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Structured Abstract 

Aims We could not find any systematic reviews or meta-analyses that compared rasagiline, selegiline 

and safinamide. Therefore, we aimed to perform a drug class review comparing all available MAO-B 

inhibitors in a multiple treatment comparison.  

Methods We performed a systematic literature search to identify randomized controlled trials 

assessing the efficacy of MAO-B inhibitors in patients with Parkinson’s disease. MAO-B inhibitors 

were evaluated either as monotherapy or in combination with levodopa or dopamine agonists. 

Endpoints of interest were change in UPDRS score and serious adverse events. We estimated the 

relative effect of each MAO-B inhibitor versus the comparator drug by creating three networks of 

direct and indirect comparisons. For each of the networks we considered a joint model. 

Results The systematic literature search and study selection process identified 27 publications 

eligible for our three network analyses. We found the relative effects of rasagiline, safinamide and 

selegiline treatment given alone and compared to placebo in a model without explanatory variables 

to be 1.560 (1.409, 1.734), 1.449 (0.873, 2.413) and 1.532 (1.337, 1.757) respectively. We also found 

all MAO-B inhibitors to be efficient when given together with levodopa. When ranking the MAO-B 

inhibitors given in combination with levodopa, selegiline was the most effective and rasagiline was 

the second best. 

Conclusions All of the included MAO-B inhibitors were effective compared to placebo when given as 

monotherapy. Combination therapy with MAO-B inhibitors and levodopa showed that all three 

MAO-B inhibitors were effective compared to placebo, but selegiline was the most effective drug.    

 

Keywords: rasagiline, selegiline, safinamide, multiple treatment comparison, Parkinson’s disease, 

MAO-B inhibitors 
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What is already known on the subject 

 Pharmacological treatment of Parkinson’s disease is based on the replacement of dopamine.  

 Levodopa, dopamine agonists and MAO-B inhibitors can be used alone or in combination 

with each other.  

 No clinical trials comparing MAO-B inhibitors actively exist and the relative effectiveness 

between rasagiline, selegiline and safinamide is not known. 

 

What this paper adds 

 This analysis allowed inclusion of direct and indirect comparisons of all MAO-B inhibitors 

from 27 trials simultaneously.  

 We estimated the relative effectiveness of all MAO-B inhibitors and ranked them according 

to benefit and harm. 

 This approach identified selegiline as the optimal MAO-B inhibitor for pharmacological 

treatment of Parkinson’s disease.  

 

List of hyperlinks for crosschecking: 

Levodopa 

Selegiline 

Pramipexole 

Rasagiline 

Safinamide 

Entacapone 
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Introduction  

Parkinson’s disease is a gradually progressive neurodegenerative disease featuring reduced striatal 

dopamine and degeneration of dopaminergic neurons in the substantia nigra (1). Symptoms of 

Parkinson’s disease include typical motor symptoms like rest tremor, rigidity and bradykinesia, but 

many patients also experience non-motor symptoms like depression, sleep disturbances and 

cognitive impairment (1). Parkinson’s disease is the second most frequent 

neurodegenerative disease and affects 0.3 % of the entire population in industrialized countries (2). 

However, as Parkinson’s disease is an age-related disease, the prevalence increases to about 1% in 

the age group above 60 years, and even up to 4% for patients above 80 (2).  

Pharmacological treatment of Parkinson’s disease is traditionally based on the replacement of 

dopamine (3). Levodopa, a dopamine precursor, remains the most efficacious symptomatic 

treatment for Parkinson’s disease: However, chronic treatment with levodopa is associated with 

motor complications, wearing-off effect and random switches between “on” and “off” states (4). 

Alternatives to levodopa are available, and both dopamine agonists and monoamine oxidase type B 

(MAO-B) inhibitors can be used alone or in combination with each other or with levodopa. However, 

the comparative effectiveness of these drug classes considering both benefits and risks of MAO-B 

inhibitors and dopamine agonists in early and late Parkinson’s disease needs to be better 

established.  

In a systematic MEDLINE search for systematic reviews involving these drugs, few studies were 

found. One Cochrane review investigated randomized controlled trials (RCTs) comparing MAO-B 

inhibitors with levodopa or dopamine agonists in early Parkinson’s disease (5). The authors included 

two trials in the review, both of which used selegiline as treatment. Their conclusion was that there 

was not enough evidence to support any firm recommendations regarding the routine use of MAO-B 

inhibitors compared to other dopaminergic drugs in early Parkinson’s disease (5). Another Cochrane 

review investigated RCTs that compared treatment with MAO-B inhibitors with placebo, with or 

without additional levodopa or dopamine agonists, in patients with early Parkinson’s disease (6). 

They included 12 trials in their review, 11 of which used selegiline as treatment. They found that 

MAO-B inhibitors delayed the need for levodopa by a few months, but did not seem to delay the 

progression of the disease (6). We also identified one published multiple treatment comparison 

(MTC) meta-analysis, which was based on a systematic review exploring placebo-controlled RCTs 

comparing antiparkinsonian monotherapy (levodopa, pramipexole, rasagiline or selegiline) (7). This 

publication included five studies, and the authors concluded that treatment with levodopa gave the 

http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=3639
http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=6639
http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=953
http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=6641
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greatest reduction in UPDRS (Unified Parkinson Disease Rating Scale (8)) score compared to placebo, 

pramipexole, rasagiline or selegiline when used as monotherapy (7).  

Most published RCTs have compared the effect of one MAO-B inhibitor against placebo, with or 

without additional levodopa. Very few RCTs have actively compared one MAO-B inhibitor to another 

or a dopamine agonist head-to-head. Since we could not find any systematic reviews or meta-

analyses that compared all the available MAO-B inhibitors (rasagiline, selegiline and safinamide), we 

aimed to perform a drug class review comparing all available MAO-B inhibitors in a joint model. We 

based our analysis on a comprehensive literature search and pooling of data from all published 

clinical trials involving MAO-B inhibitors. We conducted a multiple treatment comparison meta-

analysis utilizing both direct and indirect evidence in the lines of Tvete et al 2015 (9), assessing which 

drug had the highest probability of being the most effective for early and later Parkinson’s disease. 

In the analysis we evaluated both clinical improvement and serious adverse events.  

 

 

 

Methods 

Literature search 

We conducted a systematic literature search to identify published randomized controlled trials 

assessing the efficacy of MAO-B inhibitors in patients with Parkinson’s disease. We searched 

MEDLINE, PubMed and Cochrane Central Register of Controlled Trials using the included MAO-B 

inhibitors (selegiline, rasagiline or safinamide) and indication (Parkinson’s disease) as search terms. 

We limited our search to RCTs and retrieved potentially eligible publications for full-text review to 

determine whether they met our pre-specified inclusion criteria. Publications that included men and 

women with Parkinson’s disease aged 18 years or older, comparing the interventions of interest 

(selegiline, rasagiline or safinamide) to each other or to placebo, with or without additional 

levodopa, were eligible. We also searched through reference lists of the included trials to identify 

additional trials. The literature search was conducted June 26th 2017, and was last updated 

November 2017. 

The search identified 249 publications, where 201 were excluded based on title and abstract. We 

found that 48 publications were eligible for full-text review. Of these, 21 were found not to be 

relevant for our analysis, and were excluded (Appendix S1). Reasons for exclusion were: one study 

http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=8291
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was not randomized, eight studies reported data on already included trials, three studies had no 

placebo group, one reported joint endpoint data for treatment and control groups and eight 

considered other endpoints. Altogether, 27 studies were included in the analysis (10-37). Details of 

the study selection process can be found in the flowchart in Figure 1. 

Participants and study selection 

Two authors independently reviewed the full-text publications, and if both authors agreed that the 

publication fulfilled the pre-specified inclusion criteria, the publication was included. Publications 

were excluded if they did not meet the inclusion criteria concerning trial design, patient population, 

intervention, comparator or outcomes. We considered patients with Parkinson’s disease above the 

age of 18, participating in a randomized, double blind clinical trial evaluating the efficacy or safety of  

MAO-B inhibitors either as monotherapy or in combination with levodopa or dopamine agonists. 

Entacapone, a catechol-O-methyltransferase (COMT) inhibitor used in combination with levodopa, 

was indirectly included in network 2, as it was included as a comparator treatment arm in one of the 

trials. We were interested in publications that examined the following endpoints; mortality, serious 

adverse events, dropouts or discontinuation of use, need for levodopa and change in UPDRS score.  

We defined responders as the number of patients with at least 20 % reduction from baseline to end 

of study in the UPDRS score (total UPDRS score was used where this was provided, parts II and III or 

only part III where only these were provided), or an improvement (minimally improved, much 

improved or very much improved) on the Clinical Global Impression (CGI) scale (38).  

Data  

Table 1 displays the 27 included trials and the different drugs in the various treatment arms for each 

trial. The numbers of patients randomized together with the number who experienced response or a 

serious adverse event are given in the supplementary material (Appendix S2 and Appendix S3). 

Figure 2 displays the three networks of direct and indirect comparisons. In total there were 14 

comparisons in network 1, 21 in network 2 and 4 in network 3 (Figure 2 and Table 1). 

The disease duration was defined as short (less than three years) or long (three years or more) and 

dose level used was defined as low (<1mg/day of rasagiline; <10mg/day of selegiline; <100/day of 

safinamide) or high, see the supplementary material (Appendix S4) for details. 

Statistical analysis 

For each of the networks we considered a joint model for assessing the comparable relative effects 

between the various MAO-B inhibitors and the comparator drug, inspired by Tvete et al (9). In 

http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=6647
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network 1 the comparator drug was placebo and in network 2 and 3 it was placebo and levodopa 

and placebo and dopamine agonist respectively. The full statistical model is presented in the 

supplementary material (Appendix S5). The analyses embraced all drug treatments and comparator 

arms over all studies relevant for each network. Hence, all measured effects of any MAO-B inhibitor 

contributed to the comparison of all MAO-Bs relative to each other. 

We estimated the relative effect of each MAO-B inhibitor versus the comparator drug. We examined 

models where the effect was dependent upon the explanatory variables disease duration or dose 

level, both or neither. This Bayesian approach is based on the construction of probability 

distributions for the parameters to be estimated, including the relative effects and the regression 

coefficients for the explanatory variables. Our knowledge about these parameters is uncertain, and 

we describe this uncertainty through probability distributions. The probability distributions 

describing our initial uncertainty are called prior distributions (that is, prior to examining the data). 

Taking into consideration the study data the prior distributions are updated through the Bayes 

formula to posterior distributions.  

 

The models were analysed in OpenBUGS (39) run from R (40), for details see the supplementary 

material (Appendix S5). From the joint model in each of the three networks, we generated samples 

from the posterior distribution of the relative effect of each MAO-B drug versus comparator drug 

and indirectly versus the other MAO-B drugs. From these posterior samples we could estimate all 

relevant parameters. All parameter estimates are given with a corresponding 95% uncertainty 

(credibility) interval. In addition, based on the samples we could estimate the probability that a 

MAO-B inhibitor was better than another by counting the number of times the corresponding 

relative effect was greater.  Similarly, we could estimate the probability that a MAO-B inhibitor was 

ranked as number 1, 2, etc.  

 

A completely parallel model was specified for the serious adverse events (SAE) endpoint. In the SAE 

analyses of network 1 we omitted the Stocchi et al 2004 study as we ran into numerical problems in 

the model fitting.  

Nomenclature of Targets and Ligands  
 
Key protein targets and ligands in this article are hyperlinked to corresponding entries in 

http://www.guidetopharmacology.org, the common portal for data from the IUPHAR/BPS Guide to 
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PHARMACOLOGY (41), and are permanently archived in the Concise Guide to PHARMACOLOGY 

2017/18. 

Results 

The systematic literature search and study selection process identified 27 publications eligible for 

our three network analyses. Overall there were 4072 patients given MAO-B treatment, 1489 given 

placebo, 1457 given placebo and levodopa and 333 given placebo and dopamine agonist treatment.  

The patient characteristic average disease duration for a treatment arm ranged from three months 

to almost ten years. 2937 patients had disease duration less than three years while 4641 had disease 

duration of three or more years. Dose level was either low (in 21 arms) or high (in 17 arms).  The 

trials lasted between six weeks and six and a half years, most of them lasting up to 24 weeks.  

We will first compare the MAO-B inhibitors with respect to their effect and thereafter we will 

compare them regarding the occurrence of SAE.  

Treatment effect  

 

 

Network 1 

When considering rasagiline, safinamide and selegiline treatment given alone and compared to 

placebo treatment in a model without explanatory variables we found the relative effects to be 

1.560 (1.409,1.734), 1.449 (0.873,2.413) and 1.532 (1.337,1.757) respectively (Table 2 and Appendix 

S6). When accounted for disease duration and dose level we found the regression coefficients to be 

both non-significant. Based on the samples from the posterior distribution we counted the number 

of times each MAO-B inhibitor was ranked as number one to three, and in Figure 3 we have drawn 

histograms displaying this. Table 3 gives an overview of the probability of one drug being better than 

another. We found a 58% probability for rasagiline to be better than selegiline and a 68% probability 

for rasagiline to be better than safinamide. Similarly, there was a 65% probability for selegiline to be 

better than safinamide. Taken together and given the findings in Figure 3 and Table 2, there was no 

reason to declare one drug clearly better than another when given alone.  

Network 2 

For network 2 we found the regression coefficient for dose to be non-significant, while the 

coefficient for disease duration was significant but rather small. When considering rasagiline, 
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safinamide, selegiline and entacapone treatment given together with levodopa compared to joint 

placebo and levodopa treatment in a model without explanatory variables we found  the relative 

effects to be 1.573 (1.369,1.803), 1.178 (1.031,1.350), 2.307 (1.802,2.936) and 1.397 (1.128,1.711) 

respectively (Table 2 and Appendix S6). When accounting for disease duration the relative effects 

were 1.374 (1.237,1.525), 1.311 (1.132,1.508), 2.410 (1.874,3.105) and 1.284 (1.048,1.551) 

respectively (Table 2 and Appendix S6). That is, we found all MAO-B inhibitors and entacapone to be 

effective compared to placebo when given in combination with levodopa. We see that regardless of 

taking explanatory variables into consideration or not, selegiline is clearly more efficient than the 

other MAO-B inhibitors, while safinamide compares more favourably with the others when 

accounting for disease duration. 

 

The ranking of the three MAO-B inhibitors and entacapone when given together with levodopa is 

displayed in Figure 4, both accounting for disease duration and not. Table 3 gives an overview of the 

probability of one drug being better than another. We found all MAO-B inhibitors and entacapone to 

be efficient compared to placebo when given together with levodopa. When comparing the MAO-B 

inhibitors given in combination with levodopa we found selegiline to be clearly the most effective 

and rasagiline to be the second best. The ranking between safinamide and entacapone is switched in 

favour of safinamide when disease duration was accounted for, but these two drugs can be regarded 

as equally good and somewhat inferior to rasagiline. 

 

Network 3 

In a model without explanatory variables, both being non-significant, we found the effect-ratios for 

rasagiline and safinamide when given together with a dopamine agonist compared to joint placebo 

and dopamine agonist treatment to be quite similar; 1.076 (0.860,1.361) and 1.191 (0.994,1.461), 

respectively. Notably, there was no clear difference between the two MAO-B inhibitors and placebo 

when given together with a dopamine agonist.  

 

Serious adverse events 

All together there were few SAE events in the included studies, see Appendix S2 in the 

supplementary material for details. We conducted the same analyses as for the effect endpoint and 

found for all networks that there were no significant differences between any of the MAO-B 

inhibitors and comparator treated groups with respect to SAE (Table 2 and Appendix S7). That is, 
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when using any of the MAO-B inhibitors we could not find an increased risk for SAE compared to 

placebo or joint placebo and levodopa or dopamine agonist treatment.  

 

Discussion   

The treatment of Parkinson’s disease is complex, and it is in the best interest of the patients to 

identify the most effective and safe treatment from a range of alternatives. The decision to start 

treatment with a certain drug is often made based on the individual preference and clinical expertise 

of the treating physician. Concerning treatment with MAO-B inhibitors, we found that all of the 

included MAO-B inhibitors were effective compared to placebo, both when given as monotherapy 

and in combination with levodopa. When given as monotherapy we found no significant difference 

in relative effectiveness between selegiline, rasagiline or safinamide.  

When considering combination therapy with MAO-B inhibitors and levodopa, we found that all three 

MAO-B inhibitors and entacapone were effective compared to placebo, but selegiline was the most 

effective drug. When adjusting for disease duration, selegiline was still the most effective option, 

followed by rasagiline. One should keep these findings in mind when initiating monotherapy with a 

MAO-B inhibitor, as most patients with Parkinson’s disease eventually will require additional 

treatment with levodopa. We found safinamide and entacapone to be equally effective and inferior 

to rasagiline, but after adjusting for disease duration, the ranking was switched in favor of 

safinamide, but still inferior to rasagiline. As we have not actively searched for studies examining 

entacapone, we cannot exclude the possibility that we are lacking evidence on this part.  

Overall, there were 7578 patients included in the 27 clinical trials, and the average disease duration 

in the studies ranged from three months to almost ten years. When adjusting for disease duration 

selegiline was still the best treatment option in combination with levodopa. Also, when we adjusted 

for the different dose levels, it did not alter the ranking of the drugs.  

There were generally reported few serious adverse events in the included studies, and when 

conducting the same analyses for this endpoint as for the effect endpoint, we found no significant 

differences between any of the drugs. This indicates that all three MAO-B inhibitors were safe and 

did not have an increased risk for a serious adverse events compared to placebo with or without 

levodopa/ dopamine agonist.  

Most of the included trials used change in the UPDRS scores as outcome measurement for clinical 

efficacy. We defined responders as the number of patients with at least 20% reduction in the UPDRS 
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scores, or an improvement on the Clinical Global Impressions (CGI) scale from baseline to end of 

study. It is however, uncertain how much clinical difference these changes make for the individual 

patients, as a reduction of a few points on the UPDRS might not make an impact on the patients 

quality of life. Both the CGI scale and the Activities of Daily Living (ADL) part II of the UPDRS takes 

this into consideration as it measures global improvement or disability in everyday life. On the other 

hand, not all publications included the CGI scale or the ADL part of the UPDRS in their outcome 

measure. Many trials focused on motor symptom improvements, for which they used the motor part 

of the UPDRS (part III).  

Only a few previous systematic reviews have investigated the effectiveness of MAO-B inhibitors 

compared to placebo. A Cochrane review comparing the treatment with MAO-B inhibitors to 

placebo, with or without additional levodopa, found that MAO-B inhibitors improve the symptoms 

of Parkinson’s disease and delay the need for additional levodopa by a few months (6). They 

concluded however, that the results were too weak to have major effect and that MAO-B inhibitors 

did not seem to delay the progression of the disease (6). Most of the studies included in this review 

focused on selegiline, and hence their conclusion is primarily related to this drug.  

 

In a recently updated review on treatment recommendations, Fox et al. concluded that selegiline 

and rasagiline improve motor symptoms and are clinically useful as treatment in early Parkinson’s 

disease, but that they do not provide the same effect size as treatment with levodopa or dopamine 

agonists (42). In contrast to our results, they also concluded that there is insufficient evidence for 

selegiline as an adjunct to levodopa treatment in early or stable Parkinson’s disease; however, they 

did mention that one limitation to their review is the lack of comparison statistics to determine 

relative efficacy of interventions (42). Furthermore, they found no safety concerns regarding 

rasagiline and selegiline, which is supported by the findings in our statistical analysis.Robakis and 

Fahn discussed the role of MAO-B inhibitors for Parkinson’s disease, including selegiline, rasagline 

and safinamide in their review. In line with the other reviews, they concluded that MAO-B inhibitors 

may be useful in the treatment of early and mild Parkinson’s disease, and that they do not provide 

the same antiparkinsonian effect as levodopa (43). In a post-hoc analysis, Hauser et al. investigated 

the association between the length of exposure to MAO-B inhibitors and the degree of clinical 

decline in 784 patients who received a MAO-B inhibitor in the NET-PD LS1 study (44).  They found 

that increasing duration of MAO-B inhibitor exposure was significantly associated with less clinical 

decline (44).  
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We only identified one previous MTC meta-analysis comparing antiparkinsonian therapy. Marquez-

Cruz et al (7) found that patients treated with levodopa had the highest improvement on the UPDRS 

score (parts I-III) from baseline compared to placebo, pramipexole, rasagiline or selegiline when 

given as monotherapy. They also found selegiline to be the second best option, followed by 

pramipexole, a dopamine agonist (7). These results are in line with our findings, which show that all 

three MAO-B inhibitors are superior to placebo; however we found no significant difference in 

relative effectiveness between selegiline, rasagiline or safinamide when given as monotherapy. 

Marquez-Cruz et al conducted their analysis based on only five studies, while our results are based 

on 27.  

We performed a systematic literature search which ensured that data from all relevant clinical trials 

were included into the MTC meta-analysis. By considering a joint model including all trials 

simultaneously, we were able to estimate the relative effectiveness of all MAO-B inhibitors, and 

hence rank them according to effect and serious adverse events. There was no single trial comparing 

all MAO-B inhibitors actively. Our analysis allowed the inclusion of both direct and indirect 

comparisons of all MAO-B inhibitors from the 27 trials, making it a powerful approach. Hence, taking 

this approach and identifying the optimal drug may guide pharmacological treatment decisions for 

Parkinson’s disease.  

A possible weakness of any MTC meta-analysis is that the trials considered might not be comparable. 

Differing patient characteristics and follow-up time might potentially introduce heterogeneity in the 

results. An MTC regression analysis will try to capture some of the possible differences, and we have 

considered the impact of dose level and disease duration in this analysis. Other explanatory variables 

could possibly have been addressed, such as percentage of women, average patient age, trial 

location, publication year or more detailed information on previous patient history. However, 

adjusting for too many factors could exclude some studies due to lack of information, and could 

hence introduce selection bias. 

A large, well-designed randomized controlled trial comparing all available drug interventions for 

Parkinson’s disease would be the ideal source of data for a more detailed comparison on patient 

level, a “gold-standard” comparison. Unfortunately, studies like this are not available. This 

demonstrates the importance of well-executed MTC meta-analyses and their ability to add valuable 

information to treatment guidelines. In addition, it is important to learn how the available 

interventions actually are used in daily clinical practice. Using nationwide registry data makes it 

possible to explore how these drugs are used in real life and establish comparative effectiveness.   
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Our analysis is based on 27 clinical trials investigating MAO-B inhibitors. We plan to extend our 

research to also include dopamine agonists in the future. To our knowledge, this has not been fully 

done, and will add further information on how the different treatment options for Parkinson’s 

disease compare. The results from this MTC meta-analysis indicate that MAO-B inhibitors are safe 

and effective and can be considered in the treatment of Parkinson’s disease, both as monotherapy 

and as an adjunct to levodopa. These findings are reassuring both for clinicians and for patients and 

represent the most comprehensive current available evidence base to guide shared decision making 

regarding MAO-B inhibitor treatment for Parkinson’s disease.  

Competing interests 

The authors declare to have no competing interests. 

Contributors 

CDB carried out the clinical part and drafted the manuscript. 

IFT performed the statistical analyses and drafted the manuscript.  

JG participated in the statistical part and commented on the manuscript. 

BN participated in the statistical part and commented on the manuscript. 

MK was responsible for the project and participated in its planning, implementation and drafting of 

the manuscript. 

 

Ethical approval  

Not required.  

  



 

 
This article is protected by copyright. All rights reserved. 

 

References 

 

1. Olanow CW, Schapira AHV, Obeso JA. Parkinson’s Disease and Other Movement Disorders. 
2015  [cited 2018/01/05]. In: Harrison's Principles of Internal Medicine, 19e [Internet]. New York, NY: 
McGraw-Hill Education, [cited 2018/01/05]. Available from: 
accessmedicine.mhmedical.com/content.aspx?aid=1120818949. 
2. de Lau LM, Breteler MM. Epidemiology of Parkinson's disease. Lancet Neurol. 2006;5(6):525-
35. 
3. Goetz CG, Pal G. Initial management of Parkinson's disease. BMJ. 2014;349:g6258. 
4. Rascol O, Lozano A, Stern M, Poewe W. Milestones in Parkinson's disease therapeutics. Mov 
Disord. 2011;26(6):1072-82. 
5. Caslake R, Macleod A, Ives N, Stowe R, Counsell C. Monoamine oxidase B inhibitors versus 
other dopaminergic agents in early Parkinson's disease. Cochrane Database Syst Rev. 
2009(4):CD006661. 
6. Macleod AD, Counsell CE, Ives N, Stowe R. Monoamine oxidase B inhibitors for early 
Parkinson's disease. Cochrane Database Syst Rev. 2005(3):CD004898. 
7. Marquez-Cruz M, Diaz-Martinez JP, Soto-Molina H, De Sarachaga AJ, Cervantes-Arriaga A, 
Llorens-Arenas R, et al. A systematic review and mixed treatment comparison of monotherapy in 
early Parkinson's disease: implications for Latin America. Expert Rev Pharmacoecon Outcomes Res. 
2016;16(1):97-102. 
8. Fahn S, Elton R, Committee MotUD. Unified Parkinson's Disease Rating Scale. Recent 
Developments in Parkinson's Disease. 1987;2:153-63, 293-304. 
9. Tvete IF, Natvig B, Gasemyr J, Meland N, Roine M, Klemp M. Comparing Effects of Biologic 
Agents in Treating Patients with Rheumatoid Arthritis: A Multiple Treatment Comparison Regression 
Analysis. PLoS One. 2015;10(9):e0137258. 
10. Parkinson Study G. A controlled trial of rasagiline in early Parkinson disease: the TEMPO 
Study. Arch Neurol. 2002;59(12):1937-43. 
11. Stern MB, Marek KL, Friedman J, Hauser RA, LeWitt PA, Tarsy D, et al. Double-blind, 
randomized, controlled trial of rasagiline as monotherapy in early Parkinson's disease patients. Mov 
Disord. 2004;19(8):916-23. 
12. Olanow CW, Rascol O, Hauser R, Feigin PD, Jankovic J, Lang A, et al. A double-blind, delayed-
start trial of rasagiline in Parkinson's disease. N Engl J Med. 2009;361(13):1268-78. 
13. Stocchi F, Rascol O, Hauser RA, Huyck S, Tzontcheva A, Capece R, et al. Randomized trial of 
preladenant, given as monotherapy, in patients with early Parkinson disease. Neurology. 
2017;88(23):2198-206. 
14. Parkinson Study G. Effect of deprenyl on the progression of disability in early Parkinson's 
disease. N Engl J Med. 1989;321(20):1364-71. 
15. Tetrud JW, Langston JW. The effect of deprenyl (selegiline) on the natural history of 
Parkinson's disease. Science. 1989;245(4917):519-22. 
16. Allain H, Pollak P, Neukirch HC. Symptomatic effect of selegiline in de novo Parkinsonian 
patients. The French Selegiline Multicenter Trial. Mov Disord. 1993;8 Suppl 1:S36-40. 
17. Mally J, Kovacs AB, Stone TW. Delayed development of symptomatic improvement by (--)-
deprenyl in Parkinson's disease. J Neurol Sci. 1995;134(1-2):143-5. 
18. Stocchi F, Arnold G, Onofrj M, Kwiecinski H, Szczudlik A, Thomas A, et al. Improvement of 
motor function in early Parkinson disease by safinamide. Neurology. 2004;63(4):746-8. 
19. Rabey JM, Sagi I, Huberman M, Melamed E, Korczyn A, Giladi N, et al. Rasagiline mesylate, a 
new MAO-B inhibitor for the treatment of Parkinson's disease: a double-blind study as adjunctive 
therapy to levodopa. Clin Neuropharmacol. 2000;23(6):324-30. 



 

 
This article is protected by copyright. All rights reserved. 

20. Parkinson Study G. A randomized placebo-controlled trial of rasagiline in levodopa-treated 
patients with Parkinson disease and motor fluctuations: the PRESTO study. Arch Neurol. 
2005;62(2):241-8. 
21. Rascol O, Brooks DJ, Melamed E, Oertel W, Poewe W, Stocchi F, et al. Rasagiline as an 
adjunct to levodopa in patients with Parkinson's disease and motor fluctuations (LARGO, Lasting 
effect in Adjunct therapy with Rasagiline Given Once daily, study): a randomised, double-blind, 
parallel-group trial. Lancet. 2005;365(9463):947-54. 
22. Zhang L, Zhang Z, Chen Y, Qin X, Zhou H, Zhang C, et al. Efficacy and safety of rasagiline as an 
adjunct to levodopa treatment in Chinese patients with Parkinson's disease: a randomized, double-
blind, parallel-controlled, multi-centre trial. Int J Neuropsychopharmacol. 2013;16(7):1529-37. 
23. Barone P, Santangelo G, Morgante L, Onofrj M, Meco G, Abbruzzese G, et al. A randomized 
clinical trial to evaluate the effects of rasagiline on depressive symptoms in non-demented 
Parkinson's disease patients. Eur J Neurol. 2015;22(8):1184-91. 
24. Hanagasi HA, Gurvit H, Unsalan P, Horozoglu H, Tuncer N, Feyzioglu A, et al. The effects of 
rasagiline on cognitive deficits in Parkinson's disease patients without dementia: a randomized, 
double-blind, placebo-controlled, multicenter study. Mov Disord. 2011;26(10):1851-8. 
25. Frakey LL, Friedman JH. Cognitive Effects of Rasagiline in Mild-to-Moderate Stage Parkinson's 
Disease Without Dementia. J Neuropsychiatry Clin Neurosci. 2017;29(1):22-5. 
26. Lim TT, Kluger BM, Rodriguez RL, Malaty IA, Palacio R, Jr., Ojo OO, et al. Rasagiline for the 
symptomatic treatment of fatigue in Parkinson's disease. Mov Disord. 2015;30(13):1825-30. 
27. Hauser RA, Stocchi F, Rascol O, Huyck SB, Capece R, Ho TW, et al. Preladenant as an 
Adjunctive Therapy With Levodopa in Parkinson Disease: Two Randomized Clinical Trials and Lessons 
Learned. JAMA Neurol. 2015;72(12):1491-500. 
28. Olanow CW, Hauser RA, Gauger L, Malapira T, Koller W, Hubble J, et al. The effect of 
deprenyl and levodopa on the progression of Parkinson's disease. Ann Neurol. 1995;38(5):771-7. 
29. Shoulson I, Oakes D, Fahn S, Lang A, Langston JW, LeWitt P, et al. Impact of sustained 
deprenyl (selegiline) in levodopa-treated Parkinson's disease: a randomized placebo-controlled 
extension of the deprenyl and tocopherol antioxidative therapy of parkinsonism trial. Ann Neurol. 
2002;51(5):604-12. 
30. Larsen JP, Boas J, Erdal JE. Does selegiline modify the progression of early Parkinson's 
disease? Results from a five-year study. The Norwegian-Danish Study Group. Eur J Neurol. 
1999;6(5):539-47. 
31. Palhagen S, Heinonen E, Hagglund J, Kaugesaar T, Maki-Ikola O, Palm R, et al. Selegiline slows 
the progression of the symptoms of Parkinson disease. Neurology. 2006;66(8):1200-6. 
32. Takahashi M, Yuasa R, Imai T, Tachibana H, Yorifuji S, Nakamura Y, et al. Selegiline (L-
deprenyl) and L-dopa treatment of Parkinson's disease: a double-blind trial. Intern Med. 
1994;33(9):517-24. 
33. Borgohain R, Szasz J, Stanzione P, Meshram C, Bhatt M, Chirilineau D, et al. Randomized trial 
of safinamide add-on to levodopa in Parkinson's disease with motor fluctuations. Mov Disord. 
2014;29(2):229-37. 
34. Borgohain R, Szasz J, Stanzione P, Meshram C, Bhatt MH, Chirilineau D, et al. Two-year, 
randomized, controlled study of safinamide as add-on to levodopa in mid to late Parkinson's disease. 
Mov Disord. 2014;29(10):1273-80. 
35. Hauser RA, Silver D, Choudhry A, Eyal E, Isaacson S, investigators As. Randomized, controlled 
trial of rasagiline as an add-on to dopamine agonists in Parkinson's disease. Mov Disord. 
2014;29(8):1028-34. 
36. Stocchi F, Borgohain R, Onofrj M, Schapira AH, Bhatt M, Lucini V, et al. A randomized, 
double-blind, placebo-controlled trial of safinamide as add-on therapy in early Parkinson's disease 
patients. Mov Disord. 2012;27(1):106-12. 



 

 
This article is protected by copyright. All rights reserved. 

37. Schapira AH, Stocchi F, Borgohain R, Onofrj M, Bhatt M, Lorenzana P, et al. Long-term 
efficacy and safety of safinamide as add-on therapy in early Parkinson's disease. Eur J Neurol. 
2013;20(2):271-80. 
38. Guy W. Clinical Global Imression (CGI). ECDEU Assessment Manual for Psychopharmacology. 
1976. 
39. Lunn DJ, Thomas A, Best N, Spiegelhalter D. WinBUGS - A Bayesian modelling framework: 
Concepts, structure, and extensibility. Statistics and Computing. 2000;10(4):325-37. 
40. R Core Team. A language and environment for statistical computing. R Foundation for 
Statistical Computing. Vienna, Austria [3.1.1.:[Available from: http://www.R-project.org/. 
41. Harding SD, Sharman JL, Faccenda E, Southan C, Pawson AJ, Ireland S, et al. The IUPHAR/BPS 
Guide to PHARMACOLOGY in 2018: updates and expansion to encompass the new guide to 
IMMUNOPHARMACOLOGY. Nucleic Acids Res. 2018;46(D1):D1091-D106. 
42. Fox SH, Katzenschlager R, Lim SY, Barton B, de Bie RMA, Seppi K, et al. International 
Parkinson and movement disorder society evidence-based medicine review: Update on treatments 
for the motor symptoms of Parkinson's disease. Mov Disord. 2018. 
43. Robakis D, Fahn S. Defining the Role of the Monoamine Oxidase-B Inhibitors for Parkinson's 
Disease. CNS Drugs. 2015;29(6):433-41. 
44. Hauser RA, Li R, Perez A, Ren X, Weintraub D, Elm J, et al. Longer Duration of MAO-B 
Inhibitor Exposure is Associated with Less Clinical Decline in Parkinson's Disease: An Analysis of NET-
PD LS1. J Parkinsons Dis. 2017;7(1):117-27. 

 

  

http://www.r-project.org/


 

 
This article is protected by copyright. All rights reserved. 

Table 1: Included studies and the different treatment arms for network 1, 2 and 3. 

Network 
 

Publication Control Treatarm 1 Treatarm 2 Treatarm 3 

1 1 Parkinson Study Group 2002 P RA RA  

 2 Stern 2004 P RA RA RA 

 3 Olanow 2009 P RA RA  

 4 Stocchi 2017 P RA   

 5 Parkinson Study Group 1989 P SE   

 6 Tetrud 1989 P SE   

 7 Allain 1993 P SE   

 8 Mally 1995 P SE   

 9 Stocchi 2004 P SA SA  

2 10 Rabey 2000 PLD RALD RALD RALD 

 11 Parkinson Study Group 2005 PLD RALD RALD  

 12 Rascol 2005 PLD RALD ENLD  

 13 Zhang 2013 PLD RALD   

 14 Barone 2015 PLD RALD   

 15 Hanagasi 2011 PLD RALD   

 16 Frakey 2017 PLD RALD   

 17 Lim 2015 PLD RALD   

 18 Hauser 2015 PLD RALD   

 19 Olanow 1995 PLD SELD   

 20 Shoulson 2002 PLD SELD   

 21 Larsen 1999 PLD SELD   

 22 Pålhagen 2006 PLD SELD   

 23 Takahasi 1994 PLD SELD   

 24 Borgohain 2014 PLD SALD SALD  

3 25 Hauser 2014 PDA RADA   

 26 Stocchi 2012 PDA SADA SADA  

 27 Schapira 2013 PDA SADA   

RA = rasagiline; SA = safinamide; SE = selegiline; LD = levodopa; DA = dopamine agonist; P = placebo 
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Table 2: UPDRS responders and serious adverse events in the networks 

      

    RA SA SE   

Network 1 UPDRS responders 1.560 
(1.409,1.734) 

1.449 
(0.8732,2.413) 

1.532 (1.337,1.757)   

  Serious adverse 
events 

1.076 
(0.581,1.880) 

0.640 (0.180,1.219)     

    RA+LD SA+LD SE+LD EN+LD 

Network 2 UPDRS 
responders

1 
1.573 
(1.369,1.803) 

1.178 (1.031,1.350) 2.307 (1.802,2.936) 1.397 
(1.128,1.711) 

  Serious adverse 
events

1 
1.096 
(0.788,1.540) 

1.067 (0.817,1.465) 1.078 (0.783,1.592) 0.979 
(0.617,1.390) 

  UPDRS 
responders

2 
1.374 
(1.237,1.525) 

1.311 (1.132,1.508) 2.410 (1.874,3.105) 1.284 
(1.048,1.551) 

  Serious adverse 
events

2 
1.123 
(0.915,1.450) 

0.970 (0.717,1.268) 1.168 (0.860,1.843) 0.981 
(0.625,1.403) 

    RA+DA SA+DA     

Network 3 UPDRS responders 1.076 
(0.860,1.361) 

1.191 (0.994,1.461)     

  Serious adverse 
events 

1.274 
(0.561,2.903) 

1.203 (0.607,2.500)     

1 
Model without explanation variables,

2
 Model with duration of disease as explanation variable, RA = rasagiline; SA = 

safinamide; SE = selegiline; LD = levodopa; DA = dopamine agonist 
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Table 3: Probabilities that one monoamine oxidase type-B inhibitor is better than another 

Probability that one agent was better than another given alone  

  SE SA  

RA 0.58 0.68  

SE - 0.65  

Probability that one agent was better than another in combination with levodopa 

  RA+LD EN+LD SA+LD 

SE+LD 1 1 1 

RA+LD - 0.9 1 

EN+LD - - 0.91 

Probability that one agent was better than another in combination with levodopa and considering duration 
of disease as an explanation variable 
  RA+LD SA+LD EN+LD 

SE+LD 1 1 1 

RA+LD - 0.78 0.76 

SA+LD - - 0.58 

RA = rasagiline; SA = safinamide; SE = selegiline; EN = entacapone; LD = levodopa; DA = dopamine agonist 
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Figure 1: Identification and selection of publications. 
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Figure 2: Overview of direct and indirect comparisons. 
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Figure 3: The histograms display a given MAO-B drug’s effect ranked against the other drugs (ranked 

from left to right) when the drugs were given alone, where the height of the bars gives the 

probability of being ranked as number one to three. The effect ratios are the estimated effect of 

given MAO-B drug versus placebo treatment.  
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Figure 4: The histograms display a given MAO-B drug’s effect ranked against the other drugs (ranked 

from left to right) when the drugs were given toghether with levodopa, where the height of the bars 

gives the probability of being ranked as number one to four. The effect ratios are the estimated 

effect of given MAO-B drug versus placebo treatment when given together with levodopa. Top row 

is results when not adjusting for disease duration and bottom row is when we take disease duration 

into consideration.  

 


