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Comparison of Selegiline and Rasagiline Therapies in
Parkinson Disease: A Real-life Study
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Background: We aimed to compare indicators of Parkinson disease (PD)
progression between patients first prescribed either selegiline or rasagiline
as their antiparkinsonian drugs (APDs) on the basis of real-life data.
Methods: Pharmacy data on members of a large Israeli health mainte-
nance organization, treated as patients with PD during 2001–2012 and
prescribed selegiline or rasagiline as their first APD, were analyzed. The
first APD was selegiline for 349 patients (2001–2006) and rasagiline for
485 patients (2007–2012). Time frommonoamine oxidase type B inhibitor
prescription until initiating treatment with dopamine agonists (DAs) or
levodopawas compared between the groups using Cox regression adjusted
to sex and age at initiation of APD.
Results: The selegiline group was significantly older at first monoamine
oxidase type B inhibitor purchase. In a similar follow-up time (3.0[1.7]
year for selegiline group, 3.1 y[1.4] for rasagiline group), the time to initi-
ation of levodopa treatment did not differ between the 2 groups (adjusted
hazard ratio [HR], 1.06; 95% confidence interval [CI], 0.86–1.31). The
time to initiation of DA treatment was longer in the selegiline group (ad-
justed HR, 1.93; 95% CI, 1.49–2.53). For those who were treated with
DA before levodopa (n = 276), the time to initiation of levodopa treatment
was longer in the rasagiline group (adjusted HR, 0.77; 95%CI, 0.56–1.07).
Conclusions: The similarity in time to levodopa in both groups suggests
no differences between selegiline and rasagiline in their effect on the natu-
ral history of PD. A possible interaction effect between rasagiline and DA
might exist. A better symptomatic profile of selegiline more than that of
rasagiline in the earlier stages of PD may explain the difference between
the 2 groups in time to DA initiation.
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M edical treatment of Parkinson disease (PD) is symptom-
atic.1,2 Levodopa3 and, to a lesser extent, dopamine agonists

(DAs)2 are currently the most effective symptomatic treatment.
However, levodopa use is commonly delayed, especially in
*Department of Epidemiology, School of Public Health, Sackler Faculty of
Medicine, and †The Neurological Institute, Tel Aviv Medical Center, affiliated
to the Sackler Faculty of Medicine, Sagol School of Neuroscience, Tel Aviv
University; and ‡Maccabi Healthcare Services, Tel Aviv, Israel.
Address correspondence and reprint requests to Nir Giladi, MD, Neurological

Institute, Tel Aviv Medical Center, 6 Weizman St, Tel Aviv 6423906, Israel;
E-mail: nirg@tlvmc.gov.il

Conflicts of Interest and Source of Funding: The authors have no conflicts of
interest to declare.

C.P. was involved in study conceptualization and design, data analysis and
interpretation, and writing the article. H.S. contributed in data arrangement,
primary data analysis, and writing. V.R. helped in data arrangement and in
writing and revising the article. T.G. was part of study conceptualization,
literature review, and revision of article. B.E. assisted in study
conceptualization and critical revision of the article. J.D. did the data
retrieval and helped in revising the article. N.G. was part of study
conceptualization and design, interpretation, and writing the article.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved. This is an
open-access article distributed under the terms of the Creative Commons
Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND),
where it is permissible to download and share the work provided it is prop-
erly cited. The work cannot be changed in any way or used commercially.

DOI: 10.1097/WNF.0000000000000167

Clinical Neuropharmacology • Volume 39, Number 5, September/Octo
younger patients, because of the associated development of motor
complications (eg, motor response fluctuations and dyskinesias).
Several guidelines suggest initiating antiparkinsonian medical
treatment with monoamine oxidase isoenzyme type B inhibitors
(MAO-BIs) and delay levodopa when justified.1,4 Monoamine
oxidase isoenzyme type B inhibitors are considered in some but
not all reports as being a potential disease-modifying therapy.5

Selegiline and rasagiline have been the only Food and Drug
Administration (FDA)–approved MAO-BIs for the past 15 years.
Both are relatively selective and irreversible, with some signifi-
cant differences, mainly in their metabolites: amphetamine deriv-
atives from selegiline and aminoindane from rasagiline.6 Rasagiline
has been marketed strongly on the basis of this difference.5

Selegiline was approved for use by the FDA in 1996 and in
Israel in 1998. Rasagiline was approved for use by the FDA in
2006 and in Israel as part of the Israeli “National Health Basket”
in 2007. Both are provided to patients with PD with minimal
personal payment if it is first prescribed within 3 years since di-
agnosis. Rasagiline has gradually replaced selegiline in clinical
practice since 2007, mostly as a result of marketing industry pol-
icy and based on several large-scale, placebo-controlled clinical
trials.5,7–11 The time interval between the commencement of
rasagiline or selegiline treatment as the first antiparkinsonian
drug (APD) and the initiation of dopaminergic treatment as a
marker of symptoms progression have never been studied be-
fore. Furthermore, the symptomatic effect of selegiline6,12 and
rasagiline8–11 has never been compared in a real-life study but was
rather compared solely in an indirect meta-analysis of placebo-
controlled randomized clinical trials.13

The present study used the pharmacy database of the second
largest health maintenance organization (HMO) in Israel (Maccabi
Healthcare Services [MHS]) that covers approximately 25% of
the Israeli population. All newly prescribed MAO-BI patients
for the years 1998–2012 who were naive to other APDs and met
the algorithm-based criteria for being a patient with PD14 were
identified. Their records were checked retrospectively to detect
the time that DA or levodopa was first purchased. Because se-
legiline was prescribed until 2006 and mostly rasagiline was pre-
scribed since then, it was possible to study the relationships
between the individual MAO-BI and the time to the initiation of
dopaminergic therapy in real-life high-quality data collected for
a period of 15 years.

METHODS

Participants (Exposure Groups)
The MAO-BIs study group was identified from a pharmacy-

based PD cohort for 1998-2008 that had been created by Chillag-
Talmor et al14 and then extended until December 31, 2012. Individual
data included all APD purchased by the patients during the study
period. Classification of the PD diagnosis as being “definite,”
“probable,” or “possible” was based on the patterns of drug con-
sumption, the patient's age, and the length of the follow-up period.14

Because rasagiline gradually replaced selegiline after its in-
troduction in Israel in mid-2006, the study population was divided
ber 2016 www.clinicalneuropharm.com 227
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TABLE 1. Characteristics of the Study Groups of Treatment-
Naive PD Patients Starting on Rasagiline or Selegiline Mono-
therapy (N = 834)

Rasagiline Group
(n = 485)

Selegiline Group
(n = 349)

Age at first treatment,
mean (SD), y

66.0(10.3) 68.8(10.9)

Age ≥ 65 y, % 56.3 71.1
Age ≥ 75 y, % 19.4 33.2

Males, % 62.3 57.3
Follow-up, y 3.0(1.4) 3.0(1.7)
Person years 1435.5 1062.5
Medication use and death
Dopamine agonists, %—all 40.8 22.3

Age < 65 y 61.3 44.6
Age ≥ 65 y 24.9 13.3

Levodopa, %—all 46.2 45.6
Age < 65 y 41.0 35.6
Age ≥ 65 y 50.2 49.6

Death, %—all 4.9 5.4
Age < 65 y 1.9 0.0
Age ≥ 65 y 7.3 7.7

FIGURE 1. K-M curves; Time free of DA in rasagiline (n = 485)
and selegiline (n = 349) groups (log-rank test P < 0.001).
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into 2 groups such that each had 6 years of follow-up. Specifically,
the selegiline group included patients who began selegiline mono-
therapy between January 01, 2001, and December 31, 2006. The
rasagiline group included patients who began rasagiline mono-
therapy between January 01, 2007, and December 31, 2012.
Follow-up for the selegiline group began from the date of the first
selegiline purchase and ended at the date of death or December
31, 2006, whichever occurred first. Follow-up for the rasagiline
group began from the date of the first rasagiline purchase and
ended at the date of death or December 31, 2012, whichever oc-
curred first. Patients who switched from 1 treatment to the other
during the study period were excluded.

This is a retrospective study on the basis of pharmacologic
data retrieved from the computerized database of a large HMO.
Data on sex, date of birth, and status at HMO (active/deceased/
left with dates) were gathered from other MHS databases and
linked. The study was approved by the institutional review boards
of both Tel Aviv Medical Center and MHS.

Statistical analysis
Kaplan-Meier curves were used to describe and compare cu-

mulative time to event in the 2 study groups (selegiline users and
rasagiline users). Measurements included the time from the first
MAO-BI purchase until the initiation of DA treatment and to the
initiation of levodopa treatment. Cox proportional hazard model-
ing was established to estimate adjusted hazard ratio (HR) and
95% confidence intervals (95%CIs) for the 2 study groups, where
age at first purchase/treatment and sex were the covariates because
of their known effects on disease progression.14–17 Sensitivity
analysis included another event, either DA or levodopa treatment.

RESULTS

Participants' Characteristics
A total of 1009 treatment-naive patients with PD were iden-

tified as cases whose first APD was selegiline (n = 454) or
rasagiline (n = 555). They were assessed by us as “definite,”
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“probable,” or “possible” PD cases.14 The possible PD cases were
then excluded to reduce misclassification bias, and we were left
with 349 cases who received selegiline and 485 who received
rasagiline as their first APD. The 2 groups were compared
(Table 1) using univariate analysis, which yielded that the length
of follow-up was similar, but the mean age at first treatment dif-
fered significantly between the groups (P = 0.0001), with the
rasagiline group being younger at first purchase. Comparison of
the rates of medication use and death revealed that although the
rates of levodopa use and death were similar for the 2 groups,
the rates of DA use differed significantly between the groups
(P < 0.0001, higher in the rasagiline group). Similarly, the rates
of either DA or levodopa use were higher in the rasagiline group
(63.5% vs 52.4%, P = 0.0014).

Time to Endpoints
Figure 1 presents DA free survival from first purchase of

MAO-BI in the 2 study groups, and Figure 2 presents levodopa
free survival from first purchase ofMAO-BI in the 2 study groups.
Table 2 presents adjusted risks.

Time to DA
We found a significantly shorter time free of DA in the

rasagiline group compared with the selegiline group for all age
categories (log-rank test, P < 0.0001). The hazard to purchase
DA was twofold higher for the rasagiline group compared with
the selegiline group (HR, 1.93; 95% CI, 1.49–2.53). Stratification
by age categories yielded a shorter time (ie, an increased HR) to
initiate DA for the rasagiline group compared with the selegiline
group in all 4 age categories as follows: HR of 1.84 for younger
than 50 years, HR of 1.55 for age 50 to 64 years, HR of 2.10 for
age 65 to 74 years, and HR of 1.56 for 75 years or older (P = non-
significant [ns], P = 0.0273, P = 0.0038, and P = ns, respectively).
Sex was a nonsignificant covariate in all models, whereas contin-
uous age at first treatment was at least borderline significant in the
age categories stratification models, except for 75 years or older.

Sensitivity Analysis: We restricted the study dates from
January 01, 2004, to December 31, 2009, such that each group
had 3 years of follow-up; specifically, the selegiline group
© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. K-M curves; Time free of levodopa in rasagiline (n = 485)
and selegiline (n = 349) groups (log-rank test P = ns).
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included 236 patients who began selegiline monotherapy between
January 01, 2004 and December 31, 2006, and the rasagiline
group included 236 patients who began rasagiline monother-
apy between January 01, 2007, and December 31, 2009. The
comparisons in time to DA between the groups were in the
same direction but with less significance (HR, 1.77; 95% CI,
1.10–2.91; P = 0.0207).

In addition, we evaluated the time to initiation of either DA
or levodopa, and the results were similar to the time of initiation
of DA alone for all age categories and by age group. We found a
significantly shorter period free of either DA or levodopa in the
rasagiline group compared with that of the selegiline group.

Time to Levodopa
We found no difference in time free of levodopa for all ages

between the 2 study groups (log-rank test, P = ns). The hazard to
initiate levodopa was similar for both groups (HR, 1.06; 95% CI,
0.86-1.31). Stratification by age categories yielded an increased
but nonsignificant hazard to purchase levodopa in the rasagiline
group in the youngest and oldest age categories: HR of 1.49 for
younger than 50 years and HR of 1.55 for 75 years or older
(P = ns and P = 0.0647, respectively). For those who were treated
with DA before levodopa (n = 276 cases), we found some
TABLE 2. Adjusted*HR (95%CI) for the Rasagiline Group Compared
Agonists or Levodopa

Age Categories, y† n (Ras:Sel) Dopamine

Event Rate, %

<50 59 (36:23) 58
50–64 254 (176:78) 56
65–74 311 (179:132) 24
≥75 210 (94:116) 13
Total 834 (485:349) 33

*Sex and age at first treatment (as a continuous variable).

†Age at first treatment.

Ras indicates rasagiline; sel, selegiline

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
decreased risk in the rasagiline group compared with the selegiline
group to initiate levodopa (HR, 0.77, 95% CI, 0.56–1.07, P =
0.1233). Although for those who were not treated with DA before
levodopa (n = 558 cases), the time to initiate levodopa was sim-
ilar in the rasagiline and selegiline groups (HR, 1.07; 95% CI,
0.81–1.40; P = 0.6489).

Sensitivity Analysis: When the possible PD cases were in-
cluded in our analysis (with 6 years of follow-up for each group),
increasing the sample size from 834 to 1009, the comparisons in
time to DA or levodopa between the rasagiline and the selegiline
groups were in the same direction but with greater significance.
DISCUSSION
Rasagiline and selegiline have never been compared in a

head-to-head randomized controlled trial (RCT), and this is the
first attempt to evaluate and compare retrospectively in a real-
life setting the relationship between the type of MAO-BI given
to treatment-naive patients with PD and time to first purchase
of DA or levodopa treatment in an observational community-
based study.

Overall, our results indicated a similar time to levodopa for
patients treated with either rasagiline or selegiline as their ini-
tial MAO-BI. A stratification by age at first treatment revealed
some nonsignificantly increased HR of approximately 50% for
the rasagiline group to first initiate levodopa compared with
the selegiline group among the younger (<50 years) and oldest
(>75 years) subgroups. Interestingly, for those who were treated
with DA before levodopa, we found some decreased risk of 23%
in the rasagiline group compared with the selegiline group to ini-
tiate levodopa.

The clinical effectiveness of rasagiline and selegiline was
evaluated by reviewing short-term randomized, placebo-controlled
trials in patients with early PD, with changes in the Unified
Parkinson Disease Rating Scale as endpoint.13,18 The results of
analysis of 5 studies with selegiline and 4 studies with rasagiline
yielded a similar level of efficacy,13 whereas an earlier indirect
meta-analysis reported an advantage for rasagiline over selegiline
when the Unified Parkinson Disease Rating Scale total score was
the objective measure of symptomatic effect.18

Considering the essential difference between the pharmaco-
logical spectrum of selegiline and rasagiline,5 the results of the
present study demonstrated that the group treated with selegiline
as initial MAO-BI stayed without DA for a longer period com-
pared with the rasagiline group; the hazard to initiate DA was
twice as high in the rasagiline group compared with the selegiline
With the Selegiline Group to Initiate TreatmentWithDopamine

Agonists Levodopa

HR (95% CI) Event Rate, % HR (95% CI)

1.84 (0.86–4.27) 34 1.49 (0.56–4.23)
1.55 (1.06–2.31) 41 1.01 (0.66–1.58)
2.10 (1.29–3.53) 48 0.87 (0.63–1.20)
1.56 (0.70–3.62) 53 1.45 (0.98–2.16)
1.93 (1.49–2.53) 46 1.06 (0.86–1.31)
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group. This finding applied to the 4 age categories, although with
some difference in HR values.

In Israel, neurologists, primary care physicians, and gerontol-
ogists are all making the diagnosis of PD. The younger the patient,
the more likely a neurologist will be the one to make the final di-
agnosis and to initiate treatment.

These findings may possibly be explained by a change in the
clinical practice of physicians in Israel in prescribing DA.

Specifically, they have followed a more conservative ap-
proach of delaying the initiation of DA as of 2001–2006, com-
pared with customarily prescribing DA earlier in the course of
the disease between 2007 and 2012. The change in prescription
behavior might be the result of recent studies that demonstrated
DA as having some antidepressant effects,19,20 in addition to their
proven effect on the motor aspects of the disease.21 Another hypo-
thetical explanation for the earlier use of DA in the second period
of the present study is the physicians' belief that DAs have a
disease-modifying effect of slowing PD progression. This idea
has been suggested in the past,22,23 but it had never been sup-
ported by scientific data.23 To explore this possibility, we have
looked at the last 3 years of the selegiline group, 2004–2006,
and compared them with the first 3 years in the rasagiline group,
2007–2009, assuming that physicians' belief with regard to drug
effect will not change sharply at 1 year. This sensitivity analysis
of shorter time spans of 3 years yielded similar results as for the
6 years, which, to our understanding, might indicate that physi-
cians' beliefs are less likely the preferred explanation. Another
possible explanation for the longer period until DA implementa-
tion in the selegiline-treated group is its better symptomatic effect
that could delay the need for dopaminergic treatment.

A symptomatic effect of both MAO-BIs has been well dem-
onstrated in prospective RCTs for both drugs in the early stages
of PD.6 The possible effect of MAO-BIs on disease progression,
their role in the pathological process, and their symptomatic effect
have been a matter of debate since the first large-scale RCTalmost
25 years ago, when the results of the 1991 DATATOP study dem-
onstrated the beneficial effect of selegiline in delaying the need for
levodopa treatment in naive patients with PD.24 Several observa-
tions over the years have supported a disease-modifying effect
of MAO-BIs, such as delaying the appearance of freezing or mo-
tor response fluctuations,25 but no conclusive results have ever
been reached. Consequently, the FDA refused to add that effect
to rasagiline's official labeling.26 It could be argued that prescrib-
ing DA later in the selegiline groupmight indicate a better disease-
modifying effect and that having no difference in time to levodopa
reflects no difference between the 2 drugs in their role on dis-
ease progression. However, a possible interaction effect between
rasagiline and DA for better symptomatic or disease-modifying
effect is suggested on the basis of the finding that the time to levo-
dopa was longer in the rasagiline-treated group when compared
with the selegiline-treated group in the subgroup who was given
DA before levodopa.

The present analysis of extensive community data has con-
siderable advantage more than the earlier short-term controlled,
small-scale clinical trials on the drugs' effectiveness. Our study
population better represents the general population and differs
from the highly selected group of patients usually enrolled in
RCT studies. Our endpoints are clinically relevant and reflect doc-
tors' practice in the use of 2 MAO-BIs. Indeed, time to dopami-
nergic therapy was based on clinical decisions of hundreds of
neurologists in Israel who made that decision solely according
to the patient's clinical need and not motivated to delay its pre-
scription for any academic or industry-oriented reasons. The qual-
ity of such studies is heavily dependent on the completeness and
accuracy of the databases that are used; our pharmacy data source
230 www.clinicalneuropharm.com
is a highly accurate and complete database, which is closely mon-
itored and considered highly reliable, because it is maintained for
administrative purposes and has major financial implications.

The disadvantages of our study include the following: pur-
chase of drugs does not accurately represent actual drug use and
measure may include a lag time to treatment initiation of up to
1 year. In addition, no clinical information about disease severity
was available. The choice of type of APD treatment was made
by the physicians on the basis of national and international guide-
lines and recommendations, on adverse effects of the drugs to cer-
tain patients, as well as on marketing efforts on the part of the
pharmaceutical companies.

To conclude, this is the first attempt to compare the effect
of 2 commercially available MAO-BIs by evaluating the time to
initiating dopaminergic treatment as a marker. The present large-
scale study demonstrated a similar effect of rasagiline and selegiline
with regard to the time to first purchasing of levodopa. The results
suggest some possible advantage for selegiline, either because of
better symptomatic effect or superiority in its disease-modifying
effect, although such conclusions should be taken with caution,
and additional studies will be needed to explore this issue in
head-to-head RCTs. A possible interaction effect between rasagiline
and DA for better symptomatic or disease-modifying effect is
suggested.

Other endpoints, such as time tomotor response fluctuations,
first fall, dementia, or time to death, should also be studied to fur-
ther explore the effect of specific MAO-BI on PD progression.
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