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Abstract: Tardive dyskinesia (TDJ], a movement disorder associated with antipsychotics,
most frequently affects the lower face and jaw muscles, but can also affect walking,
breathing and use of the hands and limbs. Knowledge of TD among physicians may be
limited, and the pathophysiology of TD is poorly understood. We conducted this review
to summarise the current knowledge surrounding the pathophysiology of TD and
present recommendations for prevention and treatment based on a literature search
and roundtable discussion attended by psychiatrists in Japan. It has been suggested
that dopamine hypersensitivity, damaged gamma-aminobutyric acidergic neurons and/
or increased production of reactive oxygen species may contribute to development

of TD. Symptoms can profoundly affect everyday life; patients who develop TD have
poorer prognoses, worse health-related quality of life, greater social withdrawal and
higher mortality than patients without TD. Traditional treatment options include dietary
supplements, although evidence for their effectiveness is low. Among pharmaceutical
interventions, there is moderate evidence that switching to the second-generation
antipsychotic clozapine, which has a lower affinity for dopamine D, receptors than other
antipsychotics, may improve symptoms. Vesicular monoamine transporter 2 (VMAT-2)
inhibitors, which oppose the increased dopaminergic activity associated with prolonged
antipsychotic use by interfering with dopamine uptake and storage, have the strongest
evidence for efficacy. VMAT-2 inhibitors are approved in the United States for the treatment
of TD, and the first VMAT-2 inhibitor was approved in Japan for this indication in March
2022. Most guidelines recommend treating TD by first reducing the dose of antipsychotics
or switching to clozapine or other second-generation antipsychotics, which have a lower
association with TD than first-generation antipsychotics. We recommend focusing on
prevention and monitoring for TD when prescribing antipsychotics, given that TD is often
irreversible. Physicians should treat with antipsychotics only when necessary and at the
lowest effective dose, and frequently monitor for TD symptoms.
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o Why was this review conducted?
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antipsychotic medications, used to treat mental health disorders such as schizophrenia
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long-term consequences of TD are. and potential treatments for TD. movement, so changing how the antipsychotics, which may too much reactive oxygen is present, it
brain uses dopamine may lead to contribute to development of TD.. can damage parts of the cell membrane,
development of TD. which may lead to development of TD.

Q How was the review conducted?
Prognosis (what patients should expect)

«Patients with TD have worse quality of life than patients without TD.
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very important. lowest possible dose. March 2022. first VMAT-2 inhibitor for treatment of TD in Japan will hopefully promote awareness of TD and early treatment.
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Introduction

Tardive dyskinesia (TD) is a potentially serious
neurological hyperkinetic movement disorder
that is associated with the use of antipsychotics.!>2
The epidemiology, risk factors and recommenda-
tions for diagnosis and symptom monitoring for
TD in Japan are discussed in-depth in the first
article of this supplement. Symptoms of TD
include spontaneous, repetitive and jerking
motions that commonly affect the muscles of the
lower face and jaw and occur in a choreiform
fashion; patients may also have difficulty in walk-
ing, breathing and using their hands.!** In rare
cases, TD can be life-threatening.*> TD carries a
debilitating social and functional burden for both
patients and caregivers.57

Knowledge of TD among Japanese physicians is
limited, and they may not fully understand the
importance of monitoring for this drug-induced
movement disorder among patients treated with
antipsychotics. An understanding of how to
effectively manage patients and when to initiate
treatment once diagnosed may also be lacking.
There are several factors that may contribute to
this. First, accurate and early diagnosis of TD
may be difficult owing to its delayed presenta-
tion and similarity to other movement disor-
ders.810 Second, TD is less common in Asian
patients than in other races,!! and there is a cor-
responding lack of published research dealing
specifically with TD in Asians. Third, the social
stigma associated with mental illnesses in
Japanese culture and reluctance of patients and
caregivers to seek treatment may also exacerbate
the problem.!2

TD is difficult to treat® and often irreversible.!314
In a study examining the reversibility of tardive
syndromes in patients in whom the causative
agent was discontinued, a complete resolution of
the movement disorder was achieved in 13% of
108 patients, and none of the patient clinical
characteristics (e.g. age, sex, baseline severity or
duration of drug exposure) were associated with
reversibility.14 Therefore, minimising the risk of
TD development is the first step for clinicians.
This is done by following best practice when pre-
scribing antipsychotics: ensuring the drug is opti-
mal for a specific illness, limiting the duration of
treatment and using the minimum effective
dose.!> Once TD is diagnosed, there are several
approaches that can be used for treatment.
Vesicular monoamine transporter 2 (VMAT-2)

inhibitors can be quite effective in treating TD
and should be considered as first-line treatment
for TD in countries where they are approved.13:16
In addition, antipsychotics can be modified via
discontinuation, dose reduction or switching to
another antipsychotic;15-1° switching to alterna-
tive second-generation antipsychotics (SGAs)
has been associated with reduced TD symptom
severity.!® Increasing the dose of antipsychotics
to mask TD symptoms is not recommended as
the benefits are short-lived and symptoms return
for most patients.!> Botulinum toxin can be used
in patients with focal TD1%18 and alternative
therapeutic modalities such as short-term treat-
ment with vitamin B, amantadine or deep brain
stimulation can be considered if patients do not
respond to more established therapies.!>1° While
other treatments have been evaluated, the studies
have been small, making the results difficult to
interpret.131719

Knowledge around the underlying pathophysiol-
ogy of TD remains imperfect, which has ham-
pered development of effective pharmacological
therapies until the recent development of
VMATS-2 inhibitors.2? The purpose of the present
review is to provide a synopsis of the current
understanding of the mechanisms and patho-
physiology of TD, and provide an up-to-date
summary of existing and upcoming treatment
options, with a specific focus on Japan. The impli-
cations for prognosis and unmet patient needs
will also be discussed.

Methods

We conducted a PubMed search in August 2021
to identify suitable literature to include in the pre-
sent review. The search focused on papers pub-
lished between January 2000 and August 2021,
although papers published prior to 2000 were
also included as appropriate. The following
search terms were used: ‘tardive dyskinesia’ alone
and in combination with ‘mechanism’, ‘patho-
physiology’, ‘prevention’, ‘treatment’, ‘manage-
ment’ and ‘guideline’. A roundtable discussion
was held on 9 September 2021, which formed the
basis for the expert opinion presented herein.
Among those who attended the advisory board
meeting and contributed to the consensus recom-
mendations were the authors of the present
review, as well as Professor Koichiro Watanabe
(Department of Neuropsychiatry, Faculty of
Medicine, Kyorin University, Japan).

journals.sagepub.com/home/tpp


https://journals.sagepub.com/home/tpp
http://tpp.sagepub.com

THERAPEUTIC ADVANCES in

Psychopharmacology Volume 12
(a) Substantia nigra (pars compacta)
™
Dopamine ° Dopamine
o @ °
A%

9
" Cerebral cortex '
F 7

Glutamic
acid

m Glutamic acid
(A RRRRRRRRRRRRRRRRRRRERNESERSRHN N
Direct pathway

Direct pathway: Unchanged

Indirect pathway

Indirect pathway: Increased activity

Movement: Decreased activity

(b) Substantia nigra (pars compacta)
Dopamine ° Dopamine
Sensory Glutamic acid > D; 1 D, receptor
input receptor upregulation
GABA
P ’ v % I )
| Cerebral cortex /) B i e s
7 y utamic
: > _ *es,, | acid
-y = GABA e,
v "'...
Glutamic acid ."-'n.,,Suhthalamic
s
“nucleus
Direct pathway

Direct pathway: Unchanged

Indirect pathway

Figure 1. Dopamine hypersensitivity hypothesis. (a) In short-term administration of dopamine receptor-
blocking antipsychotics, upregulation of the indirect pathway occurs: the thalamus is inhibited by excitatory
projections (via glutamic acid; red arrows) from the subthalamic nucleus to the internal globus pallidus,
leading to inhibition (via GABA, blue arrows) of motor output. (b) Long-term administration of antipsychotics
and chronic dopamine D, receptor blockade leads to downregulation of the indirect pathway; excitatory input
to the internal globus pallidus via the subthalamic nucleus is weakened, resulting in increased inhibition of
the internal globus pallidus. This in turn weakens the inhibitory projections to the thalamus, and results in
overstimulation of motor outputs (i.e. tardive dyskinesia).

GABA, gamma-aminobutyric acid.

Indirect pathway: Decreased activity

Movement: Increased activity

Pathophysiology of tardive dyskinesia

The pathophysiology of TD is not yet fully under-
stood, and multiple pathways across several neu-
rotransmitter systems have been suggested,
including the dopamine hypersensitivity hypoth-
esis, the gamma-aminobutyric acid (GABA)

hypothesis and the reactive oxygen species
hypothesis.21-24

The dopamine hypersensitivity hypothesis sug-
gests that dopamine D, receptor hypersensitivity is
related to TD, and this hypothesis is the most
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Figure 2. GABA hypothesis. The cerebral cortex provides excitatory input (red arrows) via glutamic acid to
NMDA receptors on both MSNs and PV-FSls in the striatum. PV-FSls in turn regulate the balance between
direct and indirect pathways by potent feedforward inhibition (blue arrows) of MSNs. Damage to these
GABAergic PV-FSls may lead to dysregulation of the pathways and subsequent motor disorders.

GABA, gamma-aminobutyric acid; MSN, medium spiny neuron; NMDA, N-methyl-D-aspartate; PV-FSI, parvalbumin fast-

spiking interneuron.

widely accepted explanation for TD pathogenesis
in the current literature.?>26 It is believed that the
physiological response to dopamine receptor-
blocking agents (DRBASs) is to upregulate tran-
scription of dopamine D, receptor genes, causing
an increase of postsynaptic dopamine D, receptors
in the striatum, which plays an important role in
the control of the oral musculature.27-28 The higher
expression of dopamine D, receptors results in
dopamine hypersensitivity and subsequent motor
impairment as shown in Figure 1. This hypothesis
is supported by several clinical findings. First,
increasing the dose of antipsychotics often results
in initial improvement of TD symptoms, but the
effect is only temporary.2?> Second, first-generation
antipsychotics (FGAs), which elicit greater block-
ade of dopamine D, receptors, are more likely to
cause TD than SGAs.2° Third, there is some sup-
port for this hypothesis from genetic susceptibility
studies, particularly with respect to gene polymor-
phisms in the dopamine receptor genes DRD2 and
DRD3, which have been associated with TD sus-
ceptibility in some studies.3%3! In addition, poly-
morphisms in the VMAT-2 gene, which regulates
the release of neurotransmitters implicated in TD,
are reported to be associated with TD.32 Finally,
this hypothesis is supported by the mechanism of
action of VMAT-2 inhibitors, the only pharmaco-
logical treatment with strong evidence of efficacy
in treating TD.33:3¢ Although there is support for
the dopamine hypersensitivity hypothesis, it should
be noted that this hypothesis cannot explain why

TD is often irreversible, even when antipsychotics
are stopped.2¢

The GABA hypothesis proposes that long-term
use of antipsychotics may cause damage to
GABAergic neurons in the striatum.?5:26 These
damaged GABAergic neurons become hypofunc-
tional and the balance between direct and indirect
basal ganglia pathways becomes dysregulated
(Figure 2). Evidence suggests an important link
between GABA and dopaminergic neuronal func-
tion in specific brain regions.3> However, human
studies using GABA agonists to treat TD have
shown minimal effects.3¢

The reactive oxygen species hypothesis proposes
that antipsychotics cause an increase in production
of free radicals, which act as neurotoxins.?” As
described in the dopamine hypersensitivity hypoth-
esis above, antipsychotics block dopamine D, recep-
tors, to which the brain responds by upregulating
dopamine synthesis and metabolism.2! The by-
products of dopamine metabolism, which include
hydrogen peroxide and oxygen free radicals, corre-
spondingly increase. These free radicals initiate a
chain of free radical production, leading to peroxida-
tion of polyunsaturated fatty acids and subsequent
damage to cell membrane lipids (Figure 3). If the
production of free radicals exceeds the ability of the
brain’s antioxidant systems to handle, damage to cell
membrane integrity may occur, resulting in disrup-
tion of cellular communication or destruction of
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Figure 3. Reactive oxygen species hypothesis. Long-term blockade of dopamine D, receptors by
antipsychotics results in a secondary increase in dopamine synthesis and metabolism. (a) Subsequent
auto-oxidation of dopamine and oxidation by MAO and COMT results in elevated production of free radicals
(hydrogen peroxide and hydroxy radicals), which are neurotoxic. HVA, as a metabolite of dopamine metabolism
via MAO/COMT, is associated with dopamine levels in the brain. (b) Presence of transition metals as electron
acceptors (e.g. in the form of enzymes such as superoxide dismutase) encourages formation of hydroxy
radicals, which are extremely reactive and promote lipid peroxidation of polyunsaturated fatty acids, leading to

cell membrane damage.

COMT, catechol-0-methyltransferase; HVA, homovanillic acid; MAO, monoamine oxidase.

cells.21:37 Both preclinical and clinical studies have
suggested that long-term use of antipsychotics may
promote neurotoxic free radical production, particu-
larly for FGAs.3742 A recent meta-analysis indicated
that patients with schizophrenia who received antip-
sychotics had higher levels of oxidative stress mark-
ers such as malondialdehyde and thiobarbituric acid
reactive substances, as well as higher total oxidant
status, compared with unmedicated patients.4?

Furthermore, animal studies have shown that long-
term use of antipsychotics may increase the concen-
tration of transition metals (e.g. iron, manganese
and copper) in the striatum, which may also contrib-
ute to oxidative damage.43-4

The above hypotheses are not mutually exclusive
and all may contribute to the pathogenesis of
TD. Some studies have associated TD with

journals.sagepub.com/home/tpp


https://journals.sagepub.com/home/tpp

H Takeuchi, Y Mori et al.

non-DRBAs such as tricyclic antidepressants,
selective serotonin reuptake inhibitors or lithium,
but the evidence for a causal relationship between
these drugs and TD is weak, and a plausible
mechanism for such a relationship is not known.4>
Many patients with psychiatric disorders who
present with dyskinetic disorders following expo-
sure to non-DRBAs also have past exposure to
antipsychotics, and the latent nature of TD makes
it difficult to ascribe causality in such cases.

Interestingly, symptoms of hyper- and hypoki-
netic movements have been recorded for patients
with schizophrenia prior to the introduction of
antipsychotics.40-48 A meta-analysis reported that
dyskinesia was strongly associated with antipsy-
chotic-naive patients with schizophrenia versus
healthy controls (odds ratio [OR] 3.59, 95% con-
fidence interval [CI] 1.53-8.41), and healthy
first-degree relatives of those with schizophrenia
were significantly more likely to have dyskinesia
versus healthy controls (OR 1.38, 95% CI 1.06—
1.81).4% These findings suggest that some dyski-
nesias may be related to schizophrenia itself and
not just exposure to antipsychotics.

Complications associated with tardive
dyskinesia and patient prognosis

Patients with TD may suffer from a variety of
movement impairments that can influence their
everyday functioning.5? Reduced mobility can
occur because of impairments in gait speed,
cadence, step length, posture/postural dynamics,
arm swing, gait initiation, turning and gait effi-
ciency. In severe cases, patients may have an
increased risk of falling or hip fractures. Speech
impairment often leads to a reduced ability to be
understood when speaking and a loss of natural-
ness of speech, hindering verbal communica-
tion.>® Respiratory irregularities, which involve
the laryngeal and pharyngeal muscles, can include
dysphagia or dyspnoea and may lead to choking,
aspiration, pneumonia, aspiration pneumonia
and asphyxia.2751552 A loss of fine motor skills in
the upper extremities is common with TD and
can have profound impacts on everyday tasks,
including self-care, writing and manipulation of
fine objects; this also impacts a patient’s ability to
perform work duties and participate in social or
recreational activities.’® Lower limb strength and
flexibility may also be affected. However, the
effects of these factors have not been formally
assessed in TD either independently or in relation

to everyday functioning. Cognitive function, as
measured by the Repeatable Battery for the
Assessment of Neuropsychological Status, can
also be affected. Among patients with schizophre-
nia, those with TD perform significantly worse on
tasks involving visuospatial construction and
attention and have significantly lower total index
scores than those without TD.5* Patients with
psychiatric disorders and TD have significantly
worse health-related quality of life and social
withdrawal than those without TD.>*

In addition, TD is associated with a poorer prog-
nosis than not having TD. In a 6-year cohort
study of Asian patients with schizophrenia, a
higher risk of mortality was reported for those
with TD wversus those without, and mortality was
shown to increase with TD severity.>> The small
number of deaths during the study precluded a
meaningful statistical analysis; however, the
authors noted infections such as pneumonia and
septicaemia were a numerically more common
cause of mortality in patients with TD. As motor
symptoms worsen, patients’ ability to care for
themselves deteriorates, and they require increas-
ing amounts of assistance from caregivers.>?
Patients with schizophrenia experience a high
burden associated with mental health, and this is
made worse for some patients by the presence of
TD.5* Many patients feel insecure or rejected by
society because of their TD symptoms.>® This
social isolation is associated with a poorer quality
of life among patients with schizophrenia®’ and
the negative effects may be more pronounced in
patients with more severe TD.58

It is important for physicians to be proactive in
interviewing their patients about the presence of
TD symptoms and to carefully observe them dur-
ing medical examination. Because of the poor
prognosis for many patients with TD and the
often irreversible nature of motor symptoms, pre-
vention remains the best strategy, although in
practice, this can be difficult when balancing the
risks and benefits of antipsychotics.!>

Treatment

Physicians may consider stopping administration
of antipsychotics as a first-line treatment for TD.
However, this is often not possible as patients
with schizophrenia generally require long-term
treatment to prevent relapse.!> First and fore-
most, prevention should be emphasised by using
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the lowest antipsychotic dose possible. In cases
where TD is already established, the initial clini-
cal decision is most likely to involve dose reduc-
tion if possible, but this must be weighed against
the risk of worsening psychiatric symptoms.>®
Furthermore, patients may experience a tempo-
rary worsening of TD symptoms (withdrawal-
emergent dyskinesia) immediately following dose
reduction, caused by increased dopamine stimu-
lation resulting from a decrease in dopamine
blockade.!> For patients taking FGAs, physicians
should consider switching to an SGA,!5 and for
those already receiving SGAs, dose reduction or
switching to a different antipsychotic may be
attempted with caution, but there is conflicting
evidence in support of the efficacy of adjusting
antipsychotics.®® In our experience, dose reduc-
tion and/or switching of antipsychotics have had
modest effects for treatment of TD, but we have
not had success with any other available pharma-
cological interventions.

Table 1. Summary of treatments for tardive dyskinesia.

A wide variety of treatment approaches have been
investigated since the first reports of extrapyrami-
dal symptoms emerged following the advent of
antipsychotics in the 1950s.! These include die-
tary supplements, pharmacologic interventions
and non-pharmacologic treatments. A summary of
available treatments for TD is provided in Table 1,
although it should be noted that the level of evi-
dence for many of these therapies is low.15:62-71
Furthermore, efficacy of certain interventions for
specific populations may be difficult to confirm in
studies that did not stratify patients by TD sever-
ity; indeed, few studies have investigated the pos-
sible influences of age, sex or baseline TD severity
on treatment efficacy.

Dietary supplements

Vitamin E is a free radical scavenger and as
such, may minimise damage caused by the over-
production of neurotoxic free radicals.®? Small

Intervention

Level of evidence

Dietary supplement

Pharmacologic treatment

Other

Vitamin E

Vitamin B,

Essential fatty acids
Branched-chain amino acids
Yokukansan

Ginkgo biloba

Melatonin

Botulinum toxin

GABA agonists (both benzodiazepine and non-benzodiazepine drugs)

Amantadine
Cholinergics
Anticholinergics
Clozapine
VMAT-2 inhibitors

Deep brain stimulation

Electroconvulsive therapy

Lows?
Lows3
Lows3
Low'®
Lows4
Low'®
Low?®
Lows®
Low?®
Low?'®
Low15.66
Lows?
Moderate?8.6?
High70-74
Lows®

Low?®

GABA, gamma-aminobutyric acid; VMAT-2, vesicular monoamine transporter 2.
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trials suggest that vitamin E may protect against
deterioration of TD, but there is little evidence
that it can improve symptoms.52-76

The pyridoxal 5-phosphate vitamer of vitamin By
functions as a coenzyme and is involved in the
metabolic transformation of several neurotrans-
mitters including dopamine, GABA and seroto-
nin.”” It is thought that supplementation of vitamin
B, may improve TD symptoms via its role in these
metabolic transformations and by scavenging free
radicals. Although this treatment has been shown
to be clinically effective versus placebo for reducing
TD symptoms,% the relevant studies included
only a small number of patients and were of a short
duration. While short-term treatment may be con-
sidered, the dose and duration of treatment have
not been established and physicians should keep in
mind that chronic administration of vitamin
B, > 1000mg/day can cause neuropathy.1>78

Essential fatty acids are an important part of the
neuronal membrane; variations in their levels can
affect both the quantity and quality of membrane
phospholipids in the brain, which can influence
neuronal function.” Reduced membrane levels of
essential fatty acids are reported in both antipsy-
chotic-treated and antipsychotic-naive patients
with schizophrenia? and essential fatty acid levels
in red blood cell membranes were reported to be
lowest among patients with schizophrenia and
severe TD.80 An early study of essential fatty acid
treatment for schizophrenia reported a reduction
in abnormal movements.8! Over the years, several
studies in animals and humans have indicated a
potential role for essential fatty acids in improving
the symptoms of TD.7 However, clinical studies
included small patient numbers and short follow-
up times, so definitive conclusions cannot be
drawn, and essential fatty acids are not currently
recommended for TD treatment.!>79

Branched-chain amino acids have been shown to
decrease tyrosine, which is a precursor to dopa-
mine.82 There is some evidence from a handful of
small trials that supplementation of branched-
chain amino acids can improve symptoms of
TD.83-85 However, given the limited data, they
are not recommended in the treatment of TD.15:86

Yokukansan (yi-gan san) is a traditional Japanese
medicine consisting of an herbal mixture that acts
to modulate GABA and serotonin systems®87-88
and has antioxidant activity.®® A clinical trial of
22 patients with schizophrenia and TD reported

that 12weeks of treatment with Yokukansan
resulted in statistically significant improvements
in symptoms of both TD and psychosis.®*
However, this study was small and had no control
group; thus, larger, well-controlled studies are
required to fully understand if Yokukansan can
provide clinically meaningful benefits for TD.

EGb 761, an extract of ginkgo biloba, is reported
to have antioxidant properties.®® A randomised,
double-blind, placebo-controlled study of inpa-
tients with schizophrenia and TD reported a sig-
nificant improvement in TD symptoms for patients
treated with EGb 761 versus placebo.® However,
there is currently insufficient evidence to recom-
mend EGb 761 for the treatment of TD.!>

Pharmacologic interventions

Given that melatonin is 6—10 times more effective
than vitamin E as an antioxidant®? and that vita-
min E may protect against deterioration of TD,%2
the effects of melatonin on symptoms of TD have
been evaluated. Improvements in TD symptoms
have been reported for some patients®3 and a dou-
ble-blind, placebo-controlled, crossover study in
patients with schizophrenia reported a significant
decrease in the Abnormal Involuntary Movement
Scale (AIMS) score with melatonin wversus pla-
cebo.??2 However, the current low level of evi-
dence is insufficient to recommend melatonin for
TD treatment.!>-%4

Botulinum toxin is a neurotoxin that acts to
decrease synaptic transmission and focally weaken
muscle;? injections of this toxin result in local
chemodenervation to relax muscles that are con-
tracting abnormally. Case studies and small trials
have shown that botulinum toxin is effective at
relieving some symptoms of TD,%6-100 particularly
for patients with focal TD.16:86 There is currently
not enough data to support or refute the use of
botulinum toxin as a treatment for TD.%

Given the association of GABAergic neuronal dys-
function and TD, GABA agonists may increase
GABA and reduce abnormal motor movements such
as those observed in TD.1° The results of clinical tri-
als examining GABA agonists for TD have been
mixed. Two meta-analyses have reported no evi-
dence for improvements in TD symptoms with either
benzodiazepine (diazepam and alprazolam) or non-
benzodiazepine GABA agonists (baclofen, sodium
valproate, progabide, tetrahydroisoxazolopyridinol,
gamma-vinyl-GABA, gamma-acetylenic-GABA and
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Figure 4. Schematic of mechanism of action of VMAT-2 inhibitors. (a) Normal release of dopamine by fusion of
vesicles with the presynaptic membrane and release into the synaptic cleft. VMAT-2 facilitates incorporation of
dopamine into the synaptic vesicles. (b) VMAT-2 inhibitors block transporters on synaptic vesicles, preventing
uptake of dopamine. Dopamine is subsequently degraded by monoamine oxidase.

VMAT-2, vesicular monoamine transporter-2.

muscimol) versus placebo.?3¢ In addition, a system-
atic review of benzodiazepines for the treatment of
TD found that the associated trials were poorly
reported and provided inconclusive results.l0! It
should also be noted that benzodiazepines carry risks
of addiction, abuse and withdrawal symptoms.
GABA agonists are not recommended for the treat-
ment of TD given the lack of effect and risk of side
effects, such as ataxia and sedation, with some GABA
agonists, 1518

Amantadine is an antiviral agent!°? that is used to
treat dyskinesia in drug-induced parkinsonism;!03
however, the underlying mechanism of action for
amantadine is unclear.8® Amantadine has been stud-
ied for over 20years in patients with TD, but the tri-
als have been small and the results have been
inconsistent.8¢ In addition, amantadine has some
safety concerns, including modest anticholinergic
side effects, the ability to induce psychosis in patients
with Parkinson’s disease, and livedo reticularis, a
condition characterised by blue/purple skin discol-
ouration. The evidence for amantadine in TD treat-
mentis limited, although itis sometimes administered
if more established methods are ineffective.!>

Both cholinergic and anticholinergic agents have
been suggested as potential treatments for TD. In
general, cholinergic compounds are thought to have
the potential to improve TD by enhancing acetylcho-
line synthesis, as it is thought that cholinergic defi-
ciency may contribute to TD.% However, cholinergics

were shown to have no effect on TD symptoms in a
few, small trials conducted to date, and the data are
currently insufficient to determine their effective-
ness.15:6%:66 Anticholinergics are used to treat antipsy-
chotic-induced parkinsonism and dystonia,®” but the
rationale for using these drugs in TD is unclear.5” For
anticholinergics, no controlled studies have been
performed to date, and evidence for a therapeutic
benefit associated with anticholinergic usage is
sparse,1:6567 ywhile animal studies indicate that
chronic administration may increase dopamine D,
receptor sensitivity.!%¢ In addition, anticholinergics
can cause side effects including dryness of the mouth,
constipation, blurred vision and confusion.105

Clozapine is an SGA with a lower risk of extrapy-
ramidal side effects relative to other antipsychot-
ics,106 possibly because of its lower affinity for
dopamine D, receptors.!®” A meta-analysis of 16
studies found that there was a significant reduction
in TD when patients were switched to clozapine
from other antipsychotics; the greatest reduction
was observed in patients presenting with moderate
to severe TD.%8 In patients with mild TD, switch-
ing to clozapine rarely worsened TD and a trend
towards reduction in symptoms was common.
Furthermore, data from a systematic review also
supported switching to clozapine to reduce TD
risk or treat symptoms of existing TD.%®

VMAT-2 inhibitors interfere with dopamine uptake
and storage in presynaptic vesicles, resulting in less
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dopamine available for release in the synapse,!08
thereby opposing the increased dopaminergic activ-
ity caused by prolonged antipsychotic use (Figure
4).109 Tetrabenazine was the first VMAT-2 inhibi-
tor identified as a potential therapeutic agent for
TD, and it was subsequently optimised to improve
its pharmacokinetic parameters. One optimisation
used deuterisation, which resulted in deutetrabena-
zine. The second optimisation was a valine esterifi-
cation of the most active and selective isoform of
tetrabenazine, called valbenazine (INBI-98854).110
Both deutetrabenazine and valbenazine have more
stable pharmacokinetics compared with tetrabena-
zine. Tetrabenazine has shown efficacy for the
treatment of TD in clinical trials and side effects
are minimal, although depression, parkinsonism
and somnolence have been reported.l0%111
Deutetrabenazine and valbenazine have demon-
strated strong evidence of their effectiveness in
treating TD, in both acute and long-term settings,
and they do not carry an increased risk of depres-
sion or suicide.19%112 However, VMAT-2 inhibitors
may cause worsening of DRBA-induced parkin-
sonism and tremor.!!3 Because VMAT-2 inhibitors
reduce levels of available synaptic dopamine, TD
symptoms return after withdrawal of the drug due
to the resulting surplus of dopamine. However,
based on AIMS scores, symptoms do not become
worse than the original baseline level,’!:114 suggest-
ing that VMAT-2 inhibitors may not cause further
upregulation of dopamine D, receptors or increase
dopamine hypersensitivity. Both valbenazine and
deutetrabenazine were approved in the United
States for treatment of adults with TD in 2017.115:116
At the time of writing, valbenazine had only just
received approval in Japan for treatment of TD;!17
the approval status in Europe of the VMAT-2 inhib-
itors for this indication is inconsistent.

The randomised, double-blind, placebo-controlled
phase III KINECT study enrolled patients diag-
nosed with moderate to severe TD (mean = SD
baseline AIMS total score 10.0 =4.0).70 Although
patients were not stratified by baseline TD severity,
the baseline AIMS total score was included as a
covariate in the mixed-effects model for repeated
measures used to assess treatment efficacy. Patients
with TD receiving 80 mg/day valbenazine had sig-
nificantly reduced AIMS total scores compared
with those receiving placebo after 6 weeks of treat-
ment. In the valbenazine (40mg/day or 80 mg/day)
group, 6.6% of patients experienced a serious treat-
ment-emergent adverse event (TEAE) versus 3.9%
in the placebo group. Furthermore, 6.0% of
patients in the valbenazine group experienced a

TEAE that led to discontinuation versus 5.3% in
the placebo group.’® The most commonly reported
TEAE:s in the valbenazine group were somnolence,
akathisia, and dry mouth (5.3%, 3.3% and 3.3%,
respectively). Suicidal ideation was also reported,
but at a lower rate than that of the placebo group
(2.6% wversus 5.3%). Safety and efficacy were fur-
ther evaluated in the 1-year KINECT 3 extension
study, which reported that 69.2% of patients expe-
rienced at least one TEAE, the most common of
which included headache (7.1%), urinary tract
infection (6.6%), and diarrhoea and dizziness
(5.6% each). Serious TEAEs were reported in
14.6% of patients and 15.7% discontinued because
of a TEAE.!18 The phase III open-label KINECT
4 trial evaluated valbenazine over a 52-week period
in patients with moderate to severe TD (mean = SD
baseline AIMS total score 10.0*=3.8).71 AIMS
scores were improved by = 50% from baseline at
week 48 in approximately 90% of patients in both
dosing groups (40mg/day or 80 mg/day) and safety
results were similar to previous studies, with the
most common TEAEs including urinary tract
infection (8.5%) and headache (5.2%).7! A post-hoc
analysis that pooled results from patients with
mood disorders who participated in either KINECT
2 (a 6-week, double-blind, placebo-controlled
trial), KINECT 3 or the long-term KINECT 3
extension study found that valbenazine significantly
improved the AIMS total score, and a = 50%
AIMS total score improvement wversus placebo at
week 6 was shown in these patients.”? All patients
included in the KINECT studies were diagnosed
with moderate to severe TD, and the pooled analy-
sis incorporated baseline AIMS total score as a
covariate in the efficacy assessment.

Two randomised, double-blind, placebo-con-
trolled, phase III trials of deutetrabenazine in
patients with TD (ARM-TD?? and AIM-TD,’*
both enrolling patients with a minimum baseline
AIMS total score of 6) reported significant
improvement in AIMS scores at 12weeks versus
placebo. Serious AEs were reported in 4-8% of
patients treated with deutetrabenazine versus 6—8%
with placebo. The most commonly reported
TEAEs among patients treated with deutetrabena-
zine included somnolence, fatigue, insomnia,
headache, diarrhoea and akathisia in ARM-TD,
and headache, anxiety, diarrhoea, nasopharyngitis
and fatigue in AIM-TD. Patients from the
ARM-TD and AIM-TD trials were eligible to
enter into an open-label single-arm study to evalu-
ate the long-term safety and efficacy of deutetra-
benazine.!* The mean change in the AIMS score
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from baseline was —4.9 at week 54, —6.3 at week
80 and -5.1 at week 106, demonstrating long-
term efficacy. The incidence rates of serious AEs
were similar to the short-term phase III studies.

A randomised, double-blind, placebo-controlled
phase III trial evaluating the efficacy of valbena-
zine in Japanese patients with moderate to severe
TD (J-KINECT) has recently been completed
(NCTO03176771) and publication of the results
from that trial are expected in the near future.
The primary endpoint was change from baseline
in the AIMS total score after 6 weeks of treat-
ment, and long-term safety and efficacy (up to
48 weeks of treatment) were also assessed.

Valbenazine may have several advantages over
other VMAT-2 inhibitors. First, the half-life of
valbenazine is 15-22h, which is longer than that
of deutetrabenazine (9-10h) and tetrabenazine
(5-7h). This allows for once-daily administration
rather than multiple daily doses as needed for
deutetrabenazine (2 doses/day) and tetrabenazine
(3 doses/day).!1? In addition, in contrast to other
VMAT-2 inhibitors that have multiple metabo-
lites, valbenazine has only a single metabolite,
and is expected to elicit fewer off-target effects
and thus fewer side effects than either deutetra-
benazine or tetrabenazine.l15:116:120,121 Finally,
deutetrabenazine and tetrabenazine are contrain-
dicated in patients with hepatic impairment and
those taking monoamine oxidase inhibitors or
reserpine, whereas valbenazine can be used safely
in patients with mild hepatic impairment or mild/
moderate/severe renal impairment. In Japan, the
only VMAT-2 inhibitor approved for treatment
of TD is valbenazine, which received approval
very recently (March 2022).

Non-pharmacologic interventions

Deep brain stimulation acts via several mechanisms
to treat motor symptoms.122 There are several case
reports that have demonstrated improvements in
TD symptoms with deep brain stimulation;!23-125
however, evidence for this treatment is limited.%>

Electroconvulsive therapy has also been used for
treatment of TD, but the evidence supporting its
use is limited to case series and case reports, and
no controlled trials have been reported to date.?>126
Although favourable results have been observed in
case reports, the lack of high-quality data preclude
recommending electroconvulsive therapy as an
isolated treatment for TD.

Consensus recommendations for prevention
and treatment of TD

A summary of the recommendations for treating
TD from recent clinical guidelines is provided in
Table 2. Most treatment guidelines for schizophre-
nia recommend either dose reduction of antipsy-
chotics or switching to clozapine or other SGAs to
lower the risk of TD.!?7 It is also recommended
that anticholinergic drugs be either reduced or
discontinued.

The current recommendations for prevention of
TD in Japan emphasise the use of SGAs over
FGAs.128 For the treatment of TD, the guideline
prioritises dose reduction of the antipsychotic (if
possible), and for serious cases of TD, switching
to another SGA.128

The American Psychiatric Association practice
guideline for the treatment of patients with schiz-
ophrenia recommends VMAT-2 inhibitor treat-
ment for patients with moderate to severe or
disabling TD.130 This recommendation for the
use of VMAT-2 inhibitors differs from the recom-
mendations in Japan, as the only VMAT-2 inhibi-
tor approved for the treatment of TD, valbenazine,
received approval in March 2022. Therefore, the
recommendation in Japan is expected to change
in the near future. In light of the recent approval
of valbenazine in Japan, patients with moderate to
severe or disabling TD should be considered as
candidates for VMAT-2 inhibitor therapy.
VMATS-2 inhibitors do not cure TD and symp-
toms eventually return to baseline after treatment
cessation; thus, prevention remains the optimum
strategy.

To reduce the risk of TD, we advise physicians in
Japan to carefully consider the benefits and risks of
prescribing antipsychotics in individual patients. If
antipsychotics are considered necessary, physi-
cians should preferentially prescribe SGAs rather
than FGAs and prescribe the lowest effective dose.

We have the following recommendations for how
physicians can achieve better outcomes for their
patients. First, physicians should focus on
prevention. The decision to prescribe antipsychot-
ics should be considered carefully, antipsychotic
use should be limited to specific indications, and
the lowest effective dose should be prescribed.
Although the evidence for the benefits of antipsy-
chotic dose reduction to treat TD remains insuf-
ficient,>® we recommend dose reduction if possible
in stable patients because TD has, to an extent,
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Table 2. Summary of guidelines for treatment of schizophrenia with associated considerations for tardive dyskinesia in Japan and
overseas.

Guideline Association Year Initial treatment considerations with respect to tardive
dyskinesia
Guideline for Pharmacological Japanese Society of 2022 Reduce dose of antipsychotics
Therapy of Schizophrenia 2022'28  Neuropsychopharmacology/ Switch from FGA to SGA
Japanese Society of Clinical Switch to another SGA
Neuropsychopharmacology
The Maudsley Prescribing N/A 2021 Discontinue anticholinergics
Guidelines in Psychiatry'?? Reduce dose of antipsychotics
Switch to antipsychotic with low TD risk (e.g. clozapine,
quetiapine)
Consider VMAT-2 inhibitors
Consider Ginkgo biloba
Practice Guideline for the American Psychiatric 2020 Reduce dose of antipsychotics
Treatment of Patients with Association Switch to antipsychotic with lower potency (e.g. clozapine)
Schizophrenia'30 «  Consider VMAT-2 inhibitors for moderate to severe or
disabling TD
Evidence-based Guidelines for British Association for 2020 Gradually reduce dose of antipsychotics
the Pharmacological Treatment Psychopharmacology Gradually switch to antipsychotic with lower potency (e.g.
of Schizophrenia'® clozapine)
Consider VMAT-2 inhibitors
CINP Schizophrenia Guideline’?””  International College of 2017 Reduce dose of antipsychotics
Neuropsychopharmacology Switch to antipsychotic with low extrapyramidal symptom risk
Consider VMAT-2 inhibitors
Clinical Practice Guidelines Royal Australian and New 2016 Discontinue anticholinergics
for the Management of Zealand College of Psychiatrists Switch from FGA to SGA
Schizophrenia and Related « Switch to another SGA (e.qg. clozapine)
Disorders'32
Management of Schizophrenia: A Scottish Intercollegiate 2013 Switch from FGA to SGA (e.g. olanzapine)
National Clinical Guideline'3? Guidelines Network
Guidelines for Biological World Federation of Societies of 2013 Switch from FGA to SGA
Treatment of Schizophrenia, Biological Psychiatry « Switch to another SGA (e.g. clozapine)
Part 2134 Consider vitamin E
Consider electroconvulsive therapy
Consider DBS for severe TD
Consider pallidotomy for extremely severe TD
TD-specific treatment algorithms
Factor et al.1% N/A 2019 Reduce dose of antipsychotics
Switch to SGA with lower potency (e.g. clozapine, quetiapine)
Consider VMAT-2 inhibitors
Consider amantadine
Consider clonazepam
Consider baclofen
Consider vitamin By
Consider Ginkgo biloba
Consider levetiracetam
Consider DBS
Bhidayasiri et al.13¢ N/A 2018 Reduce dose of antipsychotics

Consider VMAT-2 inhibitors
Consider clonazepam
Consider Ginkgo biloba
Consider amantadine
Consider DBS

CINP, International College of Neuropsychopharmacology; DBS, deep brain stimulation; FGA, first-generation antipsychotic; SGA, second-
generation antipsychotic; TD, tardive dyskinesia; VMAT-2, vesicular monoamine transporter-2.
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been shown to be dependent on the dose of antip-
sychotics.!37 In addition, reducing the dose of
antipsychotics for patients with schizophrenia on a
maintenance dose has been shown to reduce
extrapyramidal symptoms.!3® Both international
treatment guidelines/algorithms and Japanese
pharmacological treatment algorithms for schizo-
phrenia recommend that dose reduction should
be attempted with the goal of using the minimum
effective dose after acute symptoms are
resolved.!3%140 However, it should be emphasised
that the potential benefit of dose reduction should
be weighed against the risk of worsening of the
underlying psychiatric condition, and patients
should be monitored appropriately. Second, phy-
sicians in Japan need to be aware that although
TD is less commonly seen in patients adminis-
tered SGAs than FGAs, patients who receive
antipsychotics are still at risk of this potentially
serious side effect. The promise shown by
VMAT-2 inhibitors and the recent approval of
valbenazine for use in Japan represents a beacon
of hope for patients; thus, physicians should be
vigilant in both monitoring for TD symptoms in
their patients and consulting with caregivers as
much as possible.

Concluding summary

With the advent of VMAT-2 inhibitors, we antici-
pate that TD awareness in Japan will increase and
that both physicians and patients will be moti-
vated not only to be cognizant of prevention, but
also to proactively monitor for symptoms in an
effort to detect TD early and initiate treatment as
early as possible.
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