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Abstract

Importance: Tardive dyskinesia (TD)

is a persistent, potentially disabling,
medication-induced movement disorder
that has been underrecognized.
Involuntary movements in TD have a
substantial impact beyond movement

on individuals with TD. To quantify

TD impact and burden, the Tardive
Dyskinesia Impact Scale (TDIS), a new, TD-
specific, fit-for-purpose patient-reported
outcome (PRO) measure, was

developed. Objectives were to examine
how TDIS contributes to understanding
of TD burden and use of clinician-
reported outcomes (ClinROs) and other
PROs in clinical trials assessing effects

of vesicular monoamine transporter

2 inhibitors on TD. TDIS analyses included

assessment of correlations between
TDIS and other clinical outcome
assessments (PROs and ClinROs),
estimation of the minimal clinically
importance difference (MCID), and
description of the change in TDIS
individual items longitudinally and via
item response theory.

Observations: In KINECT trials, TDIS
followed a similar trajectory to Abnormal
Involuntary Movement Scale. An MCID of
4 points in TDIS was considered clinically
meaningful. ltem-level analyses showed
that TDIS is reliable and precise for
individual items. Most improved items

in longitudinal analyses were self-
consciousness (mean change: —1.24),
embarrassment (—1.19), unwanted
attention (—-1.00), and mouth noises

(-1.05), which exceeded the empirically
derived item-level threshold for
meaningful change (20.8). TDIS showed
moderate correlation with treatment
response as measured by Patient’s
Global Impression of Change (r=0.30)
and Clinician’s Global Impression of
Change (r=0.34) scores.

Conclusions and Relevance: TDIS is the
only disease-specific PRO that has been
validated in individuals with TD and
complements ClinROs and other PROs
by providing a comprehensive picture of
TD impact beyond movement symptoms
and can measure potential benefit of TD
treatments.
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ardive dyskinesia (TD) is an involuntary,

hyperkinetic, persistent, and potentially disabling

movement disorder in which individuals
experience abnormal involuntary movements. TD is
associated with exposure to dopamine receptor-
blocking agents (DRBAs), including antipsychotics and
gastrointestinal agents such as metoclopramide.'?> TD
can manifest during treatment or within weeks after
discontinuation or dose reduction of the offending
agent.>* Risk factors for TD include older age, female
sex, non-Asian race, comorbid diabetes, substance use
disorders, longer and intermittent treatment with and
higher doses of DRBAs, treatment-emergent dystonia,
Parkinsonism, and akathisia.®

The burden of TD has been underrecognized, as TD

was often observed in individuals with long-term
schizophrenia or those receiving first-generation
antipsychotics; the notion that TD only occurs in
individuals receiving chronic antipsychotic treatment
was based on outdated case reports from the
1950s—1960s from mental health institutions.'*-8 It

was assumed that these individuals were often not aware
of their involuntary movements.® Recent studies have
shown that many individuals are aware of their
symptoms, underscoring the need for diagnosis and
treatment.’

Before the first US Food and Drug Administration
(FDA) drug approved specifically for TD in 2017, only
off-label treatments were available, and they were
notoriously ineffective. Additionally, the advent of
second-generation antipsychotics was expected to reduce
TD incidence.! However, TD has been observed with
use of first- and second-generation antipsychotics, even
at low doses.”'? Anyone receiving a DRBA for >3 months
in adults or >1 month in older adults (=60 years) is at
risk for TD.*?

Importantly, the expanded use of antipsychotics in
bipolar disorder and major depressive disorder (MDD),
and other off-label indications, may increase TD
prevalence and a need to better recognize and
understand the impact of TD on health-related quality of
life (HRQOL).!%!* The predicted global prevalence of TD
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Clinical Points

- The validated, tardive dyskinesia—specific Tardive
Dyskinesia Impact Scale (TDIS) was recently developed to
help patients quantify symptom burden and provide a
benchmark for treatment effect. However, how it relates to
other clinician- and patient-reported outcomes is not well
documented. Additionally, a minimal clinically important
difference has not been estimated for TDIS.

« Results of the analyses showed that TDIS followed a
similar trajectory to other clinician- and patient-reported
outcomes that have been measured in tardive dyskinesia
clinical trials.

- A change of 4 points in the TDIS total score is considered
clinically meaningful. TDIS is meant to be used alongside
other assessments to provide a comprehensive picture of
the impact of tardive dyskinesia.

was based on people with schizophrenia and related
disorders only.

Based on the current understanding of TD as a
distinct condition from other movement disorders
and psychiatric conditions, treatment for TD is
recommended by both the American Psychiatric
Association (APA) and the American Academy of
Neurology (AAN).'>-17 With evidence demonstrating
clinically meaningful improvements in TD symptoms
regardless of underlying psychiatric diagnosis or patient
characteristics, the APA guidelines and recommended
updates to the AAN guideline indicate vesicular
monoamine transporter 2 (VMAT?2) inhibitors as first-line
treatment for TD.!*-!8 Valbenazine and deutetrabenazine
are reversible VMAT2 inhibitors and are the only
medications approved by the FDA for managing TD.!%20

Improvements beyond movement may have an
impact on an individual’s functional and emotional well-
being. As such, the Tardive Dyskinesia Impact Scale
(TDIS), a novel, TD-specific, fit-for-purpose, patient-
reported outcome (PRO), was developed with patient and
caregiver input.?! The psychometric validation of the
TDIS and its factor structure were previously described
in the Farber et al 2024 publication.?! Analyses evaluating
the measurement properties of the TDIS demonstrated
strong reliability (Cronbach a = 0.88—0.90; intraclass
correlation coefficient = 0.83) and evidence of construct
validity, including limited overlap with clinician-rated
movement severity (Abnormal Involuntary Movement
Scale [AIMS]) and known-groups differences consistent
with both patient- and clinician-reported global
impressions items and with symptom bother. The final
TDIS consists of 11 questions in 2 domains, with 8 items
assessing physical impairment and 3 items assessing
socioemotional distress over the previous 7 days.?! Each
question is scored from O (no impact) to 4 (most impact).
Total scores range from 0 to 44, with higher scores
indicating greater impairment and disability.?! TDIS is
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a well-supported measure for assessing the impact of
TD symptoms on functioning and well-being of adults
with moderate to severe TD lasting >3 months and a
diagnosis of schizophrenia, schizoaffective disorder, or
mood disorder.

The primary objective of this review was to examine
how TDIS uniquely contributes to the understanding of
the impact of TD and how it complements existing
clinician-reported outcomes (ClinROs) and other PROs.
The secondary objective was to describe how TDIS can be
used to evaluate the effectiveness of available
treatments, particularly VMAT2 inhibitors.

METHODS

As valbenazine is the only medication that has been
studied with TDIS, data from valbenazine TD clinical
trials KINECT 32? with its extension study®*-*> and
KINECT 42¢ were used in the analyses. Analyses included
assessment of correlations between TDIS and ClinROs
and other PROs, estimation of the minimal clinically
important difference (MCID) for TDIS, also known as
the meaningful change threshold, and evaluation of
individual items of TDIS longitudinally and via item
response theory (IRT).

TDIS was included as an exploratory endpoint in
valbenazine clinical trials KINECT 3 and KINECT 4.
KINECT 3 was a randomized, placebo-controlled,
double-blind trial in which adults with schizophrenia or
mood disorder and TD received valbenazine 40 mg or
80 mg daily or placebo for 6 weeks and entered a 42-
week extension period, followed by a 4-week washout
period.?*?* KINECT 4 was a long-term, open-label, 52-
week trial assessing the safety and efficacy of valbenazine
for the treatment of TD, in which adults with
schizophrenia or mood disorder received valbenazine
40 mg or 80 mg daily (dose escalated at week 4) for
48 weeks followed by a 4-week washout period.?® The
primary efficacy endpoint in both trials was change in the
total AIMS score (sum of items 1-7) from baseline over
the study period. The AIMS includes 12 items, of which
3 take into account global judgment.?”” While the first
7 AIMS items rate movement severity across body
regions, item 8 assesses overall TD severity, item
9 assesses incapacitation due to TD, and item 10 assesses
TD awareness and distress. Higher scores on AIMS items
8 and 9 indicate greater disease severity and
incapacitation (0 =none to 4 =severe) via clinician
assessment, and higher scores on AIMS item 10 indicate
greater disease awareness/distress (0 =no awareness to
4 = aware, severe distress) as reported by the patient. The
AIMS was scored at week 6 in KINECT 3 and at week
8 in KINECT 4 by 2 central AIMS video raters who were
blinded to treatment and time point. Secondary efficacy
endpoints included Patient Global Impression of Change
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(PGIC) and the Clinical Global Impression of the
Patient’s Change Specific to TD (CGIC-TD) and scores on
all these measures in the long-term extension phases.
The PGIC is a single-item PRO that evaluates change in
disease on a Likert rating scale.?® The CGIC-TD assesses
improvement due to treatment from a clinician’s
perspective using a Likert rating scale, similar to the
PGIC.?® In the KINECT trials, the PGIC and CGIC-TD
were scored as 1=very much improved; 2 = much
improved; 3 = minimally improved; 4 = no change;

5 = minimally worse; 6 = much worse; 7 = very much
worsened.??-2

To understand how the patient-perceived TD-related
impacts correlated with clinician-rated TD severity
assessments and the effect of treatment, the relationship
between TDIS, AIMS total score, AIMS item 8 (overall
severity), and AIMS item 10 (awareness/distress) was
examined. AIMS items 8 and 10 scores (assessed by site
raters) were only included from KINECT 4 as these items
were not assessed in KINECT 3. Participants from both
trials were included if they had TD for >3 months before
the study; moderate or severe TD based on their AIMS
item 8 score (score of 3 or 4); and a diagnosis of
schizophrenia, schizoaffective disorder, or mood
disorder. The AIMS total score, AIMS item 8, AIMS item
10, and TDIS total score were assessed at baseline and
every 4 weeks through week 52 to evaluate change
over time.

The MCID represents the smallest change in score on
an outcome measure that patients and clinicians perceive
as clinically meaningful.?>*° The MCID was estimated
using data from participants in KINECT 3 (baseline to
week 6) and KINECT 4 (baseline to week 8) who
received =1 dose of valbenazine or placebo and
had >1 postbaseline AIMS assessment. Both anchor- and
distribution-based approaches were used; for the anchor-
based approach, single-item PGIC and CGIC-TD scores
equal to 3 (minimally improved) were used as anchors to
define meaningful change.?%%2 Distribution-based
approaches included the standardized response mean
(SRM) and the standard error of measurement (SEM).3!
SRM assesses change in relation to sample variation and
is independent of sample size. SRM values of 0.2, 0.5,
and 0.8 represent small, moderate, and large change,
respectively.®* SEM assesses the precision of the
instrument by incorporating the baseline standard
deviation and the reliability coefficient; thresholds from
1.00 to 2.77 SEM have been used to define clinically
meaningful differences.*

Individual items on TDIS were analyzed using IRT,
based on baseline pooled data from participants across all
treatment arms. IRT can be used to design or evaluate
clinical outcome assessments (COAs) as discussed in the
US FDA COA draft guidance document.?® IRT approaches
have been reviewed in published literature.**** The
purpose of IRT was to understand how well each TDIS
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item can differentiate between individuals with varying
levels of the characteristic being measured (eg, walking,
embarrassment, pain). Separate models were used for
the 2 domains of TDIS, physical impairment and
socioemotional distress.?!

IRT measures the difficulty, discrimination, and
precision of each question in a questionnaire or outcome
measure. Discrimination and difficulty parameters were
estimated for each item. “Discrimination” shows how
well an item differentiates between individuals with
different levels of a characteristic. Moderate to very
high slopes are preferred, as they indicate greater
differentiation between the characteristic levels.

Slopes >1.7 indicate very high discrimination,
1.35-1.69 high discrimination, 0.65—1.34 moderate
discrimination, and <0.65 low discrimination.®®
“Difficulty” indicates how much of the characteristic a
person needs to have to agree with or select a response
option. Difficulty values are indicated by thresholds and
ideally range from -3 to +3. A value of -3 indicates
lower difficulty (easier endorsement), 0 moderate
difficulty, and +3 higher difficulty (harder endorsement).
A wide range of item thresholds is desirable to accurately
capture the spectrum of symptom severity. Furthermore,
the precision of individual items is assessed using item
information curves, which illustrate the measurement
precision of each item across levels of the trait. A steep
item information curve indicates greater precision, and a
flat slope indicates less precision at a specific level of a
characteristic. Finally, overall precision of TDIS was
assessed via test information curves (TIC), which shows
the reliability of the outcome across the full range of a
trait. A broad curve indicates that the items effectively
assess the trait across a wide range of severity levels.

Each TDIS item was also evaluated on its ability to
detect meaningful change over time. Mean TDIS scores
for individual items and for each domain were evaluated
at baseline through week 48, with data pooled across
treatment arms to focus on the measurement properties
of TDIS rather than treatment effects. A subgroup
analysis of participants receiving valbenazine was
conducted to determine whether item-level improvements
seen in the pooled population were also evident with
active treatment. A >0.8-point change from baseline to
week 48 on each item was considered a potentially
meaningful improvement based on approximately the
0.5 standard deviation of the in-sample baseline scores
across items, ranging from 0.52 to 0.72.%” A distribution-
based threshold was selected post hoc to aid
interpretation of item-level changes. The 0.8 value was
chosen as a conservative estimate of meaningful change.
For clinical decision-making for an individual patient, a
>1-point change on a single item may be considered
meaningful as TDIS items are scored in whole-point
increments. This threshold is different from the MCID
for the total TDIS score because the thresholds for
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individual TDIS items and for the TDIS total score were
derived independently. The MCID for the TDIS total
score is not a sum of thresholds for individual items.

RESULTS

TDIS Trajectory Aligns with Other PROs
and ClinROs

TDIS scores in KINECT 3 and KINECT 4 followed a
similar trajectory to other PROs and ClinROs over
48 weeks and during the washout period (weeks 48—52).
In KINECT 3, mean baseline TDIS scores were
14.6 for the 40 mg/day group and 15.7 for the
80 mg/day group and decreased (improved) over time
by —-7.8 and -9.5 points, respectively, after 48 weeks of
treatment with valbenazine (range: 0—44; Figure 1). In
KINECT 4, mean TDIS scores at baseline were 16.5 and
decreased (improved) by —11.0 points from baseline to
week 48.

Likewise, total AIMS score and AIMS items 8 and
10 improved over time with valbenazine treatment. In
KINECT 3, the mean baseline total AIMS score was
9.6 for the 40 mg/day group and 10.4 for the 80 mg/day

Figure 1.
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group, which improved by -3.0 and —4.8 points,
respectively, by week 48 (range: 0—28).2 In KINECT 4,
the mean baseline total AIMS score was 14.2 for the 40
mg/day group and 15.0 for the 80 mg/day, which
improved by —-10.2 and -11.0 points, respectively, over
48 weeks.?® Improvement in AIMS items 8 and
10 scores was also observed; at baseline, the AIMS items
8 and 10 mean scores were 3.2 and 2.7, respectively,
which decreased to 1 (minimal movements with no distress)
at week 48 (range: 0—4). During the washout period (weeks
48-52), the mean AIMS total score, AIMS item 8, AIMS
item 10, and TDIS total score all increased, indicating
worsening severity when treatment was removed.?
Analyses were conducted to evaluate the relationship
between TDIS and COAs after observing the trends in
KINECT 3 and KINECT 4. In KINECT 4, at baseline, a
low/moderate correlation was observed between TDIS
and AIMS total score (r=0.31), AIMS item 8 (r=0.22),
and AIMS item 10 (r=0.31), suggesting little overlap
between the assessments, each measuring specific
aspects of TD severity and impact/burden. Additionally, a
comparison between TDIS and PGIC and CGIC-TD
scores in both KINECT 3 and KINECT 4 was performed.
In KINECT 3, individuals who reported improvement in

Change from Baseline to Week 52 in TDIS Total Score in Individuals Who Received Valbenazine 40 mg

or 80 mg and Completed KINECT 3 or KINECT 4
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their symptoms (PGIC score 1-3) also had decreased
TDIS total scores (ie, less TD impact).?! The correlation
between PGIC and change in TDIS score at week

6 was moderate (r=0.30). In KINECT 4, a moderate
correlation was also seen between change in TDIS score
from baseline to week 8 with PGIC (r=0.30) and CGIC-
TD (r=0.34).

Although TDIS and AIMS each evaluate distinct
aspects of TD, TDIS demonstrated a comparable pattern
of improvement to AIMS total score, TD severity (AIMS
item 8), and awareness/distress (AIMS item 10) over
48 weeks of treatment and worsening in all measures
when treatment was withdrawn in KINECT 4. In
KINECT 3, TDIS and total AIMS score followed a similar
trajectory with valbenazine treatment. PGIC and CGIC-
TD scores also followed a similar pattern observed in
TDIS scores in both KINECT 3 and KINECT 4.

Minimal Clinically Important Difference
for TDIS

An MCID analysis of AIMS was performed in both the
valbenazine and deutetrabenazine regulatory trials,
yielding a convergent MCID of 2 points on the AIMS
as being indicative of minimal improvement on the
CGIC-TD.?%

For the MCID analyses of TDIS (range: 0—44 points),
PGIC and CGIC-TD scores were available at week 6 for
201 individuals in KINECT 3 and at week 8 for
148 individuals in KINECT 4. In individuals reporting
minimal improvement on the PGIC (score equal to 3), the
mean change in TDIS total score was —3.9 points at week
6 in KINECT 3 and -3.8 points at week 8 in KINECT 4
(Table 1). For those reporting minimal improvement on
the CGIC-TD (score equal to 3), the mean change in
TDIS total score was —3.1 points in KINECT 3 and
—4.0 points in KINECT 4. In KINECT 3, 41% and 43% of
participants were minimally improved on the PGIC and
CGIC-TD, respectively; in KINECT 4, the corresponding
proportions were 32% and 38%.

A large proportion of the KINECT 3 population had
improved symptoms with treatment, as indicated by
scores <3 (minimally to very much improved) in the
PGIC (74%; n=149) and CGIC-TD (71%; n=143)
measures. Similarly, much of the KINECT 4 population
had PGIC (86%; n=128) and CGIC-TD (86%; n=127)
scores of <3. For individuals with CGIC-TD and PGIC
of <3, the improvement in TDIS total score ranged
from -3.1 to —10.2 points at weeks 6 and 8,
respectively. The improvement in TDIS score was
highest for individuals with PGIC and CGIC-TD
scores of 1 (very much improved), ranging from
-7.7 to -10.2.

For the distribution-based analysis, the SEM
was —1.66 for KINECT 3 and -1.68 for KINECT 4, falling
within the suggested range for defining clinically
meaningful differences.’! The SRM was —-0.58 for
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Table 1.

Change in Total TDIS Scores From Baseline to
Week 6 (KINECT 3) and Week 8 (KINECT 4) by
PGIC and CGIC-TD Score

KINECT 3 KINECT 4
Mean change in Mean change in
Measure n TDIS from baseline n  TDIS from baseline
PGIC
Very much improved (1) 22 =17 29 -9.5
Much improved (2) 44 -5.8 52 -6.4
Minimally improved (3 83 -39 47 -3.8
No change (4) 46 -15 15 -14
CGIC-TD
Very much improved (1) 10 -10.2 21 -8.6
Much improved (2) 46 -5.9 50 -8.0
Minimally improved (3 87 -3.1 56 -4.0
No change (4) 58 -29 19 -1.1

2The MCID for TDIS was defined as the mean change corresponding to the
“minimally improved” category (PGIC or CGIC-TD = 3).

Abbreviations: CGIC-TD = Clinician’s Global Impression of the Patient’s Change
Specific to TD, MCID =minimal clinically important difference, PGIC = Patient’s
Global Impression of Change, TDIS = Tardive Dyskinesia Impact Scale.

KINECT 3 and -0.74 for KINECT 4, suggesting a
moderate to large effect size change.*!

An MCID estimate of 4 points was derived using in-
sample anchor- and distribution-based approaches,
anchored by PGIC scores equal to 3 and supported by
CGIC-TD scores equal to 3 (minimally improved). This
suggests that a 4-point change in TDIS total score (range:
0—44 points) may represent meaningful improvement in
TD symptoms. In KINECT 3 and KINECT 4, the mean
change in TDIS scores for individuals who completed the
studies consistently met or exceeded the MCID at each
study week (Figure 1).

TDIS Item Analysis with Item Response
Theory and Change over Time

For the IRT analyses of individual TDIS items,
combined data from KINECT 3 or KINECT 4 were used,
including 388 individuals with TD who completed TDIS
at baseline and at least 1 follow-up visit, regardless of
treatment assignment. The model for physical distress
demonstrated strong measurement properties across a
broad range of physical impairment levels, capturing
individuals with low, moderate/average, and high
impairment. Seven of 8 items in the physical function
domain (gripping, walking, balance, swallowing, writing,
pain, and speaking) exhibited high discrimination (slope
range: 1.51-2.35; Figure 2), effectively differentiating
levels of impairment. The remaining item (mouth
noises) provided moderate discrimination indicated by a
flatter slope (slope = 1.08). No items showed low
discrimination. Items varied in difficulty (thresholds
range: —1.57 to 2.58), with lower-difficulty items
endorsed at lower impairment levels and higher-
difficulty items endorsed at higher impairment levels.
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Item Information Curves for Physical and Socioemotional Domains

Figure 2.
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altem information curves illustrate the measure precision of each item across levels of the trait. A steep curve represents
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has a flat curve.
Abbreviation: TDIS = Tardive Dyskinesia Impact Scale.
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The TIC indicated that measurement precision was
highest for individuals with average to above-average
physical impairment (TIC peak precision around 0 and
+2; Figure 3).

All 3 items in the socioemotional domain exhibited
high to very high discrimination, evidenced by the
steep slopes (slope range: 2.44-4.89), effectively
differentiating between levels of socioemotional
distress (Figure 2). The difficulty thresholds ranged
from low to high, indicating that response options
captured varying severity levels (threshold range:
—-0.71-1.47). The TIC showed that the socioemotional
domain provided the most precise measurement for
individuals with average socioemotional distress (TIC
peaks around -0.5, +0.5, +1; Figure 3). However, as
this domain contains fewer items than the physical
function domain (3 vs 8), it may provide less precise
estimates for individuals with very low or very high
socioemotional distress.

To further explore the sensitivity of individual items
to change over time, longitudinal changes in TDIS item
scores were evaluated. Altogether, 252 individuals,
regardless of treatment assignment (valbenazine or
placebo), who completed 1 of the phase 3 trials and had
TDIS data at baseline and at least 1 follow-up, were
included in the analysis. In both the physical and
socioemotional domains of TDIS, the mean scores for
all items trended downward, denoting improvement.
The physical domain score improved (decreased) by
5.86 points from baseline to week 48; the socioemotional
domain improved by 3.44 points. In the physical
domain, the most impacted items at baseline were
mouth noises (1.80), writing (1.29), and speaking (1.28).
The greatest improvement from baseline to week 48 was
observed for mouth noises (mean change: —1.05),
speaking (-0.88), pain (-0.81), and writing (-0.78);

3 of the items exceeded the definition of meaningful
improvement of >0.8 (Figure 4). In the socioemotional
domain, the most impacted items at baseline were
self-consciousness (mean score: 1.99), followed by
embarrassment (1.89), and unwanted attention
(1.74). At week 48, self-consciousness (mean change:
-1.24), embarrassment (-1.19), and unwanted
attention (-1.00) exceeded the definition of
meaningful improvement from baseline.

A separate analysis of individuals receiving
valbenazine was conducted to assess whether the
patterns of item-level change were consistent and more
pronounced in those receiving active therapy. Among the
181 individuals receiving valbenazine, similar patterns
of item-level improvement were observed. In the
socioemotional domain, the largest mean changes from
baseline to Week 48 were seen for self-consciousness
(-1.34), embarrassment (-1.28), and unwanted
attention (—1.12). In the physical domain, mouth noises
(-1.12), speaking (-0.92), and pain (-0.91) showed the
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greatest improvements. These items exceeded the
threshold for meaningful improvement of >0.8
(Supplementary Figure 1).

In clinical practice, a >1-point change on any
individual item is considered meaningful for assessing
change in an individual patient; however, a
threshold >0.8 points was applied in these analyses
since group-level mean change scores were evaluated.

DISCUSSION

Dyskinesia associated with TD can be burdensome on
an individual’s and caregiver’s life.**-** In the prospective,
observational, multicenter RE-KINECT study conducted
at 37 outpatient psychiatry centers in the US, which
surveyed 204 individuals with suspected TD during a
2-week period, >40% of individuals reported TD
movements had a profound impact on aspects of daily
living such as talking, eating, being productive, and
socializing.’ A survey of 269 individuals with self-
reported TD showed similar results, with >80%
reporting being bothered by TD symptoms.*
Individuals who were employed (n=193) reported
decreased presenteeism (mean, 68.4% impairment)
and increased absenteeism (mean, 29.1% work time
missed) in the last 7 days due to TD. Individuals with TD
reported worse well-being, HRQOL, and social
withdrawal when compared with individuals with
schizophrenia, bipolar disorder, or MDD without TD and
with the age- and sex-adjusted general population.*

Caregivers of individuals with TD also reported
impacts on their own abilities to function and on their
HRQOL; when asked to rate the impact of caring for
individuals with TD on their own life on a scale from 0
(no impact at all) to 10 (impacted as bad as you can
imagine), the median score was 6. In a separate survey
of 162 caregivers of individuals with TD, caregivers
reported 46.4% activity impairment and 49.5% work
impairment (for those who were employed, n=136) in
the past 7 days based on data from the Work
Productivity and Activity Impairment questionnaire.*

Additionally, the impact of TD on daily activities does
not necessarily align with the severity of uncontrollable
movements. In a survey in which 80% of individuals with
TD reported being bothered by TD symptoms, only 40%
reported TD symptoms to be severe or very severe in the
previous week.*’ These survey findings are supported
by exploratory analyses of the RE-KINECT data where
self-rated impact on daily activities, such as self-care,
socializing, and being productive, was significantly
associated with HRQOL decline (P<.01), while self-rated
symptom severity was also associated, though at a lower
level of significance (P<.05). Similarly, functional
impairment was significantly associated with patient-
rated impact (P<.001), whereas no significant association
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Figure 3.
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aTest information curves illustrate the reliability of the TDIS measure. A broad curve indicates that the items effectively assess the trait (specifically physical and socioemotional

domains for TDIS) across a range of severity levels.
Abbreviation: TDIS = Tardive Dyskinesia Impact Scale.

was observed with symptom severity (P =.560).*> The
findings from the survey and RE-KINECT study
highlight the fact that TD severity does not always
correlate with impact on daily functioning, so that other
factors need to be considered. Some individuals who
have mild symptoms may still find that their symptoms
are debilitating, bothersome, or embarrassing.
These results provide additional rationale for
developing a TD-specific measure that is self-reported by
the patient and includes items beyond movement
symptoms.

PROs are becoming increasingly used in many
disease states to better understand the individual’s

perspective of their symptoms and experience during
their illness or related to treatment.***” Recognizing the
value of PROs and ClinROs, the FDA released guidance
documents on their use in clinical trials for new
medications.* PROs can be categorized into generic or
disease-specific. Generic PROs are appropriate for use
with individuals in any disease state or population and
allow for comparisons across different diseases and
populations. Disease-specific PROs assess symptoms,
functional impact, or other aspects that are relevant to
individuals with a particular health condition.*6:474°
Currently, TDIS is the only disease-specific PRO that has
been designed for and validated in TD and specifically

Figure 4.
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Abbreviation: TDIS = Tardive Dyskinesia Impact Scale.
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assesses symptoms and functional impacts that are
directly relevant to TD.

An example of a generic PRO that has been used in
trials with VMAT?2 inhibitors is the PGIC. Treatment with
valbenazine has been associated with improvement in
PGIC in phase 3 trials, with 88% of individuals reporting
“much improved” or “very much improved” at 12 months
(48 weeks).?® Deutetrabenazine has also been associated
with improvement in PGIC in an open-label extension
study, with 61% of individuals reporting “much improved”
or “very much improved” at 13.5 months (54 weeks).5!

Other generic PROs have been used in clinical trials
assessing individuals with TD receiving valbenazine, such
as EQ-5D-5L°? and Sheehan Disability Scale (SDS).5® EQ-
5D-5L measures an individual’s current health state, and
SDS measures the severity of functional impairment.>>*
Valbenazine was associated with improvement in these
measures in a phase 4, double-blind, placebo-controlled
withdrawal study of individuals with TD receiving
valbenazine (NCT03891862).% In individuals (n =59)
receiving valbenazine from baseline through week 16, the
EQ-5D-5L utility index improved by 0.17 (range: —0.573 to
1), the EQ-5D-5L visual analog scale by 6.4 points (range:
0-100), and the total SDS by 9.1 points (range: 0—30).%

ClinROs, as defined by the FDA, are measurements
based on observation of an individual’s health condition
by a trained healthcare professional.®* ClinROs used in
TD include the AIMS, CGIC-TD, Impact-TD and
Clinician’s Tardive Inventory (CTI).2855-57 AIMS was a
primary endpoint and CGIC was a secondary endpoint in
phase 3 clinical trials for valbenazine and
deutetrabenazine.??265158 CGIC-TD and AIMS do not
measure specific domains in detail of the functional or
social/emotional impact of TD. Impact-TD is a recently
developed ClinRO that assesses individuals’ TD-related
HRQOL. It includes 4 functional domains (social,
psychological/psychiatric, physical, and vocational/
educational/recreational), with each domain rated from 0
(no impact) to 3 (severe impact).>® The CTI assesses
the presence, frequency, and amplitude of abnormal
movements in 6 anatomic domains and level of functional
impairment in 5 domains, with higher values indicating
greater frequency of symptoms (range: 0—-30) and more
severe functional impairment (range: 0—3).5%%”

While these tools are valuable for understanding
disease severity and impacts on HRQOL from a clinician’s
viewpoint, clinicians may not have the same perception
of the impact and severity of TD as patients and their
caregivers. For example, in an analysis comparing
HRQOL and functional impairment between individuals
with possible TD vs those without abnormal involuntary
movements, those who rated their TD impact as severe
reported significantly worse HRQOL (EQ-5D-5L score
P<.001) and functional impairment (SDS score P<.001)
than those with clinician-rated severity alone (EQ-5D-5L
and SDS scores P >.05).* Similarly, severity of abnormal
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involuntary movements rated by caregivers (rated as
“none,” “some,” or “a lot” for head/face neck/trunk, upper
extremities, lower extremities) was more strongly
associated with patient ratings of severity (P<.01 for all
locations) compared with clinician ratings of severity

(P <.05 for neck/trunk and upper and lower
extremities).*> Additionally, caregivers and patients
reported greater severity and more affected body regions
vs clinicians.”® This discrepancy may be due to the
subjective nature of TD severity and impact; while
clinicians may consider the severity as mild, patients may
report that TD symptoms have a substantial impact on
their socioemotional functioning or activities of daily
living.** Additionally, ClinROs such as AIMS measure
different aspects of TD compared with PROs. By using
ClinROs and PROs together, a more complete picture of
the burden and impact of TD from the patient’s
perspective can be captured.?

TDIS, a TD-specific PRO, can help individuals
quantify the impact of symptoms on daily life and well-
being and provide a benchmark for the effect of
treatment by the clinician. TDIS uniquely complements
existing COAs, as it shows a similar pattern of change with
treatment compared with AIMS, PGIC, and CGIC-TD,
while measuring distinct and clinically relevant aspects
of TD that extend beyond movement symptoms. An MCID
of 4 points in TDIS total score (range: 0—44) was
established using anchor- and distribution-based
methods to help guide interpretation of TDIS.

The IRT analyses demonstrated that the individual
items in TDIS are reliable and precise in measuring physical,
social, and emotional impacts of TD and that each question
captures unique aspects of TD impact. The longitudinal
item analysis response provided clarity on the most
impacted items (embarrassment, unwanted attention, self-
consciousness, mouth noises, and speaking) and captured
meaningful change of these items over the 48-week study
period as measured by the within-sample benchmarks with
valbenazine treatment. These results align with the results
of the qualitative studies completed during the development
of the TDIS, in which greater than 50% of participants
endorsed unwanted social attention, difficulty speaking,
and social isolation as the most common impacts of TD.?!
Based on distribution-based analyses, the initial estimate of
meaningful change for individual items ranged from
0.52 to 0.72 points; a conservative threshold of 0.8 points
was selected post hoc as a preliminary reference point to
guide interpretation of item-level changes. For clinical use,
a >1-point change in single TDIS items can be considered
meaningful given the whole-point scoring structure.
However, caution is warranted, as the meaningful change
threshold for total TDIS score was estimated separately
using an anchor-based approach and is not equivalent to
the sum of individual item thresholds. Anchor-based
methods may be applied in the future to further refine
thresholds at the item level.
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Although TDIS has been psychometrically validated
in patients with TD, there are some limitations to
consider. The figures presented herein do not include
placebo data, reflecting the focus of these analyses on
descriptive patterns of change in the active treatment
valbenazine group rather than comparative treatment
effects. Future research incorporating control groups will
help further contextualize observed changes. TDIS has
only been studied in patients with TD receiving
valbenazine and has not been assessed with other
VMAT?2 inhibitors or in untreated patients with TD. In
addition, some patients may be unaware of TD
movements, such as those with schizophrenia, which
could affect how they perceive their symptoms.

TDIS is not meant to replace any PRO or ClinRO but
rather be used alongside other COAs (eg, AIMS and CGIC-
TD) to provide a holistic view of patient burden and
improvement. Indeed, the use of TDIS, along with other
PROs and ClinROs, characterized functional and
socioemotional impacts of TD and their change over
time along with the changes in the motor manifestations
of TD in valbenazine phase 3 and long-term extension
trials.?>-2¢ Given the relevance of TD, using PROs like
TDIS can provide a comprehensive picture of the impact
of TD when used in conjunction with ClinROs and are key
to understanding the underappreciated impact and
burden of TD from the patient’s perspective and the
potential benefit of TD treatments.
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Supplementary Figure 1. Change in TDIS item mean scores from baseline to week 48 for individuals receiving valbenazine (n=181)
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Abbreviations: TDIS: Tardive Dyskinesia Impact Scale.
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