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INTRODUCTION 
Tardive dyskinesia (TD) is a spectrum 

of hyperkinetic movement disorders 
associated with the use of dopamine 
receptor blocking agents. Among the 
dopamine receptor blockers, neuro-
leptics or antipsychotics have been the 
drugs most frequently associated with 
TD.1 The diagnosis of TD, as set forth 
by the Diagnostic and Statistical Manual 
of Mental Dis orders, fourth edition, text 
revision, requires ruling out other poten-
tial medical conditions; exposure to an 
antipsychotic for at least four weeks; and 
the presence of physical symptomatol-
ogy.2 Involuntary athetoid or choreiform 
movements of the tongue, lips, face, and 
extremities are classic characteristics of 
TD and may appear one to two years into 
treatment with dopamine receptor block-
ers. Routine use of the Abnormal Invol-
untary Movement Scale (AIMS) is widely 
accepted for detecting or evaluating the 
severity of dyskinesia in patients receiv-
ing chronic antipsychotic therapies.3

The primary pathophysiology of TD is 
unknown; etiologies that have been inves-
tigated include dopamine receptor super-
sensitivity, gamma-aminobutyric acid 
hypofunction, and neurodegeneration.2,4

Antipsychotic therapy is the primary 
treatment for schizophrenia, and many 
patients may require its lifelong use. 
The incidence of TD is nearly 1%, with a 
prevalence of up to 30% in patients with 
schizophrenia receiving antipsychotic 
therapies.5 The second-generation anti-
psychotics have been associated with 
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a lower risk of developing TD than 
first-generation antipsychotics; how-
ever, recent publications suggest that 
the incidence and prevalence of TD 
may be comparable.5,6 People at higher 
risk for developing TD include those 
receiving prolonged treatment with 
antipsychotics, the elderly, women, and 
African-Americans.7 Pharmaco genomic 
involvement of dopamine receptor poly-
morphisms (Ser9Gly and TaqA) has 
also been associated with increased 
development of TD in select ethnicities.8

Valbenazine (Ingrezza, Neurocrine 
Biosciences), approved by the FDA in 
2017, is the fi rst medication indicated for 
the treatment of adults with TD.9 Until 
now, there has been no well-studied treat-
ment for TD, and management strategies 
have included utilizing off-label medica-
tions or supplements, such as tetrabena-
zine, clonazepam, or Ginkgo biloba.10 Tet-
rabenazine, approved for the treatment 
of chorea associated with Huntington’s 
disease, is a monoamine depleter that has 
shown positive results in small studies 
and case reports of TD.11–13 The active 
metabolites of tetrabenazine, alpha and 
beta enantiomers, function as vesicle 
monoamine transporter 2 (VMAT2) inhib-
itors and antagonists at the dopamine 
D2 receptor, respectively.13 This racemic 
combination may correspond to tetraben-
azine’s antipsychotic-like adverse effect 
profi le and the risk of suicidal ideation, 
depression, and neuroleptic malignant 
syndrome.11 Valbenazine is the purifi ed 
prodrug of the (+)-alpha-isomer of tetra-
benazine, the most selective enantiomer 
for VMAT2.13

CHEMICAL STRUCTURE
Valbenazine, a benzoquinolizidine 

derivative, is a highly selective VMAT2 
inhibitor.14,15 Its molecular formula is 
C38H54N2O10S2, and its molecular weight 
is 762.97 g/mol; its chemical structure 
is shown in Figure 1. As Ingrezza, it is 
available as 40-mg and 80-mg capsules. 
Valbenazine is formulated as a tosylated 
salt and is slightly soluble in water. Each 

capsule contains 73 mg  or 146 mg of 
valbenazine tosylate, which is equiva-
lent to 40 mg or 80 mg of valbenazine, 
respectively. The capsules should be 
stored at temperatures between 20° and 
25° C.14

MECHANISM OF ACTION
Valbenazine’s mechanism of action is 

mediated through the reversible inhibi-
tion of VMAT2 in the treatment of TD.14

VMAT2 is selective to the central ner-
vous system and is responsible for the 
transport and recycling of neurotransmit-
ters across the synapse. The inhibition 
of VMAT2 augments neurotransmitter 
degradation and results in presynaptic 
neurotransmitter depletion, particularly 
of dopamine.16 Dopamine neurotransmis-
sion is essential for motor control and 
its dysregulation is often associated with 
hyperkinetic disorders.

Valbenazine and its active metabolite 
(+)-alpha-dihydroxytetrabenazine (R,R,R-
HTBZ) demonstrate a high degree of affi n-
ity for VMAT2 with inhibitory constants 
(Ki) of 150 nM and approximately 3 nM, 
respectively, with no appreciable binding 
affi nity (Ki greater than 5,000 nM) for 
dopaminergic, serotonergic, or adrener-
gic receptors.14 R,R,R-HTBZ is one of the 
four metabolites of tetrabenazine and may 
be responsible for its benefi t in patients 
with Huntington’s chorea and TD. 
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Figure 1  Chemical Structure 
Of Valbenazine14
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PHARMACOKINETICS
The selective affinity of valbenazine 

and R,R,R-HTBZ to VMAT2 may be 
responsible for the drug’s therapeutic 
effect in managing TD.

Absorption and Distribution
Valbenazine has moderate absorption 

with an absolute oral bioavailability of 
approximately 49%; time to maximum 
concentration ranges from 0.5 to 1.0 hour. 
Valbenazine can be taken with or without 
food; however, ingestion of high-fat meals 
decreases maximum plasma concentra-
tion (Cmax) by 47% and area under the 
curve (AUC) by 13%. The R,R,R-HTBZ 
Cmax and AUC are unaffected by high-
fat meals. The mean steady-state volume 
of distribution is 92 L. Valbenazine and 
R,R,R-HTBZ exhibit protein binding of 
99% and 64%, respectively.14 

Metabolism and Elimination
Valbenazine is primarily metabolized 

via the hydrolysis of the valine ester 
and cytochrome P450 (CYP) 3A4/5 into 
R,R,R-HTBZ and a mono-oxy metabolite. 
The R,R,R-HTBZ is further metabolized in 
part by CYP2D6. Valbenazine and R,R,R-
HTBZ have a half-life of 15 to 22 hours 
and a mean plasma clearance of 7.2 L per 
hour. After administration of an oral dose, 
approximately 60% was excreted in the 
urine and 30% in the feces.14

CLINICAL STUDIES
The safety and efficacy of valbenazine 

were established in two published ran-
domized, double-blind, placebo-controlled 
trials, Kinect 2 and Kinect 3. Both used 
blinded movement-disorder specialists 
as video raters to assess AIMS scores. 
Unlike previous VMAT inhibitors, once-
daily valbenazine demonstrated efficacy 
with a limited side effect profile. 

KINECT 2
In this phase 2 trial, O’Brien et al. 

observed a mean reduction of 2.4 points 
on the AIMS at six weeks in patients with 
moderate-to-severe TD taking valbena-
zine. This dose-titration study random-
ized 102 medically stable patients 18 to 
85 years of age with clinical diagnoses of 
schizophrenia, schizoaffective disorder, 
or mood disorder. Patients had to remain 
on a stable dose of a dopamine antagonist 
for at least 30 days before baseline. Tetra-
benazine and the use of as-needed benzo-

diazepines, amantadine, or anticholinergic 
medications were prohibited.17

Patients were randomized 1:1 to valbena-
zine or placebo. The valbenazine group 
was initiated at 25 mg and titrated 25 mg 
every two weeks to a maximum of 75 mg 
per day as tolerable. Fifty-seven percent 
of the patients were men, mean age was 
56 years, and the mean AIMS score was 8 
at baseline. At six weeks, the reduction in 
AIMS score from baseline was 1.1 for pla-
cebo and 3.6 for valbenazine (P = 0.0005). 
Secondary assessments noted statisti-
cal improvement in the Clinical Global 
Impression of Change Scale for Tardive 
Dyskinesia (CGI-TD) of 0.8 (P < 0.0001) 
at six weeks.17

KINECT 3
The Kinect 3 trial was a phase 3, 

parallel-group trial of valbenazine in 
patients with TD. The six-week study 
randomized 225 participants in a 1:1:1 
fixed-sequence ratio to once-daily placebo, 
valbenazine 40 mg per day, or valbenazine 
80 mg per day. The primary efficacy end-
point was change from baseline at week 6 
between placebo and valbenazine 80 mg 
per day on the AIMS score. Nearly 65% 
of patients were diagnosed with schizo-
phrenia or schizoaffective disorder, 
with an average baseline AIMS of 10, 
and 85.5% of the patients were receiving 
antipsychotics.18

At six weeks, valbenazine 80 mg per day 
demonstrated a mean reduction in AIMS 
score of 3.2 (P < 0.001) versus placebo.18 

ADVERSE EFFECTS
In three six-week, randomized, double-

blind, placebo-controlled clinical trials, 
262 patients received 25 mg to 100 mg 
of valbenazine per day. Based on pooled 
data analysis, the most common adverse 
reactions were somnolence (10.9%) and 
anticholinergic effects (5.4%). Other 
adverse effects included balance dis-
orders and falls (4.1%), headache (3.4%), 
akathisia (2.7%), vomiting (2.6%), nau-
sea (2.3%), and arthralgia (2.3%). During 
the controlled studies, there were dose-
related increases in prolactin, alkaline 
phosphatase, and bilirubin.14,17,18

DOSAGE AND ADMINISTRATION
Valbenazine is intended only for oral 

administration in adults and is dosed once 
daily, with or without food. The initial 
dose of 40 mg once daily is administered 

for one week and then increased to the 
recommended dose of 80 mg once daily.14 

WARNING AND PRECAUTIONS 
Somnolence and QT prolongation 

have been associated with valbenazine. 
Patients should not perform activities 
requiring mental alertness, such as 
operating heavy machinery, until they 
know how they will be affected. Based 
on two healthy volunteer studies, val-
benazine resulted in a mean QT prolon-
gation of 6.7 msec in healthy individu-
als and 11.7 msec in poor metabolizers 
of CYP2D6 or patients taking strong 
CYP2D6 or CYP3A4 inhibitors. A baseline 
electrocardiogram may be warranted in 
patients with these risk factors.14

Special Populations
Pediatric and Geriatric Use
No controlled trials have been con-

ducted to establish the safety and efficacy 
of valbenazine in the pediatric population. 
In the geriatric population, no dose adjust-
ment is recommended. In the Kinect 3 
trial, only 16% of patients included in the 
efficacy and safety analysis were 65 years 
of age and older.14

Hepatic and Renal Impairment
The recommended dose for patients 

with moderate or severe hepatic impair-
ment (Child–Pugh score 7–15) is 40 mg 
once daily. Valbenazine does not undergo 
primary renal metabolism, and no dose 
reduction is needed in patients with mild-
to-moderate renal impairment (creatinine 
clearance, 30 to 90 mL/min). Valbena-
zine is not recommended in patients with 
severe renal impairment.14 

Pregnancy and Lactation
Limited data exist to inform prescribers 

of any drug-associated risk in pregnant 
or lactating women. In animal studies, 
a delay in fetal development in pregnant 
rabbits and an increased incidence of 
stillbirths and postnatal pup mortality in 
pregnant rats were noted at the maximum 
recommended human dose of 80 mg per 
day. No malformation or effect on neuro-
behavioral functioning was observed. 
Valbenazine and its metabolite were 
found in rat milk at 0.1 to 1.2 times the 
maximum recommended human dose. 
Due to a lack of information, women 
should be cautioned about valbenazine 
use in pregnancy. Breastfeeding is not 
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recommended during treatment and for 
five days after the final dose.14

Drug–Drug Interactions 
Several drug classes have clinically 

important interactions with valbenazine, 
including monoamine oxidase inhibi-
tors, strong CYP3A4 inhibitors, strong 
CYP2D6 inhibitors, strong CYP3A4 
inducers, and digoxin (Table 1).14

In contrast, based on in vitro study 
results, substrates of CYP1A2, CYP2B6, 
CYP2C8, CYP2C9, CYP2C19, CYP2E1, 
or CYP3A4/5 have no clinically important 
interactions with valbenazine, and dosage 
adjustment for valbenazine is not needed.14

COST
The average wholesale price for 30 

capsules of valbenazine (a one-month 
supply for most patients) is $5,750 for the 
40-mg strength and $6,225 for the 80-mg 
strength.19 Neuro crine, the maker of 
Ingrezza, offers a patient-assistance pro-
gram and a patient copay coupon that will 
cover up to a maximum of 35% of annual 
wholesale acquisition costs for Ingrezza. 
This program is not available for unin-
sured patients or those insured under any 
federal, state, or governmental program. 
Valbenazine can only be purchased from 
specialty pharmacies.20 

P&T COMMITTEE  
CONSIDERATIONS

Over the last decade, antipsychotics 
have become ubiquitous, gaining indi-
cations and off-label uses in many 
psychiatric disorders. Despite the 
increased use of second-generation 
antipsychotics, the foreseeable risks for 
TD have apparently not changed, and 
its prevalence may continue to remain 
stable or even rise. Unlike its predeces-
sors, valbenazine has demonstrated effi-
cacy without a reported risk of worsening 
psychiatric conditions. In patients who 
develop TD from chronic antipsychotic 
therapies, valbenazine could be consid-

Table 1  Clinically Significant Drug Interactions With Valbenazine14

Monoamine Oxidase Inhibitors 

Clinical implication Concomitant use of valbenazine with MAOIs may increase the concentration of monoamine neurotransmitters in 
synapses, potentially leading to increased risk of adverse reactions, such as serotonin syndrome, or attenuated 
treatment effect of valbenazine.

Prevention or management Avoid concomitant use of valbenazine with MAOIs.

Examples Isocarboxazid (Marplan, Validus Pharmaceuticals), phenelzine, selegiline

Strong CYP3A4 Inhibitors

Clinical implication Concomitant use of valbenazine with strong CYP3A4 inhibitors increased the exposure (Cmax and AUC) to  
valbenazine and its active metabolite compared with the use of valbenazine alone. Increased exposure of  
valbenazine and its active metabolite may increase the risk of exposure-related adverse reactions.

Prevention or management Reduce valbenazine dose when valbenazine is coadministered with a strong CYP3A4 inhibitor. 

Examples Itraconazole, ketoconazole, clarithromycin

Strong CYP2D6 Inhibitors

Clinical implication Concomitant use of valbenazine with strong CYP2D6 inhibitors may increase the exposure (Cmax and AUC)  
to valbenazine’s active metabolite compared with the use of valbenazine alone. Increased exposure of  
active metabolite may increase the risk of exposure-related adverse reactions.

Prevention or management Consider reducing valbenazine dose based on tolerability when valbenazine is coadministered with a strong 
CYP2D6 inhibitor.

Examples Paroxetine, fluoxetine, quinidine

Strong CYP3A4 Inducers

Clinical implication Concomitant use of valbenazine with a strong CYP3A4 inducer decreased the exposure of valbenazine and its 
active metabolite compared with the use of valbenazine alone. Reduced exposure of valbenazine and its active 
metabolite may reduce efficacy.

Prevention or management Concomitant use of strong CYP3A4 inducers with valbenazine is not recommended.

Examples Rifampin, carbamazepine, phenytoin, St. John’s worta

Digoxin

Clinical implication Concomitant use of valbenazine with digoxin increased digoxin levels because of inhibition of intestinal 
P-glycoprotein.

Prevention or management Digoxin concentrations should be monitored when coadministering valbenazine with digoxin. Increased digoxin 
exposure may increase the risk of exposure-related adverse reactions. Dosage adjustment of digoxin may be 
necessary.

a The induction potency of St. John’s wort may vary widely based on preparation. 
AUC = area under the curve; Cmax = maximum plasma concentration; CYP = cytochrome P450; MAOIs = monoamine oxidase inhibitors. 
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ered as the first-line option to manage 
their dyskinesia.

The high cost of valbenazine may limit 
its use and will be the major obstacle for 
access to this medication. Nearly 80% of 
patients with schizophrenia receive insur-
ance through the government, and a large 
population is treated within state hospital 
systems where resources and budgets 
may be limited.21

CONCLUSION 
Valbenazine is the first medication 

approved by the FDA for the treat-
ment of adults with TD, a spectrum of 
hyperkinetic movement disorders often 
associated with antipsychotic therapy. 
Once-daily valbenazine has demonstrated 
efficacy with a limited side effect profile, 
but the extent of its utilization remains 
to be seen. Clinicians will have to con-
sider the implications on the cost of 
health care if this novel treatment is to 
be implemented to manage TD.
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