessed using pooled data from three multicenter, ran-
domized, double-blind, placebo-controlled (DBPC) phase
II/III trials in adults with TD: KINECT (NCT01688037)
[20], KINECT 2 (NCT01733121) [16], and KINECT 3
(NCT02274558) [17]. In KINECT, participants were ran-
domized to valbenazine 50 mg/day (6 weeks), valbenazine
100 mg/day (2 weeks) then 50 mg/day (4 weeks), or pla-
cebo (6 weeks) followed by a 6-week, open-label phase of
valbenazine 50 mg/day. In KINECT 2, participants ran-
domized to valbenazine received a starting dose of
25 mg/day that was escalated incrementally by 25 mg/day
every 2 weeks to a maximum of 75 mg/day depending on
clinical response. In KINECT 3 (phase III trial), partici-
pants were randomized to valbenazine 40 mg/day, valbe-
nazine 80 mg/day, or placebo for 6 weeks followed by a
blinded valbenazine extension period. During the extension
period, participants received up to 42 weeks of treatment
with valbenazine (40 or 80 mg/day, blinded dose) followed
by a 4-week washout period [18].

The trials included men and women, aged 18-85 years,
who had a diagnosis of schizophrenia or schizoaffective
disorder, or mood disorder (KINECT 2 and KINECT 3
only), in addition to TD as per the Diagnostic and Statis-
tical Manual of Mental Disorders, 4th Edition criteria for
at least 3 months prior to screening. Participants were
required to have moderate or severe TD at screening, based
on a qualitative assessment of Abnormal Involuntary
Movement Scale videos by external reviewers. Participants
were also required to be psychiatrically stable, as indicated
by a Brief Psychiatric Rating Scale total score <50.

Exclusion criteria for the trials included: any active,
clinically significant, and/or unstable medical condition;
known history of long QT syndrome or cardiac tach-
yarrhythmia; QTcF (Fridericia correction) of >450 ms for
men or >470 ms for women; and the presence of any
clinically significant cardiac abnormality. Participants
requiring a concomitant medication known to prolong the
QT interval were allowed to participate based on a medical
review. Only individuals with the capacity to provide
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consent (based on the University of California, San Diego
Brief Assessment of Capacity to Consent) were allowed to
participate in the clinical trials.

2.2 Data Analyses

Analyses were performed using a pooled safety population,
defined as all participants from the three DBPC trials who
were randomized to treatment, received one or more doses
of the study drug, and had one or more post-baseline safety
assessment. Data were analyzed for the 6-week DBPC
period with participants classified into three subgroups
based on valbenazine dosage: pooled 40 mg/day, which
included doses of 40 mg (KINECT 3) and 50 mg
(KINECT, KINECT 2); pooled 80 mg/day, which included
doses of 75 mg (KINECT 2) and 80 mg (KINECT 3); and
placebo. Analyses of longer treatment with valbenazine (40
or 80 mg/day) were conducted using data from the safety
population of the valbenazine extension period of KINECT
3.

Outcomes of interest were treatment-emergent adverse
events (TEAEs), vital sign measurements, and ECG
parameters. The incidence of cardiac-related TEAEs was
analyzed by aggregating the following cardiac-related
MedDRA® (Version 12.0) preferred TEAE terms: cardiac
failure, chest pain, ECG QT prolonged, myocardial
infarction, sudden death, and syncope and using the stan-
dardized MedDRA® query of torsades de pointes/QT pro-
longation. Additionally, any preferred term under the
MedDRA® system organ class for “Cardiac Disorders”
was included for the current analysis. The incidence of
hypotension or orthostatic hypotension TEAEs was ana-
lyzed by aggregating the following MedDRA® preferred
terms: blood pressure decreased, dizziness, dizziness pos-
tural, fall, hypotension, orthostatic hypotension, orthostatic
intolerance, presyncope, and syncope.

Vital sign measurements included supine and orthostatic
systolic blood pressure, diastolic blood pressure (DBP),
and heart rate. The mean changes from baseline to week 6
were analyzed without any imputation for missing values.
Additionally, orthostatic blood pressure measurements
were analyzed for potentially clinically significant (PCS)
values, defined as a decrease from baseline in systolic
blood pressure of >20 mmHg and a decrease in DBP of
> 10 mmHg.

Triplicate ECGs with machine-read parameters were
used in the valbenazine clinical trials; analyses were based
on the average of triplicate readings at each study visit.
Mean changes from baseline to week 6 in ECG parameters
were analyzed without any imputation for missing values.
Two sets of categorical summaries for QTcF intervals were
performed: (1) number and percentage of participants in
each treatment group whose highest reported QTcF value

met thresholds of >450, >480, or >500 ms; and (2)
number and percentage of participants in each treatment
group whose largest QTcF increase from baseline met
thresholds of > 30 or > 60 ms.

The vital sign and ECG outcomes described above were
also analyzed in the following subgroups from the pooled
safety population: age (<65, >65 years), sex (men,
women), race (white, black or African American, other),
body mass index (< 18.5, 18.5 to <25 kg/mz, 25 to <30,
> 30 kg/m?), known cardiac history (yes, no), psychiatric
diagnosis (schizophrenia or schizoaffective disorder, mood
disorder), antipsychotic medication use (atypical only,
typical only, both, none), and use of any medication with a
potential for QT prolongation (yes, no) [21].

Statistical analyses were conducted for the pooled
DBPC studies. Mean changes from baseline (i.e., vital
signs, ECG parameters) were analyzed using an analysis of
covariance model that included groups, study, and baseline
value as covariates. Categorical outcomes (i.e., TEAE:s,
PCS vital signs) were analyzed using the Fisher’s exact
test. For QTc categories, Fisher’s exact test was conducted
for any QTc value > 450 ms and for any increase > 30 ms
from baseline. No statistical testing was conducted in the
subgroups because of small sample sizes. For the KINECT
3 extension study, no statistical comparison was made
between valbenazine dose groups because participants
were allowed a one-time dose reduction for tolerability.

3 Results
3.1 Demographics and Baseline Characteristics

The pooled safety population included 400 participants
(placebo, n = 178; valbenazine 40 mg/day, n = 110; val-
benazine 80 mg/day, n = 112). Demographics and base-
line characteristics were generally similar across treatment
groups (Table 1). The mean age in this population was
55.8 years, and the majority of participants were male
(57.3%), white (55.5%), aged younger than 65 years
(82.8%), and had a diagnosis of schizophrenia or
schizoaffective disorder (71.5%). The mean age of TD
diagnosis was 48.2 years.

Of the 400 participants in the pooled safety population,
388 (97.0%) had some reported medical history (Table 1).
A diagnosis of a specific cardiac disorder (per MedDRA®
SOC) was found in 47 (11.8%) participants. The most
common terms reported as medical history (>30% of all
participants, based on MedDRA® preferred term) were
hypertension (53.3%), insomnia (35.5%), and gastroe-
sophageal reflux disease (31.5%). In addition to their cur-
rent psychiatric diagnosis, one-quarter of the population
also reported a history of anxiety (25.5%). Of all current
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Table 1 Demographics and baseline characteristics (pooled safety population)

Placebo Valbenazine 40 mg/day Valbenazine 80 mg/day
(n = 178) (n = 110) (n=112)
Age (years)
Mean £ SD 55.8+10.5 554485 56.3+10.3
<65, n (%) 144 (80.9) 95 (86.4) 92 (82.1)
> 65, n (%) 34 (19.1) 15 (13.6) 20 (17.9)
Sex, n (%)
Men 102 (57.3) 66 (60.0) 61 (54.5)
Women 76 (42.7) 44 (40.0) 51 (45.5)
Race, n (%)
White 95 (53.4) 62 (56.4) 65 (58.0)
Black/African American 74 (41.6) 42 (38.2) 44 (39.3)
Body mass index (kg/m?)
Mean + SD 283+5.5 28.8+5.6 28.1+59
<18.5, n (%) 2 (1.1) 0 (0) 5 (4.5)
18.5 to <25, n (%) 47 (26.4) 29 (26.4) 32 (28.6)
25 to <30, n (%) 61 (34.3) 38 (34.5) 32 (28.6)
>30, n (%) 68 (38.2) 43 (39.1) 43 (38.4)
Age at TD diagnosis, mean & SD (years®) 484+£11.9 48.1+9.8 48.0+£12.3
AIMS total score, mean & SD® 9.0+4.5 94+43 9.6 £3.6
Vital signs, mean &+ SD
Supine SBP (mmHg) 1226+ 13.3 123.1+13.1 1239+ 134
Supine DBP (mmHg) 77.1£9.0 78.3+8.0 77.1+8.6
Supine heart rate (bpm) 76.5+114 753 +12.3 744 +£12.0
Orthostatic SBP (mmHg®) 0.5+8.7 —-03+79 —09+85
Orthostatic DBP (mmHg®) 20+73 1.7+£5.7 0.9+6.1
Orthostatic heart rate (bpm®) 55+£74 5064 52+7.3
Electrocardiogram, mean + SD
Heart rate (bpm) 75.2+13.2 73.3+13.0 743 £ 13.6
PR interval (ms) 158.4+22.6 157.1+£25.9 153.7+24.0
QRS duration (ms) 92.2+15.8 90.0 £ 10.6 90.8 £ 11.6
QTCcF interval (ms) 412.0+20.3 414.5+20.6 4129+21.9
Medical history
Any medical history, n (%) 172 (96.6) 107 (97.3) 109 (97.3)
Any cardiac disorder, n (%)4 20 (11.2) 13 (11.8) 14 (12.5)
Coronary artery disease 8 (4.5) 5@4.5) 327
Myocardial infarction 4 (2.2) 1 (0.9 327
Cardiac failure congestive 1 (0.6) 0 (0.0) 3.7
Arrhythmia 2 (1.1) 0 (0.0) 2 (1.8)
Chest pain 1 (0.6) 1(0.9) 0 (0.0)
Angina pectoris 3(1.7) 1 (0.9) 0 (0.0)
Cardiac failure 1 (0.6) 0 (0.0) 0 (0.0)
Other medical history, n (%)°
Hypertension 102 (57.3) 56 (50.9) 55 (49.1)
Insomnia 61 (34.3) 38 (34.5) 43 (38.4)
Gastroesophageal reflux disease 45 (25.3) 43 (39.1) 38 (33.9)
Anxiety 45 (25.3) 30 (27.3) 27 (24.1)
Hypercholesterolemia 34 (19.1) 18 (16.4) 31 (27.7)
Depression 30 (16.9) 23 (20.9) 20 (17.9)
Chronic obstructive pulmonary disease 25 (14.0) 19 (17.3) 20 (17.9)

A\ Adis



Cardiovascular Profile of Valbenazine

433

Table 1 continued

Placebo Valbenazine 40 mg/day Valbenazine 80 mg/day
(n = 178) (n = 110) (n=112)
Type 2 diabetes mellitus 32 (18.0) 19 (17.3) 9 (8.0)
Drug hypersensitivity 24 (13.5) 20 (18.2) 15 (13.4)
Hyperlipidemia 28 (15.7) 15 (13.6) 15 (13.4)
Asthma 23 (12.9) 9 (8.2) 20 (17.9)
Osteoarthritis 21 (11.8) 16 (14.5) 15 (13.4)
Back pain 22 (12.4) 16 (14.5) 14 (12.5)
Hypothyroidism 22 (12.4) 12 (10.9) 14 (12.5)
Diabetes mellitus 21 (11.8) 9 (8.2) 8 (7.1)
Seasonal allergy 12 (6.7) 11 (10.0) 10 (8.9)
Drug abuse 11 (6.2) 9 (8.2) 12 (10.7)
Hepatitis C 10 (5.6) 11 (10.0) 8 (7.1)
Hysterectomy® 19 (25.0) 9 (20.5) 8 (15.7)
CYP2D6 genotype, n (%)
Poor metabolizer 7 (3.9 8 (7.3) 4 (3.6)
Intermediate, extensive, or ultra-rapid 171 (96.1) 101 (91.8) 107 (95.5)
metabolizer
Not reported 0 (0) 1 (0.9) 1(0.9)
Psychiatric history
Primary diagnosis, n (%)
Schizophrenia or schizoaffective disorder 134 (75.3) 82 (74.5) 70 (62.5)
Mood disorder 44 (24.7) 28 (25.5) 42 (37.5)
Duration of illness, mean &+ SD (years) 249+ 13.5 233+£13.0 22.5+13.0

AIMS Abnormal Involuntary Movement Scale, CYP cytochrome P450, DBP diastolic blood pressure, SBP systolic blood pressure, 7D tardive

dyskinesia, SOC system organ class, SD standard deviation

“Based on available history: placebo, n = 138; 40 mg/day, n = 85; 80 mg/day, n = 82

®Based on available blinded central rater scores: placebo, n = 165; 40 mg/day, n = 105; 80 mg/day, n = 110

“Orthostatic vital sign measurements calculated as standing minus supine values

9Table lists all MedDRA® preferred terms for the SOC of cardiac disorder that were reported in any participant regardless of treatment

°Table lists all MedDRA® preferred terms reported in > 10% of participants in any treatment group

'Based on the number of women in each treatment group: placebo, n = 76; 40 mg, n = 44; 80 mg, n = 51

concomitant medications, the most common classes of
drugs were antipsychotic (84.0%), antidepressant (63.8%),
and anxiolytic (28.8%) medications (Table 2). The major-
ity of participants (74.3%) were taking a concomitant
medication with known potential to increase the QT
interval, including some antipsychotic medications (e.g.,
risperidone, aripiprazole, olanzapine) and antidepressant
medications (e.g., citalopram, mirtazapine).

3.2 Treatment-Emergent Adverse Events
Few participants in the valbenazine trials had cardiac-re-

lated TEAEs, and no statistically significant difference
between valbenazine and placebo was found for any of

these events (Table 3). Five cardiac-related TEAEs
occurred during the 6-week DBPC period, each reported in
one participant: chest pain (40 mg/day); bradycardia
(40 mg/day), blood pressure increased (80 mg/day),
myocardial infarction which resulted in death (placebo);
and sudden death as a result of a possible cardiovascular
event in a 73-year-old African American man with multiple
cardiac risk factors (80 mg/day) [17]. Both deaths were
considered unrelated (placebo) or unlikely related
(80 mg/day) to the study drug. During the valbenazine
extension period of KINECT 3, cardiac-related TEAEs that
occurred in more than one participant were chest pain (40
and 80 mg/day, n = 2 each) and syncope (40 mg/day,
n = 3; 80 mg/day, n = 1). Cardiac-related TEAEs that led
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Table 2 Concomitant medications (pooled safety population)

Concomitant medication, n (%) Placebo Valbenazine Valbenazine
(n=178) 40 mg/day (n = 110) 80 mg/day (n = 112)
Any concomitant medication 178 (100.0) 109 (99.1) 112 (100.0)
Any antipsychotic medication® 149 (83.7) 98 (89.1) 89 (79.5)
Atypical only 115 (64.6) 73 (66.4) 68 (60.7)
Typical or both 34 (19.1) 24 (21.8) 18 (16.1)
Quetiapine” 39 (21.9) 31 (28.2) 23 (20.5)
Risperidone” 32 (18.0) 13 (11.8) 19 (17.0)
Haloperidol® 15 (8.4) 16 (14.5) 13 (11.6)
Aripiprazole® 20 (11.2) 12 (10.9) 15 (13.4)
Olanzapineb 21 (11.8) 15 (13.6) 10 (8.9)
Ziprasidone® 6 (3.4) 6 (5.5) 11 (9.8)
Lithium® 2 (1.1) 6 (5.5) 10 (8.9)
Paliperidoneb 3(1.7) 7 (6.4) 32.7)
Lurasidone 5(2.8) 6 (5.5) 327
Perphenazine” 6 (3.4) 7 (6.4) 2 (1.8)
Clozapine® 10 (5.6) 327 327
Any antidepressant medication® 111 (62.4) 73 (66.4) 71 (63.4)
Trazodone® 32 (18.0) 26 (23.6) 23 (20.5)
Citalopram” 23 (12.9) 16 (14.5) 13 (11.6)
Sertraline” 23 (12.9) 13 (11.8) 14 (12.5)
Mirtazapine® 12 (6.7) 10 (9.1) 7 (6.3)
Buproprion 10 (5.6) 8 (7.3) 8 (7.1)
Escitalopramb 5(2.8) 7(6.4) 7 (6.3)
Duloxetine 6 (3.4) 6 (5.5) 6 (5.4)
Fluoxetine® 12 (6.7) 7(6.4) 4 (3.6)
Any anxiolytic medication® 49 (27.5) 40 (36.4) 26 (23.2)
Lorazepam 18 (10.1) 12 (10.9) 13 (11.6)
Hydroxyzine® 14 (7.9) 10 (9.1) 9 (8.0)
Alprazolam 7(3.9) 13 (11.8) 4 (3.6)
Buspirone 6 (3.4) 8 (7.3) 4 (3.6)
Cardiovascular medications®
Lisinopril 46 (25.8) 16 (14.5) 21 (18.8)
Amlodipine 24 (13.5) 11 (10.0) 12 (10.7)
Hydrochlorothiazide” 10 (5.6) 9 (8.2) 9 (8.0)
Metoprolol 10 (5.6) 7 (6.4) 327
Losartan 8 (4.5) 327 4 (3.6)
Furosemide” 5(2.8) 327 4 (3.6)
Propranolol 4 (2.2) 54.5) 1(0.9)
Enalapril 3(1.7) 4 (3.6) 1(0.9)
Carvedilol 3.7 327 0 (0.0)
Atenolol 4 (2.2) 0 (0.0) 2 (1.8)
Clonidine 3.7 0 (0.0) 327
Nifedipine 2 (1.1) 327 0 (0.0)
Diabetes mellitus medications®
Metformin 43 (24.2) 20 (18.2) 15 (13.4)
Insulin glargine 8 (4.5) 4 (3.6) 5(4.5)
Glipizide 422 2 (1.8) 2 (1.8)
Sitagliptin 3.7 4 (3.6) 1(0.9)
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Table 2 continued

Concomitant medication, n (%) Placebo Valbenazine Valbenazine
(n=178) 40 mg/day (n = 110) 80 mg/day (n = 112)

Glibenclamide 1 (0.6) 4 (3.6) 1 (0.9)
Liraglutide 1 (0.6) 327 1 (0.9)

Lipid-modifying agents®
Simvastatin 22 (12.4) 9 (8.2) 10 (8.9)
Atorvastatin 10 (5.6) 9 (8.2) 11 (9.8)
Pravastatin 9(5.1) 8 (7.3) 1(0.9)
Rosuvastatin 8 (4.5) 4 (3.6) 5(4.5)
Fenofibrate 6 (3.4) 4 (3.6) 4 (3.6)
Omega-3 fatty acids 4 (2.2) 2 (1.8) 3.7
Gemfibrozil 4(2.2) 1(0.9) 2 (1.8)
Lovastatin 4(2.2) 1 (0.9) 2 (1.8)

Any medication with the potential 130 (73.0) 87 (79.1) 80 (71.4)

to prolong the QT interval®

“Based on specific World Health Organization Drug Anatomical Therapeutic Chemical Category (i.e., antipsychotics, antidepressants, anxi-
olytics); individual medications include all drugs in these categories that were used in > 5% of participants in any treatment group

"Medications with potential to prolong the QT interval [21]

“Based on multiple drug categories; individual medications include all acetylcholinesterase inhibitors, angiotensin antagonists, antiadrenergic
agents, antiarrhythmic agents, beta blockers, cardiac glycosides, diuretics, potassium-sparing agents, selective calcium channel blockers, and
vasodilators that were used in > 2% of participants in any treatment group

9Based on multiple drug categories; individual medications include all blood glucose-lowering agents, glycogenolytic hormones, insulins, and
insulin analogs that were used in > 2% of participants in any treatment group

“Based on multiple drug categories; individual medications include all lipid-modifying agents (simple or combinations) that were used in > 2%

of participants in any treatment group

to discontinuation from the KINECT 3 valbenazine
extension period were syncope (40 and 80 mg/day, n = 1
each) and cardiac failure (80 mg/day, n = 1).

The TEAEs evaluated as potentially related to
hypotension also included orthostatic hypotension, dizzi-
ness, and fall (Table 3). None of these TEAESs resulted in
discontinuation from the DBPC trials or the KINECT 3
valbenazine extension period.

3.3 Vital Signs

Mean values at baseline for supine and orthostatic vital
sign measurements are shown in Table 1. Mean changes
from baseline to week 6 (pooled safety population) and
week 48 (KINECT 3 extension safety population) in vital
sign measurements were generally small and similar across
treatment groups (Table 4). No statistically significant
difference between valbenazine and placebo was found in
any week 6 outcome, except for a mean increase in
orthostatic DBP (40 mg/day, 1.3 8.4 mmHg).

During the 6-week DBPC trials, <5% of participants in
all treatment groups met the PCS criteria for low ortho-
static systolic blood pressure (decrease >20 mmHg:

placebo, 3.8%; 40 mg/day, 3.1%; 80 mg/day, 2.0%) and
DBP (decrease > 10 mmHg: placebo, 3.8%; 40 mg/day,
3.1%; 80 mg/day, 3.0%). The rates for increases in ortho-
static heart rates were similar among treatment groups
(increase > 15 bpm: placebo, 10.7%; 40 mg/day, 9.4%;
80 mg/day, 15.8%). No statistical difference between val-
benazine and placebo was found in any of these outcomes.
Subgroup analyses indicated no apparent effects of demo-
graphics or other baseline characteristics on vital signs
(data not shown).

3.4 Electrocardiogram Parameters

Mean values at baseline for ECG parameters are shown in
Table 1. Mean changes from baseline to week 6 (pooled
safety population) and week 48 (KINECT 3 extension
safety population) were generally small and not considered
clinically important (Table 5), with no statistically signif-
icant difference between valbenazine and placebo except
for a mean decrease in ECG heart rate (80 mg/day,
—3.44+10.6 bpm). At week 6, mean changes in QTcF
were similar across treatment groups: placebo, 1.3 ms;
40 mg/day, 1.1 ms; 80 mg/day, 2.1 ms; all p>0.05.
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Table 3 Treatment-emergent adverse events

MedDRA® preferred

Double-blind placebo-controlled trials (pooled safety population)

KINECT 3 valbenazine extension period (safety

term, n (%) population)
Placebo Valbenazine Valbenazine Valbenazine Valbenazine 80 mg/day
(n =178) 40 mg/day* (n = 110) 80 mg/day® (n = 112) 40 mg/day (n = 97) (n =101)

Cardiac-related TEAEs®

Chest pain 0 (0) 1 (0.9) 0 (0) 2 (2.1) 2 (2.0
Bradycardia 0 (0) 1 (0.9) 0 (0) 0 (0) 0 (0)
Blood pressure 0 (0) 0 (0) 1 (0.9) 0 (0) 1 (1.0)
increased
Sudden death 0 (0) 0 (0) 1 (0.9) 0 (0) 0 (0)
Myocardial 1 (0.6) 0 (0) 0 (0) 0 (0) 0 (0)
infarction
Syncope® 0 (0) 0 (0) 0 (0) 3 (3.1) 1(1.0)
Cardiac failure 0 (0) 0 (0) 0 (0) 0 (0) 1(1.0)
Bundle branch block 0 (0) 0 (0) 0 (0) 0 (0) 1 (1.0
left
Mitral valve 0 (0) 0 (0) 0 (0) 0 (0) 1(1.0)
incompetence
Tricuspid valve 0 (0) 0 (0) 0 (0) 0 (0) 1(1.0)
incompetence
Arrhythmia 0 (0) 0 (0) 0 (0) 1 (1.0) 0 (0)
supraventricular
Coronary artery 0 (0) 0 (0) 0 (0) 1(1.0) 0 (0)
disease
Sinus tachycardia 0 (0) 0 (0) 0 (0) 1(1.0) 0 (0)
Supraventricular 0 (0) 0 (0) 0 (0) 1(1.0) 0 (0)
tachycardia

Hypotension-related TEAEs®
Dizziness 4(2.2) 2 (1.8) 0 (0) 4 (4.1) 7 (6.9)
Fall 0 (0) 2 (1.8) 1 (0.9) 3 (3.1 2 (2.0)
Hypotension 0 (0) 00 1 (0.9) 0 (0) 1 (1.0)
Orthostatic 0 (0) 0 (0) 0 (0) 1(1.0) 0 (0)
hypotension

SOC system organ class, TEAEs treatment-emergent adverse events

No significant difference found between valbenazine (40 or 80 mg) and placebo for any TEAE presented in this table

PIncludes any of the aggregated MedDRA® preferred terms (cardiac failure, chest pain, electrocardiogram QT prolonged, myocardial infarction,
sudden death, and syncope), standardized MedDRA® query of torsades de pointes/QT prolongation, and preferred term under the MedDRA®
SOC for Cardiac Disorders

“Syncope included in the aggregated terms for both cardiac-related and hypotension-related TEAEs

YIncludes any of the aggregated MedDRA® preferred terms for hypotension or orthostatic hypotension (blood pressure decreased, dizziness,

dizziness postural, fall, hypotension, orthostatic hypotension, orthostatic intolerance, presyncope, and syncope)

Categorical analyses showed that although QTcF values
exceeded 450 ms in some participants during the 6-week
DBPC period (Table 5), there was no apparent difference
between placebo and valbenazine (40 or 80 mg/day).
During the KINECT 3 valbenazine extension period, more
participants in the 80-mg/day group had a QTcF >450 ms
or a QTcF >30 ms increase from baseline, as compared
with the 40-mg/day group (Table 5). However, only a few
participants had a QTcF >480 ms (n =15), QTcF
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>500 ms (n = 1), or a QTcF increase >60 ms (n = 6) at
any point during this extension study, with no apparent
difference between dose groups.

Results from subgroup analyses indicated no apparent
effects of any baseline characteristic on ECG parameters
(data not shown). In the subgroup taking a concomitant
medication with known potential to prolong the QT inter-
val, mean QTCcF values at baseline and week 6 were as
follows (for placebo, valbenazine 40 mg/day, and
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Table 4 Mean changes from baseline in supine and orthostatic vital sign measurements

Vital sign parameter Double-blind placebo-controlled trials at week 6 (pooled safety KINECT 3 valbenazine extension period at
population) week 48 (safety population)
Placebo Valbenazine Valbenazine Valbenazine Valbenazine
40 mg/day 80 mg/day 40 mg/day 80 mg/day
n Mean n  Mean n Mean n  Mean n  Mean
CFB £+ SD CFB £+ SD CFB £+ SD CFB £+ SD CFB £+ SD
Supine SBP (mmHg) 159 02+128 9% —21+127 101 —1.8£153 61 0.1+£14.38 63 —01+£155
Supine DBP (mmHg) 159 —0.1£10.0 96 —1.6+£85 101 —1249.7 61 0.6 £10.0 63 —13+102
Supine heart rate (bpm) 159 —1.7+£89 9% —22412.1 101 —17+£114 61 —19+11.8 63 —04+11.3
Orthostatic SBP (mmHg) 159 —0.8+10.2 96 0.6+10.9 101 0.1+9.2 61 1.1+£11.3 63 —02+87
Orthostatic DBP (mmHg) 159 —0.5+8.3 96 13484° 101 1.1+84 61 0.0£77 63 1.2+10.1
Orthostatic heart rate 159 —-08+£83 96 0.0£7.9 101 1.1+£7.1 61 0.6£8.8 63 1.5+£7.1
(bpm)

CFB change from baseline, DBP diastolic blood pressure, n number of participants with available vital assessment at week 6 (pooled safety
population) or week 48 (KINECT 3 extension safety population), SBP systolic blood pressure, SD standard deviation

Orthostatic vital sign measurements calculated as standing minus supine values
bp <0.05 vs. placebo

Table 5 Electrocardiogram parameters

Electrocardiogram Double-blind placebo-controlled trials at week 6 (pooled safety KINECT 3 valbenazine extension period at
parameter population) week 48 (safety population)
Placebo Valbenazine Valbenazine Valbenazine Valbenazine
40 mg/day 80 mg/day 40 mg/day 80 mg/day
n Mean n Mean n Mean n  Mean n Mean
CFB £ SD CFB £ SD CFB £ SD CFB £ SD CFB £ SD
Heart rate (bpm) 158 —04+10.2 9% —18+119 101 —34+10.6" 61 —24+11.8 62 02+126
PR interval (ms) 156 —1.0+14.2 95 1.6+10.7 101 224143 59 —1.1+121 61 5.5+14.7
QRS duration (ms) 158 0.1+6.8 9% —1.0+6.0 101 —-0.8+7.7 61 —03+64 62 1.7+12.6
QTCcF interval (ms) 158 1.3+138 9% 1.1£16.6 101 2.1£15.0 61 5.0£20.0 62 3.7+182
QTCF interval® ny (%) ny (%) ny (%) ny (%) ny (%)
>450 ms 178 11 (6.2) 110 11 (10.0) 112 5 @4.5) 95 13 (13.7) 100 22 (22.0)
> 480 ms 178 2 (1.1) 110 0 (0) 112 0 (0) 95 2(2.1) 100 3 (3.0)
> 500 ms 178 0 (0) 110 0 (0) 112 0 (0) 95 0(0) 100 1 (1.0)
>30 ms increase 178 11 (6.2) 110 3 2.7 112 6 (54) 95 14 (14.7) 100 24 (24.0)
> 60 ms increase 178 1 (0.6) 110 1 (0.9) 112 0 (0) 95 3@3.2) 100 3 (3.0)

CFB change from baseline, n number of participants with vital available assessment at week 6 (pooled safety population), week 48 (KINECT 3
extension safety population), or at any study visit (for all QTcF interval analyses), n; number of participants who met the QTcF interval
threshold, SD standard deviation

p <0.05 vs. placebo

"Based on the highest value at any visit during double-blind treatment; participants only counted once in each threshold category. No significant
difference between valbenazine (40 or 80 mg) and placebo for any QTcF interval > 450 ms or any increase > 30 ms

valbenazine 80 mg/day, respectively): baseline (411.2,  taking a concomitant QT-prolonging medication: baseline
414.0, and 413.0 ms); week 6 (412.2, 413.7, and (414.1, 416.3, and 412.6 ms); week 6 (417.9, 418.7, and
413.6 ms). Similar results were found in the subgroup not  418.3 ms).
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4 Discussion

Analyses of data from 6-week DBPC trials showed no
notable differences between valbenazine (40 or 80 mg/day)
and placebo in the incidence of cardiac- or hypotension-
related TEAEs, mean changes in vital sign measurements,
clinically relevant changes in orthostatic blood pressure or
heart rate (per PCS criteria), or mean changes in ECG
parameters. None of the DBPC outcomes were statistically
significant, except for a mean increase in orthostatic DBP
(40 mg/day) and a mean decrease in ECG heart rate
(80 mg/day). However, these changes were not considered
clinically relevant because the magnitudes were notably
smaller than the corresponding standard deviations and the
directions of change were opposite of what would be
expected with orthostatic hypotension. Mean changes in
vital sign measurements and ECG parameters during
longer treatment (i.e., KINECT 3 valbenazine extension
period) were comparable to results from the DBPC trials.

Participants in the phase II/III clinical trials had a psy-
chiatric diagnosis of schizophrenia or schizoaffective dis-
order, or a mood disorder, and concomitant treatment with
antipsychotic and/or antidepressant medications (at
stable doses) was allowed for the management of psychi-
atric disorders. In addition to their current psychiatric
diagnosis, 11.8% of participants in the pooled safety pop-
ulation reported a prior cardiovascular diagnosis or event
(e.g., coronary artery disease, myocardial infarction). The
medical history of study participants also included the
following potential risk factors for cardiovascular disease:
hypertension (53.3%), hypercholesterolemia (20.8%),
hyperlipidemia (14.5%), type 2 diabetes mellitus (15.0%),
hypothyroidism (12.0%), and diabetes mellitus (9.5%).
While the cardiovascular risk profile of this study popula-
tion may differ somewhat from a more general population
of patients with TD, owing to the exclusion of participants
with an unstable medical condition or significant cardiac
abnormality, the characteristics of the study participants
enrolled included co-morbidities and complicated medi-
cation requirements that generally reflect a real-world
patient population.

Because orthostatic hypotension has been associated
with some antipsychotic and antidepressant medications
[22], this was an outcome of interest in the current analy-
ses. There were no discernable differences between val-
benazine and placebo with regard to hypotension-related
TEAEs, mean changes in orthostatic vital sign measure-
ments, or PCS decreases in orthostatic blood pressure or
heart rate. The incidences of some TEAEs (e.g., dizziness,
fall) were slightly higher in the KINECT 3 valbenazine
extension period than in the 6-week DBPC trials (Table 3),
which may be expected with a longer duration of
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observation on treatment. The prescribing information for
valbenazine does not include any precautionary statements
regarding orthostatic hypotension [19].

The prescribing information for valbenazine only carries
two warnings, one of which is the potential for QT pro-
longation. This warning was based on the Food and Drug
Administration’s modeling of data from phase I studies.
The prescribing information clarifies that the degree of QT
prolongation is not clinically significant at plasma con-
centrations expected with recommended dosing. However,
dose reduction may be necessary in certain situations in
which valbenazine exposure may be higher; additionally,
avoiding use in patients with congenital long QT syndrome
or arrhythmias associated with a prolonged QT interval is
recommended [19]. Categorical analyses of the QTcF
interval for the 6-week DBPC treatment period showed no
clear difference between valbenazine and placebo
(Table 5). However, as might be expected in a study of
longer duration (i.e., KINECT 3 extension, which included
participants who received up to 48 weeks of valbenazine
treatment), more participants met QTcF interval categori-
cal criteria at least once during treatment (i.e., QTcF
>450 ms, QTcF increase >30 ms) in this study, but
interpretation is limited by the lack of a placebo control
group.

In addition, although the valbenazine trials excluded
patients with a current QTcF of >450 ms (men) or
>470 ms (women) or a history of QT prolongation,
medications with a known potential for QT prolongation
were allowed during the study based on a case-by-case
medical review. In the pooled safety population, 74.3% of
participants were taking a medication with QT prolonga-
tion potential, which included some of the antipsychotic
and antidepressant medications that were required for
psychiatric treatment. More importantly, results from our
subgroup analyses suggest that the addition of valbenazine
to any of these medications did not appear to exacerbate
the risk for a prolonged QT interval.

Based on results from drug—drug interaction studies
(manuscripts in preparation), dose adjustments are recom-
mended in known cytochrome P450 (CYP)2D6 poor
metabolizers, patients taking a strong CYP2D6 inhibitor
(e.g., paroxetine, fluoxetine, quinidine), and patients taking
a strong CYP3A4 inhibitor (e.g., itraconazole, ketocona-
zole, clarithromycin); concomitant treatment with strong
CYP3A4 inducers is not recommended [19]. In the pooled
phase II/III clinical trials, only 4.8% (19/400) of partici-
pants were known poor CYP2D6 metabolizers. Because it
is difficult to interpret results in such a small sample,
subgroup analyses based on CYP2D6 metabolism were not
included in this report. Although genotyping for CYP2D6
metabolism is recommended for patients requiring higher
doses of tetrabenazine (an older vesicular monoamine
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transporter 2 inhibitor) [23], CYP2D6 genotyping is not
required for valbenazine [19].

The main limitations of this report are that the analyses
were conducted post hoc and that the clinical trials were
not specifically designed or powered to conduct a statistical
assessment of cardiovascular parameters with valbenazine
treatment; nor were the trials designed to be analyzed based
on the subgroups defined in this report. In addition, adverse
events in clinical trials may be affected by factors such as
the baseline health of participants, changes in disease state
over the course of treatment, and tolerance to treatment.
The current analyses were not adjusted for these factors,
although efforts were made to explore the potential effects
of various baseline characteristics on cardiovascular out-
comes (i.e., subgroup analyses). As mentioned earlier,
exclusion criteria for the clinical trials may limit the gen-
eralizability of the results. However, the data represent a
large sample of adults with TD who received valbenazine
in addition to their psychiatric medications, and results of
the analyses indicate that valbenazine treatment confers
minimal cardiovascular risk.

5 Conclusions

The results of analyses presented in this report indicate that
in DBPC clinical trials, the short-term cardiovascular
effects of valbenazine were generally similar to those of
placebo. No unexpected cardiovascular effects were found
in a longer extension period in which participants received
up to 48 weeks of treatment with valbenazine. Importantly,
more than 70% of participants in the valbenazine studies
were taking concomitant medications that have been
associated with increased cardiovascular risks and/or QT
prolongation, including antipsychotic and antidepressant
medications needed to treat primary psychiatric disorders.
Post-marketing surveillance, along with pending safety
data from other longer studies [NCT02405091
(12 months), NCT02736955 (18 months)], will help to
further clarify the cardiovascular effects of valbenazine in
patients with TD. In addition, the cardiovascular effects of
valbenazine will be evaluated in planned and ongoing
studies of other movement disorders (e.g., Tourette
syndrome).
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