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Abstract
Background  Parkinson’s disease is still incurable, and several factors are considered when defining pharmacological therapy.
Objective  The aim of this study was to describe the prescription pattern of monoamine oxidase B inhibitors (MAO-BIs) 
marketed in Italy (selegiline, rasagiline, safinamide) as an add-on to levodopa among new users of MAO-BIs, from the 
perspective of the Italian National Health Service.
Patients and Methods  Through cross-linkage of administrative healthcare data in the Ricerca e Salute (ReS) database, adults 
with a supply of one or more MAO-BIs in 2017, and with no other MAO-BI use since 2013, were selected. Levodopa had 
to be supplied within 30 days before/after the MAO-BI. The incidence, use, sex, age, comorbidities, 2-year prescription 
patterns (i.e., switches, proportion of treated patients per semester/year, mean daily milligrams/monthly tablets supplied, 
discontinuation, change to other anti-Parkinson drug) of patients taking MAO-BIs were provided.
Results  In 2017, 1059 new users received an MAO-BI (incidence 22.6 × 100,000 adults) combined with levodopa: 502 sub-
jects (10.7 × 100,000) were treated with selegiline, 161 (3.4 × 100,000) were treated with rasagiline, and 396 (8.4 × 100,000) 
were treated with safinamide. The cohorts mainly consisted of males with a median age of ≥ 74 years. Treatment incidences 
increased with age. Switches occurred in 18.0%, 11.0%, and 4.3% of the selegiline, rasagiline, and safinamide cohorts, 
respectively. Most of the patients switching from selegiline/safinamide changed to rasagiline, while most of the patients 
switching from rasagiline changed to safinamide. From the first to second years, patient numbers reduced by ≤ 50%, and the 
daily milligrams/monthly tablets slightly increased. Six-month discontinuation occurred in > 50% of all cohorts, and ≥ 65% 
of discontinuing patients changed to another anti-Parkinson drug.
Conclusions  This analysis described the heterogeneous use of MAO-BIs as an add-on to levodopa in Italy. Further clinical 
trials and real-world studies are encouraged to update the few existing guidelines and to align clinical practice strategies.
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1  Introduction

Parkinson’s disease (PD) is a neurodegenerative disorder 
whose progressive loss of dopaminergic neurons in the sub-
stantia nigra has been the most agreed upon etiology to date. 

It is defined by typical motor and non-motor manifestations 
causing disability and reduced quality of life [1]. Even if its 
early phase is often characterized by non-motor symptoms 
[2], the diagnosis is still essentially based on clinical assess-
ment [3]. Currently, PD is incurable because the available 
therapies have been demonstrated to only mitigate motor/
non-motor fluctuations and not to have a disease-modify-
ing action [4]. Clinicians should take into account several 
factors when they set-up the pharmacological therapy [5]. 
Interestingly, since PD is an age-dependent disorder, age 
was the most important determinant of prescription choice 
until the latest National Institute for Health and Care excel-
lence (NICE) guidelines [6], which considered the impact 
of motor/non-motor symptoms on life quality as the first 
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Key Points 

This retrospective observational analysis of the phar-
maco-utilization of monoamine oxidase B inhibitors 
(MAO-BIs) combined with levodopa in new users of 
MAO-BIs updates the real-world evidence regarding 
add-on therapy for Parkinson’s disease in Italy.

In 2017, selegiline combined with levodopa was the 
most prescribed formulation, followed by safinamide and 
rasagiline. Switching to safinamide occurred most fre-
quently in patients treated with rasagiline. Furthermore, 
the majority of patients switching from selegiline and 
rasagiline changed to safinamide. Discontinuation was 
very frequent within the selegiline cohort and 21–35% of 
discontinuing patients did not change to another anti-
Parkinson drug.

This study demonstrates a very heterogeneous thera-
peutic approach, which could be improved by more 
evidence about the combined strategies and the possibil-
ity of switching between MAO-BIs, and by training and 
updating practitioners, especially on the risks of adverse 
events.

reimbursement (February 2016), a change in the prescription 
pattern of MAO-BIs has been observed [13]. In order to 
assess this new therapeutic paradigm, few real-world data 
analyses on prescription patterns of MAO-BIs as add-on 
therapies to levodopa in patients affected by PD have been 
carried out [2, 8, 14], especially in Italy [4].

This real-world observational retrospective analy-
sis aimed to describe, from the perspective of the Italian 
National Health Service (INHS), the prescription pattern 
of the MAO-BIs marketed in Italy (i.e. selegiline, rasagil-
ine, and safinamide) supplied in association with levodopa 
among new MAO-BI users between 2017 and 2019.

2 � Materials and Methods

2.1 � Data Source

This study was performed by analyzing the database of Fon-
dazione Ricerca e Salute (ReS), which has already been used 
for several observational research studies regarding differ-
ent clinical fields [15–17]. Fondazione ReS is a non-profit 
foundation working on real-world healthcare data with the 
aim of creating useful tools for planning and monitoring 
healthcare policy issues at various levels and for different 
stakeholders. In collaboration with Cineca (Interuniversity 
Consortium; https://​www.​cineca.​it/​en), which guarantees the 
quality and safety of data management through international 
standard certifications, the ReS database routinely collects 
and integrates healthcare administrative data (demograph-
ics, pharmaceuticals, hospitalizations, outpatient specialist 
services) that come from some Italian Local and Regional 
Health Authorities under specific agreements and are peri-
odically sent to the Italian Ministry of Health for reimburse-
ment purposes. The pharmaceutical database consists of all 
drugs reimbursed by the INHS and supplied from both local 
and hospital pharmacies. Analyses are based on the mar-
keting code, the Anatomical Therapeutic Chemical (ATC) 
classification, established by the World Health Organiza-
tion (WHO) to support worldwide drug use monitoring [18], 
dose (milligrams), number of packs, and dispensing date. 
The hospitalization database is composed of in-hospital 
diagnoses and procedures, according to the Italian version 
of the International Classification of Diseases, 9th revision, 
Clinical Modification (ICD-9-CM), 2007 [19], recorded in 
hospital discharge forms of both ordinary and daily hos-
pitalizations. The outpatient specialist care database com-
prises examinations, diagnostics, and invasive/non-invasive 
procedures supplied by the INHS, and is analyzed based 
on the current national classification system. All these 
databases also include the costs paid by the INHS for the 
healthcare services provided. This study originates from 

criterion when choosing the starting treatment, to allow a 
more personalized pharmacological scheme [7]. Given the 
increasing availability of pharmacological agents for PD 
and the recent evidence on the benefits of the early use of 
levodopa, despite concerns about dyskinesias induced by its 
monotherapy at a dosage higher than 400 mg/day, the debate 
on the most appropriate first-line therapeutic approach (levo-
dopa alone or combined with dopamine-sparing agents) is 
still ongoing [8]. Nevertheless, the frequent development 
of motor symptoms after a few years from the beginning of 
levodopa monotherapy inevitably leads many clinicians to 
add a drug able to improve motor fluctuations and ideally 
reduce dyskinesias [9]. These are catechol-O-methyltrans-
ferase (COMT) inhibitors, dopamine agonists (DAs), and 
monoamine oxidase B inhibitors (MAO-BIs). The latter are 
selegiline and rasagiline, used as monotherapy or as add-
on to levodopa, and the most recent, safinamide, which is 
recommended only in association with levodopa (and other 
dopamine-sparing agents, if needed). Safinamide, differently 
from the others, has recently demonstrated its efficacy on 
non-motor symptoms (e.g. pain, sleep disturbances/day-
time sleepiness, depression) [10–12]. Moreover, a Welsh 
population-based study has reported its use as first choice 
for patients whose non-motor conditions affect their qual-
ity of life [8]. According to the official Italian drug con-
sumption report, shortly after the beginning of safinamide 
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the cross-linkage of the aforementioned healthcare admin-
istrative databases, based on a unique anonymized identity 
number per patient. Ethical approval was not sought for 
the present study because demographics were completely 
anonymized, according to the current privacy regulations, 
and the analysis was conducted for institutional purposes, in 
agreement with local and regional health authorities.

2.2 � Cohort Selection

Starting with the ReS database, we selected adults analyz-
able from 2013 to 2019 and with at least one supply, in 2017, 
of one MAO-BI, among selegiline (ATC code: N04BD01), 
rasagiline (N04BD02) and safinamide (N04BD03). The least 
recent filled prescription date of an MAO-BI was considered 
the index date. In order to exclusively identify new users of 
MAO-BIs in 2017, patients with even just one supply of an 
MAO-BI (N04BD) within the period preceding the index 
date until 2013 were excluded. Since the fixed combination 
of MAO-BI and levodopa does not exist, the simultaneous 
dispensation of the two was ascertained by the filled pre-
scription of levodopa (N04BA02, N04BA03, and N04BA05) 
within 30 days before or after the MAO-BI dispensation. 
The three following cohorts were analyzed:

•	 patients treated with selegiline and levodopa;
•	 patients treated with rasagiline and levodopa;
•	 patients treated with safinamide and levodopa.

This analysis was limited to MAO-BIs and did not include 
new users of the other anti-PD drugs, in order to describe 
the real-world use of this specific class starting from about 
1 year after the beginning of safinamide reimbursement by 
the INHS in February 2016.

2.3 � Epidemiological and Clinical Characterization

On the index date, the characterization and MAO-BI treat-
ment incidence of the cohorts were provided by sex and age. 
The presence of comorbidities of interest (coronary artery 
disease [CAD], heart failure, diabetes, dyslipidemia, depres-
sion, chronic lung disease, artery hypertension, chronic kid-
ney disease, liver disease) from 2013 were assessed. For the 
identification criteria of comorbidities, see electronic sup-
plementary Table 1.

2.4 � Prescription Patterns of Monoamine Oxidase B 
Inhibitors (MAO‑BIs)

In order to describe the prescription patterns of MAO-BIs, 
each patient in the cohorts was analyzed within a 2-year 

follow-up period, at the latest up to 31 December 2019 from 
the index date.

2.4.1 � Length of Levodopa Therapy

Each patient in the three cohorts with at least one supply of 
levodopa (N04BA02, N04BA03, N04BA05) in the fourth 
year before the index date was considered to be receiving 
treatment with levodopa since 2013 at least.

2.4.2 � Therapy Switch

The first switch from the index MAO-BI to another MAO-BI 
during the follow-up period was recorded. The number of 
patients switching and the average time from the index date 
to the switch was given.

2.4.3 � Treatment Coverage and Consumption of MAO‑BIs

This analysis was performed exclusively on patients who did 
not change their index MAO-BI during the observational 
period. After having divided both follow-up years into 
semesters, patients with at least one supply of MAO-BIs in 
each semester were identified, and the percentage of subjects 
in the cohort per semester/year defined the ‘coverage’.

Moreover, mean consumption was analyzed in terms of 
daily milligrams and monthly supplied tablets according to 
the summaries of product characteristics [20–22] for the 
minimum starting doses, and the common clinical practice 
(based on case-by-case recommendations) for the mainte-
nance doses. Specifically, drug consumption was analyzed 
for the different follow-up periods (i.e. semester and year), 
by MAO-BI, as follows.

–	 Selegiline If the mean daily dose was 5 mg during the 
first year and 10 mg during the second year, and, accord-
ingly, if at least 30 tablets per month were supplied in the 
first and second years.

–	 Rasagiline If the mean daily dose was 1 mg and 30 tab-
lets per month were dispensed, both in the first and sec-
ond years.

–	 Safinamide If the mean daily dose was 50 mg during 
the first year and, potentially, 100 mg in the second year 
(the choice of increasing the dose is generally made on a 
case-by-case); since both doses are marketed in 30-tablet 
packs, the monthly supply had to be 30 units.

2.4.4 � Discontinuation of MAO‑BIs

Among patients who did not change their MAO-BI, dis-
continuation of the index MAO-BIs was defined by the 
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absence of further supplies within at least 90 days after the 
last free filled prescription. Among discontinuing patients 
and within 30 days before and after the last dispensa-
tion, supplies of other anti-PD drugs, such as levodopa 
(N04BA02, N04BA03, N04BA05), DAs (N04BC04, rop-
inirole; N04BC05, pramipexole; N04BC07, apomorphine; 
N04BC09, rotigotine) and COMT inhibitors (N04BX01, 
tolcapone; N04BX02, entacapone; N04BX04, opicapone) 
were searched.

2.5 � Statistical Analyses

Generally, when administrative data are analyzed, the 
number of patients/events is so large that even minimal 
differences will result in a conventional level of statistical 
significance (5%), often without a corresponding and con-
vincing level of clinical significance. For this reason, we 
have avoided the use of detailed p-values and have described 
nominal differences. Proportions are expressed as percent-
ages. Statistical analyses were performed using Oracle SQL 
Developer, Italian version 18.1.0.095 (Los Angeles, CA, 
USA).

3 � Results

Among more than 5 million adults in the ReS database for 
2017, 4,691,582 were analyzable from 2013 (Fig. 1). Among 
these adults, 4734 patients were treated with an MAO-BI 
combined with levodopa. Of these, there were 1059 new 
MAO-BI users (incidence 22.6 × 100,000): 502 subjects 
(incidence 10.7 × 100,000 adults) were treated with sele-
giline, 161 (3.4 × 100,000) were treated with rasagiline, and 
396 (8.4 × 100,000) were treated with safinamide (Fig. 1). 
All cohorts mostly comprised males and elderly subjects 
(Table 1). The treatment incidence increased with age for all 
groups, reaching a peak at 70–79 years for the rasagiline and 
safinamide cohort and ≥80 years for the selegiline cohort. 
About 70% of new MAO-BI users were affected by arterial 
hypertension and more than 40% suffered from depression, 
while lower frequencies were found for chronic lung dis-
eases, diabetes, and dyslipidemia (Table 1).

3.1 � Prescription Patterns of MAO‑BIs

3.1.1 � Length of Levodopa Therapy

The search for levodopa treatment in the fourth year before 
the index date yielded a total of 121 patients in the selegiline 
cohort (24.1%), 40 patients in the rasagiline cohort (24.8%), 
and 223 patients in the safinamide cohort (56.3%) who were 
treated with levodopa for at least 4 years.

3.1.2 � Therapy Switch

The switch to another MAO-BI mostly occurred in the 
rasagiline cohort (18.0%), followed by patients treated with 
selegiline (11.0%) and those treated with safinamide (4.3%) 
(Table 2). The majority of subjects switching from selegiline 
(56.4%) and safinamide (64.7%) changed to rasagiline, while 
72.4% of those switching from rasagiline changed to safina-
mide. On average, the switch occurred after 12 months from 
the index date.

Of those patients treated with the same MAO-BI during 
the follow-up period, the coverage and discontinuation of 
the index MAO-BI were analyzed (Table 2).

3.1.3 � Treatment Coverage and Consumption of MAO‑BIs

Within the first year, 100% of all cohorts were supplied at 
least once with the same MAO-BI, while 47.8%, 62.7%, 
and 69.6% of the selegiline, rasagiline, and safinamide 
cohorts, respectively, were treated in the second year. By 
semester, the safinamide-treated cohort showed the highest 
coverage (percentage of patients with at least one supply). 
The mean monthly consumption of tablets by year tended 
to slightly increase, while that of the rasagiline and sele-
giline cohorts was as likely to be farther from the expected 
total amount of unit doses (30 tablets/month) than safina-
mide within the first and second follow-up years. Indeed, 
the safinamide-treated cohort showed a mean unit dose 

Fig. 1   Selection of the cohorts of adults in the ReS database treated 
for the first time from 2013 with a combination of selegiline and levo-
dopa, rasagiline and levodopa, and safinamide and levodopa in 2017. 
ReS Ricerca e Salute, MAO-Bi monoamine oxidase B inhibitor
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consumption close to the recommended dose during each 
semester and both years of follow-up (from 24.6 tablets to 
29.0 of 30). In terms of mean daily dose, during the first 
follow-up year the selegiline and safinamide cohorts were 
supplied with doses consistent with the related recom-
mended starting doses (5 mg selegiline and 50 mg safina-
mide). Within the second year, the mean daily consump-
tion did not reach the expected highest dose for selegiline 
(6.2 vs. 10 mg), the rasagiline cohort moved slightly close 
to the recommended dose (0.8 vs. 1 mg), and the majority 
of safinamide-treated patients did not double their dose 
(61.9 vs. 100 mg).

3.1.4 � Discontinuation of MAO‑BIs

Overall, 66.7% of selegiline-treated patients (n = 447), 
56.8% of rasagiline users (n = 132), and 52.8% of safi-
namide users (n = 379) discontinued the treatment. On 
average, discontinuation occurred within 6 months from 
the index date. A total of 65.1%, 78.7%, and 79.0% of 
patients discontinuing selegiline, rasagiline, and safina-
mide, respectively, switched to another anti-PD drug, i.e. 
levodopa, DAs, or COMT inhibitors. For the remaining 
subjects, no other supply of dopamine-sparing agents was 
found.

4 � Discussion

To our knowledge, this is the most up-to-date analysis of the 
prescription patterns of MAO-BIs combined with levodopa 
from the perspective of the INHS, by means of adminis-
trative healthcare databases. The integration between real-
world data and results from clinical trials on the PD pharma-
cological approach has become essential, especially because 
evidence on daily care settings and on unselected patients 
is scarce and inconsistent, and a head-to-head assessment 
of the prescription pattern of the three MAO-BIs has been 
barely considered. Moreover, descriptions of real-life drug 
utilization can help clinicians to compare evidence and their 
therapeutic approach in order to increase their knowledge 
and improve or confirm their habits, always aiming at the 
best patient care.

4.1 � Cohort Selection

From the 2017 ReS database, new MAO-BI users supplied 
with levodopa and selegiline (10.7 × 100,000 adults) or safi-
namide (8.4 × 100,000) or rasagiline (3.4 × 100,000) were 
identified and analyzed. The ReS database can be consid-
ered reliably representative of the Italian population, based 

Table 1   Demographics of 
the cohorts of new users of 
monoamine oxidase B inhibitors 
and levodopa in 2017 and 
comorbidities in the previous 
period

Selegiline and levodopa 
[n = 502]

Rasagiline and levodopa 
[n = 161]

Safinamide 
and levodopa 
[n = 396]

Demographics at the index date
Males [n (%)] 270 (53.8) 85 (52.8) 221 (55.8)
Median age, years (Q1; Q3) 78 (71; 83) 75 (68; 81) 74 (68; 79)
Treatment incidence by age group (×100,000)
 18–49 0.3 0.1 0.1
 50–59 2.4 1.0 2.4
 60–69 10.2 4.1 13.4
 70–79 37.9 15.0 39.9
 ≥ 80 53.1 11.5 20.1

Total 10.7 3.4 8.4
Comorbidities in the previous period—from 2013 (%)
 Arterial hypertension 76.3 67.7 72.0
 Depression 49.2 42.9 48.2
 Dyslipidemia 39.6 31.1 35.4
 Diabetes 22.9 24.2 22.2
 Chronic lung disease 21.3 21.7 20.2
 Coronary artery disease 7.0 6.8 6.1
 Heart failure 5.4 3.1 3.5
 Chronic kidney disease 3.2 3.1 1.5
 Chronic liver disease 2.6 2.5 1.3
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on a comparison between our age distributions and those 
provided by the National Institute of Statistics [23]. Other 
real-world studies [2, 8, 14] have provided outcomes about 
the prescription pattern of MAO-BIs among patients with a 
new diagnosis of PD and/or new users of any anti-PD drug, 
whereas we analyzed only new users of an MAO-BI that 
was combined with levodopa, whose continuous use, from 
a clinical point of view, was also useful to confirm the diag-
nosis of PD and supported the consistency of our analysis. 
Therefore, due to the purpose of this study, since we did not 
consider the overall use of MAO-BIs (i.e. also not associ-
ated with levodopa), our treatment incidence rates cannot 
be compared either with the literature or with the official 
2017 consumption prevalence rates provided by the Italian 
Medicine Agency’s report, which found that safinamide was 

the most supplied, followed by selegiline and rasagiline [24]. 
Moreover, this analysis was limited to MAO-BIs and did 
not include new users of the other anti-PD drugs, in order 
to describe the real-world use of this specific class starting 
from approximately 1 year after the beginning of safinamide 
reimbursement by the INHS in February 2016. From 2017, 
the positioning of safinamide within the anti-PD therapeutic 
strategies can be considered better defined for daily clinical 
practice and its prescription pattern deduced by administra-
tive data can be more reliable and better described. It is how-
ever interesting that despite the Italian restrictions to safina-
mide’s prescription (which follows a mandatory therapeutic 
plan signed by a specialist), apparently its consumption had 
already been prevalent since the first year of reimbursement. 
This could reflect the eagerness of prescribing clinicians to 

Table 2   Prescription patterns of patients treated with monoamine oxidase B inhibitors associated with levodopa, during the 2 years of follow-up

PD Parkinson’s disease, COMT catechol-O-methyltransferase

Selegiline and levodopa 
[n = 502]

Rasagiline and levodopa 
[n = 161]

Safinamide and levo-
dopa [n = 396]

Therapy switch [n (% of patients who switched)] 55 (11.0) 29 (18.0) 17 (4.3)
Selegiline and levodopa 

[n = 447]
Rasagiline and levodopa 

[n = 132]
Safinamide and levo-

dopa [n = 379]
Coverage (% of patients with at least one supply)
 First semester 100.0 100.0 100.0
 Second semester 53.5 65.6 74.6
 First follow-up year 100.0 100.0 100.0
 Third semester 45.0 58.7 61.9
 Fourth semester 42.8 57.3 65.9
 Second follow-up year 47.8 62.7 69.6
 Consumption information
 Monthly mean tablets per patient (n)
  First semester 25.3 24.6 29.0
  Second semester 26.7 25.1 27.4
  First follow-up year 19.7 20.3 24.6
  Third semester 26.8 26.1 27.9
  Fourth semester 27.2 26.4 27.7
  Second follow-up year 24.1 23.3 25.0

 Daily mean dose per patient (mg)
  First semester 6.1 0.8 59.2
  Second semester 6.8 0.8 61.8
  First follow-up year 4.8 0.7 52.5
  Third semester 6.8 0.9 68.8
  Fourth semester 7.2 0.9 69.0
  Second follow-up year 6.2 0.8 61.9

Discontinuation
 Patients who discontinued [n1 (%)] 298 (66.7) 75 (56.8) 200 (52.8)
 Patients who changed the PD therapy [n (% of n1)] 194 (65.1) 59 (78.7) 158 (79.0)
  Levodopa therapy (% of n1) 63.1 74.7 78.0
  Dopamine agonists (% of n1) 16.4 26.7 29.0
  COMT inhibitors (% of n1) 0.3 0.0 5.0
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experiment a new promising drug, or, rather, it could have 
been a consequence of the beginning of the pharmaceutical 
marketing.

4.2 � Epidemiological and Clinical Characterization

The cohorts were mostly composed of males and elderly 
subjects, in line with worldwide evidence [8, 14, 25]. Spe-
cifically, since PD has been ascertained to be age-depend-
ent [3], the increasing treatment incidence with age was 
expected. Moreover, the selegiline cohort was the oldest, in 
line with literature [4, 7]. The high prevalence of comorbidi-
ties was also foreseen, due to the older age of the cohorts 
and the high risk for multimorbidity in patients affected by 
PD [26], such as cardiovascular, musculoskeletal, and men-
tal disorders, which in turn increases the need for support, 
morbidity, and mortality.

4.3 � Prescription Patterns of MAO‑BIs

4.3.1 � Length of Levodopa Therapy

Selegiline and rasagiline can also be prescribed as mono-
therapy in the early stages, while safinamide only combined 
with levodopa in the mid–late stages [1]. To date, the safety 
and efficacy of MAO-BIs as adjunct to levodopa have been 
demonstrated in the advanced phases of PD, especially 
through the improvement of motor fluctuations, but also 
showing some effect on non-motor fluctuations [1, 26]. 
Indeed, motor symptoms, particularly dyskinesias, tend 
to develop after 4–6 years from the beginning of levodopa 
monotherapy treatment [9]. Therefore, data about levodopa 
use 4 years before the MAO-BI index date suggest that one-
quarter of the selegiline and rasagiline cohorts and more 
than half of the safinamide group likely started the MAO-
BI at an advanced stage, when motor fluctuations were not 
controlled by levodopa alone or the addition of another 
dopamine-sparing agent, as recommended by the latest 
NICE guidelines [6]. Similarly, the proportion of selegiline 
and rasagiline cohorts without levodopa 4 years before the 
index date could be considered at a less advanced stage. 
This assumption could be further supported by evidence of a 
positive relationship between multiple anti-PD drug use and 
the duration of the disease [7, 27], namely its progression.

4.3.2 � Therapy Switch

The switch between MAO-BIs occurred more frequently in 
the selegiline cohort and less frequently in the safinamide 
cohort. The majority of patients from both cohorts who 
switched changed to rasagiline. Meanwhile, more than 70% 

of subjects discontinuing rasagiline switched to safinamide. 
Switching from one MAO-BI to another allows a more per-
sonalized, effective, and well-tolerated therapy, since they 
have different pharmacokinetic, pharmacodynamic, and 
pharmacological characteristics and adverse effects [1]. In 
particular, rasagiline has a high bioavailability (about 39%), 
produces inactive metabolites (e.g., compared with sele-
giline’s amphetamine-like metabolites), and is generally well 
tolerated [1]. A pilot study evaluating the switch to rasagiline 
[28] provided evidence of improved motor behavior, motor 
complications, mood, and sleep in 30 patients affected by 
PD, compared with a previous selegiline treatment. Safina-
mide, the only reversible MAO-BI, has demonstrated higher 
bioavailability and selectivity but less potency than the oth-
ers [1]. Moreover, its metabolites are inert, adverse events 
are moderate, and motor fluctuations are improved in the 
advanced stage along with non-motor symptoms, thanks to 
additional activity of glutamate release modulation [10–12]. 
Three real-world studies on the efficacy and safety of switch-
ing from an MAO-BI to safinamide have been published 
[29–31]. Two studies observing the overnight switch from 
rasagiline, which is not recommended by its summary of 
product characteristics (SPC) [21], did not find any relevant 
adverse events [30, 31]. In particular, Martí-Andrés and col-
leagues showed an improvement in motor and non-motor 
symptoms in 97 patients after switching to safinamide [31]. 
The third study retrospectively analyzed 91 subjects eligible 
for safinamide who switched from selegiline and rasagiline 
treatment, and found improvements in terms of time spent off 
and on with disabling dyskinesias and a significant reduction 
in the mean daily dose of levodopa [29]. Nevertheless, the 
little evidence on the switch from one MAO-BI to another 
should be integrated with more trials or real-world analyses 
in order to provide clinicians with concrete data for the most 
appropriate therapeutic choice, and also in light of the still 
high concern about the risk of adverse effects in real-world 
and uncontrolled conditions. The implementation of this evi-
dence would be of particular interest for patients who need 
to change their selegiline treatment. Indeed, the ability of 
selegiline to accumulate amphetamine-like metabolites can 
be prolonged over time and can exacerbate adverse reactions 
on the nervous system even if the intake of other drugs (e.g. 
rasagiline) occurs after a short period (a 2-week washout 
period is recommended before switching to another MAO-Bi 
[22], as for rasagiline [21]) [1]. Furthermore, this risk could 
be associated with the cardiovascular risk when levodopa is 
combined with selegiline [1, 26]. Finally, according to our 
results, the average switching time calculated at 12 months 
from the index date could, interestingly, reflect the mean 
frequency of follow-up checks, which can be considered to 
be lower than in common clinical practice.
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4.3.3 � Treatment Coverage and Consumption of MAO‑BIs

Within the observational period, the proportion of patients 
supplied with at least one MAO-BI during the second fol-
low-up year halved for the selegiline cohort and was reduced 
by about 40% and 30% for the rasagiline and safinamide 
cohorts, respectively. Based on the consumption analysis, 
according to the dosing regimens defined in Sect. 2.4.3, on 
average subjects treated with rasagiline were likely to take 
a dose very close to the recommended dose (1 mg) in both 
follow-up years, while the selegiline and safinamide cohorts 
were found to be supplied with their starting doses/units. 
Nevertheless, despite the expectation of the dose increase 
of selegiline in the second year, to our knowledge this was 
not the same for safinamide. We can assume that the few 
patients in our cohort who received the 100 mg dose could 
be in a more advanced stage (also based on the suggestion 
by Martí-Andrés and colleagues) [31]. We are aware that 
washout periods (e.g. due to hospitalizations) are common 
and are not recorded in administrative databases. Therefore, 
a slight underestimation of coverage was inevitable. More-
over, there is extremely high heterogeneity among Italian 
regions in following the few existing and updated national 
(the LIMPE guideline was updated in 2015 [32]) and inter-
national guidelines (with particular reference to the NICE 
guideline updated in 2017 [6]), as an historic cohort study on 
Italian administrative databases has reported [4]. Moreover, 
it is worth mentioning that the way the coverage indicator 
was structured could not be considered a measurement of 
adherence. However, we would like to briefly discuss a very 
important issue related to the management of PD patients in 
real life, which we propose to properly address in a future 
analysis, in order to implement the still limited data on PD 
medication adherence. Indeed, it has been demonstrated that 
a low pharmacological drug adherence among PD patients 
is common and that it is a widespread phenomenon at all 
stages [33, 34]. It can be related to patients’ intentional and 
non-intentional factors [33]. Among the latter, the multimor-
bidity and the increasing complexity of clinical conditions, 
together with progression, seem the most influencing fac-
tors and are increasingly characterized by motor symptoms 
and severe motor and non-motor complications. Adherence 
is multidimensional and multifactorial, thus it is important 
to analyze the role of clinicians, health systems, other than 
the patient, the disease, and the therapy themselves [33, 
35], if only because, as PD progresses, its economic burden 
on healthcare systems, society and patients increases [36]. 
In general, these findings of possible undertreatment with 
MAO-BIs must be carefully taken into account when assess-
ing patients in terms of adverse events and effectiveness in 
daily clinical practice.

4.3.4 � Discontinuation of MAO‑BIs

Discontinuation rates were high (66.7%, 56.8%, and 52.8% 
for the selegiline, rasagiline, and safinamide cohorts, 
respectively) and occurred, on average, early (6 months) 
after the addition of an MAO-BI to levodopa. The elevated 
median age of the analyzed patients (74 years and older) 
brings multimorbidity and polypharmacotherapy, which 
increase the risk of interactions and adverse effects [26]. 
MAO-BIs are generally well tolerated, but selegiline can 
cause more disabling adverse events, particularly because 
of its amphetamine-like metabolites and antidepressant-
like effects [1]. Moreover, selegiline has also shown an 
increased risk of cardiovascular diseases in combination 
with levodopa, and of gastrointestinal ulcers and bleeding 
in the elderly [1, 26]. Furthermore, the PD MED study 
found that 72% of MAO-BI users have withdrawn due to 
a combination of adverse effects and absence of therapy 
[37]. Whereas the lowest discontinuation seen for safi-
namide could be related to the eagerness of prescribing 
physicians for findings of mild to moderate adverse effects 
and very good safety profile, although to date assessed by 
only a few studies, observational or interventional against 
placebo or the best standard of care [1, 38–41], which 
have not found adverse reactions different from those 
stated in the SPC [20]. Given the fairly recent marketing 
introduction and the concomitant reimbursement authori-
zation in Italy, up-to-date safety and efficacy evidence is 
definitely needed, and also against other MAO-BIs. The 
highest discontinuation rate among new users of selegiline 
in the current study can be explained by the aforemen-
tioned evidence. Nevertheless, it is worth mentioning 
that the Italian reimbursement criteria are not the same 
for all MAO-BIs. Indeed, the prescription of rasagiline 
and safinamide can be limited by a therapeutic drug plan 
signed by specialist practitioners, according to regional 
decisions, while selegiline cannot. At the same time, a 
high proportion of patients without any anti-PD therapies 
after MAO-BI cessation was observed. It is likely these 
patients could be considered lost to follow-up because they 
were treated during hospitalizations longer than 90 days 
(the in-hospital drug administration is not included in the 
administrative databases available to ReS), some died in 
outpatient settings (the ReS database recorded only in-
hospital deaths), and some were transferred to residential 
facilities/nursing homes (not recorded in administrative 
databases) or moved to a region not included in the ReS 
database. However, the high rate of discontinuation is an 
important clinical issue that must be addressed during 
daily clinical practice.
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4.3.5 � Strengths and Limitations

Other limitations of this study must be mentioned. A 
very limited group of patients treated with MAO-BIs was 
selected. In Italy, these drugs are generally reimbursed 
by the INHS but some regions have restricted reimburse-
ment criteria, therefore it is possible that the incidence 
of MAO-BI use was slightly underestimated. It might 
also be possible that some subjects were not recorded in 
administrative databases due to the private purchase of 
MAO-BIs or to administration of the drug during a recov-
ery period in a nursing home or during a hospitalization. 
Nevertheless, the definition of new users can be consid-
ered reliable because we assessed a time span preceding 
the index prescription long enough to exclude potential 
planned washout periods. Therefore, prescription pat-
terns were likely to reliably represent the real clinical 
attitudes of the Italian areas analyzed, which, in line with 
the Italian Medicines Agency’s 2017 drug consumption 
report [13], showed that clinicians preferred selegiline 
and safinamide to rasagiline. Interestingly, between the 
two older MAO-BIs, the overall preference of selegiline, 
despite its well-known safety profile, could have been 
influenced by its longer presence on the market, its easier 
pattern of prescription, and its lower cost. In any case, 
validation against clinical data is absolutely necessary, 
if only to stratify by disease severity, motor/non-motor 
symptoms, or dose, which are all hard to define through 
administrative databases. In particular, we did not stratify 
by either comorbidities or polypharmacotherapy, which 
are likely to drive the physician’s choice, together with 
the aforementioned criteria [8]. Moreover, based on the 
coverage assessment, we defined the cut-offs according 
to the summaries of product characteristics and the com-
mon clinical practice or case-by-case recommendations, 
but evidence for safinamide, the most recently marketed 
MAO-BI, is still being produced. In general, the very 
high country and regional healthcare system variations 
and the scarce and inconsistent available evidence might 
have caused significant heterogeneity among therapeutic 
strategies, which inevitably affects this type of study and 
limits meaningful comparisons between populations [3, 
4, 7]. Finally, the definition of discontinuation was only 
based on pharmaceutical cut-offs, without considering 
specialty examinations or hospitalizations planned in the 
current follow-up timetable. At the same time, the high 
median age, absence in the ReS database of outpatient 
mortality, possible transfer to nursing homes or regions 
not included in the ReS database, and in-hospital drug 
administration could have led to the overestimation of dis-
continuation and the proportion of patients not supplied 
with any anti-PD drug after MAO-BI cessation.

5 � Conclusions

To the best of our knowledge, this is the most up-to-date Italian 
study assessing the 2-year prescription pattern of MAO-BIs as 
add-on therapy to levodopa in new users of MAO-BIs, from 
the perspective of the INHS. This analysis provided a reliable 
picture of the treatment with MAO-BIs, in terms of demo-
graphics (i.e. higher use in males and elderly subjects with a 
high prevalence of cardiometabolic comorbidities and mental 
disorders) and prescription pattern, in light of the heterogene-
ous therapeutic strategies existing throughout the Italian areas 
included in the ReS database. Our findings confirmed high 
use of safinamide shortly after the beginning of its reimburse-
ment by the INHS. Interestingly, the switch between MAO-BIs 
occurred with low frequency in the safinamide cohort, while, 
as expected, it was common in patients treated with selegiline. 
Moreover, given a slight increase in 2-year consumptions, the 
possible undertreatment highlighted among all cohorts treated 
with MAO-BIs must be carefully taken into account by physi-
cians when assessing PD patients in terms of adverse events 
and effectiveness in daily clinical practice. Finally, high dis-
continuation rates and proportions of patients without any 
anti-PD drug after cessation of MAO-BIs combined with lev-
odopa were observed, representing important clinical issues 
that must be carefully addressed by clinicians. Since, to date, 
PD does not have a successful disease-modifying therapy and 
the existing treatments must be evaluated in terms of possible 
combinations and individual needs, further trials, especially 
head-to-head trials, and real-world analysis must be encour-
aged worldwide in order to update and align the still highly 
heterogeneous therapeutic strategies.
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