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Despite improvements in the toler-
ability of antipsychotic medica-
tions, the development of tardive 

dyskinesia (TD) still is a significant area of 
concern; however, clinicians have had few 
treatment options. Valbenazine, a vesicu-
lar monoamine transport type 2 (VMAT2) 
inhibitor, is the only FDA-approved medi-
cation for TD (Table 1).1 By modulating 
dopamine transport into presynaptic 
vesicles, synaptic dopamine release is 
decreased, thereby reducing the post-
synaptic stimulation of D2 receptors and 
the severity of dyskinetic movements. 

In the pivotal 6-week clinical trial, val-
benazine significantly reduced TD sever-
ity as measured by Abnormal Involuntary 
Movement Scale (AIMS) ratings.2 Study 
completion rates were high (87.6%), 
with only 2 dropouts because of adverse  
events in each of the placebo (n = 78) and 
40-mg (n = 76) arms, and 3 in the 80-mg 
group (n = 80).

Before the development of valbenazine, 
tetrabenazine was the only effective option 
for treating TD. Despite tetrabenazine’s 
known efficacy for TD, it was not avail-
able in the United States until 2008 with 
the sole indication for movements related 
to Huntington’s disease. U.S. patients often 
were subjected to a litany of ineffective 
medications for TD, often at great expense. 
Moreover, tetrabenazine involved multiple 
daily dosing, required cytochrome P450 
(CYP) 2D6 genotyping for doses >50 mg/d, 
had significant tolerability issues, and a 
monthly cost of $8,000 to $10,000. The avail-
ability of an agent that is effective for TD and 

does not have tetrabenazine’s kinetic limi-
tations, adverse effect profile, or CYP2D6 
monitoring requirements represents an 
enormous advance in the treatment of TD.

Clinical implications
Tardive dyskinesia remains a signifi-
cant public health concern because of the 
increasing use of antipsychotics for disor-
ders beyond the core indication for schizo-
phrenia. Although exposure to dopamine 
D2 antagonism could result in postsynap-
tic receptor upregulation and supersen-
sitivity, this process best explains what 
underlies withdrawal dyskinesia.3 The 
persistence of TD symptoms in 66% to 
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Table 1

Fast facts about valbenazine
Brand name: Ingrezza

Class: VMAT2 antagonist

Indication: Tardive dyskinesia

Approval date: April 11, 2017

Availability date: May 1, 2017

Manufacturer: Neurocrine Biosciences

Dosing forms: 40-mg and 80-mg capsules

Recommended dosage: 40 mg in the 
morning, increasing to 80 mg/d after 1 week
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80% of patients after discontinuing offend-
ing agents has led to hypotheses that the 
underlying pathophysiology of TD might 
best be conceptualized as a problem with 
neuroplasticity. As with many disorders, 
environmental contributions (eg, oxi-
dative stress) and genetic predisposition 
might play a role beyond that related to 
exposure to D2 antagonism.3 

	There have been trials of numerous 
agents, but no medication has been FDA-
approved for treating TD, and limited data 
support the efficacy of a few existing med-
ications (clonazepam, amantadine, and 
ginkgo biloba extract [EGb-761]),4 albeit 
with small effect sizes. A medical food, 
consisting of branched-chain amino acids, 
received FDA approval for the dietary 
management of TD in males, but is no  
longer commercially available except from 
compounding pharmacies.5 

Tetrabenazine, a molecule developed 
in the mid-1950s to improve on the toler-
ability of reserpine, was associated with 
significant adverse effects such as ortho-
stasis.6 Like reserpine, tetrabenazine subse-
quently was found to be effective for TD7 
but without the peripheral adverse effects 
of reserpine. However, the kinetics of tetra-
benazine necessitated multiple daily doses, 
and required CYP2D6 genotyping for doses 
>50 mg/d.8

Receptor blocking. The mechanism that dif-
ferentiated reserpine’s and tetrabenazine’s 
clinical properties became clearer in the 1980s 
when researchers discovered that transport-
ers were necessary to package neurotransmit-
ters into the synaptic vesicles of presynaptic 
neurons.9 The vesicular monoamine trans-
porter (VMAT) exists in 2 isoforms (VMAT1 
and VMAT2) that vary in distribution, with 
VMAT1 expressed mainly in the periph-
eral nervous system and VMAT2 expressed 
mainly in monoaminergic cells of the central 
nervous system.10 

Tetrabenazine’s improved tolerability 
profile was related to the fact that it is a 
specific and reversible VMAT2 inhibi-

tor, while reserpine is an irreversible and 
nonselective antagonist of both VMAT 
isoforms. Investigation of tetrabenazine’s 
metabolism revealed that it is rapidly 
and extensively converted into 2 isomers, 
α-dihydrotetrabenazine (DH-TBZ) and 
β-DH-TBZ. The isomeric forms of DH-TBZ 
have multiple chiral centers, and therefore 
numerous forms of which only 2 are signif-
icantly active at VMAT2.3 The α–DH-TBZ 
isomer is metabolized via CYP2D6 and 3A4 
into inactive metabolites, while β-DH-TBZ 
is metabolized solely via 2D6.3 Because of 
the short half-life of DH-TBZ when gener-
ated from oral tetrabenazine, the existence 
of 2D6 polymorphisms, and the predomi-
nant activity deriving from only 2 isomers, 
a molecule was synthesized (valbenazine), 
that when metabolized would slowly 
be converted into the most active isomer 
of α–DH-TBZ designated as NBI-98782 
(Table 2, page 42). This slower conversion 
to NBI-98782 from valbenazine (compared 
with its formation from oral tetrabenazine) 
yielded improved kinetics and permit-
ted once-daily dosing; moreover, because 
the metabolism of NBI-98782 is not solely 
dependent on CYP2D6, the need for geno-
typing was removed. Neither of the 2 
metabolites from valbenazine NBI-98782 
and NB-136110 have significant affinity for 
targets other than VMAT2.11

Use in tardive dyskinesia. Recommended 
starting dosage is 40 mg once daily with 
or without food, increased to 80 mg after 1 
week, based on the design and results from 
the phase-III clinical trial.12 The FDA granted 
breakthrough therapy designation for this 
compound, and only 1 phase-III trial was 
performed. Valbenazine produced signifi-
cant improvement on the AIMS, with a mean 
30% reduction in AIMS scores at the Week 6 
endpoint from baseline of 10.4 ± 3.6.2 The 
effect size was large (Cohen’s d = 0.90) for the 
80-mg dosage. Continuation of 40 mg/d may 
be considered for some patients based on 
tolerability, including those who are known 
CYP2D6 poor metabolizers, and those tak-

Clinical Point

Valbenazine 
significantly 
reduced TD severity 
as measured by 
AIMS, with a mean 
reduction of 30%  
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ing strong CYP2D6 inhibitors. Patients 
taking strong 3A4 inhibitors should not 
exceed 40 mg/d. The maximum daily 
dose is 40 mg for those who have moder-
ate or severe hepatic impairment (Child-
Pugh score, 7 to 15). Dosage adjustment 
is not required for mild to moderate renal 
impairment (creatinine clearance, 30 to  
90 mL/min).

Pharmacologic profile, adverse 
reactions
Valbenazine and its 2 metabolites lack 
affinity for receptors other than VMAT2, 
leading to an absence of orthostasis in 
clinical trials.1,2 In the phase-II trial, 76% 
of participants receiving valbenazine (n = 
51) were titrated to the maximum dosage 
of 75 mg/d. Common adverse reactions 
(incidence ≥5% and at least twice the rate of 
placebo) were headache (9.8% vs 4.1% pla-
cebo), fatigue (9.8% vs 4.1% placebo), and 
somnolence (5.9% vs 2% placebo).1 In the 
phase-III trial, participants were random-
ized 1:1:1 to valbenazine, 40 mg (n = 72), 
valbenazine, 80 mg (n = 79), or placebo (n = 
76). In the clinical studies the most common 
diagnosis was schizophrenia or schizoaffec-
tive disorder, and 40% and 85% of partici-
pants in the phase-II and phase-III studies, 

respectively, remained on antipsychotics.1,2 
There were no adverse effects with an inci-
dence ≥5% and at least twice the rate of pla-
cebo in the phase-III trial.2 

When data from all placebo-controlled 
studies were pooled, only 1 adverse effect 
occurred with an incidence ≥5% and twice 
that of placebo, somnolence with a rate of 
10.9% for valbenazine vs 4.2% for placebo. 
The incidence of akathisia in the pooled 
analysis was 2.7% for valbenazine vs 0.5% 
for placebo. Importantly, in neither study 
was there a safety signal related to depres-
sion, suicidal ideation and behavior, or par-
kinsonism. There also were no clinically 
significant changes in measures of schizo-
phrenia symptoms. 

The mean QT prolongation for val-
benazine in healthy participants was  
6.7 milliseconds, with the upper bound of 
the double-sided 90% confidence interval 
reaching 8.4 milliseconds. For those taking 
strong 2D6 or 3A4 inhibitors, or known 
2D6 poor metabolizers, the mean QT pro-
longation was 11.7 milliseconds (14.7 mil-
liseconds upper bound of double-sided 
90% CI). In the controlled trials, there was 
a dose-related increase in prolactin, alka-
line phosphatase, and bilirubin. Overall, 
3% of valbenazine-treated patients and 2% 

Clinical Point

Patients taking 
strong 3A4 inhibitors 
should not exceed  
40 mg/d

Table 2

Binding profile of tetrabenazine’s major metabolites  
(Ki nM - cloned human receptors) 

Receptor
(R,S,S)-(-)-β-DHTBZ

NBI-98772
(S,S,S)-(-)-α-DHTBZ

NBI-98771
(S,R,R)-(+)-β-DHTBZ

NBI-98795
(R,R,R)-(+)-α-DHTBZ

NBI-98782

VMAT2 690 250 10 4.2

D2 53 180 >1,000 >1,000

D3 400 230 >1,000 >1,000

D4 79 >1,000 >1,000 >1,000

D5 590 >1,000 >1,000 >1,000

5-HT1A >1,000 750 >1,000 >1,000

5-HT2B 460 600 >1,000 >1,000

5-HT7 6 71 >1,000 >1,000

a-1A 980 >1,000 970 >1,000

a-2A 220 >1,000 >1,000 >1,000

Source: Reference 10
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of placebo-treated patients discontinued 
because of adverse reactions. 

As noted above, there were no adverse 
effects with an incidence ≥5% and at least 
twice the rate of placebo in the phase-III 
valbenazine trial. Aggregate data across all 
placebo-controlled studies found that som-
nolence was the only adverse effect that 
occurred with an incidence ≥5% and twice 
that of placebo (10.9% for valbenazine vs 
4.2% for placebo).2 As a comparsion, rates 
of sedation and akathisia for tetrabenazine 
were higher in the pivotal Huntington’s 
disease trial: sedation/somnolence 31% vs 
3% for placebo, and akathisia 19% vs 0% for 
placebo.8

How it works
Tetrabenazine, a selective VMAT2 inhibi-
tor, is the only agent that has demonstrated 
significant efficacy and tolerability for TD 
management; however, its complex metab-
olism generates numerous isomers of the 
metabolites α-DH-TBZ and β-DH-TBZ, 
of which only 2 are significantly active 
(Table 3). By choosing an active isomer 
(NBI-98782) as the metabolite of interest 
because of its selective and potent activ-
ity at VMAT2 and having a metabolism 
not solely dependent on CYP2D6, a com-
pound was generated (valbenazine) that 
when metabolized slowly converts into 
NBI-98782. 

Pharmacokinetics
Valbenazine demonstrates dose-proportional 
pharmacokinetics after single oral dos-
ages from 40 to 300 mg with no impact of 
food or fasting status on levels of the active 

metabolite. Valbenazine has a Tmax of 0.5 to 
1.0 hours, with 49% oral bioavailability. The 
plasma half-life for valbenazine and for NBI-
98782 ranges from 15 to 22 hours. The Tmax  
for NBI-98782 when formed from valbena-
zine occurs between 4 and 8 hours, with a 
Cmax of approximately 30 ng/mL. It should 
be noted that when NBI-98782 is generated 
from oral tetrabenazine, the mean half-life 
and Tmax are considerably shorter (6 hours 
and 1.5 hours, respectively), while the Cmax  
is much higher (approximately 77 ng/mL) 
(Table 4, page 44). 

	Valbenazine is metabolized through 
endogenous esterases to NBI-98782 and 
NBI-136110. NBI-98782, the active metabo-
lite, is further metabolized through multiple 
CYP pathways, predominantly 3A4 and 
2D6. Neither valbenazine nor its metabo-
lites are inhibitors or inducers of major CYP 
enzymes. Aside from VMAT2, the results of 
in vitro studies suggest that valbenazine and 
its active metabolite are unlikely to inhibit 
most major drug transporters at clinically 
relevant concentrations. However, valbena-
zine increased digoxin levels because of inhi-
bition of intestinal P-glycoprotein; therefore 
plasma digoxin level monitoring is recom-
mended when these 2 are co-administered.

Efficacy
Efficacy was established in a 6-week, fixed-
dosage, double-blind, placebo-controlled 
trial of adult patients with TD. Eligible par-
ticipants had:

•	DSM-IV diagnosis of antipsychotic-
induced TD for ≥3 months before screening 
and moderate or severe TD, as indicated 
by AIMS item 8 (severity of abnormal 

Clinical Point

Neither valbenazine 
or its metabolites 
are inhibitors or 
inducers of major 
CYP enzymes

Table 3

VMAT2 Binding affinities of valbenazine and its 2 metabolites
VMAT2 binding affinity Binding profile

Valbenazine (NBI-98854) 150 nM Antagonist

NBI-98782 3 nM Antagonist

NBI-136110 220 nM Antagonist
VMAT2: vesicular monoamine transport type 2

Source: Reference 2
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Clinical Point

In the pooled 
analysis, somnolence 
was the only adverse 
effect with an 
incidence of ≥5% 
and twice that of 
placebo

movement), which was rated by a blinded, 
external reviewer using a video of the par-
ticipant’s AIMS assessment at screening

•	a DSM-IV diagnosis of schizophrenia or 
schizoaffective disorder or mood disorder 
(and stable per investigator)

•	Brief Psychiatric Rating Scale score <50 
at screening. 

	Exclusion criteria included clinically sig-
nificant and unstable medical conditions 
within 1 month before screening; comor-
bid movement disorder (eg, parkinsonism, 
akathisia, truncal dystonia) that was more 
prominent than TD; and significant risk for 
active suicidal ideation, suicidal behavior, or 
violent behavior.2 Participants had a mean 
age of 56, 52% were male, and 65.7% of par-
ticipants in the valbenazine 40-mg group 
had a schizophrenia spectrum disorder diag-
nosis, as did 65.8% in both the placebo and 
valbenazine 80-mg arms.

Antipsychotic treatments were permit-
ted during the trial and >85% of participants 
continued taking these medications during 
the study. Participants (N = 234) were ran-
domly allocated in a 1:1:1 manner to val-
benazine 40 mg, 80 mg, or matched placebo. 
The primary outcome was change in AIMS 
total score (items 1 to 7) assessed by central, 
independent raters. Baseline AIMS scores 
were 9.9 ± 4.3 in the placebo group, and 9.8 
± 4.1 and 10.4 ± 3.6 in the valbenazine 40-mg 
and 80-mg arms, respectively.2 

Outcome. A fixed-sequence testing proce-
dure to control for family-wise error rate and 
multiplicity was employed, and the primary 
endpoint was change from baseline to Week 
6 in AIMS total score (items 1 to 7) for val-

benazine 80 mg vs placebo. Valbenazine, 40 
mg, was associated with a 1.9 point decrease 
in AIMS score, while valbenazine, 80 mg, 
was associated with a 3.2 point decrease 
in AIMS score, compared with 0.1 point 
decrease for placebo (P < .05 for valbena-
zine, 40 mg, P < .001 for valbenazine, 80 mg). 
This difference for the 40-mg dosage did not 
meet the prespecified analysis endpoints; 
however, for the 80-mg valbenazine dosage, 
the effect size for this difference (Cohen’s d) 
was large 0.90. There also were statistically 
significant differences between 40 mg and  
80 mg at weeks 2, 4, and 6 in the intent-to-
treat population. Of the 79 participants, 
43 taking the 80-mg dosage completed a 
48-week extension. Efficacy was sustained 
in this group; however, when valbenazine 
was discontinued at Week 48, AIMS scores 
returned to baseline after 4 weeks.

Tolerability
Of the 234 randomized patients, 205 (87.6%) 
completed the 6-week trial. Discontinuations 
due to adverse events were low across all 
treatment groups: 2.6% and 2.8% in the pla-
cebo and valbenazine 40-mg arms, respec-
tively, and 3.8% in valbenazine 80-mg 
cohort. There was no safety signal based 
on changes in depression, suicidality, par-
kinsonism rating, or changes in schizo-
phrenia symptoms. Because valbenazine 
can cause somnolence, patients should not 
perform activities requiring mental alert-
ness (eg, operating a vehicle or hazardous 
machinery) until they know how they will 
be affected by valbenazine. 

Valbenazine should be avoided in 
patients with congenital long QT syn-

Table 4

Comparative kinetic data for (R, R, R)-(+)-α-DHTBZ (NBI-98782) based 
on conversion from oral tetrabenazine or valbenazine

Tmax Cmax T1/2

Tetrabenazine 1.5 hours ~ 77 ng/ml 6 hours

NBI-98782 4 to 8 hours ~ 30 ng/ml 15 to 22 hours

Source: Neurocrine Biosciences, data on file
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drome or with arrhythmias associated 
with a prolonged QT interval. For patients 
at increased risk of a prolonged QT inter-
val, assess the QT interval before increas-
ing the dosage.

Clinical considerations 
Unique properties. Valbenazine is metabo-
lized slowly to a potent, selective VMAT2 
antagonist (NBI-98782) in a manner that 
permits once daily dosing, removes the 
need for CYP2D6 genotyping, and provides 
significant efficacy. 

Why Rx? The reasons to prescribe valbena-
zine for TD patients include:

•	�currently the only agent with FDA 
approval for TD 

•	�fewer tolerability issues seen with the 
only other effective agent, tetrabenazine

•	�no signal for effects on mood param-
eters or rates of parkinsonism

•	�lack of multiple daily dosing and possi-
ble need for 2D6 genotyping involved 
with TBZ prescribing.

Dosing
The recommended dosage of valbenazine 
is 80 mg/d administered as a single dose 
with or without food, starting at 40 mg 
once daily for 1 week. There is no dosage 
adjustment required in those with mild to 
moderate renal impairment; however, val-
benazine is not recommended in those with 
severe renal impairment. The maximum 
dose is 40 mg/d for those who with mod-
erate or severe hepatic impairment (Child-

Pugh score, 7 to 15) however, valbenazine is 
not recommended for patients with severe 
renal impairment (creatinine clearance <30 
mL/min) because the exposure to the active 
metabolite is reduced by approximately 
75%. The combined efficacy and tolerability 
of dosages >80 mg/d has not been evalu-
ated. Adverse effects seen with tetrabena-
zine at higher dosages include akathisia, 
anxiety, insomnia, parkinsonism, fatigue, 
and depression.

A daily dose of 40 mg may be consid-
ered for some patients based on tolerabil-
ity, including those who are known CYP 
2D6 poor metabolizers, and those taking 
strong CYP2D6 inhibitors.2 For those tak-
ing strong 3A4 inhibitors, the maximum 
daily dose is 40 mg. Concomitant use of 
valbenazine with strong 3A4 inducers is not 
recommended as the exposure to the active 
metabolite is reduced by approximately 
75%.2 Lastly, because VMAT2 inhibition 
may alter synaptic levels of other mono-
amines, it is recommended that valbena-
zine not be administered with monoamine 

Related Resources
•	�Abnormal involuntary movement scale (AIMS): overview. 

www.cqaimh.org/pdf/tool_aims.pdf.

•	�Instructions for performing AIMS exam. http://healthnet. 
umassmed.edu/mhealth/AIMSDirectionsandScoring 
Conventions.pdf.

Drug Brand Names

Amantadine • Symmetrel
Clonazepam • Klonopin
Reserpine • Serpasil

Tetrabenazine • Xenazine
Valbenazine • Ingrezza

Bottom Line
Valbenazine is the only medication, other than tetrabenazine, to demonstrate 
efficacy for tardive dyskinesia (TD) in placebo-controlled studies. Valbenazine is well 
tolerated, and at the recommended dosages is not associated with development 
of depression or suicidality, insomnia, or parkinsonism. The binding profile of the 
active metabolite NBI-98782 is marked by high affinity and selectivity for VMAT2 
receptors, a feature that appears to be effective for the treatment of TD, with no 
appreciable affinity for adrenergic, dopaminergic, or serotonergic receptors.

Clinical Point

There is no dosage 
adjustment required 
in those with mild 
to moderate renal 
impairment
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oxidase inhibitors, such as isocarboxazid, 
phenelzine, or selegiline.

Contraindications
There are no reported contraindications for 
valbenazine. As with most medications, 
there is limited available data on valbenazine 
use in pregnant women; however, admin-
istration of valbenazine to pregnant rats 
during organogenesis through lactation pro-
duced an increase in the number of stillborn 
pups and postnatal pup mortalities at doses 
under the maximum recommended human 
dose (MRHD) using body surface area 
based dosing (mg/m2). Pregnant women 
should be advised of the potential risk to a 
fetus. Valbenazine and its metabolites have 
been detected in rat milk at concentrations 
higher than in plasma after oral administra-
tion of valbenazine at doses 0.1 to 1.2 times 
the MRHD (based on mg/m2). Based on ani-
mal findings of increased perinatal mortal-
ity in exposed fetuses and pups, woman are 
advised not to breastfeed during valbenazine 
treatment and for 5 days after the final dose. 
No dosage adjustment is required for geriat-
ric patients. 
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