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Up to 30% of patients taking antipsychotics may develop tardive dyskinesia (TD). Recent evidence-based
recommendations demonstrate an unmet need for effective TD management. This systematic review was
designed to update the evidence for TD treatment, comparing two vesicular monoamine transporter 2
(VMAT2) inhibitors, tetrabenazine and valbenazine. Of 487 PubMed/Embase search results, 11 studies met
the review criteria. Valbenazine efficacy was demonstrated in rigorously designed clinical trials that meet
the guidelines for AAN Class I evidence. Due to differences in study designs and a lack of standardized
and controlled trials with tetrabenazine, a formal meta-analysis comparing the agents was not possible.
However, valbenazine appears to have fewer side effects and a more favorable once-daily dosing regimen
for the treatment of TD.
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Tardive dyskinesia (TD) is an involuntary movement disorder induced by prolonged exposure to dopamine receptor
blocking agents (DRBAs), including antipsychotics and antiemetics [1,2]. Research shows that the prescription
of antipsychotics alone increased more than threefold over 10 years; conservative estimates thus indicate that
approximately 5 million patients have been exposed to antipsychotics in the United States (US) [3]. Given that
the estimated global mean prevalence of TD is 30% in studies of patients currently treated with a first-generation
antipsychotic and 21% in those currently treated with a second-generation antipsychotic, this disorder remains a
significant problem for psychiatric patients who may experience stigma, embarrassment, and impairment in social
functioning (and sometimes physical functioning) as a consequence of developing TD [4]. While the prevalence of
TD has been extensively studied, the associated healthcare burden is the subject of continuing investigation [3–5].
Previous studies have shown that the presence of TD in patients with schizophrenia may correlate with impaired
cognition, poor response to treatment, greater risk of relapse, longer hospital stays, lower quality of life and
functioning, a progressive course, and increased mortality [6].

Through the mechanism of blocking dopamine receptors, antipsychotics have proven to be highly effective and
essential drugs for controlling psychotic symptoms in patients with conditions such as schizophrenia and bipolar
disorder [7–10]. However, dopamine is also involved as a key neurotransmitter in other neural pathways, notably the
motor circuit [7,11]. Blockade in the motor circuit may lead to upregulation and hypersensitivity of post-synaptic
dopamine receptors, resulting in an increase of dopaminergic signaling and the emergence of abnormal movements
associated with TD [10,12].

Vesicular monoamine transporters (VMATs) are presynaptic intracellular transmembrane proteins that have a
critical role in the packaging, storage and release of dopamine and other monoamines [13]. Inhibition of VMAT2,
which is the predominant isoform in the brain, interferes with dopamine uptake and storage in presynaptic
vesicles, leaving dopamine to be metabolized by monoamine oxidase in the cytoplasm. The resulting decrease
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in dopamine concentrations available for release in the synapse [14] counteracts the heightened dopaminergic
activity that follows prolonged dopamine receptor blockade, and thereby may diminish the hyperkinetic symptoms
associated with TD. VMAT2 inhibitors have shown promise in the treatment of hyperkinetic movement disorders,
with tetrabenazine (XENAZINE®) and deutetrabenazine (AUSTEDO™) approved in the USA for the treatment
of Huntington’s chorea, and more recently, valbenazine (INGREZZA®) and deutetrabenazine (AUSTEDO™)
approved for treatment of TD [15–17].

Developed in the 1950s [18], tetrabenazine is currently approved for the treatment of moderate to severe TD
in some countries, and has been used and studied off-label for TD in the USA [19,20]. Tetrabenazine undergoes
rapid absorption and metabolism with a half-life of approximately 10 h [21], and requires multiple daily dosing [20].
As a consequence of this rapid metabolism, chorea has been shown to recur within 12–18 h after the last dose
of tetrabenazine [20]. Tetrabenazine binds selectively to VMAT2, but it is the dihydrotetrabenazine (HTBZ)
metabolites that have the main pharmacologic effects. However, some of these metabolites (i.e., different HTBZ
stereoisomers) have affinity for other off-target receptors [22], possibly contributing to unwanted side effects that
can be dose-limiting and possibly confound treatment efforts [20,23,24]. In addition, due to its tolerability and
pharmacokinetic profile, use of tetrabenazine for Huntington’s disease includes recommendations for CYP2D6
genotyping to screen for poor metabolizer status when exceeding doses of 50 mg/day [15].

Recognizing that TD was an important unmet medical need and that a proven TD treatment would be an
important pharmacological development, the US FDA granted breakthrough status to valbenazine in 2015 and
approval as a treatment for TD in 2017 [2,25]. Valbenazine is a novel and highly selective VMAT2 inhibitor
that is rapidly absorbed but more slowly metabolized, with a half-life of approximately 20 h that supports once-
daily dosing [22,26]. Valbenazine has two major metabolites: [+]-α-HTBZ (or R,R,R-HTBZ), which is formed by
hydrolysis and is a common metabolite with tetrabenazine, and NBI-136110, which is formed by mono-oxidation.
Studies have shown that these two metabolites have no affinity for other unintended targets [22]. This pharmacologic
profile contributes to a lower potential for side effects and reduced concerns over pharmacokinetic drug interactions
or the need to screen for CYP2D6 polymorphisms.

Due to the resurgence of interest in TD, a systematic review was conducted to consolidate available clinical
outcomes from published trials for tetrabenazine, which is currently being used off-label, and valbenazine, which
was recently approved, in the treatment of TD. To meet the needs of formulary review committees as well as
clinicians, the original intent of this review was to provide a body of evidence to enable a direct comparison between
tetrabenazine and valbenazine. The review was carried out with the intent of executing a meta-analysis of efficacy
and safety data extracted from published clinical trials.

Methods
Search strategy
The PubMed and Embase databases were searched for English language publications in the date range of 1 January
1980–31 March 2017. Since reports have already been published that have reviewed earlier studies of TD with
tetrabenazine [27], studies published prior to 1980 were excluded from analysis with the intention of minimizing
historical bias and enhancing comparability in methodology with the more recent valbenazine trials. Search strings
for each database were ‘valbenazine AND tardive dyskinesia’ and ‘tetrabenazine AND tardive dyskinesia’. Duplicate
results from these four separate searches were removed.

Criteria for study selection
Studies were selected for inclusion if they were a randomized controlled trial, single-arm study, cohort study, case
series (with more than or equal to ten TD cases) or retrospective chart review. Case reports with less than ten TD
cases, meta-analyses, reviews, animal studies, modeling studies, pharmacokinetic studies, chromatography studies,
child/pediatric studies, guidelines, articles and letters were excluded. Results from the literature searches (i.e., study
titles and/or abstracts) were screened to remove irrelevant studies based on the exclusion criteria. Results of this
screening process were then further assessed by evaluating full-text articles for eligibility.

Data extraction & analysis
Full-text versions of selected studies were assessed to determine study design, sample size, study sites (single,
multiple), comparator(s), efficacy and safety outcomes. For studies that reported the treatment of several movement
disorders, only efficacy results pertaining to TD were reviewed and summarized. Based on available information,
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Figure 1. Results of systematic review.
Search terms: ‘valbenazine AND tardive dyskinesia’, ‘tetrabenazine AND tardive dyskinesia’. Search criteria: English language, date range
1 January 1980–31 March 2017.

safety results were reviewed and summarized for the overall study population (i.e., any movement disorder) or
only for the TD population. A meta-analysis of treatment effects was originally planned. However, as reported
below, differences in study design did not allow for any meaningful comparisons across studies. Therefore, only a
descriptive review of the studies is provided.

Results
Search strategy results
The initial database searches yielded 487 results, 83 of which were duplicates and thus excluded from screening.
Screening of titles and abstracts resulted in the exclusion of an additional 391 studies. A total of 13 studies met
criteria for this systematic review upon screening and full-text articles were assessed for eligibility (Figure 1).
Four studies were identified for valbenazine: one open-label extension to a Phase II study [28]; two randomized,
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double-blind, placebo-controlled trials [26,29]; and one double-blind extension to a Phase III study [30]. Eligibility
assessment of these studies resulted in the exclusion of the open-label extension study [28]. Because this open-label
study was only presented orally in a platform session at the 2016 American Academy of Neurology (AAN) Annual
Meeting, information about the methods and results were limited. Nine studies were identified for tetrabenazine:
one double-blind, crossover study [31]; and eight open-label studies, which included two case series [32,33], three
long-term studies [34–36] and three retrospective chart reviews [37–39]. Full-text review resulted in the exclusion of
one open-label case series [32] because only four of the 14 TD patients were treated with tetrabenazine.

A summary of the studies that met all inclusion criteria is presented in Table 1. Sample size, drug dose, duration of
treatment and assessment tools varied greatly across studies. No head-to-head studies were available that compared
the two interventions.

Review of tetrabenazine studies
The tetrabenazine studies included one double-blind, crossover study (n = 12) and seven open-label studies (Total
n = 381; range, n = 17–149). Tetrabenazine doses ranged from 6.25 to 300 mg/day (mean doses: 37.5–175 mg/day),
administered one- to three-times daily. Tetrabenazine was generally well tolerated and effective in the treatment
of TD. The most common side effects were parkinsonism, drowsiness/fatigue and depression, and authors of the
studies generally agreed that tetrabenazine side effects were dose related and reversible.

Two open-label studies of tetrabenazine were conducted solely in TD patients. The most recent of these was a study
by Ondo et al. [36] that included 20 patients with TD and used the Abnormal Involuntary Movement Scale (AIMS) as
an outcome measure. In addition to TD, 45% of patients also showed mild evidence of parkinsonism, and 25% had
akathisia at baseline. Participants were required to stop DRBA medications and other TD treatments for ≥30 days
prior to starting tetrabenazine (mean dose: 57.9 mg/day; mean treatment duration: 20.3 weeks). Participants in
this study were diagnosed with a psychiatric disorder or symptoms (unspecified psychosis, schizophrenia, bipolar
disorder, agitation), gastrointestinal disorder or organic brain disorder. Cessation of antipsychotic medications is
often not practical in patients with chronic psychotic disorders due to the risk of relapse, and it may have confounded
treatment results due to unmasking or worsening of existing TD. TD severity was assessed by a single-blinded
investigator who rated videos using the standardized AIMS, both at baseline and at approximately 3 months after
commencing treatment. Significant improvement (p < 0.001) on the motor section of the AIMS was demonstrated
at the end of treatment versus baseline values; no patient had unchanged or worsened TD (Table 2). The most
common adverse events (≥10%) were sedation and parkinsonism (Table 3).

The second study that included only TD patients was a case series by Watson et al. [33] that included 23 patients
with TD who were treated with tetrabenazine (mean dose: 91.3 mg/day; mean treatment duration not reported).
Severity of involuntary movements was evaluated in three regions (face/mouth/tongue, trunk, limbs) using a
5-point involuntary movement scale (0 = none, 1 = minimal, 2 = mild, 3 = moderate, 4 = severe) and video
recordings made for each patient before and during treatment. All patients in this study showed improvement
with tetrabenazine treatment (range: 1–4 points) (Table 2). Side effects were minimal (all ≤10%), and the most
common events were drooling and parkinsonism with tremor (Table 3).

The remaining studies were conducted in patients with various movement disorders, including TD. Among
them was a crossover study by Asher and Aminoff [31] that enrolled patients with a diagnosis of TD (n = 12),
Huntington’s disease or dystonia. The specific psychiatric diagnoses of participants were not reported, but stable
doses of antipsychotics and other medication were allowed throughout. In TD patients, the tetrabenazine mean
dose was 175 mg/day. Study participants were informed of the crossover design, but were not told whether they
started with tetrabenazine or placebo (although all were started on tetrabenazine) and when the crossover occurred.
Participants were videotaped at baseline, 3 weeks (end of tetrabenazine treatment) and 6 weeks (end of placebo
crossover); videotapes were reviewed by two blinded investigators who rated TD severity as slight, moderate or
marked. The study used a 5-category rating system (marked, moderate, slight, none, worse) to assess treatment
response (Table 2). Clinical significance of tetrabenazine treatment was based on TD severity being improved
relative to both baseline and placebo treatment. Six of 12 patients showed marked or moderate improvement
(50%). Tetrabenazine did not produce behavioral changes in participants with TD, and alteration of concomitant
antipsychotics was not needed. Across all participants, the most common side effects (≥10%) were drowsiness,
drooling and parkinsonism (Table 3).

Three open-label studies, conducted at a single site, investigated the effects of long-term tetrabenazine treatment
on patients with TD, dystonia, Huntington’s disease, Tourette’s syndrome, myoclonus, tics and other movement

138 J. Comp. Eff. Res. (2018) 7(2) future science group



Treatment of tardive dyskinesia with tetrabenazine or valbenazine Systematic Review

Table 1. Study design summary.
Study (year) Design Duration

†
Population

‡
Intervention

§
Comparator

§
Ref.

Valbenazine

O’Brien et al. (2015)
KINECT 2

Randomized, double-blind,
placebo-controlled

• Efficacy (AIMS) scored by two
blinded video raters at baseline,
weeks 2, 4 and 6
• Safety included adverse event
monitoring

Treatment duration: up to
6 weeks

TD (n = 100) Valbenazine QD
25–75 mg/day
(n = 51)

Placebo
(n = 49)

[29]

Hauser et al. (2017)
KINECT 3

Randomized, double-blind,
parallel-group,
placebo-controlled

• Efficacy (AIMS) scored by two
blinded video raters at baseline,
weeks 2, 4 and 6
• Safety included adverse event
monitoring

Treatment duration: up to
6 weeks

TD (n = 227) Valbenazine QD
80 mg/day (n = 79)
40 mg/day (n = 72)

Placebo
(n = 76)

[26]

Grigoriadis et al. (2016)
KINECT 3 Extension

Double-blind extension of
KINECT 3

• Effectiveness (AIMS) scored by
two blinded video raters at
weeks 8, 16, 32, 48 and 52
• Safety included adverse event
monitoring

Treatment duration: up to
48 weeks plus 4-week
washout

TD (n = 198) Valbenazine QD
80 mg/day (n = 101)
40 mg/day (n = 97)

None [30]

Tetrabenazine

Asher & Aminoff (1981) Blinded crossover¶

• Efficacy (five-category rating)
scored by two blinded video
raters, week 3 (active) and week
6 (placebo)
• Safety included side-effect
monitoring

Treatment duration:
3–24 days (titration) plus
3 weeks (stable dose) plus
3 weeks (placebo
crossover)

TD (n = 12)
Total (n = 32)

Tetrabenazine BID
25–200 mg/day
(n = 12)
(mean
dose: 175 mg/day)

Placebo
(n = 12)
(crossover)

[31]

Watson et al. (1988) Open-label, case series

• Efficacy (5-point scale) in
patients successfully treated with
tetrabenazine was scored by an
unreported number of video
raters at baseline and during
treatment
• Safety included side-effect
monitoring

Treatment duration: NR;
case series follow-up
duration: up to 4 years

TD (n = 23) Tetrabenazine QD
or TID:
37.5–150 mg/day
(n = 23)
(mean
dose: 91.3 mg/day)

None [33]

Jankovic & Orman (1988) Open-label, long-term

• Efficacy (5-point scale)
#

scored
by one video rater at baseline,
6 weeks, and every 3 months
• Safety included side-effect
monitoring

Treatment
duration: 21.1 months††

TD (n = 44)
Total (n = 217)

Tetrabenazine:
25–100 mg/day
(n = 44)
(mean
dose: 97.4 mg/day)

None [34]

†
Dosing frequency, mean dose and/or maximum dose are indicated as reported; some publications do not specify frequency or mean dose.

‡Some studies included patients with other movement disorders (e.g., dystonia, chorea, tic, myoclonus). For these studies a total population and TD population are reported.
§ Intervention and comparator n-values are reported for TD patients only.
¶Patients were switched to placebo after 3 weeks of stable-dose tetrabenazine treatment; clinical significance of tetrabenazine treatment was based on TD severity being
improved relative to both baseline and placebo treatment.
#These studies utilized the same 5-point scale to determine efficacy of treatment.
††Mean or median not specified.
‡‡May include many of the 44 patients from the earlier study, Jankovic & Orman (1988).
§§Mean dose of all patients in this study who had a hyperkinetic movement disorder.
AIMS: Abnormal Involuntary Movement Scale; BID: Twice daily; CGIC: Clinical Global Impression of Change; NR: Not reported; QD: Once daily; TD: Tardive dyskinesia; TID: Thrice
daily.
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Table 1. Study design summary (cont.).
Study (year) Design Duration

†
Population

‡
Intervention

§
Comparator

§
Ref.

Jankovic & Beach (1997) Open-label, long-term

• Efficacy (5-point scale)
#

scored
by one video rater at baseline,
and every 3–6 months
• Safety included side-effect
monitoring

Mean treatment
duration: 35.4 months

TD (n = 93)
Total (n = 400)

Tetrabenazine:
25–200 mg/day

(n = 93)
‡‡

(mean maximum
dose: 96.9 mg/day)

None [35]

Ondo et al. (1999) Open-label, long-term

• Efficacy (AIMS) scored by one
blinded video rater at baseline
and ∼3 months
• Safety included adverse event
monitoring

Mean treatment
duration: 20.3 weeks

TD (n = 20) Tetrabenazine TID:
25–150 mg/day
(n = 20)
(mean
dose: 57.9 mg/day)

None [36]

Paleacu et al. (2004) Open-label, retrospective chart
review

• Efficacy (CGIC) composite score
of patient/caregiver
• Safety included side-effect
monitoring

Mean treatment duration,
22 months; chart review
period: 4 years

TD (n = 17)
Total (n = 118)

Tetrabenazine BID
or TID:
12.5–150 mg/day
(n = 17)
(mean
dose: 76.2 mg/day)

None [37]

Kenney et al. (2007) Open-label, retrospective chart
review

• Efficacy (5-point scale)
#

scored
by chart review at baseline, and
every 3–6 months
• Outcomes noted upon
withdrawal
• Safety included adverse event
monitoring

Mean treatment
duration: 2.3 years; chart
review period: 8 years

TD (n = 149)
Total (n = 490)

Tetrabenazine:
12.5–300 mg/day
(n = 149)
(mean dose,
60.4 mg/day)

§§

None [38]

Miguel et al. (2017) Open-label, retrospective chart
review

• Efficacy (three-category rating)
scored by chart review at
baseline and during treatment
• Outcomes noted upon
withdrawal
• Safety included side-effect
monitoring

Mean treatment
duration: 40 months; chart
review period: 9 years

TD (n = 35)
Total (n = 111)

Tetrabenazine:
6.25–225 mg/day
(n = 35)
(mean maximum
daily
dose: 37.5 mg/day)

None [39]

†
Dosing frequency, mean dose and/or maximum dose are indicated as reported; some publications do not specify frequency or mean dose.

‡Some studies included patients with other movement disorders (e.g., dystonia, chorea, tic, myoclonus). For these studies a total population and TD population are reported.
§ Intervention and comparator n-values are reported for TD patients only.
¶Patients were switched to placebo after 3 weeks of stable-dose tetrabenazine treatment; clinical significance of tetrabenazine treatment was based on TD severity being
improved relative to both baseline and placebo treatment.
#These studies utilized the same 5-point scale to determine efficacy of treatment.
††Mean or median not specified.
‡‡May include many of the 44 patients from the earlier study, Jankovic & Orman (1988).
§§Mean dose of all patients in this study who had a hyperkinetic movement disorder.
AIMS: Abnormal Involuntary Movement Scale; BID: Twice daily; CGIC: Clinical Global Impression of Change; NR: Not reported; QD: Once daily; TD: Tardive dyskinesia; TID: Thrice
daily.

disorders. The use of concomitant medications and specific psychiatric disorders were not reported in these studies.
Response to tetrabenazine was scored approximately every 3–6 months by a single examiner, using a 5-point Likert
scale to rate abnormal movements (1 = marked improvement, 2 = moderate improvement, 3 = mild to moderate
improvement, 4 = poor or no improvement, 5 = worsening). In the 1988 study [34], 44 patients with TD received
tetrabenazine 25–100 mg/day, with a mean treatment duration of 21.1 months. The majority of patients showed
moderate to marked improvement of TD (Table 2). In the 1997 study [35], which appears to have included patients
from the 1988 study who were still receiving treatment, the mean maximum tetrabenazine dose in patients with TD
(n = 93) was 96.9 mg/kg and the mean treatment duration was 35.4 months. The percentage of patients who had
moderate to marked improvement in this study was similar to the earlier study (93 and 71%, respectively; Table 2).
The 2007 retrospective chart review [38] did not include patients who commenced treatment prior to 1997, thus
excluding patients from the previous reports. The mean dose was 60.4 mg/day and mean duration was 2.3 years
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Table 2. Efficacy summary.
Study (year) Efficacy summary Ref.

Valbenazine

O’Brien et al. (2015)
KINECT 2

†
• AIMS score, LS mean change from baseline to week 6 (primary end point): -0.2 placebo, -2.6 valbenazine (p = 0.001)
• AIMS response at week 6 (≥50% improvement from baseline): 19% placebo, 49% valbenazine (p = 0.002)
• CGI-TD score, LS mean at week 6: 3.1 placebo, 2.2 valbenazine (p � 0.001)
• CGI-TD response at week 6 (‘much improved’ or ‘very much improved’): 16% placebo, 67% valbenazine (p � 0.001)

[29]

Hauser et al. (2017)
KINECT 3

†
• AIMS score, LS mean change from baseline to week 6 (primary end point): -0.1 placebo, -3.2 valbenazine 80 mg

(p � 0.001)
• AIMS score, LS mean change from baseline to week 6: -0.1 placebo, -1.9 valbenazine 40 mg (p = 0.002)
• CGI-TD score, LS mean at week 6: 3.2 placebo, 2.9 valbenazine 80 mg (ns), 2.8 valbenazine 40 mg (ns)
• AIMS response at week 6 (≥50% improvement from baseline): 9% placebo, 40% valbenazine 80 mg (p � 0.001), 24%

valbenazine 40 mg (p = 0.02)

[26]

Grigoriadis et al. (2016)
KINECT 3 Extension

• AIMS score, mean change from baseline to week 48: -4.8 valbenazine 80 mg, -3.0 valbenazine 40 mg
• CGI-TD score, mean at week 48, 2.1 valbenazine 80 mg, 2.4 valbenazine 40 mg
• AIMS response at week 48 (≥50% improvement from baseline): 52% valbenazine 80 mg, 28% valbenazine 40 mg
• CGI-TD response at week 48 (‘much improved’ or ‘very much improved’): 76% valbenazine 80 mg, 59% valbenazine

40 mg
• After treatment washout (week 52), increases in AIMS and CGI-TD response rates indicated that TD severity was

reverting toward baseline levels

[30]

Tetrabenazine
‡

Asher & Aminoff (1981) • Improvement scale with five possible categories: marked, moderate, slight, none, worse
• Marked or moderate improvement with tetrabenazine: 60% of ten patients who completed the study
• No change with tetrabenazine: 40% of ten patients (two discontinued and were not included in these analyses)

[31]

Watson et al. (1988) • 5-point severity scale: score range, 0 (none) to 4 (severe)
• Score of 3 or 4 (moderate/severe) at baseline: 83% of 23 patients
• Score of 1 or 2 (none/minimal) after tetrabenazine: 87% of 23 patients

[33]

Jankovic & Orman (1988) • 5-point global response scale: score range, 1 (marked reduction in abnormal movements and excellent improvement in
function) to 5 (worsening in movement disorder and some deterioration in function)

• Mean score after tetrabenazine: 2.3 in 44 patients
• Score of 1 or 2 (marked/moderate improvement): 71% of 44 patients

[34]

Jankovic & Beach (1997) • 5-point global response scale: score range, 1 (marked reduction in abnormal movements and excellent improvement in
function) to 5 (worsening in movement disorder and some deterioration in function)

• Score of 1 (marked improvement) after tetrabenazine: 89% of 93 patients
• Score of 2 (moderate improvement) after tetrabenazine: 4% of 93 patients

[35]

Ondo et al. (1999) • AIMS total score: assessed by patients (self-rating) and video raters
• Mean percent improvement with tetrabenazine (self-raters): 60% improvement (from 9.1 to 3.6; p � 0.001)
• Mean percent improvement with tetrabenazine (video raters): 54% improvement (from 17.9 to 8.2; p � 0.001)

[36]

Paleacu et al. (2004) • 7-point CGIC score: range, -3 (marked worsening) to +3 (marked improvement)
• Score of 1 (mild improvement) after tetrabenazine: 18% of 17 patients
• Score of 2 (moderate improvement) after tetrabenazine: 35% of 17 patients
• Score of 3 (marked improvement) after tetrabenazine: 6% of 17 patients

[37]

Kenney et al. (2007) • 5-point global response scale: score range, 1 (marked reduction in abnormal movements and excellent improvement in
function) to 5 (worsening in movement disorder and some deterioration in function)

• Score of 1 or 2 (marked/moderate improvement) after initiating tetrabenazine: 84% of 149 patients
• Score of 1 or 2 (marked/moderate improvement) after long-term tetrabenazine: 86% of 149 patients

[38]

Miguel et al. (2017) • 3-category response scale: 1 (improved and asymptomatic), 2 (improved but symptomatic), 3 (poor or no clinical
response)

• Score of 1 or 2 (any improvement) after tetrabenazine: 77% of 35 patients

[39]

†Significance in these studies is reported as compared with placebo.
‡All tetrabenazine studies except Watson et al. (1988) and Ondo et al. (1999) included patients with other hyperkinetic disorders; results are only presented for patients with
tardive dyskinesia.
AIMS: Abnormal Involuntary Movement Scale; CGIC: Clinical Global Impression of Change; CGI-TD: Clinical Global Impression of Change-Tardive Dyskinesia; LS: Least square;
ns: Not significant; PGIC: Patient Global Impression of Change.
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Table 3. Safety summary.
Study (year) Safety summary Ref.

Valbenazine

O’Brien et al. (2015)
KINECT 2

• Discontinuation due to TEAEs: 10% placebo, 10% valbenazine
• Serious TEAEs: 4% placebo, 0% valbenazine
• Any TEAE: 33% placebo, 49% valbenazine
• Three most common TEAEs with valbenazine: fatigue (10 vs 4% placebo), headache (10 vs 4% placebo), decreased

appetite (8 vs 0% placebo)

[29]

Hauser et al. (2017)
KINECT 3

• Discontinuation due to TEAEs: 5% placebo, 6% valbenazine 40 mg, 6% valbenazine 80 mg
• Serious TEAEs: 4% placebo, 6% valbenazine 40 mg, 8% valbenazine 80 mg
• Any TEAE: 43% placebo, 40% valbenazine 40 mg, 51% valbenazine 80 mg
• Three most common TEAE with valbenazine (combined 40 and 80 mg): somnolence (5 vs 4% for placebo), akathisia (3

vs 1% for placebo), dry mouth (3 vs 1% for placebo)

[26]

Grigoriadis et al. (2016)
KINECT 3 Extension

†
• Discontinuation due to TEAEs: 13% valbenazine 40 mg, 18% valbenazine 80 mg
• Serious TEAEs: 13% valbenazine 40 mg, 16% valbenazine 80 mg
• Any TEAE incidence: 62% valbenazine 40 mg, 76% valbenazine 80 mg
• Four most common TEAEs (combined 40 and 80 mg): headache (7%), urinary tract infection (7%), diarrhea (6%),

dizziness (6%)

[30]

Tetrabenazine
‡

Asher & Aminoff (1981) • Discontinued study due to side effects: 9% of 32 total patients treated with tetrabenazine
• Three most common side effects: 30% drowsiness, 12% drooling, 9% parkinsonism

[31]

Watson et al. (1988) • Two reported side effects in 23 TD patients treated with tetrabenazine: 9% drooling, 4% parkinsonism with tremor [33]

Jankovic & Orman (1988) • Three most common side effects in 217 total patients treated with tetrabenazine: 24% parkinsonism, 13%
drowsiness/fatigue, 11% depression

[34]

Jankovic & Beach (1997) • Discontinued study due to side effects: 23% of 400 total patients treated with tetrabenazine
• Three most common side effects: 37% drowsiness/fatigue, 29% parkinsonism, 15% depression
• Incidence of side effects may have been high because treatment strategy was to increase dose until evidence of

efficacy or intolerability

[35]

Ondo et al. (1999) • Of 20 TD patients treated with tetrabenazine, 1 discontinued due to sedation
• Five patients reported mild sedation
• Five patients had evidence of mild parkinsonism (based on neurologic examination)

[36]

Paleacu et al. (2004) • Discontinued study due to side effects: 3.5% of 118 total patients treated with tetrabenazine; 12% of 17 TD patients
(both TD patients discontinued for somnolence and weakness)

• Four most common side effects in 118 total patients: 6% somnolence/weakness/apathy, 5% parkinsonism, 2%
depression, 2% akathisia

[37]

Kenney et al. (2007) • Discontinued study due to adverse events: 17% of 448 total patients
• Four most common adverse events: 25% drowsiness, 15% parkinsonism, 8% depression, 8% akathisia
• Age was found to be a significant predictor of parkinsonism (p � 0.0001)

[38]

Miguel et al. (2017) • Discontinuation due to adverse events: 16% of 108 total patients treated with tetrabenazine; 23% of 40 TD patients
• Reported adverse events in all patients: 27% parkinsonism, 13% psychiatric disorder, 2% other movement disorder

(not specified), 10% other side effects (not specified)
• Reported adverse events in TD patients: 35% parkinsonism, 8% psychiatric disorder, 3% other movement disorder

(akathisia), 8% other side effects (somnolence, rash, mental confusion)

[39]

†Safety results not reported in Grigoriadis et al. (2016); results were provided by Neurocrine Biosciences, Inc. (data on file).
‡All tetrabenazine studies except Watson et al. (1988) and Ondo et al. (1999) included patients with other hyperkinetic disorders; based on availability, safety results are
presented for all patients and/or TD patients as indicated. Descriptive terms (‘side effects’ or ‘adverse events’) are based on terminology used in the published study.
TD: Tardive dyskinesia; TEAE: Treatment-emergent adverse event.

(all movement disorder patients, n = 490). Response rates did not vary over time, with the majority of TD patients
showing moderate to marked improvement both after initiating treatment, and after long-term treatment with
tetrabenazine (Table 2). Adverse events that occurred in ≥10% of tetrabenazine-treated patients (all movement
disorders) in these studies were parkinsonism, drowsiness/fatigue, depression, insomnia and nervousness/anxiety
(Table 3). Up to 23% of patients discontinued tetrabenazine treatment due to adverse events.
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The tetrabenazine studies also included retrospective chart reviews by Paleacu et al. [37] and Miguel et al. [39].
Both studies examined the effects of tetrabenazine on TD and other movement disorders in patients who did not
respond to other medications. The use of concomitant medications and specific psychiatric diagnoses were not
reported in either study. In the chart review by Paleacu et al. [37], mean treatment duration was 22 months and mean
dose was 76.2 mg/day (all movement disorder patients, n = 188). Improvement of movement disorders was rated
using a Clinical Global Impression of Change scale, with scores ranging from -3 (marked worsening) to +3 (marked
improvement). Approximately 60% of patients included in this chart review showed any improvement (mild,
moderate and marked) of TD (Table 2). Side effects included somnolence, weakness, apathy and parkinsonism, but
none of the reported side effects occurred in >10% of all patients (Table 3). In the chart review by Miguel et al. [39],
mean treatment duration was 40 months and mean maximum daily dose was 37.5 mg/day (TD patients, n = 35).
Clinical response was based on comparison of baseline with follow-up visits using a 3-category rating system
(improved and asymptomatic, improved but symptomatic, poor or no clinical response). Charts showed that the
majority of patients with TD exhibited clinically meaningful improvement based on assessment of any improvement
with treatment (Table 2). The most common adverse events (≥10%) were parkinsonism, depression, anxiety and
worsening of pre-existing psychiatric disorder (Table 3).

In addition to examining the effects of tetrabenazine on TD and other movement disorders, Kenney et al. [38]

and Miguel et al. [39] reported the effects of treatment cessation. Both studies showed that movement disorder
severity reverted when tetrabenazine was interrupted for as little as 1 week or discontinued permanently.

Review of valbenazine studies
The valbenazine studies included: two randomized, double-blind, placebo-controlled trials, both with 6-week
treatment duration; and one long-term, uncontrolled, extension trial with treatment of up to 48 weeks (Total
n = 327). Valbenazine was administered once daily in all studies. In the Phase II study (KINECT 2; n = 100) [29],
doses ranged from 25 to 75 mg/day and 76% of subjects reached maximum dose. In the Phase III study (KINECT
3; n = 227) [26] and its long-term extension (n = 198) [30], valbenazine-treated patients received 40 or 80 mg/day.

The valbenazine studies included adults with TD and stable schizophrenia/schizoaffective disorder or mood
disorder. Stable regimens of concomitant medications for management of medical and psychiatric disorders were
allowed. Changes in TD were assessed by consensus between two centralized video raters using standardized
AIMS [40] assessments at baseline and at each study visit. Central AIMS video raters were blinded to treatment and
to study visit.

Change in the AIMS total score (items 1–7) from baseline to week 6 was the primary end point for KINECT
2 and KINECT 3, and both studies showed significant improvement in ratings of severity of TD with valbenazine
compared with placebo (p < 0.001; Table 2). Least squares mean differences between valbenazine and placebo were
2.4 in KINECT 2 and 3.1 (with the 80 mg/day dose) in KINECT 3. The long-term KINECT 3 extension study
showed sustained improvement in the AIMS total scores through the end of valbenazine treatment (week 48), but
TD reverted toward baseline levels of severity 4 weeks after treatment withdrawal at the end of the trial (week
52) (Table 2). The percentages of participants achieving a rigorous AIMS response threshold, defined as a ≥50%
total score improvement from baseline, were significantly higher with valbenazine compared with placebo in both
studies (KINECT 2, 49 vs 18%; KINECT 3, 40% [80 mg/day] and 24% [40 mg/day] vs 9%; all p < 0.05).

The Clinical Global Impression of Change-TD (CGI-TD) [40], which was scored by an onsite investigator
who was blinded to treatment, indicated clinically meaningful but not statistically significant improvements with
valbenazine compared with placebo in KINECT 3 (Table 2). In the KINECT 2 study, however, results for CGI-TD
response, defined as a rating of ‘much improved’ or ‘very much improved’ (score ≤ 2), were significantly greater
for valbenazine compared with placebo (p < 0.001), and significantly more patients showed a response with
valbenazine (67 vs. 16%, p < 0.0001).

Similarly, in the KINECT 3 extension study, improvements in scores from baseline through week 48 were
maintained in AIMS total and the CGI-TD scores (Table 2). The proportion of patients maintaining a response
was sustained based on both the CGI-TD scores (76% [80 mg/day]; 59% [40 mg/day]) and ≥50% improvement
in AIMS scores (52% [80 mg/day]; 28% [40 mg/day]).

Valbenazine was generally well tolerated, especially considering that most participants were taking a concomitant
antipsychotic medication (KINECT 2, ≥40% of patients; KINECT 3, 86% of patients) [26,29]. The most common
adverse events that were reported with valbenazine were fatigue, headache, somnolence and reduced appetite
(all ≤10%) (Table 3). In the long-term extension study, headache and urinary tract infection (7% each) were the
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most common adverse events. Psychiatric status remained stable throughout valbenazine treatment and no other
clinically relevant safety signals were observed.

Discussion
This review demonstrates that published studies of tetrabenazine and valbenazine in the treatment of TD were
widely different in design, treatment duration, daily dosing/administration, allowance of concomitant psychiatric
medications, methods for clinical evaluation, outcome measurements and patient characteristics including the
presence or absence of underlying psychiatric disease. Because of these differences, conducting a direct comparison
by means of a formal meta-analysis was not feasible; nor has any study been conducted that directly compares
tetrabenazine with valbenazine in the treatment of TD or any hyperkinetic movement disorder. However, given the
current resurgence of interest in VMAT2 inhibitors for the treatment of TD, a descriptive and comparative review
of these studies is warranted.

Tetrabenazine is approved in the USA only for the treatment of chorea associated with Huntington’s disease [15],
but is commonly used off-label for TD. The tetrabenazine studies reported here demonstrated significant improve-
ment in TD, although none of the studies included randomization or parallel-group placebo controls, and the
studies varied widely in use of prospective versus retrospective designs, standardized outcome measures (e.g., AIMS),
blinded conditions, videotaping and adequately powered sample sizes (only two studies included >50 patients with
TD) [35,38]. Two long-term studies reported that TD severity reverted when tetrabenazine was discontinued, though
this was noted through retrospective chart review and not investigated as part of the study design [38,39]. Tetra-
benazine required dosing up to three-times daily, but was reported to be generally safe and well tolerated both short-
and long term. The maximum daily dose for tetrabenazine as indicated for the treatment of Huntington’s chorea
was generally adhered to in all studies, except in Asher and Aminoff [31] where the recommended maximum daily
dose was exceeded almost twofold. Nearly all studies with tetrabenazine documented changes in psychiatric status
(depression) and secondary movement disorders (parkinsonism, akathisia) as frequent side effects of treatment.
Adverse events were found to be dose related and reversible upon dose reduction. Limited information is available
regarding the reasons for study discontinuation, but they include side effects, intolerability, lack of efficacy and
travel/financial difficulties [35,38].

Valbenazine was recently approved in the USA for the treatment of adults with TD [17]. The randomized
and controlled studies included in this systematic review demonstrated significant improvement in ratings of the
severity of TD with valbenazine when compared with placebo [26,29]. In KINECT 3, the mean change from
baseline in AIMS total score and AIMS ≥ 50% response indicated an effect with valbenazine after 2 weeks of
treatment [26]. Preliminary results from the long-term study showed sustained improvement of TD, with decline
toward baseline TD levels following treatment withdrawal [17,30], suggesting that ongoing treatment is required
to maintain symptom reduction. Final reports for this study and additional long-term studies are pending (i.e., a
52-week open-label study [NCT02405091] and a 72-week rollover study [NCT02736955]). Valbenazine required
only once-daily dosing, and was reported to be safe and well tolerated both short and long term. Importantly,
psychiatric status was not altered by valbenazine and no safety signals were detected for secondary abnormal
movements (i.e., parkinsonism, akathisia), even with the use of concomitant antipsychotic medications. The most
common reasons for study discontinuation were withdrawal of consent, adverse events and loss to follow-up [26,35].
More research is needed to address some important questions about valbenazine and other VMAT2 inhibitors.
Key topics include complete recovery or remission of TD symptoms, effects of valbenazine across different body
regions (e.g., orofacial region versus limbs), and factors that may affect treatment response (e.g., demographics, TD
severity and duration, DRBA type and duration of treatment).

The current systematic review highlights some of the key methodological differences between published clinical
studies of tetrabenazine and valbenazine. As summarized in the evidence-based AAN guidelines for TD treatment,
tetrabenazine studies present Class III and IV evidence, with a resultant Level C recommendation (possibly
effective) [27]. Based on the trial design, it seems reasonable to expect that the valbenazine studies would constitute
Class I evidence (i.e., randomized controlled trial in a representative population with clearly defined eligibility
criteria, a clearly defined primary outcome, blinded treatment allocation and adequate sample size for drop-outs and
statistical testing), which would be translatable to Level A evidence for treatment recommendation (i.e., established
efficacy for the given condition/disorder in a specified population).

For this review, one aspect of the AAN Class I criteria that may warrant additional discussion is the requirement
that the clinical trial be conducted in a representative population with presentation of relevant baseline charac-
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teristics. By clearly defining TD (based on prior DRBA exposure and AIMS assessment), including patients with
a psychiatric diagnosis (i.e., schizophrenia, schizoaffective disorder, mood disorder), and allowing concomitant
psychiatric medications including both first- and second-generation antipsychotics, the valbenazine trials were
specifically designed to be reflective of real-world patients. In contrast, the tetrabenazine studies largely omitted any
reporting of psychiatric status and concomitant medication use in their patient populations; moreover, many of
the studies included patients with an array of abnormal movement disorders. In addition, the AIMS was used in all
valbenazine trials to assess TD at baseline, and evaluate postbaseline improvements, whereas only one tetrabenazine
study implemented this scale to evaluate efficacy [36]. The American Psychiatric Association has emphasized the
importance of utilizing standardized scales for TD evaluation in clinical research [41] and the FDA currently requires
that TD trials use the AIMS to demonstrate efficacy.

Differences in dosing and administration are another important clinical and formulary consideration. As reported
in this systematic review, the tetrabenazine studies used doses ranging from 6.25 to 300 mg/day, administered up
to three-times daily. In contrast, once-daily dosing of valbenazine may improve medication adherence, particularly
in patients with psychiatric disorders [38,39]. There is no established dose of tetrabenazine specifically for TD, which
may have contributed to the wide variance in tetrabenazine dosing regimens used in reported studies [42,43]. From
a formulary perspective, unit dose costs can be estimated for valbenazine but not for tetrabenazine.

Finally, this review highlights some of the key differences between the two drugs in terms of side effects
and patient safety. One important distinction is the association between tetrabenazine and secondary movement
disorders such as parkinsonism and akathisia in patients with TD, which were negligible in the valbenazine studies.
Other potential differences that have been identified by the FDA based on their review of clinical trial results with
tetrabenazine in Huntington’s disease versus valbenazine in TD, which may not be exactly comparable, can be
found in the product labels (e.g., no black-box warning for suicidality/depression or any other warning/precautions
for valbenazine) [15,17].

Limitations
As is often the case with systematic reviews [44], one of the main limitations of this analysis was the paucity of details
available in some publications, especially the observational tetrabenazine studies. Moreover, as discussed earlier, the
heterogeneity of the studies precluded the possibility of conducting a more formal meta-analysis. Therefore, only
descriptive summaries could be provided and any interpretation of the results should be considered qualitative in
nature. Although purposefully broad search terms were used to capture as many potential articles of interest within
PubMed and Embase (i.e., the most frequently used literature databases in the USA), it is possible that this review
did not include relevant publications that were only indexed in other databases. However, it seems reasonable to
assume that the publications included in this review are adequately representative.

Conclusion
Studies of tetrabenazine and valbenazine for TD indicate that both VMAT2 inhibitors have published evidence of
efficacy in the treatment of TD. However, the overall evidence for the efficacy of tetrabenazine is limited by the lack
of randomized and placebo-controlled trials, differences across available studies (e.g., no standard dosing, differences
in patient selection criteria), and no standardized outcome measures for assessing TD [41]. As would be expected with
a recently approved medication, the clinical trials confirming the efficacy of valbenazine in the treatment of TD were
larger, well controlled and more rigorously designed than the studies with tetrabenazine. Since the trial design and
resultant data available for the two agents varied greatly, a meta-analysis and direct comparison were not possible.
However, evidence from the clinical trials suggests that valbenazine is better tolerated and easier to administer, as
predicted by the relative pharmacokinetics and off-target binding properties of the two drugs. Ongoing and future
research on the effects of VMAT2 inhibitors on TD and other movement disorders is warranted.

Future perspective
Tetrabenazine has been used off-label to treat TD for decades, but valbenazine was recently approved for treatment
of TD in adults. Evidence for the effectiveness of these drugs provides support for the mechanism of VMAT2
inhibition as a rational strategy for reducing the severity of TD movements. The approval of valbenazine in
the context of the unmet need for treatment of TD, which interferes with social and occupational functioning
for thousands of patients receiving antipsychotic therapy, is likely to transform clinical practice. No studies are
yet available that directly compare the effects of valbenazine and tetrabenazine in patients with TD. Another
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VMAT2 inhibitor, deutetrabenazine, has been approved for the treatment of chorea in Huntington’s disease, and
more recently for TD, based on the results of two clinical trials (NCT02195700, NCT02291861) [45,46]. With
publication of these controlled clinical studies for deutetrabenazine, a future meta-analysis of VMAT2 inhibitors
specific for the treatment of TD may be possible.

Executive summary

Background
• Tardive dyskinesia (TD) associated with chronic exposure to dopamine-receptor blocking drugs may have a

significant effect on social and occupational functioning.

• A systematic review was conducted to summarize clinical studies results for two vesicular monoamine transporter
2 inhibitors, tetrabenazine and valbenazine, with the intent to execute a meta-analysis.

Results
• Systematic PubMed and Embase searches (January 1980–March 2017) yielded 487 results; 11 studies were

included for review.

• Treatment with once-daily valbenazine (three studies) indicated clinically meaningful and statistically significant
improvements in TD severity relative to placebo. Valbenazine was safe and well tolerated, both in short- and
long-term studies. The most common adverse events were fatigue, headache and somnolence.

• Tetrabenazine (eight studies), which required dosing of one- to three-times daily, also significantly improved TD
and was well tolerated. The most common adverse events were parkinsonism, drowsiness/fatigue and depression.

Conclusion
• Results of this systematic review showed the valbenazine studies to be larger and more rigorously designed than

the earlier tetrabenazine studies, providing robust evidence in support of the recent US FDA decision affirming
valbenazine as the first approved treatment for TD.

• Since the study designs and subjects were vastly different, a meta-analysis or other direct comparison of the two
agents was not possible.
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