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Executive Summary:  

FDA-approved indication: The benzoquinolizine compound, tetrabenazine (TBZ), is a dopamine depleting agent which reversibly inhibits the human vesicular monoamine transporter 2 (VMAT2). Tetrabenazine is currently the only medication approved for patients with chorea associated with Huntington’s Disease (HD). Tetrabenazine was approved as an orphan drug by the United States Food and Drug Administration (FDA) in August 2008.1-3
Dose: The dose of tetrabenazine should be individualized to each patient. The recommended starting dose is 12.5 mg per day given once in the morning. After one week, the dose should be increased to 12.5 mg twice a day. Tetrabenazine should be titrated up at weekly intervals by 12.5 mg to determine a dose appropriate to response and tolerance. If a dose of 37.5 to 50 mg per day is needed, it should be given in divided doses three times a day.  The maximum recommended single dose is 25 mg. If adverse events such as akathisia, restlessness, Parkinsonism, depression, insomnia, anxiety or intolerable sedation occur, titration should be stopped and the dose should be reduced. If the adverse event does not resolve, consideration should be given for withdrawing treatment or initiating other specific treatment (e.g., antidepressants). .3  The FDA approved use of tetrabenazine includes doses up 100mg, and the manufacturer does not recommend doses above 100mg/day. However, there are several studies in which doses above 100mg/day were used. Doses above 100mg/day may be appropriate for some patients, and should be reviewed on a patient specific case by case basis. 
Efficacy: Tetrabenazine has been shown to reduce chorea related to HD with varying degrees of significance. The largest double-blind randomized control trial was published in 2006 with 84 subjects who had chorea associated with Huntington’s disease.1 Baseline chorea score of 14.5 was reduced to 9.5 on patients receiving TBZ (35.5% relative reduction in chorea score), compared to 13.0 on placebo (11.3% reduction). .  Tetrabenazine has been studied in various degrees in other hyperkinetic movement disorders including dystonia, tardive dyskinesia, tic disorders, and myoclonus.  

Safety: The most common side effects include sedation (31.4%) akathisia (19%) and Parkinsonism (9%).1 Tetrabenazine carries a black box warning for increased risk of depression and suicidality.3  Patients who have untreated or inadequately treated depression, or who are actively suicidal are contraindicated for use of tetrabenazine.  Close observation of patients for the emergence or worsening of depression, suicidality, or unusual changes in behavior should accompany therapy. Neuroleptic malignant syndrome has also rarely been reported in association with tetrabenazine.  Concomitant use with reserpine or a monoamine oxidase inhibitor is contraindicated.  QTc prolongation with average of eight milliseconds was seen at a dose of 50mg in healthy patients, therefore tetrabenazine should be avoided or used with caution in combination with other medications known to prolong QTc. Tetrabenazine has also been associated with elevations of serum prolactin.  Hyperprolactinemia may be a concern if patients have a history of breast cancer. Dizziness occurred in 4% of patients in the phase III clinical trial and there have also been rare reports of hypotension with tetrabenazine, thus monitoring blood pressure in patients prone to hypotension is advisable.3 
Laboratory Monitoring: There is no recommended continuous laboratory monitoring for tetrabenazine.3 In controlled clinical trials, tetrabenazine caused a small mean increase in ALT and AST as compared to placebo.  The manufacturer recommends that patients requiring doses above 50mg daily be genotyped for CYP2D6 to determine if they are poor, extensive or intermediate metabolizers.3However, there is no evidence that this test is clinically useful, changes practice,  or that the test is easily accessible. Therefore, CYP2D6 testing is not recommended at this time. .  

INTRODUCTION
The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating tetrabenazine for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

PHARMACOLOGY3-12
Tetrabenazine (TBZ) is a dopamine depleting agent which reversibly inhibits the human vesicular monoamine transporter 2 (VMAT2).  The exact mechanism in which tetrabenazine exerts anti-chorea effects is believed to be related to its effect as a reversible depletor of monoamines (such as dopamine, serotonin, and norepinephrine) from nerve terminals.    
Literature has shown a connection between excess DA and involuntary movements in HD.5-7  Dopamine depletion by TBZ is the probable cause of its anti-chorea affects in HD, with serotonin depletion possibly explaining the risk of depression.  Positron emission tomography (PET) scan studies have shown TBZ to work preferentially on DA compared to the other monoamines.8,9  This was shown because TBZ concentrates selectively in the striatum (which has high DA levels), but not the cerebral cortex (which has high levels of serotonin and norepinephrine).  Brain levels of monoamines returned to pre-dose values 12 hours post dose in a study on rat brain monoamine content.10      
The vesicular monoamine transporter helps facilitate the movement of monoamines from the cytoplasm to the synaptic vesicle for storage.  Two isoforms have been identified in studies, VMAT1 and VMAT2.  Vesicular monoamine transporter type 1 is concentrated in peripheral tissues, whereas VMAT2 is concentrated primarily in the brain.11 Storing monoamines in the synaptic vesicles protects against their degradation in the cytoplasm.  Thus, inhibiting VMAT2 allows monoamines to be rapidly degraded in the cytoplasm by monoamine oxidases, subsequently depleting their storage.12 Dihydrotetrabenazine (HTBZ), which is a mixture of α-HTBZ and β-HTBZ, is the major circulating metabolite and also inhibits VMAT2.  Dihydrotetrabenazine readily crosses the blood brain barrier.  Between these main metabolites, α-HTBZ has a 3-4 fold greater binding affinity for VMAT2 than β-HTBZ and is considered the active metabolite.12 The ratio of α-HTBZ to β-HTBZ is 3 to 1, with variability as high as 20 fold between individuals.3 
PHARMACOKINETICS3,10,13
At least 75% of TBZ is absorbed following oral administration.10 Tetrabenazine bioavailability is not affected by food and can be given without regard to meals.  A study using patients as their own control, with subjects taking a single dose of TBZ with and without food, showed no difference in mean plasma concentrations, maximum plasma concentration (Cmax), or area under the curve (AUC).3  
In vitro protein binding studies showed TBZ with binding ranging from 82-85% and the primary metabolites ranging from 59-68%.  Results of PET-scan studies in humans showed that TBZ metabolites rapidly distribute to the brain following intravenous injections.3 High plasma protein binding, coupled with rapid hepatic degradation of TBZ, likely account for the low plasma concentrations and AUC for TBZ compared to its major metabolite, HTBZ.13  

Approximately 75% of the dose is excreted in urine, while 7-16% can be found in feces. Unchanged TBZ has not been found in the urine.  Sulfate and glucuronide conjugates of HTBZ metabolites make up the majority of metabolites found in the urine.3
Plasma concentrations of TBZ are generally undetectable because it is rapidly and extensively hepatically metabolized by CYP2D6 into α-HTBZ and β-HTBZ. However, the AUC of HTBZ is considerably higher than TBZ10 and is further metabolized to O-dealkylated-HTBZ, another major metabolite.  At least 19 different metabolites have been identified in humans.  Neither TBZ, nor the metabolites are likely to be a substrate or inhibitor of P-glycoprotein. TBZ metabolites are primarily renally eliminated.3
Peak plasma concentrations of the metabolites are reached within 1 to 1.5 hours post-dosing.3 The half-lives of α-HTBZ and β-HTBZ are 4-8 hours and 2-4 hours, respectively.3    

FDA APPROVED INDICATION(S) AND OFF-LABEL USES2,14-21
Tetrabenazine is FDA approved for the treatment of chorea associated with Huntington’s disease.  This agent was approved on August 15, 2008 with a rating of new molecular entity, priority status and orphan drug
There is a potential for off-label use with tetrabenazine due to some limited retrospective studies regarding its use in other indications. For example, tetrabenazine has been used for spontaneous dyskinesias, tardive dyskinesia, chorea, Tourette’s syndrome, dystonias, myoclonus, and tic disorders. Table 1 provides a grid of trials that have studied TBZ in FDA off-label uses. 
CURRENT VA NATIONAL FORMULARY STATUS
The VA National Formulary includes agents that have been used off-label for managing symptoms of Huntington’s disease.14,15 However, tetrabenazine is the only FDA approved medication for Huntington’s disease associated chorea.
DOSAGE AND ADMINISTRATION3
When therapy is initiated, the starting dose should be 12.5 mg per day given once in the morning. After one week, the dose should be increased to 25 mg per day given as 12.5 mg twice a day. Tetrabenazine should be titrated up slowly at weekly intervals by 12.5 mg, to allow the identification of a dose that reduces chorea and is well tolerated. If a total daily dose (TDD) of 37.5mg or more is needed, it should be given in divided doses three times a day. The maximum recommended single dose is 25 mg for a patient taking a TDD of less than or equal to 50mg. Tetrabenazine can be taken without regard to meals.2 If adverse events such as akathisia, restlessness, Parkinsonism (slowness and rigidity), depression, insomnia, anxiety or intolerable sedation occur, titration should be stopped and the dose should be reduced. If the adverse event does not resolve, consideration should be given to withdrawing treatment or initiating other specific treatment (e.g., antidepressants).  Any interruption in treatment greater than five days requires retitration.2
Tetrabenazine is metabolized through the CYP2D6 P450 liver enzyme. This enzyme is highly polymorphic which affects the metabolism of medications going through this pathway.  It is estimated that 7- 14% of the population metabolize slowly through this system and 7% of the populations are rapid metabolizers. Metabolism through this system can also create drug interactions especially with potent inhibitors of CYP2D6 such as some antidepressants. The manufacturer recommends that newly diagnosed depression patients who require paroxetine or fluoxetine should half their current dose of tetrabenazine.

The manufacturer also recommends CYP2D6 genotyping for doses greater than 50mg daily.  Currently there is no recommendation for pre-screening patients for CYP2D6 polymorphisms. Genotype testing may not be available at all VA Hospitals.  There are several manufacturers of these genetic tests and prices can range from $300-1300 per test. Ease of access to this test is also unclear. [The average dose for HD patients in the 80 week study – unpublished data presented at the American Academy of Neurology meeting as a platform presentation in 2007 – was just over 60mg.  Genetic testing will be an issue, but again, it does not change my management in using this medication since we looking for a clinical effect.]
Tapering is not required to discontinue treatment. Patients who express CYP2D6 for extensive and intermediate metabolizers may require doses above 50mg per day.  As with lower doses, it is recommended that the dose is titrated up by 12.5mg weekly.  The TDD regimen should be given in a three separate doses a day. The maximum recommended TDD is 100 mg and the maximum recommended single dose is 37.5 mg in patients taking a TDD greater than 50mg.   

Special Populations 
The use of tetrabenazine in patients with liver disease is contraindicated.2
Caution should be used when adding a strong CYP2D6 inhibitor (e.g., fluoxetine, paroxetine, and quinidine), to a patient already receiving a stable dose of tetrabenazine. In patients receiving co-administered strong-CYP2D6 inhibitors, the daily dose of tetrabenazine should be cut in half. The effect of moderate or weak CYP2D6 inhibitors such as duloxetine, terbinafine, amiodarone, or sertraline has not been evaluated.2
Special Considerations

Tetrabenazine is a specialty pharmacy product approved with a Risk Evaluation and Mitigation Strategy (REMS) FDA-requirement.  The goals of this REMS program are to reduce the risk of drug-associated depression and suicidality, to promote informed prescribing and proper titration, and to minimize the risk of drug-drug interactions with strong CYP2D6 inhibitors.

 

To order tetrabenazine, the prescriber and patient must complete the Xenazine® (tetrabenazine) Treatment Form to become registered with the Ovation® Pharmaceuticals selected Xenazine® specialty pharmacy for Veterans Affairs (VA), CVS/Caremark. 

The attached documents can be found on the PBM intranet: http://vaww.national.cmop.va.gov/PBM/Special%20Handling%20Drugs/Forms/AllItems.aspx .

EFFICACY
A literature search was performed using PubMed with the following search term: “tetrabenazine.” Efficacy data for TBZ in HD chorea were retrieved from the literature. Figure 1 shows the search strategy used to identify trials for inclusion in the efficacy review. Studies were included if they evaluated response to TBZ in HD chorea or hyperkinetic movement disorders. Studies were excluded if they were not in English, performed on patients with an age of < 19 years, case-reports, pharmacokinetic studies, did not include TBZ as a study drug, and studies without any quantifiable response measure. A total of 20 citations met the inclusion and exclusion criteria. Table 6 summarizes the identified citations.
Efficacy Tools
The most clinically useful tools for monitoring chorea, Huntington’s Disease progression, and treatment effects include standardized scales which measure symptom severity. The clinical tool with the most reliability and validity is the Unified Huntington's Disease Rating Scale (UHDRS).   

UHDRS:22 

The UHDRS is a psychometrically validated tool developed by the Huntington Study Group (HSG) used to measure the clinical features of HD which include: (1) Motor Assessment, (2) Cognitive Assessment, (3) Behavioral Assessment, (4) Independence Scale, (5) Functional Assessment, and (6) Total Functional Capacity (TFC). A majority of studies use the chorea subscale of the UHDRS to evaluate response to TBZ on chorea symptoms due to HD. 

Studies that have used the UHDRS Chorea Score as a primary outcome for efficacy report an aggregate score that is based on rating chorea in seven body regions (face, buccal-oral-lingual, trunk and each of 4 limbs).  The chorea is scored based on a 0-4 rating score with 0 = no chorea, 1=slight/intermittent, 2=mild/common or moderate/intermittent, 3=moderate/common and 4 = marked chorea. These scores are combined to make the UHDRS chorea score, which has a range of 0 to 28.  

AIMS score:23 

The Abnormal Involuntary Movement Scale (AIMS) is a 12-item clinician-rated scale used to assess the severity of dyskinesias. For the purposes of measuring chorea in clinical trials, typically only the first seven items are used. Thus, it is similar to the UHDRS score, in that a 0 to 4 rating is given for chorea movement for seven different body regions (face, lips, jaw, tongue, upper extremities, lower extremities, and trunk movements). The rating scale is as follows: 0=no chorea, 1=minimal, 2=mild, 3=moderate, 4=severe. . 
5 point response scale: 

Non-validated response scales have been used in studies evaluating TBZ response in HD chorea. These response scales measure the effect on chorea movements with a 1-5 rating, with 1=marked improvement and 5=worsening of symptoms. The limitations with these scales are the lack of psychometric testing which may limit the generalizability of their results as well as their interpretation. These scales are useful because they provide a quick and easy way to assess the patient’s response to TBZ and reflect improvements in their HD chorea. 

Clinical Trials
1. Huntington study group. Tetrabenazine as anti-chorea therapy in Huntington disease: a randomized controlled trial. Neurology 2006;66:366-72.1
This was a twelve weeks multicenter, prospective, double-blind, placebo-controlled dose-finding study of tetrabenazine (TBZ) for the treatment of chorea in HD with 84 patients (TBZ=50, placebo=34). Efficacy measurement was primarily based on the UHDRS chorea subscore but also included:  Epworth Sleepiness Scale (ESS), Hamilton Rating Scale for Depression (HAM-D), Clinical Global Impression (CGI), Functional Impact Scale (FIS), and Barnes Akathisia Scale. Power analysis defined a minimal clinical difference between treatment and placebo as reduction of 2.7 points in the chorea score (UHDRS). Five subjects on TBZ and zero subjects on placebo discontinued therapy due to adverse side effects (however, this was not statistically significant). More subjects taking TBZ (N=37) reported moderate to severe adverse side effects compared to placebo (N=10) (p<0.0001). One patient was reported to have committed suicide in the TBZ group. The adjusted mean treatment effect difference between TBZ and placebo was -3.5 choreic UHDRS score (95%CI: -5.2 to -1.9, p=0.0001) which was a 23.5% reduction from the baseline chorea UHDRS. As for secondary outcome measures, TBZ patients showed improvement in the CGI compared to placebo with an adjusted effect size (improvement) of -0.7 CGI unit (95%CI: -1.3 to -0.2, p=0.007). However, some exploratory outcome measures showed the TBZ group to have statistically significantly worse scores than placebo, including the 17-item HAM-D, ESS, UHDRS functional checklist, and the Stroop word reading test.  Limitation of this study was the short duration of treatment (12 weeks). No inferences over a long period can be made with the current study. It is unknown whether patients will experience more adverse reactions over an extended period of time which may result in treatment discontinuation. Although no differences were observed at baseline between TBZ and placebo in terms of the 17-item HAM-D score, patients in the placebo group experienced a greater improvement than the TBZ group (p=0.003). As a result, monitoring for depression, mood, and suicidal ideation should be performed. This study provides short term efficacy for chorea UHDRS with TBZ compared to placebo but not in terms of the 17-item HAM-D, ESS, and UHDRS functional checklist. This is the only published randomized clinical trial (RCT) with a significant patient population using TBZ in HD, and thus is the only level 1 evidence available. 
2. Ondo WG, Tintner R, Thomas M, Jankovic J. Tetrabenazine treatment for Huntington's disease-associated chorea. Clin Neuropharmacol 2002 Nov-Dec;25(6):300-2.24
This was a prospective, single-blind, randomized videotape evaluation of patients on TBZ using a modified Abnormal Involuntary Movement Scale (AIMS) for treatment of chorea associated with HD. Patients were videotaped pre-TBZ and post-TBZ where the videotapes were coded and randomized to two independent judges for review of their AIMS score. Patients were asked to return after 4 months for evaluation. A total of nineteen patients were enrolled but one patient was lost to follow up and was eliminated from the analysis. The mean age of the patients was 56.2 (SD, 12.4) (range 37-76 years). The mean final duration of treatment at post-TBZ evaluation was 5.9 (3.3) months (range 2-11 months) with a mean final dose of 62.5 (37.4) mg/day (range 25-150 mg/day). Mean motor AIMS score improved from 16.2 (4.8) to 12.8 (4.4), a reduction of 20.9%. Adverse side effects included akathisia (N=3), insomnia (N=1), constipation (N=1), depression (N=1), drooling (N=1), and subjective weakness (N=1) which all improved after reduction in dose (with the exception of one patient with akathisia). None of the patients discontinued TBZ during the study duration. This study was limited by the small sample size and lack of a comparator arm. The motor portion of the AIMS may not be a good assessment tool for chorea associated with HD and may limit the internal validity of the results. The authors mention that Hawthorne effect may have occurred since the patients were aware that they were being videotaped which would have an effect on external validity. However, the study was a long term study which evaluated patients beyond 4 months and demonstrated good tolerance to the study drug. 

3. Fasano A, Cadeddu F, Guidubaldi A, Piano C, Soleti F, Zinzi P, Bentivoglio AR. The long-term effect of tetrabenazine in the management of Huntington disease. Clin Neuropharmacol 2008;31:313-8.25
This was a single-center, retrospective analysis of patients with Huntington’s Disease (HD) for a mean period of 34.4 months with a standard deviation (SD) of 25.2 months. Protocol dosing regimen was based on a 6.25 mg twice a day (BID) or three times a day (TID) initial dose titrated to a maximum dose of 50 mg TID. Efficacy measurement was based on the UHDRS. A total of 68 patients (33 males and 35 females) who were being treated with HD were included in the analysis after exclusion and loss to follow-up. The average dose at last visit was 57.5mg per day. Mean UHDRS motor score at baseline, first visit, and last visit were 39.4 (SD, 14.5), 39.8 (14.7), and 52.3 (18.0), respectively. Statistically significant increase in UHDRS motor score was seen between baseline and the last visit (p=0.005). Mean chorea subscore at baseline, first visit, and last visit were 10.4 (4.1), 8.2 (4.1) and 9.5 (5.0), respectively. Statistically significant decrease from baseline was seen at the first visit (p=0.00005). Mean dystonia subscore at baseline, first visit, and last visit were 3.5 (2.9), 2.6 (2.1), and 4.8 (3.4), respectively. No statistically significant differences were seen at either time point. The average treatment duration in the study was 34.4 (25.2) months (range: 3 to 104 months) for the overall population. The study had two patients who withdrew due to side effects. Comparison between other agents was not performed (single-arm study) but patients were allowed to take concomitant treatment which included amantadine, benzodiazepines, typical neuroleptics, quetiapine or clozapine, and antidepressants. This study showed long term efficacy and safety data for tetrabenazine, however, the sample had other variables that were uncontrolled for which may limit interpretability of the results. Multivariate linear regression was performed to control for covariates; however, only increased age was a predictor of successful outcome (the authors did not explain which outcome). 

4. Kenney C, Hunter C, Jankovic J. Long-term tolerability of tetrabenazine in the treatment of hyperkinetic movement disorders. Mov Disord 2007;22:193-97.26
This was an observational study that evaluated the tolerability of tetrabenazine (TBZ) in patients who received the medication at a single center (Baylor College of Medicine Parkinson’s Disease Center and Movement Disorders Clinic) from 1997 to 2004. Patients included in the study had involuntary hyperkinetic movement disorders that were unresponsive to conventional therapy and include: dyskinesia, dystonia, chorea, tics, and myoclonus. Patients were followed-up every 3 to 6 months by 1 to 2 of the local movement disorder specialists. Response to TBZ was measured using a non-validated 5-item instrument (1 = marked reduction in abnormal movements, excellent improvement in function; 2 = moderate reduction in abnormal movements, very good improvement in function; 3 = moderate improvement in abnormal movements, only mild or no improvement in function; 4 = poor or no response; 5 = worsening). Data was validated by an independent reviewer who randomly selected 25% of the charts and reviewed them for accuracy and completeness. Subgroup analysis of adverse events was performed in patients who were initiated TBZ between 1997 and 2002. Logistic regression was performed to determine predictors of experiencing adverse events. A total of 448 patients were initiated TBZ between 1997 and 2004. Average age of patients was 43.0 (SD, 24.2) years with more women than males; however, the distribution between the different hyperkinetic movement disorders were equalized. Patients were followed up for an average of 2.3 (3.4) years with some up to 21.6 years. Mean daily dose was 60.4 (35.7) mg per day. The percentage of patients presenting with a response rating of 1 and 2 were similar at the initial and last date (TD = 83.5%, 85.7%; chorea = 84.4%, 81.4%; tics = 76.7%, 77.8%; myoclonus = 76.5%, 71.4%; and dystonia = 67.2%, 69.5%). Statistical significance was not evaluated. Patients with either chorea or tardive dyskinesia continued to remain on TBZ (63.3% and 60.4%, respectively). Patients with dystonia, tics, and myoclonus continued to remain on TBZ at the end of study (43.9%, 48.9%, and 52.6%, respectively). TBZ was temporarily suspended in 190 patients in order to determine whether their underlying hyperkinetic disorder spontaneously improved. However, 69.5% of the patients who had TBZ suspended experienced rebound worsening (p<0.0001). The most common adverse events were drowsiness (25.0%), Parkinsonism (15.4%), depression (7.6%), and akathisia (7.6%). The authors made it clear that none of the patients experienced tardive dyskinesia. Logistic regression found that age was the only predictor of experiencing Parkinsonism; older patients were more likely to experience Parkinsonism. The authors conclude that TBZ is safe and well-tolerated; however, several limitations are present. The study had no comparator group which makes the findings less impressive in terms of treatment effect. No pre-post analysis was performed, further limiting the results to a naked eye assessment. The instrument used to measure responsiveness was not validated which limits its interpretation—psychometric testing is required to demonstrate that the instrument is measuring what it intends to measure. Despite the authors’ conclusions that TBZ offers a safe and well-tolerated alternative to conventional medications for hyperkinetic movement disorders, the study design limits generalizability to other sites. These conclusions should be used with caution and should be supported with a study that is properly blinded with appropriate randomized treatment allocation. 

5. Jankovic J, Beach J. Long-term effects of tetrabenazine in hyperkinetic movement disorders. Neurology 1997;48:358-62.27
This was an open label, observational, single arm study evaluating tetrabenazine in a patient cohort with various hyperkinetic movement disorders: Huntington’s chorea, dystonia, Tourette’s syndrome, tardive dyskinesia, myoclonus, tardive dystonia, and idiopathic dystonia between 1980 and 1991. Dose was initiated at 25 mg per day and titrated 25 mg/day until a maximum dose of 200 mg/day or until adverse events appeared. The goal of the dose titration was to achieve optimal clinical response. Maintenance dose was between 25 to 75 mg/day. Patients were evaluated at 3 to 6-month intervals. The authors considered efficacy to tetrabenazine in terms of response. Response was measured using a non-validated global response scale between 1 to 5 where 1 = marked reduction in abnormal movement; 2 = moderate reduction in abnormal movements, very good improvement to functions; 3 = moderate improvement in abnormal movements, only mild or no improvement in function; 4 = poor or no response in abnormal movements or function; and 5 = worsening of movement disorder, deterioration in function or both. Patients were on concomitant medication with instructions to discontinue tetrabenazine in order to determine if the patient’s response was due to spontaneous remission or if the patient needed continual therapy. Lithium was allowed in the cohort. Only 400 patients were evaluated at follow-up (244 women and 156 men) with an average age of 42.4 (SD, 23.3) years, average duration of illness (6.6 (8.3) years), and treated with tetrabenazine for 28.9 (31.1) months. The average dose of tetrabenazine at follow-up was 106.2 (61.1) mg per day. Patients response were as follows: dystonia (N=68/108, 62.9%), tardive dyskinesia (N=83/94, 89.2%), tardive dystonia (N=66/82, 80.5%), Tourette’s syndrome (N=27/47, 57.4%), Huntington’s disease (N=24/29, 82.8%, myoclonus (N=10/12, 83.3%), and other hyperkinetic movement disorders (N=23/29, 79.3%). Lithium was combined with tetrabenazine in 93 patients which made it difficult to determine if any improvement was solely the result of the tetrabenazine or modulating effects of lithium. Drowsiness/fatigue was reported in 146 (36.5%) out of 400 patients. Parkinsonism (28.5%), depression (15.0%), insomnia (11.0%), nervousness/anxiety (10.3%), and akathisia (9.5%) were also reported. Treatment with tetrabenazine was discontinued in 218 patients with 92 (23.0%) due to side effects and 52 (13.3%) without any meaningful response or improvement. This study was limited by the open label design and the lack of a psychometrically validated rating scale. Concomitant medications like lithium were allowed which may have created confounding. It is uncertain if the tetrabenazine-lithium interaction had any clinical effect on the patients who improved or worsened. The authors conclude that tetrabenazine was safe and effective in patients with Huntington’s disease, tardive dyskinesia and myoclonus. 

6. Brusa L, Orlacchia A, Moschella V, Iani C, Bernardi G, Mercuri NB. Treatment of the symptoms of Huntington's disease: preliminary results comparing aripiprazole and tetrabenazine. Mov Disord 2009 Jan 15;24(1):126-9.28
A cross-over study between "off-drug," aripiprazole (AP), and tetrabenazine (TBZ) was performed to examine efficacy (UHDRS) and safety (Epworth Sleepiness Scale (ESS) and Hamilton Depression Scale (HDS)) in patients with Huntington's disease chorea. A three-week wash out period was performed before starting either AP or TBZ for three months. Measurements were taken at the end of the wash out period and at the end of the three months after initiation of study medications. The study enrolled a total of six patients. Patients on AP and TBZ had an average dose of 10.76 (SD, 4.91) mg and 95.83 (33.2) mg daily, respectively. Statistically significant differences were seen between AP and TBZ versus "off-drug" (p<0.01 for both comparison) but was not statistically significant when compared between each other in terms of UHDRS. Patients who were on TBZ reported more sleepiness when compared to "off-drug" (p<0.01); however, this difference was not seen with patients who were on AP. No statistically significant differences were seen in the HDS when patients were on AP; however, the authors concluded that there was a trend towards significance. Patients who were on TBZ has an increased HDS score compared to "off-drug" and versus AP (p<0.01 for both comparisons). Most of the analysis was performed using post-hoc measurements with a small sample (N=6). Randomization was not explained and baseline demographics were not provided. The authors conclude that AP may lead to additional benefits in terms of less sleepiness and improvement in mood. However, they were cautious of the results and added that a larger sample with a longer period of observation would be required. This was the only head to head study investigating TBZ to a comparator drug (aripiprazole). 

7. Data on file:29
An unpublished open label extension trial was conducted on the aforementioned RCT,1 which was used as the phase III clinical trial for FDA approval.  Treatment on TBZ was continued on 75 of the original 84 RCT patients out to 80 weeks.  Of those, 45 patients continued all the way through week 80, at which time the average dose was 63.4mg daily.  The reduction in UHDRS chorea score for these patients was 4.6 points at week 80 compared to baseline (score of 9.9 down from 14.5 at baseline).  After a one week washout period, chorea scores were reassessed and an increase in chorea score of 5.3 was seen (score of 15.2).29  This study shows that for responders to TBZ therapy, the drugs anti-chorea effects can last up to 80 weeks and possibly more.  Reasons for high study dropout rate include: one from unrelated death, three due to ADRs (vocal tics, delusions, and depression), institutionalization, relocation, lost to follow up, physician request, and withdrawal of consent.   

*Please note that though the studies listed in the clinical data tables use TBZ for a variety of hyperkinetic disorders, this section will restrict itself to efficacy in treating HD chorea 
TBZ Off Label Efficacy
Current therapies for hyperkinetic disorders are dependent upon the condition. However, in general, options are fairly limited. TBZ has been available in some parts of the world for many years, thus literature of its use in other hyperkinetic disorders exists. Depending on the indication, the evidence available varies in size, scope, patient population, and quality of study. The off label evidence will be reviewed on an indication by indication basis.

Tardive Dyskinesia:

A 2007 Kenney15 et al study retrospectively assessed 149 tardive dyskinesia patients, with an average of 2.3 years of TBZ therapy. Included patients had involuntary movements that were troublesome or disabling despite optimal conventional therapy.  Patients were followed every 3-6 months while on TBZ by experienced movement disorder specialists.  A retrospective chart review was conducted on these patients. The primary outcome measure was a non-validated 5 point response score (where 1-3 meant various levels of improvement, 4 mean no change, and 5 meant a worsening). Of the 149 patients, 127 (85.2%) saw some level of improvement on TBZ therapy.  At first visit, 83.5% had some sort of improvement and at last visit, 85.7% had some level of improvement. The average daily dose was 60.4mg. 

A 2004 Paleacu14 et al study retrospectively assessed 17 tardive dyskinesia patients, with an average of 22 months of TBZ therapy. Included patients were anyone prescribed TBZ for a movement disorder at any of 3 tertiary clinics included in study.  For most patients, TBZ was a 2nd or 3rd line agent after having already tried anticholinergics or benzodiazepines.  The primary outcome measure was a non-validated CGIC score (Clinical Global Impression of Change). The CGIC  was determined via interview (either by phone or follow up visit), by a subjective scale reflecting the combined overall impression as conveyed by the patient and caregiver. Of 17 patients, 10 saw improvement (1=mild, 6=moderate, 1=marked). The average daily dose was 76.2mg.

A 1999 Ondo19 et al study prospectively assessed 20 tardive dyskinesia patients, with an average of 20 weeks of TBZ therapy. Inclusion criteria was for patient to have a diagnosis of tardive dyskinesia that was based on 1) typical clinical appearance that was temporarily related to the use of dopamine-receptor-blocking drugs and 2) the absence of other potentially culpable etiologies. Patients weren’t allowed to take other meds for tardive dyskinesia during the study. Videotapes of 1 pre and 1 post TBZ visit (~5 months later) were assessed by investigators, who were blinded.  AIMS scores were determined from these videotapes, which were edited, randomized, and coded. The primary outcome measure was the AIMS (Abnormal Involuntary Movement Scale) motor score subset, which is a validated assessment tool. Mean score on AIMS motor subset, as assessed from video, improved from 59% from 17.9 to 8.2. The average daily dose was 59.8 mg.
A 1997 Jankovic16 et al study retrospectively assessed 94 tardive dyskinesia patients, with an average of 35 months on TBZ therapy.  Inclusion criteria were that patient was diagnosed with a hyperkinetic movement disorder and treated with TBZ at Baylor College of Medicine Movement Disorder Clinic between 1980 and 1995. The primary outcome measure was a non-validated 5 point response score (where 1-3 meant various levels of improvement, 4 mean no change, and 5 meant a worsening). At first visit, 91 of 93 (98%) patients showed some level of improvement, including 83 (89%) who showed marked improvement. At last visit, 79 of 93 (85%) patients showed some level of improvement, including 79 (85%) that showed marked improvement. Most patients had a maintenance dose between 25-75mg, though the exact average dose was not given.
A 1988 Watson20 et al study retrospectively assessed 23 tardive dyskinesia patients, with average treatment duration unknown. Included patients had a known diagnosis of tardive dyskinesia. The primary outcome was the non-validated IMS (Involuntary Movement Scale) score, where 0=none and 4=severe movements. The IMS was 0.74 on TBZ therapy on avg., down from 3.13 at baseline.  All 23 patients had improvements in IMS score. The average daily dose was 91.3mg.

A 1983 Jankovic17 et al study prospectively assessed 4 tardive dyskinesia patients, with an average of 4 weeks on TBZ therapy. It was a prospective, crossover, double-blind study. The primary outcome measure was a non-validated mean hyperkinesias score. All 4 patients improved. Mean hyperkinesia score improved 67% from 45 (on placebo) to 11.5 (on TBZ). The average daily dose was 171mg.
A 1981 Asher18 et al study prospectively assessed 10 tardive dyskinesia patients, with an average of 3 weeks on TBZ therapy. It was a prospective, crossover, single-blind study. The primary outcome measure was a non-validated 5 point response score (where 1-3 meant various levels of improvement, 4 mean no change, and 5 meant a worsening). Patients were assessed from videotapes taken at the end of 3 weeks of TBZ therapy and 3 weeks of placebo. Of 10 patients, 4 had marked improvement, 2 had moderate, and 4 had none as compared to placebo. The average daily dose was 160mg.
	TBZ Efficacy Results in Tardive Dyskiesia  
	 
	 
	 

	Study
	Study Type
	n/N
	Therapy duration
	Primary Outcome
	Results
	Statistical Significance

	Kenney (2007)15

	RT

	127/149

	2.3 years avg

	Unvalidated 5 point response rating*

	Compared to baseline, 83.5% at the first visit and 85.7% at the last visit saw at least moderate improvement in movements (defined as response score of 1 or 2).

	not assessed


	Paleacu (2004)14

	RT

	10/17

	22 months

	Unvalidated CGIC score (Clinical Global Impression of Change)**

	Of 17 TD patients, 10 saw improvement (1=mild, 6=moderate, 1=marked).

	not assessed


	Ondo (1999)19

	PR, SB

	19/20

	20 weeks

	AIMS score

	Mean score on AIMS motor subset, as assessed from video, improved from 59% from 17.9 to 8.2.
	Yes (P<0.001)


	Jankovic (1997)16
	RT
	91/93
	35 months
	Unvalidated 5 point response rating*
	Nearly 98% of patients showed some improvement at first visit, including 89% with marked improvement.
	not assessed


	Watson (1988)20
	RT
	23/23
	N/A
	Unvalidated IMS (Involuntary Movement Scale)***
	IMS score was 0.74 on TBZ therapy on avg., down from 3.13 at baseline.
	not assessed



	Jankovic (1983)17
	PR, CO, DB
	4/4
	4 weeks avg
	Unvalidated Hyperkinesia Movement Score
	All 4 patients improved. Mean hyperkinesia score improved 67% from 45 (on placebo) to 11.5 (on TBZ).
	not assessed



	Asher (1981)18

	PR, CO, SB

	6/10

	3 weeks

	Unvalidated 5 point response rating*

	Of 10 patients, 4 had marked improvement, 2 had moderate, and 4 had none as compared to placebo.
	not assessed



--all pts served as own controls by using baseline values. Or for crossover (CO) studies, self score on placebo was used as comparator.
n=number of patients who showed improvement on TBZ therapy, N=total number on TBZ therapy

RT=retrospective, PR=prospective, CO=crossover, SB=single blind, DB=double blind

*5 pt response rating: 1=marked improvement, 2=moderate reduction of movement & very good functional improvement, 3=moderate reduction of movement & mild function improvement 4=no response, 5=worsening
** CGIC goes from -3 to +3: (-3=marked worsening, -2=moderate worsening, -1=mild worsening, 0= no change, 1=mild improvement, 2=moderate improvement, 3=marked improvement)
***IMS: 0=none, minimal, mild, moderate, severe 
Dystonia:
A 2007 Kenney15 et al study retrospectively assessed 132 dystonia patients, with an average of 2.3 years of TBZ therapy. Included patients had involuntary movements that were troublesome or disabling despite optimal conventional therapy.  Patients were followed every 3-6 months while on TBZ by experienced movement disorder specialists.  A retrospective chart review was conducted on these patients. The primary outcome measure was a non-validated 5 point response score (where 1-3 meant various levels of improvement, 4 mean no change, and 5 meant a worsening). Of the 132 patients, 89 (67%) saw at least moderate improvement on TBZ therapy at first visit, and 91 (69%) at last visit. The average daily dose was 60.4mg. 

A 2004 Paleacu14 et al study retrospectively assessed 26 dystonia patients, with an average of 22 months of TBZ therapy. Included patients were anyone prescribed TBZ for a movement disorder at any of 3 tertiary clinics included in study.  For most patients, TBZ was a 2nd or 3rd line agent after having already tried anticholinergics or benzodiazepines.  The primary outcome measure was a non-validated CGIC score (Clinical Global Impression of Change). The CGIC was determined via interview (either by phone or follow up visit), by a subjective scale reflecting the combined overall impression as conveyed by the patient and caregiver. Of 26 patients, 12 (46%) saw some level of improvement. Of the 12 responders, improvement results were as follows: 3=mild, 7=moderate, 2=marked. The average daily dose was 76.2mg.

A 1997 Jankovic16 et al study retrospectively assessed 108 dystonia patients, with an average of 29 months on TBZ therapy.  Inclusion criteria were that patient was diagnosed with a hyperkinetic movement disorder and treated with TBZ at Baylor College of Medicine Movement Disorder Clinic between 1980 and 1995. The primary outcome measure was a non-validated 5 point response score (where 1-3 meant various levels of improvement, 4 mean no change, and 5 meant a worsening). At first visit, 96 of 108 (88%) patients showed some level of improvement, including 68 (63%) who showed marked improvement. At last visit, 82 of 108 (76%) patients showed some level of improvement, including 49 (45%) that showed marked improvement. Most patients had a maintenance dose between 25-75mg, though the exact average dose was not given.

A 1983 Jankovic17 et al study prospectively assessed 5 dystonia patients, with an average of 4 weeks on TBZ therapy. It was a prospective, crossover, double-blind study. The primary outcome measure was a non-validated mean hyperkinesia score. All 4 patients improved. Mean hyperkinesia score improved 38% from 26.8 (on placebo) to 16.5 (on TBZ). The average daily dose was 171mg.
A 1981 Asher18 et al study prospectively assessed 8 dystonia patients, with an average of 3 weeks on TBZ therapy. It was a prospective, crossover, single-blind study. The primary outcome measure was a non-validated 5 point response score (where 1-3 meant various levels of improvement, 4 mean no change, and 5 meant a worsening). Patients were assessed from videotapes taken at the end of 3 weeks of TBZ therapy and 3 weeks of placebo. Of 8 patients, 3 had some level of improvement, 4 had no effect, and 1 worsened as compared to placebo. The average daily dose was 160mg.
	TBZ Efficacy Results in Dystonia 
	 
	 
	 
	 
	 

	Study
	Study Type
	n/N
	Therapy duration
	Primary Outcome
	Results
	Statistical Significance

	Kenney (2007)15

	RT

	91/132

	2.3 years avg

	Unvalidated 5 point response rating*

	Compared to baseline, 67.2% at first visit and 69.5% at last visit saw at least moderate improvement in movements (defined as response score of 1 or 2).
	not assessed


	Paleacu (2004)14

	RT

	12/26

	22 months

	Unvalidated CGIC score (Clinical Global Impression of Change)**

	About 46% of patients had some level of improvement. Of 12 responders, improvement was as follows: 3 mild, 7 moderate, 2 marked.
	not assessed


	Jankovic (1997)16
	RT
	96/108
	29 months
	Unvalidated 5 point response rating*
	Nearly 89% of patients showed some improvement at first visit, including 63% with marked improvement.
	not assessed


	Jankovic (1983)17

	PR, CO, DB

	4/6

	4 weeks avg

	Unvalidated Hyperkinesia Movement Score

	Mean hyperkinesia score improved 38% from 26.8 (on placebo) to 16.5 (on TBZ). Two thirds of patients had some level of improvement.
	not assessed



	Asher (1981)18

	PR, CO, SB

	3/8

	3 weeks

	Unvalidated 5 point response rating*

	Of 8 patients: 3 had some level of improvement, 4 had no effect, and 1 worsened.

	not assessed



--all pts served as own controls by using baseline values. Or for crossover (CO) studies, self score on placebo was used as comparator.
n=number of patients who showed improvement on TBZ therapy, N=total number on TBZ therapy

RT=retrospective, PR=prospective, CO=crossover, SB=single blind, DB=double blind

*5 pt response rating: 1=marked improvement, 2=moderate reduction of movement & very good functional improvement, 3=moderate reduction of movement & mild function improvement 4=no response, 5=worsening
** CGIC goes from -3 to +3: (-3=marked worsening, -2=moderate worsening, -1=mild worsening, 0= no change, 1=mild improvement, 2=moderate improvement, 3=marked improvement)
Myoclonus

A 2007 Kenney15 et al study retrospectively assessed 19 myoclonus patients, with an average of 2.3 years of TBZ therapy in the study. Included patients had involuntary movements that were troublesome or disabling despite optimal conventional therapy.  Patients were followed every 3-6 months while on TBZ by experienced movement disorder specialists.  A retrospective chart review was conducted on these patients. The primary outcome measure was a non-validated 5 point response score (where 1-3 meant various levels of improvement, 4 mean no change, and 5 meant a worsening). Of the 19 patients, 14 (76%) saw at least moderate improvement on TBZ therapy at first visit, and 13 (71%) at last visit. The average daily dose was 60.4mg. 

A 2004 Paleacu14 et al study retrospectively assessed 1 myoclonus patient, with unknown length of therapy. The primary outcome measure was a non-validated CGIC score (Clinical Global Impression of Change). The CGIC was determined via interview by a subjective scale reflecting the combined overall impression as conveyed by the patient and caregiver. This single patient had a mild improvement in symptoms (a CGIC score of 1).

A 1997 Jankovic16 et al study retrospectively assessed 12 myoclonus patients, with an average of 8.5 months on TBZ therapy.  Inclusion criteria were that patient was diagnosed with a hyperkinetic movement disorder and treated with TBZ at Baylor College of Medicine Movement Disorder Clinic between 1980 and 1995. The primary outcome measure was a non-validated 5 point response score (where 1-3 meant various levels of improvement, 4 mean no change, and 5 meant a worsening). At first visit, 11 of 12 (92%) patients showed some level of improvement, including 10 (83%) who showed marked improvement. At last visit, 10 of 12 (83%) patients showed some level of improvement, including 8 (67%) that showed marked improvement. Most patients had a maintenance dose between 25-75mg, though the exact average dose was not given.

	TBZ Efficacy Results in Myoclonus 
	 
	 
	 
	 
	 

	Study
	Study Type
	n/N
	Therapy duration
	Primary Outcome
	Results
	Statistical Significance

	Kenney (2007)15

	RT

	14/19


	2.3 years avg

	Unvalidated 5 point response rating*

	Compared to baseline, 76.5% at first visit and 71.4% at last visit saw at least moderate improvement in movements (defined as response score of 1 or 2).
	not assessed


	Paleacu (2004)14

	RT

	1/1


	N/A


	Unvalidated CGIC score (Clinical Global Impression of Change)**

	This single patient had mild improvement on TBZ therapy.


	not assessed


	Jankovic (1997)16

	RT

	11/12


	8.5 months

	Unvalidated 5 point response rating*

	Of 12 patients, response was as follows: 10 marked improvement, 1 mild improvement, 1 no improvement.
	not assessed



--all pts served as own controls by using baseline values. 
n=number of patients who showed improvement on TBZ therapy, N=total number on TBZ therapy

RT=retrospective, PR=prospective, CO=crossover, SB=single blind, DB=double blind

*5 pt response rating: 1=marked improvement, 2=moderate reduction of movement & very good functional improvement, 3=moderate reduction of movement & mild function improvement 4=no response, 5=worsening
** CGIC goes from -3 to +3: (-3=marked worsening, -2=moderate worsening, -1=mild worsening, 0= no change, 1=mild improvement, 2=moderate improvement, 3=marked improvement)
ADVERSE EVENTS (SAFETY DATA)
Deaths and Other Serious Adverse Events (Sentinel Events):
Black Box Warning: Tetrabenazine can increase the risk of depression and suicidality in patients with Huntington’s disease.  Close observation of patients for the emergence or worsening of depression, suicidality, or unusual changes in behavior should accompany therapy.  Literature has shown that the suicide risk in patients with Huntington's disease is approximately 8-12% for completed suicides and up to 25% for attempted suicides.30,31 this is 6-8 times greater than what is seen in the general [population without HD.  As a result, clinicians should be sensitive to patients with a history of depression or suicide. Tetrabenazine use is contraindicated in patients who are actively suicidal or have inadequately treated or untreated depression.3
Common Adverse Events

ADR data tables: As tetrabenazine is used to treat a rare disease state (HD), conducting double blind, placebo controlled trials with a significant quantity of patients is difficult.  To date, only one such study is available—the phase III clinical trial for getting the medication FDA approval.1 Data from this study will be reported first.  Following that, data from previous long term retrospective studies will be presented as a pooled data table.   

Table 2. Common Adverse Reactions from the Huntington Study Group Trial 2006 (12wks, double-blind, placebo-control)1 

	Body System
	Adverse Event
	Tetrabenazine

n=54

n (%)
	Placebo

N=30

N(%)

	Psychiatric Disorders
	Sedation/Somnolence
	17 (31%)
	1(3%)

	
	Insomnia
	12 (22%)
	-

	
	Depression
	10 (19%)
	-

	
	Anxiety/increased anxiety
	8 (15%)
	-

	
	Irritability 
	5 (9%)
	1 (3%)

	
	Appetite decreased
	2 (4%)
	-

	
	Obsessive reaction
	2 (4%)
	-

	Central and Peripheral Nervous System
	Akathisia
	10 (19%)
	-

	
	Balance difficulty
	5 (9%)
	-

	
	Parkinsonism/bradykinesia
	5 (9%)
	-

	
	Dizziness
	2 (4%)
	-

	
	Dysarthria
	2 (4%)
	-

	
	Gait unsteady
	2 (4%)
	-

	
	Headache
	2 (4%)
	1 (3%)

	Gastrointestinal System Disorders
	Nausea
	7 (13%)
	2 (7%)

	
	Vomiting
	3 (6%)
	1 (3%)

	Body as a whole- General
	Fatigue
	12 (22%)
	4 (13%)

	
	Fall
	8 (15%)
	4 (13%)

	
	Laceration (head)
	3 (6%)
	-

	
	Ecchymosis
	3 (6%)
	-

	Respiratory System Disorders
	Upper respiratory tract infection
	6 (11%)
	2 (7%)

	
	Shortness of breath
	2 (4%)
	-

	
	Bronchitis
	2 (4%)
	-

	Urinary System Disorders
	Dysuria
	2 (4%)
	-


Table 3. Extrapyramidal Reactions from the Huntington Study Group Trial 2006 (12wks, double-blind, placebo-control)1 
	Event
	Tetrabenazine

n=54
	Placebo

n=30

	Akathisia
	10 (19%)
	0

	Extrapyramidal event
	8 (15%)
	0

	Any extrapyramidal event
	18 (33%)
	0


-Notes regarding Table 3: “Akathisia” included the following adverse events: akathisia, hyperkinesia, and restlessness.  “Extrapyramidal event” included the following adverse events: bradykinesia, Parkinsonism, extrapyramidal disorder, and hypertonia.  Patients may have had events in more than one category.

ADR data from long term TBZ therapy:
Because HD is a rare disorder, most prospective studies will be limited by patient sample size. Limitations can be overcome by performing retrospective/observational studies to investigate long term tolerability in a larger patient population. Table 4 describes ADR data from long term retrospective/observational studies. The following inclusion criteria were applied to the studies listed in the “Clinical Trial Data Collection Tables”:

Inclusion criteria for this ADR table: >100 pts in study; average TBZ treatment period was at least 1 year long; ADR data was reported in study.  

Table 4 did not report ADR information for placebo because all three studies were retrospective or observational in nature.  The study by Paleacu14 had a trend showing less ADRs reported with TBZ.  This is likely due to the less stringent nature of that study’s ADR reporting.  The other two studies had a policy of asking open ended questions specifically regarding TBZ ADRs at each clinic visit.15,16  On the other hand, data for the Paleacu study was ascertained at only one point in time.14  This was done via either telephone (n=38) or at patients follow up visit (n=83). Jankovic reported ADRs at the highest incidence, probably due to treatment policy of increasing dose until there was complete control of symptoms or until side effects became apparent, at which point, the dose would be decreased.16 

Table 4. Adverse reactions with long-term therapy. 

	 
	Kenney (2007),15 Retrospective, n=448, 
	Paleacu (2004),14 Retrospective, n=118, 
	Jankovic (1997),16 Retrospective, n=400, 

	
	2.3 years therapy, 60.4mg avg dose
	1.8 years therapy, 76.2mg avg dose
	2.4 years therapy, 25-75mg avg dose

	Pt’s with at least 1 ADR
	241 (53.8%)
	19 (16.1%)
	327 (81.2%)

	D/C’d TBZ due to ADR
	76 (17%)
	4 (3.3%)
	92 (23%)

	Drowsiness/Fatigue
	114 (25.4%)
	7 (5.9%)
	146 (36.5%)

	Parkinsonism
	71 (15.8%)
	6 (5.1%)
	114 (28.5%)

	Depression
	35 (7.8%)
	2 (1.7%)
	60 (15%)

	Akathisia
	34 (7.6%)
	2 (1.7%)
	38 (9.5%)

	Anxiety
	23 (5.1%)
	-
	45 (11.3%)

	Insomnia
	22 (4.9%)
	-
	44 (11%)

	Nausea/Vomiting
	26 (5.8%)
	-
	19 (4.8%)

	Dizziness
	11 (2.5%)
	-
	4 (1%)

	Dysphagia/Excessive Salivation
	12 (2.7%)
	-
	2 (0.5%)

	Dystonia
	-
	-
	11 (2.8%)

	Tremor
	-
	-
	10 (2.5%)

	Confusion
	-
	-
	9 (2.2%)

	Unsteady Gait
	-
	1 (0.8%)
	5 (1.25%)

	Hypotension
	-
	-
	6 (1.5%)


PRECAUTIONS
Cautious dose titration: Proper dosing of tetrabenazine involves careful titration to individualize dosing for each patient.  When first starting therapy, slowly titrate over several weeks in order to identify a dose that both reduces chorea and is well tolerated.    

Risk of Depression and Suicidality: Patients with Huntington’s disease are already at increased risk for depression, suicidal ideation, and suicidal behavior due to the nature of the disease. Over 25% of patients with HD attempt suicide at some point in their illness and approximately 7.5% are successful.30,31 Taking tetrabenazine may increase these risks.  All patients treated with tetrabenazine should be closely monitored for new or worsening depression or suicidality. In a 12 week, double-blind, placebo-controlled study in patients with chorea associated with HD, 10 of 54 patients (19%) treated with tetrabenazine had an adverse event of depression or worsening depression compared to 0 out of 30 placebo patients.1 If depression or suicidality occurs, dosage should be reduced. Initiating treatment with, or increasing dose of, a concomitant antidepressant may also be useful. Caution should be used in treating patients who have a history of depression or suicidal ideation, as they are at increased risk.3  

Neuroleptic Malignant Syndrome (NMS): This potentially fatal symptom complex has been reported in association with tetrabenazine and other drugs that reduce dopaminergic transmission.21-23 Symptoms of NMS include: hyperpyrexia, muscle rigidity, altered mental status, and autonomic instability (irregular pulse or blood pressure, tachycardia, diaphoresis, and arrhythmias).  Additional signs may include elevated creatinine phophokinase, myoglobinuria, rhabdomyolysis, and acute renal failure.  Diagnostic evaluation of this syndrome is complicated.  Management of NMS should include (1) immediate discontinuation of tetrabenazine and other drugs not essential to concurrent therapy; (2) intensive symptomatic treatment and medical monitoring; and (3) treatment of any concomitant serious medical problems for which specific treatments are available.  If patient still requires tetrabenazine treatment after recovery from NMS, potential reintroduction should be carefully considered. The patient should be carefully monitored, since recurrence of NMS has been reported.3,32-34
CONTRAINDICATIONS
Tetrabenazine is contraindicated in patients: who are actively suicidal, with untreated or inadequately treated depression, with impaired hepatic function, taking monoamine oxidase inhibitors, and taking reserpine (at least 20 days should elapse between stopping reserpine and starting tetrabenazine).3
DRUG INTERACTIONS
CYP2D6 inhibitors: In vitro studies indicate that the metabolites α-HTBZ and β-HTBZ are substrates for CYP2D6.  The effect of CYP2D6 inhibition on the pharmacokinetics of TBZ was studied in 25 healthy subjects following a single 50 mg dose of TBZ given after 10 days of administration of the strong CYP2D6 inhibitor paroxetine 20 mg daily. There was approximately a 30% increase in Cmax and a 3-fold increase in AUC for α-HTBZ in subjects given paroxetine prior compared to TBZ given alone.  The elimination half-life was approximately 14 hours when TBZ was given with paroxetine, compared to six to eight hours, normally.  Caution should be used when giving any strong CYP2D6 inhibitor.  A patient with a stable daily dose of TBZ should have their dose halved in such a case.  The effect of moderate or weak CYP2D6 inhibitors has not been evaluated.3 

· Strong CYP2D6 inhibitors which will increase tetrabenazine concentration/effect:
· fluoxetine, paroxetine, and quinidine.
· Moderate/Weak CYP2D6 inhibitors which may increase tetrabenazine concentration/effect: 
· duloxetine, terbinafine, amiodarone, and sertraline.
(List is not all inclusive. Please check additional references for potential drug-drug interactions). 
Reserpine: Reserpine binds irreversibly to VMAT2 with an effect duration of several days.35  Caution should therefore be used when switching a patient from reserpine to tetrabenazine.  It’s proper to wait for chorea to re-emerge before administering tetrabenazine to avoid overdosage and major depletion of serotonin and norepinephrine in the CNS.  At least 20 days should elapse after stopping reserpine and before starting tetrabenazine.3  These two medications should not be used concomitantly.3
MONITORING

There is no recommended continuous laboratory monitoring for tetrabenazine.3 In controlled clinical trials, tetrabenazine caused a small mean increase in ALT and AST as compared to placebo.  However the manufacturer recommends that patients requiring doses above 50mg daily be genotyped for CYP2D6 to determine if they are poor, extensive or intermediate metabolizers.2 Dosing may need to be adjusted based on genotype.  

LOOK-ALIKE/SOUND-ALIKE ERROR RISK POTENTIAL 
The VA PBM and Center for Medication Safety is conducting a pilot program which queries a multi-attribute drug product search engine for similar sounding and appearing drug names based on orthographic and phonologic similarities, as well as similarities in dosage form, strength and route of administration. Based on similarity scores as well as clinical judgment, the following drug names may be potential sources of drug name confusion:

· Generic name tetrabenazine: tetracycline 125mg & 250mg, terbinafine 250mg, telbivudine 600mg, tiagabine 10mg, tranxene 15mg, tetracaine (topical), tetrahydrozoline (nasal), and terbutaline 2.5mg
· Brand name Xenazine®: fluphenazine 2.5mg, gen-xene 15mg, meclizine 12.5mg & 25mg, panixine 125mg, xenical 120mg, venlafaxine 25mg, xanax 0.25mg, and zarontin 250mg

ACQUISITION COSTS
Table 5. Estimated cost of treating a single patient for one-day and one-year.

	Drug
	Total Daily Dose
	Cost/Day/patient
	Cost/Year/patient

	TBZ 12.5mg tablets
	-
	$20.51 per tablet
	-

	TBZ 25mg tablets
	-
	$41.02 per tablet
	-

	TBZ 12.5mg tablets
	25mg
	$41.02
	$14,972

	TBZ 12.5mg tablets
	37.5mg
	$61.53
	$22,458

	TBZ 12.5/25mg tabs
	50mg
	$82.04
	$29,944

	TBZ 12.5/25mg tabs
	62.5mg
	$102.55
	$37,431

	TBZ 25mg tablets
	75mg
	$123.06
	$44,917


*FSS pricing was used
PHARMACOECONOMIC ANALYSIS
There are no published pharmacoeconomic evaluations available at this time.

SUMMARY
Tetrabenazine has been shown to be efficacious for symptomatic relief in Huntington’s disease associated chorea and is the only FDA approved drug for that indication.  A baseline UHDRS chorea score (United Huntington Disease Rating Scale Chorea Score, range: 0 to 28) is recommended prior to initiation of therapy in order to have a measure of drug efficacy.  
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Clinical Trial Data Collection Tables

Clinical studies for this section were identified using a Pubmed search.  Below is a detailed flow chart of how studies were picked to be included in this section. 

*note that for the most part, adverse event data was left out of the data tables because detailed adverse event data can be found in the “Adverse Event” section of the monograph

Figure 1. Flow chart of search strategy used to identify publications for TBZ efficacy and safety review.

 SHAPE  \* MERGEFORMAT 



	Table 1. Off-label indications with tetrabenazine.

	 
	Tardive Dyskinesia
	Dystonia
	Tardive dystonia
	Tic disorders
	Blepharospasm
	Meige syndrome
	Myoclonus
	Tourette's syndrome
	Other hyperkinetic movement disorders

	Studies
	n/N
	n/N
	 
	n/N
	n/N
	n/N
	n/N
	n/N
	 

	Paleacu, et al  (2004)14
	10/17
	15/26
	
	3/9
	4/7
	4/4
	1/1
	
	

	Ondo, et al (1999)19
	19/20
	
	
	
	
	
	
	
	

	Jankovic, et al (1997)16
	83/94
	68/108
	66/82
	
	
	
	10/12
	24/47
	23/29

	Watson MWB, et al (1988)20
	23/23
	
	
	
	
	
	
	
	

	Jankovic J, et al (1987)21
	
	
	
	
	
	
	
	12/15
	

	Jankovic J (1983)17
	4/4
	4/5
	
	
	
	4/6
	
	1/1
	

	Asher SW, et al (1981)18
	6/10
	3/8
	
	
	
	
	
	
	

	Kenney, et al (2007)*15
	85.7%
	69.5%
	 
	77.8%
	 
	 
	71.4%
	 
	 


n= number of patients who showed improvement on TBZ therapy

N= total number of patients on TBZ therapy

Assumed that palatal myoclonus was similar to myoclonus. 

Assumed that dysikinesia was similar to tardive dyskinesia.

Assumed that chorea was associated with Huntington's disease and not included in the off-label indication. 

Assumed that tardive dystonia was similar to dystonia (might need to correct) 

Assumed that idiopathic dystonia was similar to dystonia.

* Studies did not report number of patients who responded. Studies reported the response rates as percentages. 

The columns represent the number of patients improved out of the total number of patients treated for specific movement disorder. 

	Table 6. Summary of studies identified in the literature search strategy.

	Study
	Eligibility Criteria
	Patient Population
	Treatment and Methods
	Efficacy Results
	Notes

	Fasano(2008)24 
RT, OL

Single-center

Duration 2.9 years avg. on TBZ

Primary: change in UHDRS chorea score
	Inclusion: diagnosed HD by CAG expansion; or if genetic testing not available, when following 3 criteria met: (1) typical clinical presentation (2) family tree indicating autosomal dominant inheritance (3) mutation of IT-15 gene in at least one family member. Also, must have been treated with TBZ.

Exclusion: no follow up data available
	n=68

33 M

35 F

47.8 years old on avg

57.5mg avg. daily dose at last visit

All pts had Huntington’s disease

(4.7 years of disease on avg.)


	This was a retrospective chart analysis of HD patients at a movement disorder clinic in Rome. This facility had a routine of seeing HD patients twice yearly.  TBZ was started at very small doses, 6.25 BID or TID.  From there it was slowly titrated up at weekly increments to a maximum of 50mg TID.  Factors included in the analysis included: age, age at onset of HD, therapy duration, maximum dose received, maximum benefits received, concomitant treatments, side effects, etc.  


	Primary: UHDRS chorea score was 10.4 pretreatment, 8.2 at first follow up (after 9.7 months), and 9.5 at last visit (after 34.4 months).  The chorea score was significantly reduced from baseline at the first visit, but not at the last visit. The increase in chorea score at final visit could possibly be attributed to the progressive nature of the disease.  Mean maximal dose reached was 64.3mg daily.  
Sensitivity Analysis: Age at onset was the only good predictor of outcomes. All other factors were non-significant.    
Strengths: Study gives a good long term perspective (~3 years) on TBZ efficacy and ADRs in a HD patient population.

Limitations: Study was open label and retrospective in nature.


	UHDRS chorea score= United Huntington Disease Rating Scale Chorea Score (range is 0-28)

2 patients withdrew due to side effects, 5 patients withdrew due to not having any improvement

34 patients reported at least 1 side effect

	Frank (2008)35
PR, RD, DB, PL, ITT

Single-center

Duration: 5 days

Primary: changes in UHDRS chorea score 

Secondary: change in total functional capacity (TFC)
	Inclusion: HD confirmed by clinical diagnosis and an expanded CAG genetic repeat >36; on stable doses of TBZ for 2 months and had chorea deemed responsive to TBZ

Exclusion: not on MAOI agents or other dopamine blocking agents
	n=30

12 M

18 F

56.8 years old on avg

54.6mg avg. daily dose

All pts had Huntington’s disease

(9.9 years of disease on avg.)


	30 subjects who were already on TBZ therapy long term were randomized to 1 of 3 groups assigned to withdraw from TBZ in a double-blind, staggered fashion during a 5 day study period.  The 3 parallel groups were:

 1) Withdrawal group (W), n=12, withdraw  TBZ treatment day 1

2) Partial-withdrawal group (PW), n=12: withdraw TBZ therapy at day 3

3) No-withdrawal group (NW), n=6: remain on TBZ treatment


	Primary: W group mean chorea scores increased 5.3 (9.4 to 14.7) from day 1 to 3.  Combined PW and NW group increased 3.0 (9.8 to 12.8) in the same time (day 1 to 3).  This was statistically significant.

Secondary: TFC showed no statistically significant difference

Strengths: Patients served as their own control, was double blind.

Limitations: Short study duration (5 days).


	UHDRS chorea score= United Huntington Disease Rating Scale Chorea Score (range is 0-28)

	HSG (2006)1 
PR, RD, DB, PL, PC

Multi-center

Duration: 12 weeks

Primary: change from baseline in UHDRS chorea score 

Secondary: improved clinical global improvement (CGI)
	Inclusion: HD confirmed by chorea and an expanded CAG genetic repeat >36; independently ambulatory; TFC>5; total maximal chorea score>10

Exclusion: disabling depression, dysphagia, or dysarthria; prev. on TBZ; currently on DA-depleting agents, D2 blockers, MAOI, levodopa, DA agonists, amantadine, or memantine; BDZs and antidepressants okay if  stable dose for 8 wks
	n=84

M/F ratio not given


Age N/A

Avg. dose N/A

All pts had Huntington’s disease
	Started on TBZ 12.5mg daily and titrated up to a maximum of 100mg/day or until desired antichoreic effect occurred or until intolerable adverse events supervened
	Primary: TBZ treatment resulted in a reduction of 5 units in chorea severity compared with a reduction of 1.5 units in the placebo group.  The baseline chorea score had been 14.5

Secondary: Benefit was statistically significant for CGI score on TBZ compared to placebo.

Strengths: Was well designed, as it was randomized, parallel, double-blind, placebo controlled.  This study has the largest “n” for any prospective study to date in the HD population.

Limitations: Study doesn’t assess long-term effects of TBZ.
	UHDRS chorea score= United Huntington Disease Rating Scale Chorea Score (range is 0-28)

1 withdrew in TBZ group, 1 in placebo group

5 serious ADRs reported with TBZ (0 with placebo):  drowning suicide, complicated fall, suicidal ideation, breast cancer

	Kenney (2007)25
RT, OL

Single-center

Duration: 2.3 years avg on TBZ

Primary: 5 point response rating

Secondary: long term TBZ tolerability assessment
	Inclusion: pt had involuntary movements that were troublesome or disabling despite optimal conventional therapy
	n=448

188 M

260 F

50.0 years old on avg.

60.4mg avg. daily dose

149 Dyskinesia,   132 Dystonia,          98 Chorea,               92 Tics,                    19 Myoclonus

(7 years of symptoms on avg.)
	Pts were followed every 3-6 months while on TBZ by experienced movement disorder specialists.  A retrospective chart review was conducted on these patients.
	Primary: Most pts improved on TBZ and response rates did not vary over time for any of the 5 hyperkinetic disorders.  Percentage of pts with response rates of 1 or 2, for first and last visits, were as follows for each disorder: 

First

Last

Dysk.

83.5%

85.7%

Dyston.

67.2%

69.5%

Chorea

84.4%

81.4%

Tics

76.7%

77.8%

Myocl.

76.5%

71.4%

Secondary: TBZ found to be safe to use long term.  See “Pooled ADR data” on pages 9-10 for detailed ADR info.  

Strengths: Study gives a good long term perspective (>2 years) on TBZ efficacy and ADRs in a variety of indications.

Limitations: Study was open label and retrospective in nature.
	5 pt response rating: 1=marked improvement, 2=moderate reduction of movement & very good functional improvement, 3=moderate reduction of movement & mild function improvement 4=no response, 5=worsening

	Kenney(2007) 36
OBS

Single-center

Duration: 1 day

Primary: change in UHDRS chorea score
	Inclusion: met clinical criteria for HD and were sufficiently disabled by chorea to require drug therapy; CAG expansion; on stable TBZ dose

Exclusion: none specified
	n=10

6M

4F

56.3 years old on avg.

90mg avg. daily dose

All pts had Huntington’s disease (10.4 years of symptoms avg.)
	Each pt took their normal morning dose (after no doses for at least 12 hours) and then was assessed every 90-150 minutes.  A total of at least 4 assessments were completed until reemergence of baseline chorea indicated a wearing off of TBZ benefit. One rater completed all evaluations.  
	Primary: UHDRS chorea score, as per perception of rater, decreased 42.4% from baseline after dose.  The mean duration of effect equaled 5.4 hours.

Strengths: Pts served as their own control.  Gives good perspective on how long 1 dose of drug lasts. 

Limitations: Study was based off just 1 dose of TBZ.  Study was strictly observational.
	UHDRS chorea score= United Huntington Disease Rating Scale Chorea Score (range is 0-28)

	Paleacu (2004)14
RT, CR, OL

Multi-center

Duration: 22 months of TBZ therapy on avg.

Primary: Clinical Global Impression of Change (CGIC)
	Inclusion: Pt was prescribed TBZ for a movement disorder at any of 3 tertiary clinics included in study.  

Exclusion: Pt was not reachable for follow up interview.
	n=121

48M

73 F

48.8 years old on avg.

76.2mg avg daily dose

Movement disorders highly varied (7.8 years of symptoms on avg.
	Starting dose of 12.5mg BID and titrated by 25mg a week to TDD of 150mg.  Though not specified, its assumed doses were reduced when needed for ADRs.  For most pts, TBZ was a 2nd or 3rd line agent after having already tried anticholinergics or benzodiazepines.  CGIC was determined via interview (38 by phone, 83 at F/U visit), by a subjective scale reflecting the combined overall impression as conveyed by the pt and caregiver.
	Primary: 72 pts (61%) showed improvement.  The mean CGIC was +1 (mild improvement).  18.6% of pts showed a CGIC of +3 (marked improvement).  

Miscellaneous: 38 pts (32.2%) discontinued due to lack of benefit (n=23) or worsening (n=15).  19 pts (16.1%) reported side effects. See “Pooled ADR Data” on pages 9-10 for more details. 

Strengths: Gives long term perspective on TBZ therapy.

Limitations: Study was retrospective and open label.  
	CGIC goes from -3 to +3: 

(-3=marked worsening, 

-2=moderate worsening, 

-1=mild worsening,

0= no change,

1=mild improvement,

2=mild improvement, 3=marked improvement)

	Ondo (2002) 23
PR, SB

Single-center

Duration: 5.9 months of TBZ therapy on avg.

Primary: change from baseline of AIMS score

Secondary: pts subjective rating of improvement
	Inclusion: patients previously diagnosed with HD, who reported disability specifically to chorea (in 17 pts diagnosis was confirmed with CAG repeat testing, other 2 pts were confirmed with clinical presentation with positive family testing)
	n=19

7M

12F

56.3 years old on avg.

62.5mg avg. daily dose

All pts had Huntington’s disease (8.1 years of symptoms on avg.)
	Start TBZ at 12.5mg BID and titrate up weekly to max of 50mg TID (150mg/day). Pts were instructed to stop increasing dose if they had satisfactory benefit at current dose or if adverse events became troublesome.  Pts weren’t allowed to change other meds during study. Videotapes of 1 pre and 1 post TBZ visit (~6 months later) were assessed by investigators, who were blinded.  AIMS scores were determined from these videotapes, which were edited, randomized.
	Primary: The mean motor AIMS score improved from 16.2 baseline to 12.8 on TBZ therapy.  Blinded videotape scores showed following breakdown: 15 pts improved, 2 were better before TBZ, 1 was unchanged.  All 18 pts continued TBZ therapy at study conclusion.

Secondary: pts subjectively rated themselves as follows: 7 markedly improved, 7 moderately improved, 3 mildly improved, 1 unchanged.

Strengths: Videotapes were randomized and judgers of these tapes were blinded to treatment.

Limitations: Study was not placebo-controlled.  Video ratings tend to blunt subtle ratings in movement.
	AIMS score= Abnormal Involuntary Movement Scale Score (0-28 range)

1 pt was lost to follow-up

	Ondo (1999)19
PR, SB

Single-center

Duration: 20.3 weeks of TBZ therapy on avg.

Primary: change from baseline of AIMS score

Secondary: pts subjective rating of improvement
	Inclusion: diagnosis of tardive dyskinesia that was based on 1) typical clinical appearance that was temporarily related to the use of dopamine-receptor-blocking drugs and 2) the absence of other potentially culpable etiologies 
	n=20

5M

15F

65.2 years old on avg.

57.9mg avg. daily dose

All pts had tardive dyskinesia (3.6 years of symptoms on avg.)
	Start TBZ at 12.5mg BID and titrate up weekly to max of 50mg TID (150mg/day). Pts were instructed to stop increasing dose if they had satisfactory benefit at current dose or if adverse events became troublesome.  Pts weren’t allowed to take other meds for TD during study. Videotapes of 1 pre and 1 post TBZ visit (~5 months later) were assessed by investigators, who were blinded.  AIMS scores were determined from these videotapes, which were edited, randomized and coded.
	Primary: The mean motor AIMS score improved 54.2% from 17.9 baseline to 8.2 on TBZ therapy.

Secondary: Subjective scores improved 60.4% from a mean of 9.1 to 3.6. Pts subjectively rated themselves as follows: 11 markedly improved, 6 moderately improved, 2 mildly improved, 0 unchanged/worsened.

Strengths: Videotapes were randomized and judgers of these tapes were blinded to treatment. 

Limitations: Study was not placebo-controlled.  Video ratings tend to blunt subtle ratings in movement.
	AIMS score= Abnormal Involuntary Movement Scale Score (0-28 range)

1 pt dropped out of study after 3 days due to sedation (74 y/o woman)

Adverse events were never rated as more than mild by any patient

	Jankovic(1997)16
RT, OL

Single-center

Duration: 28.9 months of TBZ therapy on avg.

Primary: Global Response Rating

Secondary: Assessing Side Effect/Safety Data
	Inclusion: diagnosed with a hyperkinetic movement disorder and treated with TBZ at Baylor College of Medicine Movement Disorder Clinic between 1980 and 1995 

Exclusion: single evaluation with no follow up visit; insufficient information about response; d/c'd TBZ within first 2 weeks due to ADR's or lack of efficacy; already on TBZ when first seen; noncompliant
	n=400

156M

244F

42.4 years old on avg.

106.2mg (avg. max dose); most pts after 1991 were maintained on doses of 25-75mg

Dystonia- 108          Tardive dysk.-93                     Tardive dyston.-82   TS-47                       HD-29                       Myoclonus-12          Other-29

(6.6 years of symptoms on avg.)


	Before 1991, TBZ dose of 25mg/day was started and titrated up to 150-200mg/day or until side effects observed. Since 1991, most pts maintained on doses of 25-75mg. In each case, the dosage was titrated as to achieve optimal clinical response without producing troublesome side effects.  Pts were evaluated at 3-6 month intervals.  Response rate was rated at first follow-up visit and again at the last visit.  
	Primary: The avg. global response rating was 1.51 at first visit and 1.74 at last visit. For Huntington’s disease pts (n=29), 24 (82.8%) had a response rating of 1 at first visit and 25 had a response rating of 1 at last visit (86.2%).

Secondary: 327 pts (81.8%) reported at least one side effect.  The high number may be due to an aggressive dosing strategy of increasing dose until ADRs occurred.  92 pts (23%) discontinued TBZ due to side effects.  53 pts (13.3%) d/c’d due to lack of efficacy.  See “Pooled ADR Data” on pages 9-10 for more details. 

Strengths:  Gives long term perspective on efficacy and ADRs of TBZ therapy in a variety of indications.

Limitations:   Study was retrospective and open label. Average max dose (106.2mg) was higher than one would commonly see in practice today.     
	5 pt global response rating: 1=marked improvement, 2=moderate reduction of movement & very good functional improvement, 3=moderate reduction of movement & mild function improvement 4=no response, 5=worsening

	Watson (1988) 20
Pooled case reports

Single-center

Duration: not given

Primary: change in Involuntary Movement Scale (IMS) score from baseline
	Inclusion: pt is diagnosed with tardive dyskinesia

Exclusion: none reported
	n=23

5M

18F

67.8 years old on avg.

91.3mg avg. daily dose

All pts had tardive dyskinesia 
	Pts were started on TBZ 12.5mg TID and dose increased only if adequate response not achieved.  Most patients were well controlled on 25mg TID. Highest dose used was 50mg QID.
	Primary: IMS score was 0.74 on TBZ therapy on avg., down from 3.13 at baseline. 

Limitations: This was basically a reporting of pooled case reports of 23 patients.  No blinding, randomization, or placebos were used. 
	IMS (Involuntary Movement Scale): 

0-none, 

1-Minimal, 

2-Mild, 

3-Moderate, 

4-Severe

	Jankovic (1987)21
RT, OL

Single-center

Duration: not given

Primary: 1-3 Rating Scale Response for improvement with Tourette’s Syndrome (TS) tics
	Inclusion: pts all met DSM III (Diagnostic and Statistical Manual of Mental Disorders, 3rd edition) criteria for Tourette’s Syndrome

Exclusion: none specified
	*note, study had 112 pts, but this analysis will only look at those who received TBZ therapy

n=15

22.5 years old on avg.

Dose not given

All pts had Tourette’s Syndrome Tics (15.2 years of symptoms on avg.)
	TBZ was "last line" in a list of meds used to control TS tics and only received it when other meds failed to control symptoms; the treatment order was as follows: any current TS med, clonidine, clonazepam, fluphenazine, pimozide, haloperidol, TBZ. Of 112 study pts, 15 received TBZ.
	Primary: Of 15 pts, breakdown of response on TBZ therapy is as follows:

-Excellent (1) - 7 (47%)

-Moderate (2) – 5 (33%)

-Poor (3) – 3 (20%)

TBZ was only used after the pt failed all 5 other drugs in the study, which may have biased the results against TBZ.

Limitations: Study was retrospective and open label in nature.  TBZ was only used as a last line agent in this study.
	1-3 Rating Scale Response: 

1-excellent response, 

2-moderate response, 

3-poor response

	Jankovic (1983)17
PR, DB, CO 

Single-center

Duration: 4 weeks on avg.

Primary: change in hyperkinesia score 
	Inclusion: diagnosed hyperkinetic disorder that was previously unresponsive to conventional forms of therapy

Exclusion: none specified
	n=19

9M

10F

28.7 years old on avg.

171mg avg. daily dose

Dystonia-12              Tardive Dysk.-4                          Congenital choreoathetosis-2    HD-1      
	Pts were randomized to TBZ or placebo and acted as own control in this crossover study.  25mg/d day 1 and increased by 25mg/d until 200mg/d was reached or until ADR's developed.  Pts were hospitalized during first 10 days of therapy and then followed at 2 week intervals with clinic visits.


	Primary: Baseline hyperkinesia score of 28.5 decreased to 16.3 on TBZ therapy.  

-Note: Post study F/U showed a gradual loss of efficacy with chronic treatment (62% of initial responders retained at least moderate improvement 6 to 18 months later).

Strengths:  Pts served as their own control in this crossover trial.  Study was double blind.

Limitations: Study was not placebo controlled and had a short duration (4 wks avg.). 
	Hyperkinesia Score=

Score covers a variety of specific movements, each rated from 0-4 in proportion to severity (total score range is 

0-60)

There was 1 study dropout, and it was due to low compliance.

	Asher (1981)18
PR, SB, CO

Single-center

Duration:  3 wks of TBZ therapy

Primary: 5 Point Global Response Scale
	Inclusion: pt had a diagnosed movement disorder

Exclusion: none specified
	n=26

160mg avg. daily dose

HD-8                         Tardive Dysk. -10                        Dystonias -8
	Pt had a baseline videotaping then 25mg/day to start and increased by 25mg every 3 days until either ADRs occur, max therapeutic effect attained, or 200mg/day max dose reached.  After 3 weeks on optimal dose, pt filmed and reexamined.  Then switch to identical placebo tabs for 3 weeks, then a final examination and filming.
	Primary: Global Response Scale Score was 2.62 (~moderate improvement).  At the end of the study, 16 out of 26 pts chose to remain on TBZ therapy.  6 out of 8 pts with HD showed moderate or marked improvement, with the other 2 showing no response.

Strength: Pts were blinded and served as own control.

Limitations: Avg. dosage (160mg) was higher than what would be commonly used in practice today.    
	5 pt GRS: 1=marked improvement, 2=moderate reduction of movement & very good functional improvement, 3=moderate reduction of movement & mild improvement in function, 4=no response, 5=worsening;

	Kingston (1979)37
Pooled case reports

Not a multi-center study, but pts were seen at multiple sites

Duration: ranged from 27 to 1580 days

Primary: 5 point Global Response Scale
	Inclusion: diagnosed movement disorder

Exclusion: none specified
	n=40

57.4 years old on avg.

118.6mg avg. daily dose

HD- 24

Other- 16
	TBZ was only available on an individual case basis in Australia at this time.  Results of drug’s use were requested on a standardized report form.  This study presented results for 40 pts off of these forms.  Specifics on methods of dosing or GRS scoring were not listed in this study.    
	Primary:  Global Response Scale Score was 1.8 

(~ moderate reduction of movement & very good functional improvement).  39 out of 40 pts showed some level of improvement.  The HD subgroup had a score of 1.83.  

Other notes: 3 patients died during course of therapy for reasons said to be unrelated to TBZ.  4 d/c’d therapy for other reasons (2 –lack of effect, 1-irritability, 1-possible related fall in polymorphs).

Strengths: At the time, this was the largest HD pt population (n=24) in a published article regarding TBZ efficacy.

Limitations: There was no true study design (thus no randomization, blinding, placebo, etc), but was just a pooled collection of individual reports from pts who had received TBZ as part of clinical trials in Australia during the 1970’s.
 
	5 pt GRS: 1=marked improvement, 2=moderate reduction of movement & very good functional improvement, 3=moderate reduction of movement & mild improvement in function, 4=no response, 5=worsening;

	Toglia (1978)38
OB

Single-center

Duration: 14 weeks TBZ therapy on avg.

Primary: 0-2 response score related to change in involuntary movements
	Inclusion: diagnosed movement disorder

Exclusion: none specified
	n=15

6M

8F

50.9 years old on avg.

136.7mg avg. daily dose

HD-7

Other-8
	Pts were started at 25mg BID and increased by 25mg daily up to a max of 200mg.  Pts were examined at weekly intervals. Films were taken before, during, and after treatment. Tapes were randomized and analyzed by neurologists who were blinded.  Pts had been previously been treated with other drugs like haloperidol and diazepam without significant improvement. 
	Primary: Response scores were more favorable for HD pts, compared to all pts.  The response score was 0.43 for all pts, compared to 0.88 (~moderate reduction in involuntary movements) for HD pts.   

Strengths: Videotapes were randomized and judgers were blinded to therapy.

Limitations: Study not placebo-control and treatment not blinded.  Also, video ratings tend to blunt subtle ratings in movement. 
	0-2 response score:

0=no reduction,

1=moderate reduction,

2=complete cessation

1 dropout 1 week after therapy because of insomnia and akathisia;



	Huang (1976)39
OB

Single-center

Duration: 15.2 months (for 6 pts who finished the  study)

Primary: 0-3 Clinical Response Scale (CRS)
	Inclusion: diagnosed with Huntington’s disease via positive family history and clinical features

Exclusion: presence of liver, renal, or cardiac abnormalities 
	n=8

4M

4F

48.9 years old on avg.

128.1mg avg. daily dose

All pts had Huntington’s disease
	Pts were given 25mg/day of TBZ to start and titrated up by 25mg every 3-4 days to max dose of 200mg/day.  Films were taken before and at the end of treatment.  Clinical assessments of involuntary movements were based off of these films.  No mention of randomization was made.
	Primary: Avg. CRS score was 2.1 (~marked improvement).

Misc: 7 of 8 pts showed improvement in involuntary movements, though 2 discontinued the medication within 1-2 months due to postural hypotension.  6 of 8 showed at least marked improvement.  3 pts complained of dysphagia and excessive salivation; latter probably due to difficulty in swallowing.

Limitations:   Study not placebo-control and treatment not blinded.  Video ratings tend to blunt subtle ratings in movement.  Also, it is unclear if the videotapes were randomized and if the raters were blinded prior to rating tapes.


	2 dropouts due to side effects;

0-3 Clinical Response Scale:

0=no response, 1=slight improvement, 2=marked improvement, 3=excellent response

	McLellan
(1972)40
Uncontrolled Pilot Study

Single-center

Duration: varied from 2 weeks to 15 months

Primary: change from baseline chorea as judged by a -1 to 2 response score 
	Inclusion: pt had a diagnosed involuntary movement disorder

Exclusion: none specified
	n=30

21M

9F

54.3 years old on avg.

92.5mg avg. daily dose

HD-11

Other-19
	Pts started on 12.5mg BID and increasing by 25mg/day every 2-3 days either until toxic effects appeared or until the involuntary movement was suppressed.  Pts were assessed before and after treatment.  The least favorable assessments were accepted as the final verdict for scoring.
	Primary: The avg. response score seen on TBZ therapy was 0.7 (~suppression of movements sufficient to improve function).  Pts with Huntington’s Disease showed the most favorable responses.  Of the 11 HD pts, 9 showed at least some improvement, with 4 of those showing nearly complete suppression of chorea.

Limitations: This study was not placebo control, blinded, or randomized in any manner.  


	Response scores:

-1=worse, 

0=no change, 1=suppression of movements sufficient to improve function, 2=complete or almost complete suppression of movements

	McLellan (1974)41
DB, CO

Single-center

Duration: 6 weeks (2 weeks of 3 different treatment arms)

Primary: change in 0-4 chorea score

Secondary: change in dexterity test times from baseline
	Inclusion: pt diagnosed with Huntington’s disease 

Exclusion: none specified
	n=9

43

6F

51 years old on avg.

150mg avg. daily TBZ dose

All pts had Huntington’s disease
	Pts were admitted to the hospital for 6 consecutive weeks, which was divided into 3 phases of 2 weeks each so pts could act as own control in this crossover study.  3 phases were placebo, TBZ, and thiopropazate.  Doses for each phase were increased over the 2 weeks.  TBZ dose started at 25mg day 1 and was 200mg by days 13/14.  Phases were randomized, and treatment was double blind.  If a pt experienced side effects, the dosage increases were stopped, and the dose was instead kept constant.  If necessary, dosages were also reduced.  Films were taken on admission and at end of each phase.  They were then randomized and assessed by blinded neurologists.
	Primary: Both TBZ and Thiopropazate provided statistically significant improvement from the baseline chorea score.  However, TBZ had the biggest avg. reduction in chorea scores from baseline. The chart shows the results:

Chorea score

Baseline

2.06

Placebo

1.72

Thiopropaz.

1.53

TBZ

1.24

Secondary: Dexterity tests were also done for each phase.  This test consisted of having pt write a standard sentence with both dominant and non-dominant hands as quickly as possible.  The TBZ phase once again showed the greatest improvement.  The results are as follows, where all numbers represent time in seconds:

Dom. Hand

Non-Dom. Hand

Placebo

61.2

82.6

Thiopro.

45.6

81.7

TBZ

41.2

74.1


	7 of 9 pts continued TBZ therapy upon discharge from hospital (avg. dose of 150mg/day);

After 1 year of follow up after trial ended, 6 of 9 pts were still on TBZ therapy (75-150mg avg. per day in divided doses)

	Kazamatsuri (1972)42
DB, CO

Single-Center

Duration: 6 weeks 

Primary: Oral Dyskinesia Mean Frequency /Min.

Secondary: Reversible EPS Mean Score


	Inclusion: diagnosed oral dyskinesia

Exclusion: none specified 
	n=24

13M

11F

55 years old on avg.

118.8mg avg. daily dose

17 pts had schizophrenia related tardive dyskinesia due to antipsychotic therapy 
	Study consisted of 4 phases: Phase 1: Baseline phase of 4 weeks where all current meds are held constant.  Phase 2: 1st  placebo period of 4 weeks, all neuroleptics were stopped.  Phase 3: TBZ period of 6 weeks.  Dose was 50mg/day first 2 weeks, 100mg/day second 2 weeks, and 150mg/day last 2 weeks for non-responders (otherwise 100mg dose used last 2 weeks).  Phase 4: 2 more weeks of placebo therapy.  Every week of study a blinded psychiatrist evaluated pts for the primary and secondary endpoints.  


	Primary: Oral dyskinesia mean frequency per minute decreased from 30 during placebo period to 10.8 during final week of TBZ therapy.  At week 4 of TBZ therapy, the score had been 15.6.

Secondary: Reversible EPS mean score was not significantly different between placebo phase (3.55) and TBZ phase at week 6 (3.60).  Both were lower than the baseline period score of 4.37. 

Strengths: Study was double-blind and the pts acted as their own control in this crossover study.

Limitations: This study only assesses short term efficacy of TBZ and lacked a placebo control group.
	4 pts dropped out of the study, all during the last 2 weeks of TBZ therapy: 2 due to severe malaise, 1 due to psychotic exacerbation, and 1 due to loss of follow up after leaving the ward

	Pakkenberg (1968)42
Non-controlled pilot study

Single-center

Duration: at least 2 months 

Primary: 0-4 scale score based on hyperkinetic movement change from baseline
	Inclusion: diagnosed hyperkinetic movement disorder

Exclusion: none specified
	n=20

Sex, Avg. dose are N/A

Age range from 23 to 64 years old

HD-11

Other-9
	TBZ dose varied from 75mg/day (25mg TID) to 150mg/day (50mg TID) for at least 2 months of treatment (but in a few therapy was interrupted for periods or permanently, as drug wasn't always available).
	Primary:  The average 0-4 scale score was 2.2 (~moderate affect).  In the Huntington’s disease pts, the score was 1.9 (~moderate affect).  15 out of 20 pts had at least a moderate affect or better.  In all cases, the effect developed in the course of 1-2 days and disappeared with equal rapidity upon medication withdrawal.  

Limitations:  This study was not placebo control, blinded, or randomized in any manner.  
	0-4 scale:

0=no effect, 1=doubtful effect, 2=moderate effect, 

3=good effect, 4=hyperkinesia disappears


*Study Descriptor Abbreviation Key: CO-crossover; CR-chart review; DB-double blind; ITT-intent to treat; OBS-observational; OL-open label; PC-placebo control; PL-parallel; PR-prospective; RT-retrospective; SB-single blind
**details about chorea scoring systems used in these studies can be found on page 4 of the monograph 
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