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APPROACH 

The primary aim of this analysis is to estimate the cost-effectiveness of valbenazine and deutetrabenazine 

for the treatment of symptoms of moderate-to-severe tardive dyskinesia (TD) compared to no treatment.   

The model structure for this assessment is depicted below.   The model will be developed in Microsoft 

Excel.   

METHODS 

Treatments 

The interventions assessed in this model are as follows: 

• Valbenazine (Neurocrine Biosciences, Inc.) 

• Deutetrabenazine (Teva Pharmaceuticals, Inc.) 

• No treatment 

Patients not receiving active treatment for TD symptoms will be modeled using outcomes associated with 

the placebo arms from the relevant clinical trials.  Note that, while other medications are used off-label 

for managing TD symptoms, these will not be included in our analyses, as the quality of evidence 

supporting their use in TD is greatly inferior to the clinical trial data available for valbenazine and 

deutetrabenazine.  In addition, other strategies such as lowering the dose of the medication thought to 

be causing TD symptoms, will not be considered because of similar concerns with available evidence and 

the fact that such changes were not allowed in the study protocols for valbenzaine and deutetrabenazine. 

Overview and Model Structure 

We will develop a new Markov model of patients with moderate to severe tardive dyskinesia in a 

representative population of U.S.  adults aged 18 years and older with the underlying conditions of 

schizophrenia, schizoaffective disorders, and bipolar depression.  Patient response will be based on 

improvements in Abnormal Involuntary Movement Scale (AIMS) scores observed in clinical trials.  In the 

base-case model, as treatment effects were quite rapid in the trials and the overall model has annual 

cycles, patients will begin in either the “moderate to severe tardive dyskinesia” or the “improved tardive 

dyskinesia” health states.  The proportion of patients starting in the “improved tardive dyskinesia” health 

state will be based on the proportion responding to therapy or placebo in clinical trials.  In subsequent 

cycles, responders will remain in the “improved tardive dyskinesia” state until discontinuing therapy or 

dying.  Each cycle, some patients will discontinue therapy due to adverse events.  Those discontinuing 

therapy will primarily move to “moderate to severe tardive dyskinesia.” A smaller proportion will continue 

to move to “discontinued therapy, improved tardive dyskinesia” at a rate similar to those in the placebo 

arm of the clinical trials.  The model will employ one-year cycles over a lifetime time horizon, modeling 

patients from treatment initiation until death.  Mortality rates will be based on epidemiologic evidence of 
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mortality in patients with the underlying conditions of schizophrenia, schizoaffective disorders, and 

bipolar depression.  It is assumed in the base case of the model that therapies for tardive dyskinesia do 

not affect mortality. 

Base-case model inputs will include the probability of symptom improvement, utility gain from symptom 

improvement, and health care costs.  We will use a U.S.  health care system perspective (i.e., focus on 

direct medical care costs only) with a lifetime time horizon and a 3% discount rate for costs and health 

outcomes.  Cost-effectiveness will also be estimated for shorter time horizons of one, two, and five years.  

One-way and probabilistic sensitivity analyses will be used to examine the effects of all inputs on the 

model.  Special scenario analyses will also be conducted in bipolar and schizoaffective patients to 

incorporate potential indirect effects of improved TD on the underlying conditions in terms of costs and 

quality adjusted life years (see the scenario analysis section below).  Threshold analyses will be used when 

there are insufficient data for potential model scenarios. 

 

Figure 1.  Markov model structure 
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Key Assumptions 

We have made several assumptions for the base-case model, as follows: 

Assumption Rationale 

Patient response to treatment is reflected in 

their initial health states 

Cycles are annual and the response to treatment 

is rapid.  Patients responding will be started in 

the “improved tardive dyskinesia” state, while 

those who do not respond will begin in the 

“moderate to severe tardive dyskinesia” state.  

This will prevent a lag in response to therapy that 

would occur if all patients were started in the 

“moderate to severe tardive dyskinesia” state. 

All patients receiving treatment will incur one 

month of treatment costs as an initial cost. 

Patients initiating therapy would have a trial 

period of the medications.  Medications are 

usually dispensed in one-month increments. 

Patients not responding to treatment with 

valbenazine or deutetrabenazine discontinue 

their treatment. 

Patients not responding will not see benefits of 

therapy and should have no treatment costs. 

Response to treatment remains constant for all 

responders.  Patients do not improve beyond 

their initial response to therapy nor decline 

while remaining in the “improved tardive 

dyskinesia” state. 

There is limited information on the individual 

change in response to therapy over time.  

Furthermore, there is no information on the 

impact of tardive dyskinesia severity on quality of 

life.  It is necessary to assume that tardive 

dyskinesia impact on quality of life, as measured 

by a utility, will remain constant while patients 

are responding to therapy. 

Discontinuation rates for valbenazine and 

deutetrabenazine are similar to those observed 

in clinical trials of these agents in the first cycle.  

Following the first cycle, discontinuation rates 

are constant and modeled based on the longest 

available time periods in data from the 

continuation phase of the trials.  Patients 

responding to but subsequently discontinuing 

treatment are modeled the same as those 

There is no information regarding discontinuation 

rates of therapies beyond the clinical trial 

extensions. 
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beginning with no treatment.  Patients 

discontinuing therapy will enter either 

“moderate to severe TD” or “discontinued 

therapy with improved TD.” 

Patients who respond to treatment will be 

assumed to have no added psychiatric and 

neurologist visit costs related to TD. 

There is currently no data on the costs associated 

with treated tardive dyskinesia.  It is likely that 

patients whose tardive dyskinesia has improved 

will incur fewer office visits.  This is a 

conservative estimate biasing the results in favor 

of the therapies. 

Utility gains associated with being in the 

“improved tardive dyskinesia” state, compared 

with being in the “moderate to severe tardive 

dyskinesia state” are equal to population 

estimates obtained assessing the incremental 

impact of having no tardive dyskinesia relative 

to having moderate to severe tardive dyskinesia.   

There is limited data on the impact of tardive 

dyskinesia on utility and no data for varying 

severity of tardive dyskinesia.  This assumption 

will result in maximal benefit to patients, biasing 

the model results in favor of the therapies. 

Tardive dyskinesia and treatments do not have a 

direct effect on mortality. 

Valbenazine and deutetrabenazine have not been 

demonstrated as having an impact on mortality.  

The scenario analysis will address the possibility 

that improved tardive dyskinesia may reverse a 

possible risk of increased mortality associated 

with having tardive dyskinesia seen in one study.1 

Treatment of tardive dyskinesia has no effect on 

the outcomes or costs of treating the underlying 

conditions.  However, these potential effects 

will be considered in scenario analyses. 

Valbenazine and deutetrabenazine have not been 

shown to improve the management of underlying 

conditions.  Although not evaluated in clinical 

trials, patient and pharmaceutical company 

stakeholders have suggested that such benefits 

are likely.  Therefore, these potential indirect 

benefits of therapy will be modeled in scenario 

analyses. 
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Population 

The population for this analysis will be patients with moderate to severe tardive dyskinesia in a 

representative population of US adults aged 18-64 years with the underlying conditions of schizophrenia, 

schizoaffective disorders, and bipolar depression.  The proportion of patients with  schizophrenia, 

schizoaffective disorders, and bipolar depression being treated with antipsychotic medications seen in US 

patient populations, namely 70.2% for schizophrenia and schizoaffective disorders and 29.8% for bipolar.2  

Input Parameters 

Population Demographics 

The modeled population will be derived from statistics of the adult U.S.  populations, aged 18-64 years, 

likely to develop tardive dyskinesia with the underlying conditions of schizophrenia, schizoaffective 

disorder, and bipolar disorder.  Patients receiving metoclopramide for gastrointestinal conditions and 

developing tardive dyskinesia will not be modeled in this analysis due to the very small number of patients 

currently treated long-term, and substantial differences in the underlying demographics and other 

characteristics of these patients. 

In the model, patients with schizophrenia or schizoaffective disorder will have a mean age of 38 years and 

be 52.5% female.3  Patients with bipolar disorder will have a mean age of 40 years and be 64.8% female.4   

Note that the clinical trials of valbenazine and deutetrabenazine included a much higher proportion of 

male patients (66.4%).  These estimates are consistent with a meta-analysis of clinical trials involving 

patients with tardive dyskinesia, where the mean age was 42.8 years.5  The proportion of patients with 

bipolar will be 29.8% and the proportion with schizophrenia or schizoaffective disorder will be 70.2%.  This 

implies an expected age of 39 years.   

Initial Transition 

Patients enter the model as having immediately improved or not, based on success rates with therapy or 

with no tardive dyskinesia treatment.  For the base case, treatment effectiveness will be based on the 

proportion of patients having a ≥50% improvement in the AIMS score (with other measures of 

improvement such as CGI-TD and CGI-C being considered in sensitivity analyses) at the maximal tolerated 

dose from the clinical trials (80 mg for valbenazine and 36 mg for deutetrabenzine).  The rationale for 

using the maximal dose is that in clinical practice, patients will be titrated to maximum medication 

effectiveness without intolerable side effects.  In addition, the highest effect was seen at the maximal 

dose. 

Those who have improved will enter the model in the “improved tardive dyskinesia” state.  Those who 

have not will begin the model in the “moderate to severe tardive dyskinesia” state.  The probabilities 

associated with starting in the improved tardive dyskinesia state will be primarily abstracted from phase 

III clinical trials and open-label extension trials evaluating response to valbenazine and deutetrabenazine 

compared with placebo.    

 



 7/10/17 

 

  Page 7 

 

Table 1.  Proportion of patients starting in the “improved tardive dyskinesia” state for the initial 
distribution 

Comparator Improvement 
scale 

Proportion who improved Reference 

Valbenazine versus 
placebo (6 weeks) 

50% 
improvement in 
AIMS 

Valbenazine 40 mg: 23.8% 
Valbenazine 80 mg: 40.0% 
Placebo: 8.7% 

Hauser 20176 

Valbenazine open 
label (48 weeks) 

50% 
improvement in 
AIMS 

Valbenazine 80 mg: 52.4% 
Valbenazine 40 mg: 28.3% 

Grigoriadis7 

Valbenazine versus 
placebo (6 weeks) 

50% 
improvement in 
AIMS 

Valbenazine: 48.9% 
Placebo: 18.2% 

O’Brien8 

Valbenazine versus 
placebo (6 weeks) 

CGI-TD 
responders 
(score ≤ 2) 

Valbenazine 40 mg: 31.7%* 
Valbenazine 80 mg: 31.4%* 
Placebo: 20.3%* 
*Differences not significant 

Grigoriadis7 

Valbenazine versus 
placebo (6 weeks) 

CGI-TD “much 
improved or very 
much improved” 

Valbenazine: 67% 
Placebo: 16% 

O’Brien8 

Valbenazine open 
label (48 weeks) 

CGI-TD 
responders 
(score ≤ 2) 

Valbenazine 80 mg: 76.2% 
Valbenazine 40 mg: 59.0% 

Grigoriadis7 

Deutetrabenazine 
versus placebo (12 
weeks) 

50% 
improvement in 
AIMS 

Deutetrabenazine 24 mg: 
Approx.  33% 
Deutetrabenazine 36 mg: 
Approx.  30% 
Placebo: Approx.  10% 

Jimenez-Shahed9 

Deutetrabenazine 
versus placebo (12 
weeks) 

CGI-C “improved 
or much 
improved” 

Deutetrabenazine 24 mg: 49% 
Deutetrabenazine 36 mg: 44% 
Placebo: 26% 

Anderson10 

Deutetrabenazine 
versus placebo (12 
weeks), combined 
ARM-TD and AIM-TD 
trials 

CGI-C “improved 
or much 
improved” 

Deutetrabenazine (unspecified 
dose): 48% 
Placebo: 30% 

Fernandez11 

Deutetrabenazine 
versus placebo (54 
weeks) 

CGI-C “improved 
or much 
improved” 

Deutetrabenazine (unspecified 
dose): 72% 

Anderson12 

Deutetrabenazine 
versus placebo (12 
weeks) 

CGI-C “much 
improved or very 
much improved” 

Deutetrabenazine (mean dose 
38.3 mg/d): 48.2% 
Placebo: 40.4% 

Fernandez13 

Deutetrabenazine 
versus placebo (12 
weeks) 

PGIC “much 
improved or very 
much improved” 

Deutetrabenazine (mean dose 
38.3 mg/d): 45.8% 
Placebo: 28.6% 

Fernandez13 
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Transition probabilities 

Patients who initially respond but subsequently discontinue therapy will transition to the “discontinued 

therapy, improved tardive dyskinesia” state based on placebo response rates from the clinical trials, or to 

the “moderate to severe dyskinesia” state.  6, 7, 10, 12  Patients may also move to the absorbing state, death, 

based on mortality rates of the underlying conditions obtained from epidemiologic studies.  Patients with 

improved tardive dyskinesia who continue to receive drug therapy and do not die will continue in the 

“improved tardive dyskinesia” state each cycle. 

Mortality will be modeled using age- and gender-adjusted mortality estimates for the general population, 

obtained from the CDC/NCHS National Vital Statistics System, and further adjusted to reflect mortality 

rates in the underlying populations of schizophrenia, schizoaffective disorder,14 and bipolar disorder.15 

Costs 

The model will include all costs associated with caring for tardive dyskinesia.  These costs will include 

treatment costs, primary care physician visits, and specialist (i.e., neurologist and psychiatrist) visits 

associated with the management of moderate-to-severe tardive dyskinesia.  Patients who do not respond 

to treatment will be assumed to discontinue therapy and therefore not incur additional TD-specific 

treatment costs.  Patients with moderate to severe tardive dyskinesia will incur additional psychiatric and 

neurologist visit costs.  Patients who respond to treatment will be assumed to have no additional 

psychiatric and neurologist visit costs.  Patients with no treatment and improved symptoms of tardive 

dyskinesia will have no incremental costs assigned to them in the model.  In addition, there are no costs 

associated with death in the model.  Medicare fee schedules will be used to assign psychiatric and 

neurologist visit costs.  Drug treatment costs will be based on industry-provided estimates if any, or will 

be based on benchmark discount levels for products in similar therapeutic areas to arrive at a net price. 
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Utilities 

Utility estimates for patients in any health state in the model will reflect a weighted average of utilities 

for the underlying conditions.  Gains in utility from improvement in tardive dyskinesia symptoms will be 

modeled based on utility estimates available in the literature of having moderate to severe tardive 

dyskinesia relative to not having tardive dyskinesia.  The base-case will utilize a utility decrement 

(subtractive) of 0.095 to all patients remaining in the “moderate to severe tardive dyskinesia” state.  

Patients in the “improved tardive dyskinesia” or “discontinued therapy, improved tardive dyskinesia” 

states will not incur the disutility.  The utility gained from improvement in tardive dyskinesia is assumed 

to be independent of any other underlying condition(s). 

 

Table 2.  Potential disutility values for patients with tardive dyskinesia.   

Disutility or quality of life scale 
type 

Disutility Value (SD) Source 

Standard gamble utility 
multiplier* 

0.857 (0.825-0.888) Lenert 200416 

Additive standard gamble 
disutility** 

-0.095 (0.073-0.117) Lenert 200416 

Additive disutility**  0.14 (N/A) Wang 200417 
Glennie 199718 
Oh 200119 

*Patients with tardive dyskinesia will have their initial utility (i.e. without tardive dyskinesia) multiplied by the multiplicative utility 
to derive the final utility for their initial health state plus tardive dyskinesia. 

**Patients with tardive dyskinesia will have the disutility for tardive dyskinesia added to their initial health state utility (i.e. 
without tardive dyskinesia) to derive the final utility. 

Adverse Events 

There were no severe adverse events noted in the clinical trials.  However, discontinuation rates differed 

between the two treatments (and placebo) due to minor adverse events.  The model will reflect these 

differential discontinuation rates from adverse events, but will not include costs or utilities related to 

adverse events, as these effects are assumed to be minimal.  We do note that deutetrabenazine carries a 

black box warning for suicidal ideation based on data from its clinical trial program for Huntington’s 

disease-associated movement disorders (the initial indication for the drug).  As described above, the 

effects of possible excess mortality associated with TD will be assessed in sensitivity analyses. 
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Table 3.  Potential inputs for discontinuation because of adverse events (AEs), by therapy and trial 

 
Active treatment Treatment rate Placebo rate Evaluation 

Period 
Reference 

Valbenazine (any 
event leading to 
discontinuation) 

40 mg: 5.6% 
80 mg: 6.3% 

5.3% 6 weeks Hauser 20176 

Valbenazine (AE 
leading to 
discontinuation) 

40 mg: 3% 
80 mg: 4% 

3% 6 weeks Factor 201720 

Valbenazine (AE 
leading to 
discontinuation) 

40 mg: 16.0% 
80 mg: 13.5% 

14.7% Mean 225 
days 

Remington21 

Deutetrabenazine 
(AE leading to 
discontinuation) 

1.7% 3.4% 12 weeks Fernandez 201713 

 

Model Outcomes 

The model will estimate the amount of time, on average, patients spend in each health state while on 

valbenazine, deutrabenazine, or no treatment.  Utility-adjusted time spent in each health state will be 

summed to provide estimates of quality-adjusted life expectancy for each treatment arm. 

Model outcomes of interest will include: 

• By intervention: 

o Total costs (discounted) 

o Quality adjusted life expectancy (undiscounted and discounted) 

o Cost per case of improved tardive dyskinesia 

• Pairwise comparisons: 

o Incremental cost-effectiveness ratios (cost/QALY) of each treatment versus usual care 
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Sensitivity Analyses  

We will run one-way sensitivity analyses on all model inputs to identify the key drivers of model outcomes.  

Probabilistic sensitivity analysis will be performed by jointly varying model inputs over 5,000 simulations.  

Acceptability curves and other summary measures of variance will be generated and presented. 

 

Scenario Analyses on Potential Indirect Effects of TD Treatment by Underlying Condition 

We will conduct scenario analyses, taking into account the inclusion of potential indirect effects of 

valbenazine and deutetrabenazine on productivity22 and adherence to antipsychotic and depression 

medications.   In the first scenario analysis, potential productivity gains from improved tardive dyskinesia 

will be included in the base-case model for all patients responding to therapy.  In additional scenario 

analyses, separate models will be developed for schizophrenia/schizoaffective disorders and bipolar 

disorder patients.  The models will incorporate well controlled and poorly controlled mental health states 

for the underlying conditions.  It has been hypothesized that improved tardive dyskinesia control results 

in better management of the underlying conditions.  In these scenario analyses, treatment with 

valbenazine and deutetrabenazine will be modeled to impact the hypothesized improved management of 

schizophrenia/schizoaffective disorders and bipolar disorder, resulting in additional utility gains and 

reduced total costs.  Given available data, we will perform threshold analyses, based on willingness-to-

pay thresholds of $50,000 to $150,000 per QALY, determining the magnitude of indirect treatment effects 

on quality-adjusted life years gained, cost offsets, or productivity gains required for the treatment to be 

considered cost-effective.23  
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