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Purpose of review

This a comprehensive review of the literature regarding the use of Valbenazine in treating
tardive dyskinesia. A primarily oral movement disorder induced by chronic exposure to
certain classes of medications, tardive dyskinesia is often resistant to many therapeutic
approaches. This review presents the background, evidence, and indications for the use of
Valbenazine as a treatment option for this condition.

Recent Findings

Tardive dyskinesia is a disorder arising from long-term exposure to medications that
blocked dopamine receptors, primarily antipsychotics. It is characterized by abnormal
movements of the oral-buccal-lingual structures as well as associated pain and
hypertrophy. Simply stopping the use of the dopamine blocking agents effectively
alleviates the symptoms but is not always reliable hence the need for another therapeutic
approach.

Valbenazine is thought to function as a highly selective inhibitor of the VMAT?2 vesicular
monoamine transporter resulting in decreased availability of dopamine in the presynaptic
cleft. This leads to decreased dopaminergic activation of the striatal motor pathway. The
FDA approved Valbenazine in 2017 to treat tardive dyskinesia in adults and needs to be
evaluated with existing therapeutic approaches.

Summary

The chronic use of dopamine receptor blocking agents, most commonly antipsychotics,
can lead to a movement disorder called tardive dyskinesia. Once symptom onset has
occurred, these movement abnormalities can persist for years to permanently, depending
on the speed and effectiveness of treatment. Valbenazine is a relatively newer option for
the treatment of tardive dyskinesia in adults. Compared to other pharmaceutical agents,
it is more selective and has limited toxicities making it an effective treatment regimen.
However, further research, including additional direct comparison studies, should be
conducted to fully evaluate this drug’s usefulness.

INTRODUCTION well-being of patients. Specifically, tardive syndromes (TS)
are movement disorders caused by chronic exposure to
drugs, classified as dopamine receptor-blocking agents
(DRBA), also known as neuroleptics.! The differentiation of
TS is often precise, and these syndromes can sometimes be

Medication-induced involuntary and repetitive movements
can significantly toll the social, emotional, and physical
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difficult to distinguish clinically. Tardive dyskinesia (TD) is
a TS characterized by repetitive oral-buccal-lingual move-
ments that include chewing, lip-smacking, pouting, open-
ing, and closing the mouth.1:2 Patients may also report
physical pain, difficulty swallowing, and even tongue hy-
pertrophy.2 In addition to the physical symptoms experi-
enced by patients, TD can also have a prominent effect on
emotional and mental well-being.3 This is evident in a 2019
study that reported patients with TD typically have a sig-
nificantly lower quality of life. The effect of TD on a pa-
tient’s quality of life was further emphasized by data cor-
relating more severe TD symptoms with a lower clinician
and self-reported quality of life. Additional diagnostic cri-
teria for TD also require that the patient have exposure to
DRBAs for at least a few months, though exposure time
can be shorter in some instances.# Additionally, symptoms
must last longer than 4-8 weeks, and if symptoms resolve
within this time period, then the diagnosis is assumed to be
neuroleptic-withdrawal emergent dyskinesia. This diagnos-
tic distinction is significant because although remittance is
possible, the symptoms of TD are often thought to be per-
manent.>

Tardive dyskinesia is most commonly associated with
antipsychotic drugs. A recent meta-analysis including 41
different studies reported that the mean prevalence of TD
is 25.3% among patients taking antipsychotic drugs.® This
study also stated that of the 11,493 patients involved in the
analysis, approximately 77% had some type of schizophre-
nia-spectrum disorder.® Antipsychotic drugs are typically
classified into two main categories. These two main cate-
gories are typical antipsychotic drugs (also referred to as
first-generation antipsychotics) and atypical antipsychotic
drugs (sometimes referred to as second-generation antipsy-
chotics). While typical antipsychotic drugs (TAPDs) were
initially thought to have a significantly higher risk of in-
ducing tardive dyskinesia and atypical antipsychotic drugs
(AAPDs) were assumed to be free of risk, both classes of
antipsychotic drugs are capable of inducing TD.” Although
TD is closely associated with antipsychotic drugs, other
dopamine receptor-blocking agents have also been noted
to cause TD.® Examples of non-antipsychotic DRBAs to in-
clude metoclopramide and prochlorperazine, which are typ-
ically used as antiemetics.”

Until recently, effective pharmaceutical treatment for
tardive dyskinesia has been scarce. However, recent inves-
tigations into the inhibition of vesicular monoamine trans-
porters (VMAT) for the treatment of TD serve as a potential
treatment option. VMAT is a membrane transporter that as-
sists in the movement and release of monoamines.® This
transporter has two isoforms, VMAT1 and VMAT2. VMAT?2
is found preferentially on monoaminergic cells within the
CNS, thereby having therapeutic value for the treatment
of TD. Valbenazine, a reversible and selective inhibitor of
VMAT2, is currently one of the only FDA approved treat-
ments for TD.

TARDIVE DYSKINESIA EPIDEMIOLOGY

Dopamine receptor-blocking agents (DRBA) such as typical
antipsychotic drugs (TAPD) and atypical antipsychotic
drugs (AAPD) are often used to treat conditions such as

schizophrenia and bipolar disorder. However, patients
treated with DRBAs are at risk for developing tardive dyski-
nesia (TD), and the link between TAPDs and TD is well-rec-
ognized. Although it was once widely thought that AAPDs
did not cause TD, these drugs still put patients at risk.” Ad-
ditionally, the previous thought that AAPDs were low risk
for TD has likely led to the expanded use of antipsychotics
for conditions such as anxiety and depression.19 While a re-
cent meta-analysis including 41 studies and 11,493 subjects
reported that the prevalence of TD with AATPs (20.7%) was
lower than the prevalence of TD with TAPD (30.0%), this
still represents a significant portion of patients affected.®
Overall, the mean prevalence of TD was 25.3%.° Addition-
ally, a cohort study reported that the annualized incidence
of TD was 3.9% for AAPDs and 5.5% for TAPDs.!1 Antipsy-
chotic drugs, however, are often used by patients that re-
quire long-term therapy. Therefore both studies included
patients assigned to AAPD groups that had previously used
TAPDs at some point.®1! Consequently, the values obtained
in both studies may have been affected by previous TAPD
therapy. Carbon et al. reported a TD prevalence of 20.7%
for the entire AAPD group and a TD prevalence of 7.2% for
the TAPD-naive group.® The variation in the reported inci-
dence of TD highlights the need for additional epidemiolog-
ical studies.

PATHOPHYSIOLOGY

The exact pathophysiology of tardive dyskinesia is un-
known. However, several theories regarding the pathophys-
iology of TD have been suggested, including dopamine re-
ceptor supersensitivity, oxidative stress, and maladaptive
plasticity.12 The dopamine supersensitivity and maladap-
tive plasticity theories are based on mechanisms involving
DRBA binding to the D2 dopamine receptor within the in-
direct pathway of the basal ganglia. The indirect pathway
inhibits the thalamus and motor cortex through dopamin-
ergic projections from the substantia nigra that synapse
with D2 receptors in the dorsal striatum.!3 Dopamine typi-
cally binds to the D2 receptors and inhibits the GABA neu-
rons within the dorsal striatum, preventing inhibition of
the globus pallidus externa. This ultimately leads to activa-
tion of the thalamus and motor pathway.!3 The dopamine
supersensitivity and maladaptive plasticity theories, there-
fore, propose that the chronic blockade of D2 receptors
within the dorsal striatum leads to hypersensitization and
upregulation of D2 receptors, thus producing excess stim-
ulation of the motor cortex, resulting in the hyperkinetic
movements as observed in TD.14

However, a recent study used autoradiography to com-
pare the amount of striatal dopamine D1, D2, and D3 re-
ceptors in monkeys with DRBA-induced TD versus monkeys
without TD.15 The study reported that the binding of D2 re-
ceptors was relatively equal to the control group, with up-
regulation of D3 receptor binding in the striatonigral neu-
rons.15 A second study used Western blots to analyze the
serotonin, dopamine, and glutamate systems within mon-
keys treated with the DRBA haloperidol, further highlight-
ing this pathway’s complexity.1¢ In the monkeys that were
treated with haloperidol, only the monkeys that did not
develop TD showed changes in the levels of 5-HT,,,
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metabotropic glutamate type 5, NMDA receptors, and
monoamine transporter type 2.16 These findings underline
the need for further investigation into the pathophysiology
and likely highly complex nature of DRBA-induced TD.

RISK FACTORS

A recent observational study classified the commonly as-
sociated risk factors of tardive dyskinesia into two groups
termed modifiable treatment-related factors and non-mod-
ifiable patient-related factors.!” One of the most important
modifiable risk factors for the development of TD is the use
of TAPDs vs. AAPDs.%17 Specifically, TAPDs have been as-
sociated with a higher risk of TD occurring when compared
to the use of AAPDs. Additional modifiable risk factors for
TD include medical comorbidities, such as diabetes mel-
litus.1718 Patients taking antipsychotics were reported to
have a significantly higher risk of type 2 diabetes mellitus
than patients not taking antipsychotics.!8 Non-modifiable
risk factors were broken into subgroups of patient-related
and illness-related risk factors for TD.17 Of the patient-re-
lated group, and older age has been widely accepted as an
increased risk factor for the development of TD.&%17 Some
studies have also cited that female patients seem to have an
increased risk of developing TD. However, this claim is vari-
able, and studies have also cited no significance between
sex and TD.%17 Additional patient-related factors that have
been suggested to have an increased risk factor include race
and genetic predisposition. One study reported a significant
difference in the rates of TD by geographical region.®
Specifically, the prevalence of TD was 17.3% in Asia, 22.3%
in Europe, 31.3% in the United States, and 31.8% collec-
tively in Australia, Africa, and the Middle East. While these
values are technically significant, these values likely repre-
sent differences in regulation, clinical procedure, and possi-
bly clinician evaluation of tardive dyskinesia. Moreover, the
most important illness-related factor associated with a pre-
disposed risk of TD is a longer illness duration.®%17 Over-
all, most of the risk factors reportedly associated with TD
tend to have variable data, emphasizing the need for further
studies.

CLINICAL PRESENTATION

Tardive dyskinesia is characterized by involuntary and
repetitive oral-buccal-lingual movements (OBL) caused by
chronic exposure to dopamine receptor-blocking agents.!
The movements associated with TD are considered complex
and can include chewing movements and lip-smacking.2
While the classical presentation of tardive dyskinesia typ-
ically involves OBL movements, patients can also present
with repetitive and stereotypic movements of the distal
limbs. Patients can also report pain typically characterized
as chronic burning or an unpleasant sensation around the
mouth or genital regions. The onset of symptoms can occur
after a few months and even after the discontinuation of
treatment with antipsychotic drugs.!® TD is often perma-
nent, and remission does not typically occur after symp-
toms are present.!? It is important to note that symptoms
must be present 4-8 weeks post-discontinuation of a DRBA

for the diagnosis to be considered tardive dyskinesia; oth-
erwise, neuroleptic-withdrawal emergent dyskinesia should
be considered.* Additionally, antipsychotics often mask the
symptoms of TD, thereby preventing a prompt diagnosis
and potentially worsening the abnormal hyperkinetic
movements.’

CURRENT TREATMENTS FOR TARDIVE
DYSKINESIA

WITHDRAWAL OF THE OFFENDING AGENT

The first consideration for treating TD would be to stop
the causative drug; however, this can be complicated by
the possibility of transient worsening of symptoms upon
abrupt drug removal or precipitate withdrawal emergent
syndrome.20:21 There is also the concern that with the re-
moval of the drug, the patient could have the return of their
psychiatric symptoms.21:22 The evidence for the strategy of
removing the offending agent is unclear, with some studies
showing no significant differences between groups contin-
ued on DRBASs versus those given a placebo and other stud-
ies showing a worsening of TD symptoms upon removal of
medication.23,24

INCREASE OF THE OFFENDING AGENT

Increasing the dose of an antipsychotic in response to TD
can temporarily improve the symptoms; however, it has
been found that this is a masking effect. Caution should be
used as this can also increase the risk of other neurologic
side-effects.21,25

SWITCHING FROM TYPICAL TO ATYPICAL
ANTIPSYCHOTIC

There has been research into changing from a typical an-
tipsychotic to risperidone, olanzapine, quetiapine, and
clozapine. These studies have yielded mixed results. Que-
tiapine was shown to decrease TD symptoms but only over
time.21:26 It is unclear if this directly stops the previous of-
fending agent or from the quetiapine itself. Both olanza-
pine and risperidone decreased symptoms over 24 weeks
and may stem from the typical short-term improvement
in symptoms when the dose of an antipsychotic is in-
creased.2127 In one study focusing on clozapine, regression
of symptoms was observed with induction of clozapine, and
the symptoms returned with discontinuation.?8 This sug-
gests an active role in the decrease of symptoms.2! Despite
the positive results regarding TD, the prevalence and sever-
ity of side effects makes clozapine unlikely as a first-line
treatment.28 Risperidone was stated to probably be effec-
tive, and olanzapine is possibly effective in the treatment of
TD.ZZ’ZQ

AMANTADINE

Amantadine is an NMDA-receptor antagonist that, both by
itself and when given with neuroleptics, has been shown
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to reduce TD symptoms significantly.3%:31 Most recently, a
randomized, double-blind, placebo-controlled study using
the Abnormal Involuntary Movement Scale (AIMS) showed
that amantadine could reduce the total, facial and oral, ex-
tremity, and severity of AIMS scores over a 2-week treat-
ment period.32 This is considered a short-term treatment,
as it reduced TD symptoms within the first seven
weeks.23,30

GABA AGONISTS

Clonazepam and diazepam, GABA, agonists, have been
shown to reduce TD symptoms; however, this effect is lost
over 3-9 months due to tolerance.33 However, in one open
study, discontinuation of clonazepam for two weeks the
drug demonstrated a return of anti-dyskinetic efficacy.23,33
These drugs are only considered short-term treatments for
TD due to side-effects and development of tolerance.21,23

ANTIOXIDANTS

Antioxidants are protective against free-radical damage and
have been studied for their effectiveness in TD to reverse
rapid dopamine metabolism-induced free radicals.3* Stud-
ies involving Vitamin E have yielded mixed results, with
the largest randomized control trial failing to show a sig-
nificant difference between patients given Vitamin E versus
those given placebo.3536 Data is still considered insuffi-
cient for Vitamin E to be regarded as an effective treat-
ment.23 Ginkgo biloba is another antioxidant that has
shown promise as a treatment of TD in a randomized
placebo-controlled trial and is considered an effective treat-
ment.37 Although the study was highly significant, there
is potential for criticism of the clinical significance of the
findings, as the difference of the Abnormal Involuntary
Movement Scale (AIMS) score between the two treatment
arms was small.

NON-PHARMACEUTICAL TREATMENT OPTIONS

The use of botulinum toxin in the treatment of TD, specif-
ically lingual-facial-buccal dyskinesia, is limited, but an
open-label study and a case series both demonstrated bot-
ulinum to be effective in reducing TD symptoms with min-
imal adverse effects.38:39 However, data is still considered
insufficient to support or refute botulinum toxin as an ef-
fective treatment for TD.23

Studies on the effects of electroconvulsive therapy (ECT)
on TD in patients with pre-existing psychological disorders
have shown mixed results. A recent retrospective study
found a significant increase in AIMS scores in 39% of the
patients.4041 Other evidence for ECT as a treatment for TD
is based on case studies. Therefore there is insufficient data
to support ECT as an effective treatment for TD.23

Data supporting deep brain stimulation (DBS) as a treat-
ment for TD was initially only in case studies and series, al-
though it did show positive results.#2-44 A recent double-
blind evaluation in which there was DBS of the globus
pallidus internal bilaterally was found to show a decrease
in extrapyramidal symptoms without cognitive decline at
6 and 12 months.4> There have also been several recent

case series that have demonstrated similar efficacy.46:47 It is
now considered a possibly effective but invasive treatment,
specifically in a patient who has failed to improve with pre-
vious treatment attempts.42:48

VMAT2 INHIBITORS

Tetrabenazine is a VMAT2 inhibitor currently used as a
treatment for Huntington’s disease.2! Although it has been
found to have efficacy as a treatment for TD in a non-ran-
domized, single-blinded study, the adverse effects of the
drug limit its clinical use.484% Currently, tetrabenazine is
only considered an option to treat TD in those unresponsive
to all other pharmacologic interventions.23

Deutetrabenazine is similar to tetrabenazine, but it has
a longer half-life and decreased serum availability of active
metabolites due to the addition of deuterium.2%50 Support-
ive data on the effects of deutetrabenazine in TD patients
have shown the drug’s effectiveness and reduced side ef-
fects.>1,52 Both during the trials and after as part of an
open-label study, minimal adverse side effects were noted.
Deutetrabenazine is considered an effective treatment for
TD.2?

VALBENAZINE DRUG INFO

Valbenazine, brand name Ingrezza, is a highly selective
VMAT?2 inhibitor approved by the FDA in 2017 to treat TD
in adults.>3 Tetrabenazine, a similar drug approved for the
treatment of Huntington’s disease, is broken down into the
active metabolites, alpha-HTBZ, and beta-HTBZ.>4 The
beta isomer functions as a D, dopamine receptor antago-
nist, which induces sedation and parkinsonism. The alpha
isomer acts as a VMAT2 inhibitor which is the action of in-
terest in treating TD.55 Valbenazine is a purified prodrug of
the alpha isomer, allowing it to be highly selective in in-
hibiting VMAT2 with a lower risk of adverse side effects due
to off-target receptor binding. It also is broken down more
slowly, leading to a longer half-life, allowing for adminis-
tration once per day.555¢ In a phase 3 randomized, double-
blind placebo-controlled trial comparing valbenazine to a
placebo, patients with moderate to severe TD with a history
of mood disorders showed improvement of their TD.57 Over
six weeks, patients were randomly assigned to receive either
a daily dose of placebo, 40 mg of valbenazine, or 80 mg of
valbenazine. At the end of the six weeks, significant reduc-
tions in AIMS scores were seen in both the 80 mg group and
the 40 mg group compared to the placebo.57

Currently, the FDA states possible adverse reactions in-
clude balance disorders, headache, anticholinergic effects,
akathisia, vomiting, nausea, and arthralgia.58 The most
common side effects have been somnolence and QT pro-
longation. Clinically significant drug interactions include
Monoamine Oxidase Inhibitors (MAOISs), strong CYP3A4 in-
hibitors, strong CYP3A4 inducers, and digoxin.>8 Although
the data is limited on the effect of valbenazine in pregnant
and breastfeeding patients, studies with rats suggest a po-
tential increase in the number of stillborn pups and postna-
tal pup mortalities.>8 Pregnant women should be advised of
the risks, and lactating women should advise not to take In-
grezza while breastfeeding. There have been no studies into
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the efficacy and safety of Ingrezza in the pediatric popula-
tion. Ingrezza is considered safe with no need for dose ad-
justments in the geriatric population and people with mild
to moderate renal impairment. Although Ingrezza does not
undergo primary renal clearance, it should not be taken
in people with severe renal impairment.>8 The dose of In-
grezza should be reduced in patients with moderate to se-
vere hepatic insufficiency. Ingrezza is currently available in
a 40 mg or 80 mg capsule to be taken once daily.>8 Although
short term studies have shown safe and efficacious results,
studies on the long term effects of valbenazine are still nec-
essary.>’

MECHANISM OF ACTION

Valbenazine is made from the alpha isomer of tetra-
benazine, the most potent and selective active metabolite,
coupled with valine which allows for a prolonged release
and rapid activation to (+) alpha dihydrotetrabenazine ((+)-
alpha HTBZ).5%59:60 Valbenazine acts to reversibly inhibit
VMAT2, a transmembrane protein responsible for uptake
and concentration of several monoamines, including
dopamine, in presynaptic vesicles in the central nervous
system (CNS). There is little to no binding of valbenazine
or its metabolites to VMAT1, which is located peripherally.
Inhibition of VMAT2 by valbenazine and its metabolites,
specifically (+)-alpha HTBZ, has been shown to preferen-
tially prevent dopamine uptake into synaptic vesicles, lead-
ing to an increase of dopamine breakdown by monoamine
oxidase (MAO) in the cytoplasm of the presynaptic neu-
ron.>61 This leads to an overall decrease in the availability
of dopamine in presynaptic cells in the motor striatum.52
This allows for a therapeutic decrease in the amount of
dopaminergic stimulation of the indirect pathway of the
motor striatum, in contrast to blockage of the dopamine
D2 receptors. Chronic use of antipsychotics that block the
D2 receptors in the indirect pathway of the motor striatum
leads to upregulation and hypersensitization of the recep-
tors.63 If the dose of the D2 receptor antagonist is increased
in response to TD, leading to a transient improvement in
symptoms at the cost of an overall increase in the TD and
other neurologic symptoms.®4

Treatment of TD by inhibition of VMAT2 inhibitors
avoids the wupregulating and hypersensitization of
dopamine receptors in response to chronic D, dopamine re-
ceptor blockers.63 VMAT?2 inhibition decreases the amount
of dopamine available to interact with D1 and D2 receptors
in the motor striatum. The binding of dopamine to the D1
receptors activates the motor striatum’s direct pathway,
leading to an increase in movement, known as the “go sig-
nal.” The indirect pathway is the inhibitory pathway, known
as the “stop signal,” and dopamine binding to D2 inhibits
the indirect pathway. Hypersensitivity of D2 receptors due
to chronic blockage leads to increased indirect pathway in-
hibition, causing an overall increase in unwanted move-
ment. VMAT2 inhibition by valbenazine decreases the
available dopamine without blocking the receptors allowing
for increased indirect pathway activity, the “stop signal,”
and reduced activity in the direct pathway, the “go sig-
nal.”61,63,65 This overall blockade of movement is proposed
to reduce TD symptoms.

PHARMACOKINETICS

Although it is not required, if valbenazine is taken with
food, patients should be aware that high-fat meals will de-
crease the C .. of valbenazine by 47%.58 There is not a
similar decrease in the C, .. of (+)-alpha HTBZ. After it
is absorbed, valbenazine is metabolized via hydrolysis of
the valine ester and mono-oxidation by CYP3 A4/5 to form
(+)-alpha HTBZ and NBI-136110, respectively.5’58 (+)-al-
pha HTBZ is then further metabolized by CYP2D6.53,58

Both valbenazine and its active metabolites, specifically
(+)-alpha HTBZ and NBI-136110, bind reversibly to VMAT2
with limited or no binding to VMAT1 or dopaminergic, sero-
tonergic, adrenergic, histaminergic, or muscarinic recep-
tors.>8 Additionally, (+)-alpha HTBZ was found to have the
most potent effect, with valbenazine and NBI-136110 hav-
ing lower affinity.5% These findings were confirmed by ex-
amining the binding of valbenazine and metabolites in rat
striatum and human platelet homogenates. This finding
was further confirmed using radioligand-binding assays in
rat forebrains.5% The specificity of the binging to VMAT2
was confirmed by multitarget activity screening of valbe-
nazine and its metabolites. Binding to more than 80 targets
was tested and showed that they did not inhibit ligand bind-
ing to the tested targets by more than 50%.59 The oral
bioavailability of valbenazine is approximately 49% of the
taken dose.>8 Valbenazine has a time to maximum plasma
concentration (t,,) ranging from 30 minutes to an
hour.>3°8,59 The active metabolite, (+)-alpha HTBZ,
reaches maximum plasma concentration (C,,,) in 4 to 8
hours.>8 The Cpax and area under the curve (AUC) of both
valbenazine and (+)-alpha HTBZ increased proportionally
to the increase in dose between 50 and 100 mg.6® Valbe-
nazine and (+)-alpha HTBZ demonstrates plasma protein
binding of approximately 99% and 64%, respectively.>3:58
Systemic accumulation of valbenazine and (+)-alpha HTBZ
was about 1.5 fold and between 2.3-2.6 fold, respectively.®®
Steady-state of both valbenazine and (+)-alpha HTBZ were
reached by day 8.5 The peak-to-trough fluctuation of val-
benazine and (+)-alpha HTBZ is approximately 250% and
68%, respectively. The decreased fluctuation of (+)-alpha
HTBZ is thought to be because it is formed and eliminated
at a more gradual pace.%®

Valbenazine has an average plasma clearance of 7.2 L/
hour with approximately 60% excreted in the urine, 30%
excreted in feces, and less than 2% excreted as unchanged
valbenazine and (+)-alpha HTBZ.53:58 Both valbenazine and
its metabolites have similar half-lives of approximately 20
hours that did not change after repeat dosage suggesting a
formation rate-limited clearance.>%6 This half-life is what
allows for dosing once a day.57

CLINICAL SAFETY AND EFFICACY

Several double-blind, randomized, controlled trials have
shown valbenazine to have significant efficacy over placebo
and be generally well-tolerated by patients and not to
worsen any underlying psychiatric conditions. Additionally,
in extension studies of valbenazine, patients were shown
to have to worsen TD symptoms following discontinuation
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of the medication, further suggesting that valbenazine is
efficacious in the treatment of TD. Finally, although the
prescribing information for valbenazine includes a warning
that the medication might prolong the QTc interval, espe-
cially when used concomitantly with medications that in-
hibit CYP2D6 or CYP3A4 or in CYP2D6 poor metabolizers,
clinical studies show no statistically significant prolonga-
tion of QTc as compared to placebo in the recommended
dosing amounts.®7

In a randomized, double-blind, placebo-controlled,
dose-titration study, 100 medically and psychiatrically sta-
ble patients, aged 18-85, with clinically diagnosed schiz-
ophrenia, schizoaffective disorder, or mood disorder, and
neuroleptic-induced moderate to severe TD were treated for
six weeks with either placebo or valbenazine.>> The start-
ing dose of 25 mg daily could be escalated by 25mg every
two weeks as needed to a maximum of 75 mg based on the
clinical judgment of the blinded Physician Investigator (PI).
It was noted that 76% of subjects taking the active med-
ication were escalated to the maximum dose, and 80% of
subjects assigned to the placebo group reached the max-
imum dose. Clinical efficacy endpoints were defined as a
change in Abnormal Involuntary Movement Scale (AIMS)
score from baseline and a difference in the Clinical Global
Impression of Change-TD (CGI-TD) from baseline as rated
by the blinded P1.55 Of the 100 patients, ten patients, five in
the placebo arm and five in the treatment arm, were with-
drawn from the trial post-randomization; however, none of
the discontinuations were attributed to the study medica-
tions. At the end of six weeks, 48.9% of participants tak-
ing the active medication had a >50% reduction in their
AIMS score from baseline compared to 18.2% of patients
in the placebo group (p=0.0005). 67% of patients taking the
active drug versus 16% of subjects in the placebo group
were rated “much improved” or “very much improved” on
CGI-TD scoring (p<0.0001).68 Although two patients in the
placebo arm of the study experienced significant treatment-
emergent adverse events (TEAEs), including one who died
of a myocardial infarction and was discontinued from the
study, no subjects taking valbenazine experienced severe
TEAESs.>5 The overall incidence of TEAEs was higher in pa-
tients taking the active medication (49%) than those taking
placebo (32.7%). The most commonly reported AEs re-
ported in the valbenazine arm of the study were fatigue
and headache (9.8% for both). The most frequently reported
AEs were constipation and urinary retention (6.1% for both)
in the placebo arm. No safety concerns for drug-induced
akathisia, parkinsonism, depression, or suicidal ideation
and behavior were noted in either arm of the study.>>

In the KINECT 3 study, a phase 3, randomized, double-
blind, placebo-controlled, fixed-dose study, 234 patients
with schizophrenia or schizoaffective disorder and a DSM
diagnosis of dopamine receptor blocker—-induced tardive
dyskinesia for three months before screening were random-
ized in a 1:1:1 distribution to receive one of the following
once daily: placebo, 40mg valbenazine, or 80mg valbe-
nazine.5¢ Clinical efficacy endpoints were defined as a
change in Abnormal Involuntary Movement Scale (AIMS)
score from baseline and a change in the Clinical Global
Impression of Change-TD (CGI-TD) from baseline. Of the
234 patients randomized, seven in the placebo group, 13 in

the 40mg valbenazine group, and nine in the 80mg group
discontinued the study.5¢ Additionally, two patients in the
80mg valbenazine arm received dosage decreases to 40 mg,
and three patients in the placebo group and one in the 40
mg group received dummy decreases. At week 6, the per-
centage of patients with a >50% reduction in their AIMS
scores from baseline in both valbenazine arms of the study
was significantly increased from placebo. However, fewer
patients in the 40 mg group than the 80mg group showed
improvement, 23.8% (p=0.002)and 40% (p<0.001) of pa-
tients respectively, compared with 8.7% in the placebo
group.56 Although there were no significant differences in
CGI-TD score between the active medication and placebo
arms in the intent-to-treat population, a significant differ-
ence was found between both the valbenazine arms and
placebo arm in the per-protocol population (p= 0.011 for
both dose groups compared against placebo). 13 patients
in total experienced treatment-emergent severe adverse
events (TEAEs) and seven were discontinued from the
study, including two in the placebo arm, one in the 40 mg
group, and four in the 80 mg group; however, none of the
events were assessed as related to the study drug, except
for one patient in the 80mg valbenazine arm who experi-
enced a reactivation of viral hepatitis.5¢ The most common
adverse effects in both the 40 mg and 80 mg valbenazine
groups were somnolence (5.6% and 5.1%, respectively) and
akathisia (4.2% and 2.5%, respectively). The most common
adverse effects in the placebo group were suicidal ideation
(5.3%) and somnolence (3.9%). There was one suicide at-
tempt during the duration of the study. However, it was
assessed not to be related to the study drug as the man
had multiple previous suicide attempts, had only received
one dose of the study drug (80 mg), and had symptoms
of dysarthria and a fall one day before starting the study
drug - the patient reported that he thought he had suffered
a stroke and did not want to live.>¢ Nine participants re-
ported worsening suicidal ideation, but these were rela-
tively evenly spread among all three treatment arms: two
patients in the 80 mg active medication group, three pa-
tients in the 40 mg group, and four patients in the placebo
group. No safety concerns for worsening psychiatric condi-
tion were reported for any group in the study.>®

A review paper of two double-blind, randomized,
placebo-controlled trials of deutetrabenazine and four dou-
ble-blind trials of valbenazine, including the affiliated
open-label or dose-blinded extensions, found that both
VMAT?2 inhibitors were significantly better than placebo at
controlling TD and well-tolerated in all studies.®8 There
were no observed increases in adverse effects from the ac-
tive medications compared to placebo in any of the trials.
Additionally, four-week discontinuation studies following
the completion of the 48-week trials showed regression to-
wards the subjects’ baseline TD symptoms.®8

198 of the 205 patients who completed the original
6-week study were enrolled in the 42-week continuation
of the KINECT 3 trial, and 124 completed the continuation
period.®® The study’s primary purpose was to determine
the long-term safety of valbenazine — subjects’ vital signs,
12-lead electrocardiogram, and laboratory assessments
were obtained at each visit in addition to descriptions of
any TEAEs. The Columbia Suicide Severity Rating Scale (C-
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SSRS), Positive and Negative Syndrome Scale (PANSS), Cal-
gary Depression Scale for Schizophrenia (CDSS), Young Ma-
nia Rating Scale (YMRS), and Montgomery-Asberg
Depression Rating Scale (MADRS) were used to assess psy-
chiatric stability. The Barnes Akathisia Rating Scale (BARS)
and the Simpson-Angus Scale (SAS) were used to determine
treatment-emergent akathisia and parkinsonism.®? Contin-
uing effects on symptoms of TD were measured on the AIMS
scale and CGI-TD as before and were generally similar to
those described for the original 6-week study period. Sub-
jects were either re-randomized to valbenazine 40 mg or 80
mg daily if they had received a placebo or continued on their
current dose of valbenazine for the extended duration.®”
Of note, 74 patients were discontinued from the study be-
fore week 48. Of these, 15.7% were discontinued due to AEs,
8.6% withdrew consent, and 7.1% were lost to follow-up.6?
The only AEs causing discontinuation of >2 patients were
somnolence and suicidal ideation. Three patients in the 80
mg group were discontinued due to somnolence. Two pa-
tients in the 40 mg group and one patient in the 80mg group
experienced suicidal ideation, significant enough to stop
the medication. The total incidence of TEAEs in the study
duration was 69.2%, and the incidence of severe TEAEs was
14.6%.99 Two participants in the 40mg valbenazine arm ex-
perienced akathisia. One patient in the 80 mg arm experi-
enced parkinsonism; BARS and SAS score changes were not
clinically significant during the extension period. Addition-
ally, scores on all the psychiatric stability measurement in-
dices remained stable throughout the extension period.®?

Of the 124 patients who completed the extension period
of the KINECT 3 trial, 121 also completed the discontinu-
ation period wherein they stopped taking valbenazine and
were allowed to wash out over four weeks.”? Analysis found
that AIMS scores at week 52, following the 4-week washout,
were higher than at the end of the original 6-week study
period. Similarly, the responder rate, defined as a >50% re-
duction in AIMS score from baseline, at week 52 was lower
than at week six for the 80 mg valbenazine arm, 16.7% after
washout compared to 38.5% at week six and 56% at week
48.70 The responder rate in the 40mg arm (27.8%) remained
higher after washout than at week six. However, it was lower
than at week 48 (19% and 33.3%, respectively).

A review paper of all available clinical studies in 2017
found that, although valbenazine may prolong the QTc in-
terval, especially in patients who are poor CYP2D6 metab-
olizers or those taking concomitant medications that ei-
ther prolong QTc interval or cause CYP2D6 inhibition, there
were no clinically significant alterations in EKG results of
participants in clinical trials, including in patients who
were taking medications known to prolong the QTc interval
potentially.”! In an analysis of two studies of healthy male
volunteers, no changes to the QTc interval were noted.®3 An
analysis of the pooled data from all three KINECT trials as
well as the 48-week extension period of the KINECT 3 trial
found that there was no statistically significant difference
in the number of cardiac-related TEAEs between any dose
of valbenazine and placebo.%7 In the 6-week double-blind,
placebo-controlled trial, there were a total of five cardiac-
related TEAEs, including myocardial infarction in one par-
ticipant in the placebo arm of the trial and sudden death
possibly resulting from a cardiovascular event in one par-

ticipant with multiple cardiac risk factors in the 80 mg val-
benazine group.5¢ Other cardiac-related TEAEs were chest
pain (n=1, 40 mg valbenazine), bradycardia (n=1, 40 mg val-
benazine), and increased blood pressure (n=1, 80 mg valbe-
nazine). Additionally, at week 6, there was no statistically
significant difference in QTc prolongation between either
active drug arm and placebo. Those who took valbenazine
40 mg daily showed a 1.1ms mean change, valbenazine 40
mg daily showed a 2.1ms mean change, and placebo showed
a 1.3ms mean change; all p-values were >0.05.67 In the
KINECT 3 extension period, three cardiac-related TEAEs
were leading to discontinuation (syncope, n=2, 1 in each
arm; cardiac failure, n=1, 80mg valbenazine), and the most
common cardiac TEAEs were chest pain (n=4, 2 in each arm)
and syncope (n=3, 40 mg; n=1, 80 mg).5¢ Further, although
more participants in the 80 mg group had a QTc increase
>30ms from baseline (24%) or a QTc >450ms (22%) than
in the 40 mg group (14.7% and 13.7%, respectively), few
participants had a significant increase in QTc (>60ms in-
crease from baseline) or a QTc >480ms. There was no sig-
nificant difference between the 40mg and 80mg groups:
QTc >60mg increase 3.2% and 3.0%, respectively, and QTc
>480ms 2.1% and 3.0%, respectively.®” Finally, subgroup
analyses revealed no exacerbating effects of valbenazine on
QTc prolongation in the population already taking medica-
tions known to prolong QTc (74.3% of the pooled study pop-
ulations). Mean QTc values for this group were 411.2ms,
414ms, and 413ms at baseline and 412.2ms, 413.7ms, and
413.6ms at week 6 for placebo, 40 mg valbenazine, and
80 mg valbenazine, respectively. This difference was not
statistically different from those for the group not taking
concomitant medications known to prolong QTc: 414.1ms,
416.3ms, 412.6ms at baseline, and 417.9ms, 418.7ms, and
418.3ms at week 6 for placebo, 40mg valbenazine, and 80mg
valbenazine, respectively.6” No analysis of QTc prolonga-
tion in patients who are poor CYP2D6 metabolizers was
performed due to the low number of study participants with
that characteristic (4.8% of study participants). At this time,
CYP genotyping is not required or recommended for pa-
tients who might be prescribed valbenazine. Table 1 sum-
marizes the studies discussed in this section.

CONCLUSION

Tardive dyskinesia is a severe and potentially permanent
side effect of dopamine receptor-blocking agents. The most
effective treatment method for tardive dyskinesia is pre-
vention. The use of any medication known to cause tardive
dyskinesia should only be used if no other treatment is in-
dicated. Additionally, dopamine receptor-blocking agents
should only be used for the shortest amount of time thera-
peutically possible. Patients should be regularly monitored
by physicians to prevent the onset or the worsening of tar-
dive dyskinesia symptoms.

Unfortunately, most patients prescribed dopamine re-
ceptor-blocking agents are being treated for lifelong ill-
nesses such as schizophrenia and bipolar disorder. By na-
ture, these conditions often require the use of antipsychotic
drugs for effective therapy and are typically lifelong,
thereby necessitating the chronic use of dopamine recep-
tor-blocking agents. Previously recommended treatments
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Table 1. Clinical Safety and Efficacy

Author (Year) Groups Studied and Intervention Results and Findings Conclusions

55 100 patients were treated with 48.9% of participants taking the Valbenazine is well tolerated and
either placebo (n=49) or active medication had a 250% significantly more effective than
valbenazine (n=51). Endpoints reduction in their AIMS score placebo in the treatment of
were a change in AIMS score from baseline compared to tardive dyskinesia.
from baseline and a change in 18.2% of patients in the placebo
CGI-TD score from baseline as group. 67% of patients taking the
rated by the blinded PI. active drug versus 16% of

subjects in the placebo group
were rated "much improved" or
"very much improved" on the
CGI-TD scale. No subjects taking
valbenazine experienced severe
TEAEs. Two patients in the
placebo arm of the study
experienced significant TEAEs.
The overall incidence of TEAEs
was higher in patients taking the
active medication (49%) than
those taking placebo (32.7%). No
safety concerns for drug-induced
akathisia, parkinsonism,
depression, or suicidal ideation
and behavior were noted in
either arm of the study.

56 234 patients were randomized in 23.8% of patients taking 40mg Valbenazine is significantly more
a 1:1:1 distribution to receive daily and 40% of patients taking effective than placebo in the
one of the following once daily: 80mg daily had a 250% treatment of tardive dyskinesia,
placebo, 40mg valbenazine, or reduction in their AIMS score and effects are dose-dependent.
80mg valbenazine. Endpoints from baseline compared to 8.7% The medication is well-tolerated
were a change in AIMS score of patients in the placebo group. and does not exacerbate existing
from baseline and a change in A significant improvement in psychiatric conditions.

CGI-TD score from baseline as CGI-TD scores was also seenin

rated by the blinded PI. both active medication groups
when compared to placebo, but
only in the per-protocol
population. There was no
appreciable increase in TEAEs in
the treatment groups compared
to the placebo, and all treatment
groups remained psychiatrically
stable for the duration of the
trial.

69 205 patients were either 69.2% of participants Valbenazine is effective long-
randomized 1:1 to 40mg or experienced TEAEs during the term for the control of TD
80mg daily of valbenazine or study period, leading to the symptoms and has a low
continued their dose from the discontinuation of 15.7% of incidence of severe TEAEs. It
6-week KINECT 3 study. participants. The incidence of does not exacerbate existing
Endpoints were study severe TEAEs was 14.6%. BARS psychiatric conditions, nor does
discontinuation due to TEAEs or and SAS score changes were not it induce akathisia or
48 weeks from the beginning of clinically significant during the parkinsonism.
the extension period. extension period. All psychiatric

stability measurement indices
remained stable throughout the
extension period. Continuing
measurements of AIMS and CGI-
TD scores remained similar to
the original 6-week trial period.

70 121 of the 124 patients who AIMS scores at week 52 were Valbenazine is effective at
completed the 48-week KINECT higher than at the end of the controlling symptoms of TD, and
3 extension period also original 6-week study period, symptoms will recur when the
completed the 4-week washout and the percentage of medication is discontinued.
period and follow-up study. responders decreased to 16.7%

Endpoints were AIMS scores and after washout compared to

CGI-TD after a 4-week drug 38.5% at week six and 56% at

washout period. week 48 in the 80mg
valbenazine group. In the 40mg
group, the responder rate was
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27.8% after washout, compared
to 19% after the original 6-week
period and 33.3% percent at
week 48.

such as antipsychotic drug withdrawal and increases in
DRBA dose only further exacerbate symptoms of TD. Sim-
ilarly, treatment with GABA agonists such as clonazepam
and diazepam only provides short-term relief of symptoms
and puts patients at risk for developing tolerance to this
drug class.

The continued use of dopamine receptor-blocking
agents, combined with the high prevalence of tardive dysk-
inesia, has prompted an inquiry into effective new treat-
ments for this condition. Consequently, vesicular
monoamine transporter inhibitors have shown recent effi-
cacious results. Valbenazine, also known as Ingrezza, is a
relatively safe pharmaceutical therapy to treat tardive dysk-
inesia induced by dopamine receptor-blocking agents. Rel-
ative to other VMAT inhibitors such as tetrabenazine and
deutetrabenazine, valbenazine is highly selective for
VMAT?2 inhibition and shows little to no binding of VMAT1
or other monoaminergic receptors within the CNS. The se-
lective nature of these drugs and the limited renal and liver
toxicity and single daily dose make valbenazine a particu-
larly effective therapy for tardive dyskinesia.
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Table 2. Comparative Studies

A review and synthesis of all
available clinical data from
PubMed, US ClinicalTrials.gov, and
EMBASE, as well as slides
requested from the manufacturers
(Neurocrine Biosciences) and the
product prescribing information
label. NNT and NNH comparing
valbenazine and placebo were
calculated as applicable.

From the pooled subject data, this
review found that the NNT for
valbenazine vs. placebo was 5, the
NNH for all pooled TEAEs was 76,
and the likelihood to be helped or
harmed (LHH) was (NNH/ NNT or
76/5) 15.2. Additionally, no
clinically significant cardiac AEs or
changes to EKG were noted in the
pooled subject data.

Citation Groups Studied and Intervention Results and Findings Conclusions
68 Literature search performed on Five of the six studies had a low Valbenazine is more effective than
PubMed, ClinicalTrials.gov, risk of bias, and one had an unclear placebo at treating TD, and has no
Cochrane library, and FDA website risk of bias due to a lack of increased risk of AEs.
produced 6 clinical trials included methodological information.
in the study. The quality of the Results confirmed efficacy of
clinical trials was assessed using valbenazine for TD with SMD
the Cochrane Collaboration risk- =-0.58, WMD =-2.07,RR = 3.05,
of-bias tool. Meta-analysis was NNT = 5. No increased risk of AEs
performed, and the primary over placebo was noted in the
endpoint was the calculated meta-analysis of safety data from
standard mean difference (SMD). the pooled trials.
Other endpoints were the
calculated weighted mean
difference (WMD), risk ratio (RR)
and number needed to treat
(NNT), and number needed to
harm (NNH) as applicable.
71

Valbenazine is significantly more
efficacious than placebo in the
treatment of tardive dyskinesia
and is well-tolerated across pooled
data from several clinical trials.

67 Data from the KINECT, KINECT 2,
and KINECT 3 6-week trials, as
well as the 42 week extension
period of the KINECT 3 trial, were
pooled (400 subjects total) and the
incidence of cardiac TEAEs
analyzed by aggregating the
MedDRA terms cardiac failure,
chest pain, ECG QT prolonged,
myocardial infarction, sudden
death, syncope, and torsades de
pointes/QT prolongation from all
studies. Additionally, the incidence
of orthostatic hypotension and
hypotension TEAEs were
aggregated using the terms blood
pressure decreased, dizziness,
dizziness postural, fall,
hypotension, orthostatic
hypotension, orthostatic
intolerance, presyncope, and
syncope.

11.8% of subjects had an existing
cardiac disorder before being
enrolled in one of the studies, and
74.3% of the pooled study
populations took a concomitant
medication known to prolong QTc.
No statistically significant
difference between the incidence
of cardiac TEAEs was found
between the groups receiving
valbenazine and placebo. At week
6, there was no statistically
significant difference in QTc
prolongation between either
active drug arm and placebo in any
of the studies.

There is a minimal increased risk of
cardiac TEAEs due to treatment
with valbenazine. It is unlikely to
prolong QTc, even in patients
taking concomitant medications
known to prolong QTc.

63 Two studies of healthy adult male
volunteers (56 pooled subjects)
not taking any other medications
were analyzed to determine the
safety, tolerability, and
pharmacokinetics (PK) of
valbenazine. PK parameters were
analyzed using liquid
chromatography to determine
plasma concentrations, and
standard noncompartmental
methods and WinNonlin
Professional v 5.2 were used to
calculate the parameters.

There were no cardiac TEAEs, or
QTc prolongation were noted in
either study. The most common
TEAEs were fatigue, headache,
insomnia, and disturbance in
attention. PK parameters were
stable, predictable, and provide
low peak-to-trough variability on a
once-daily dosing regimen. A
steady state was achieved in 8
days.

Valbenazine is generally well
tolerated and has predictable PK
parameters that allow for easy
once-daily dosing.
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