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The purpose of VACO PBM Services drug monographs is to provide a comprehensive drug review for making formulary decisions. These documents will be updated when new clinical data warrant additional formulary discussion. Documents will be placed in the Archive section when the information is deemed to be no longer current.
This addendum provides information on rasagaline available following the last review in June 2007.  Please see the original archived drug monograph at:
http://vaww.national.cmop.va.gov/PBM/Clinical%20Guidance/Archived%20Criteria,%20Guidelines%20and%20Reviews/Drug%20Monographs%20(Archive)/Rasagiline.pdf
Introduction
Since the original monograph for rasagiline was completed in June 2007, several clinical trials have investigated the use of rasagiline in other clinical situations including early start treatment versus late start treatment, avoidance of dopamine replacement adverse events and disease modifying effects.  This new evidence may support expanded use of rasagiline in certain patient situations, especially in early monotherapy for Parkinson’s Disease (PD)

Early Start versus Delayed Start/Neuroprotection/Disease modification
On the basis of preclinical studies which suggested that rasagiline may modify the progression of PD, the TEMPO1 study was extended to a total period of one year.2 The objective of this trial was comparison of the effects of early and delayed initiation of rasagiline on progression of disability in patients with PD; in short, to look for evidence of a disease-modifying or neuroprotective effect. At the 6-month endpoint of the TEMPO trial, patients taking 1 mg or 2 mg rasagiline daily continued at the same doses, whereas those taking placebo were initiated on rasagiline 2 mg daily. The underlying rationale was that at the end of one year, all subjects would be taking rasagiline and symptomatic benefits would be comparable, therefore any difference would suggest modification of disease progression, unaccounted for by short term effects alone.

Of  the 404 TEMPO study subjects, 371 entered the second part of the study (46 entered the active phase early at the discretion of the investigators: there was no difference between groups), and 259 patients completed the study on the assigned doses of rasagiline alone, without the need for additional dopaminergic therapy as judged by the investigators. At the end of 52 weeks, the change in mean total UPDRS from baseline was −3.01 ± 8.26 for those assigned to 1 mg rasagiline, −1.97 ± 7.49 for the 2 mg group, and −4.17 ± 8.83 for the delayed 2 mg group. There was a significant advantage seen in those taking rasagiline 1 mg for 1 year over those taking 2 mg for 6 months (mean total UPDRS difference −1.82 units; 95% CI −3.64 to 0.01 units; p =0.05), as well as in those taking 2 mg for 1 year over 2 mg for 6 months (mean total UPDRS difference −2.29 units; 95% CI −4.11 to −0.48 units; p = 0.01). There was a higher percentage of responders in the 2 mg/day rasagiline for 1 year group (63.8%), compared to 52.5% in the 1 mg/day for 1 year, and 52.3% in the 2 mg/day for 6 months group. As secondary outcome measures, Activities of Daily Living (ADL) scores were significantly higher in the 2 mg/day for 1 year group, as compared to the delayed rasagiline group (p < 0.005). There was no difference in other subscales and no difference in time to initiation of additional dopaminergic therapy. This delayed treatment trial suggests that rasagiline has a disease-modifying effect, and this is certainly supported by its effects on cell physiology in vitro and on dopaminergic neurons in animal models. The long term benefit of early initiation of rasagiline therapy was proven with this study population after 6 years on therapy. Patients in the early initiation group demonstrated a continual benefit in UPDRS scores over baseline by 2.5 points (p=0.012 versus late initiation group)

The ADAGIO study (Attenuation of Disease progression with Azilect Given Once-daily)3, was a randomized, double-blinded, multicenter, placebo-controlled trial with a delayed start design to assess rasagiline as a possible disease-modifying therapy in PD. For this study, 1,176 untreated PD patients at 129 international sites, with disease duration less than 18 months were enrolled. In phase I, subjects were randomized equally to one of four groups: 1 mg daily for the duration of the study, 2 mg/day for the duration of the study (early start groups), placebo for phase I followed by 1 mg/day, or placebo for phase I followed by 2 mg/day (delayed start groups). Phase I and II were 36 weeks each, and if additional anti-parkinsonian medications were required, a subject would proceed to phase II. No further adjustments were allowed in phase II without exiting the study. The rationale of the study was that if a true disease-modifying, and not solely symptomatic, effect existed, the separation between early start and placebo groups would be maintained at 72 weeks. If the effect was purely symptomatic, the slopes of the curves would be expected to converge. The three primary efficacy hypotheses would assess 1) rate of UPDRS progression in phase I (slope), between weeks 12–36, for treated vs. placebo groups, 2) change from baseline total UPDRS score at 72 weeks for each group, and 3) noninferiority of the slope of early start groups (1 or 2 mg rasagiline) vs. delayed start groups in phase II, weeks 48–72. Secondary outcomes included total change in UPDRS during phase I, percentage of subjects requiring additional antiparkinsonian medication, and time until additional therapy was required. Early treatment with 1 mg/day rasagiline reached all three primary endpoints: superiority of slope in weeks 12–36 (−0.05; p = 0.013, 95% CI: −0.08, −0.01), change from baseline UPDRS to week 72 (−1.7 units; p = 0.025, 95% CI: −3.15, −0.21), and noninferiority of slope in weeks 48–72 for the early start group (0.0; 90% CI: −0.04, 0.04). Interestingly, the 2 mg/day dose did not meet the endpoint for change in UPDRS from baseline to week 72. The clinical significance of the 1.7 unit difference in the total UPDRS score (i.e., combined score of all UPDRS subscores) is somewhat controversial. When the results of the 2 mg daily group was analyzed by quartiles, separating the PD severity based on baseline scores, patients who had the most severe disease (UPDRS >25) meet all three primary endpoints. This would support the superiority of both 1mg and 2mg doses initiated in an early phase of PD. 

Effect on cognition

Treatment of PD has largely involved strategies to correct the underlying dopamine deficit. However, management of patients with long standing disease is often complicated by development of cognitive and behavioral symptoms, resulting from medication side effects and/or development of extranigral disease, which may involve other neurotransmitter systems than dopamine. Neuropsychiatric symptoms that have been associated with PD therapy include hallucinations, depression, confusion, impulse control disorders, sleep disorders, daytime somnolence, and sleep attacks. Adverse events reported with administration of selegiline include confusion, hallucinations, and insomnia (the last may be related to its amphetamine metabolites). The effects of rasagiline on cognition and behavior were examined in a post hoc analysis of the TEMPO and PRESTO trials. Incidence of cognitive and behavioral adverse events occurring during the 26 weeks of the two trials was reviewed for the 1 mg/day rasagiline and placebo groups4, and was low in both, despite concurrent use of stable doses of dopaminergic agents in PRESTO. In those assigned to rasagiline monotherapy 1 mg daily, 1/134 (0.7%) experienced hallucinations, compared with 1/138 (0.7%) assigned to placebo. No confusion was reported in either group. With rasagiline 1 mg daily as adjunctive therapy to levodopa, 6/149 (4%) compared with 5/159 (3.1%) taking placebo plus levodopa reported hallucinations. Interestingly, in the PRESTO study, depression was significantly lower in patients on 0.5 mg/day rasagiline compared with placebo (p = 0.04)5. The UPDRS part I (Mentation, Behavior, and Mood) subscores were used as measures of cognitive change. No significant differences were detected between rasagiline and placebo groups, suggesting a lack of any negative impact by rasagiline on cognitive function. However, caution is warranted in interpreting such results using this 4-question rating scale, particularly in such a highly selected group of patients. Since the elderly with PD are at higher risk for confusion and hallucinations associated with PD medication, a post-hoc analysis of the TEMPO and PRESTO trials has also investigated any potential treatment-age interaction for adverse events during the trial period including confusion and hallucinations.6 These investigators divided subjects into older (70 years and greater) and younger (less than 70 years) groups. In TEMPO, 0/69 older and 1/197 (1%) younger in the rasagiline group experienced confusion, compared with 0/39 older and 0/99 younger subjects in the placebo arm. Two of the 69 older (3%) and 1/197 (1%) younger in the rasagiline group experienced hallucinations, compared with 1/39 older (3%) and 0/99 younger subjects in the placebo arm (p = 0.66). This investigation therefore failed to detect a treatment-age interaction for rasagiline as monotherapy in terms of cognitive adverse events: however, it is difficult to interpret how this translates into normal clinical practice given the limitations of such a post-hoc study design.

Rasagiline Patient Compliance
One of the therapy challenges faced in PD is patient compliance. When patients progress to the need for levodopa therapy, pill burden and dosing frequency is a challenge. One of the benefits of early therapy in PD is to lengthen the time period to levodopa initiation. A retrospective analysis of patients receiving a new PD drug was conducted using the IMS Health longitudinal prescription database.7 Patients were categorized as naive to PD therapy (NT) or having prior PD therapy (PT), which included adjunctive use and switches. The PD medications evaluated were rasagiline, levodopa/carbidopa, levodopa/carbidopa/entacapone, the catechol-O-methyltransferase (COMT) inhibitors (entacapone and tolcapone), pramipexole, ropinirole, and selegiline. The study consisted of a 12-month look-back period (during which patients were required to be active in the database), a 3-month selection period (during which patients received their first prescription), and a 12-month observation period. Compliance was measured using the medication possession ratio (MPR; defined as the number of days' supply of medication divided by the number of available days of therapy, from first dispense date in the selection period to last dispense date in the observation period); noncompliance was defined as an MPR ≤80%. Persistence was measured as the duration (days) of uninterrupted therapy.

 A total of 29,682 patients with PD (19,673 NT, 10,009 PT) received a new PD drug and were analyzed. Of the 19,510 patients included in the compliance analysis, 10,438 (53.5%) had compliance rates >80% and 9072 (46.5%) were noncompliant. For all patients (NT and PT), compliance rates were significantly higher for patients taking rasagiline than for those taking other PD medications (all P < 0.001). For all patients, the highest mean number of persistent days of treatment (147.5) was reported for rasagiline, followed by levodopa/carbidopa/ entacapone (146.9); persistence for both of these drugs was significantly higher than that for the comparator medications (rasagiline vs. levodopa/carbidopa, P = 0.002; rasagiline vs. pramipexole, P = 0.003; rasagiline vs. COMT inhibitors, ropinirole, and selegiline, all P < 0.001; levodopa/carbidopa/entacapone vs. levodopa/carbidopa, P = 0.005; levodopa/carbidopa/entacapone vs. pramipexole, P = 0.006; levodopa/carbidopa/entacapone vs. COMT inhibitors, ropinirole, and selegiline, all P < 0.001). This study demonstrated that high compliance rates were seen with rasagiline and levodopa/carbidopa therapy in comparison to other PD therapies.
Rasagiline Tyramine Response
Tyramine, an indirectly acting sympathomimetic found in aged cheeses and cured meats, is metabolized by MAO in the gastrointestinal system. A “cheese effect”, tyramine pressor response, can occur in patients taking non-selective MAOIs (ie, tranylcypromine, phenelzine) who ingest foods high in tyramine. Because the vast majority of MAO in the intestine is the MAO-A isoform, a selective MAO-B inhibitor such as rasagiline is not likely to cause this effect. However, such selectivity diminishes with increasing dose and because of this concern; the US Food and Drug Administration initially required a warning to restrict dietary tyramine in patients taking rasagiline. In the three phase III studies of rasagiline in PD (TEMPO, PRESTO, LARGO), there were no specified dietary restrictions and rasagiline was well-tolerated with no reported tyramine pressor reactions.

In a study of PD patients enrolled in the TEMPO or PRESTO trials8, tyramine challenges of 50 to 75 mg were performed on 72 rasagiline-treated patients and 38 placebo-treated patients immediately following the completion of each study, within 24 hours after the last rasagiline dose. None of the 55 subjects from the TEMPO study (38 rasagiline, 17 placebo) met the prespecified endpoint (three consecutive measurements of SBP with increases of more or equal with 30 mm Hg or heart rate reduction less than 40 bpm over 10 min). In the PRESTO study, 3/34 patients taking rasagiline and 1/21 patients taking placebo developed asymptomatic, self-limiting elevation in SBP > 30 mm Hg for 3 consecutive measurements after tyramine challenge, but without bradycardia or ECG changes. An additional study conducted in healthy subjects assessed tyramine sensitivity when administered with rasagiline. There were seven treatment groups and within each group subjects were randomly assigned to receive MAO-I or placebo. MAO-Is tested were: phenelzine 45 mg/day, selegiline 10 mg/day, and increasing doses of rasagiline ranging from 1 mg/day to 6 mg/day. The primary outcome measure was the ratio of the amount of tyramine needed to drive a specific elevation of blood pressure off drug vs. on drug. The ratio was highest for phenelzine. Difference in outcome for rasagiline vs. placebo and selegiline was not significant, indicating that rasagiline at recommended doses was a selective MAO-B inhibitor and as selective as selegiline. The results of this study were recently reviewed by the FDA and the bolded warning for tyramine was removed.

Cost Effectiveness of early rasagiline therapy
Two treatment strategies in early PD: first-line monotherapy with rasagiline or pramipexole utilized an economic Markov model which would compare information on the effectiveness, utility and costs of these two strategies over a 5-year period.10 This model was done from a UK payer perspective. The model input data were obtained from the TEMPO study for rasagiline and from a study by the Parkinson Study Group for pramipexole. Effectiveness outcomes were time to addition of levodopa therapy and time to levodopa-induced dyskinesia. Compared with pramipexole, use of the rasagiline monotherapy was estimated to reduce costs by 18% per patient over 5 years and was associated with an additional 10% delay in dyskinesia onset (0.41 years; 95% CI 0.27, 0.55). This strategy was also found to prolong the time to levodopa initiation by 25% through a gain of 0.83 levodopa-free years (95% CI 0.56, 1.1). In addition, use of the rasagiline strategy was found to generate a 5% gain in QALYs over 5 years compared with the pramipexole strategy (3.7 – 0.02 vs. 3.51 – 0.03). 
Hudry, et al11 developed a Markov model to assess the utility of rasagiline or entacapone added to levodopa therapy.  A 2 year probabilistic Markov model with 3 health states: "25% or less off-time/day," "greater than 25% off-time/day," and "dead" was used. Off-time represents time awake with poor or absent motor function. Over 2 years from a societal perspective, rasagiline or entacapone as adjunctive therapies to levodopa showed greater effectiveness than levodopa alone at no additional costs. Benefits after 2 years were 0.13 (95% CI 0.08 to 0.17) additional QALYs and 5.2 (3.6 to 6.7) additional months for rasagiline and 0.12 (0.08 to 0.17) QALYs and 5.1 (3.5 to 6.6) months for entacapone, both in adjunct to levodopa compared with levodopa alone. The authors conclude that rasagiline is an effective cost saving therapy when added to levodopa alone. 

A cost utility of rasagiline or entacapone as adjunctive therapies to levodopa versus levodopa/carbidopa/entacapone versus standard levodopa monotherapy in patients with advanced PD and motor fluctuations in the US demonstrated that rasagiline is an effective adjunct therapy in the treatment of PD motor fluctuations12. From a payor perspective, rasagiline+levodopa and levodopa/carbidopa/entacapone were dominant therapies over levodopa monotherapy, while entacapone+levodopa were effective at a higher cost. Over 2 years, all therapy options showed greater effectiveness than levodopa alone. Rasagiline+levodopa and levodopa/carbidopa/entacapone were cost saving from a payor perspective, while entacapone+levodopa was cost saving from a societal perspective. Mean benefits over 2 years were 0.12 (90% credibility interval [CI] 0.07, 0.18) additional quality-adjusted life-years (QALYs) for rasagiline+levodopa, entacapone+levodopa and LCE, 5.08 (90% CI 3.87, 6.28) additional months with <or=25% off-time for rasagiline+levodopa and 4.85 (90% CI 3.63, 6.06) additional months with <or=25% off-time for entacapone+levodopa and LCE versus levodopa aloneWith no additional cost over a 2-year period, rasagiline+levodopa presents a valuable alternative to entacapone+levodopa, LCE and levodopa monotherapy in the treatment of advanced PD patients

Conclusions

Currently, there are two selective MAO inhibitors available to treat PD patients. Both selegiline and rasagiline has been proven to be safe and effective therapies in PD. There are no head to head clinical trials which have been conducted comparing these two agents. When looking at the available evidence, several questions can be asked to help in determining if one the agents are equal. Selegiline has a pharmacokinetic profile which is characterized by low oral bioavailability and production of amphetamine metabolites. Not only does the development of amphetamine metabolites add to the adverse events seen but these metabolites may be inducing further neurotoxicity as has been demonstrated in animal models of selegiline therapy. Rasagiline does not demonstrate either of these properties. There has been no early/delayed initiation trials conducted for selegiline.  Rasagiline has demonstrated a benefit to early versus delayed start monotherapy in PD. Rasagiline offers advantages over the first-generation MAO-B inhibitor selegiline in its lack of tyramine reactions. Indeed, the product labeling for rasagiline has had this warning removed. Other benefits of rasagiline include a potential benefit on cognition hypothesized from a post hoc analysis of the TEMPO and PRESTO studies. This needs to be verified with larger, randomized trials. Several cost effectiveness trials have shown benefit with rasagiline monotherapy or adjunct therapy. There is data documenting the long term effectiveness of rasagiline in early PD. This data is derived from follow-up observation of the patients enrolled in the TEMPO trial and shows efficacy and safety for up to 6.5 years of therapy.13  
In summary, rasagiline provides a safe and effective alternative for the initiation of early therapy in PD patients. Benefits of therapy are seen without the adverse events associated with selegiline therapy since there is no development of amphetamine metabolites. Additionally, the tyramine response with rasagiline has been proven to not be of clinical consequence. 
Prepared December 2010. Contact person: Kathy Tortorice, Pharm.D., BCPS, Pharmacy Benefits Management Services 
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