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Abstract
The approach to early Parkinson’s disease denotes the communication of the diagnosis and important decisions,
such as when and how to start treatment. Evidence based medicine and guidelines indicate which drugs have
robust evidence of efficacy and tolerability in this specific population. However, de-novo patients may show
different characteristics and they may be in a different phase of their disease.
In this review, we will give an insight into the appropriate time therapy should be started and the actual
knowledge about disease modification therapies. Moreover, the drugs indicated for early treatment will be
considered and an indication for the use of these drugs will be given with the support of the actual knowledge.

Introduction
The approach to early Parkinson’s disease denotes the
communication of the diagnosis and important decisions,
such as when and how to start treatment. Evidence based
medicine and guidelines indicate which drugs have robust
evidence of efficacy and tolerability in this specific
population. However, de-novo patients may show different characteristics and they may be in a different phase
of their disease.
The treatment of patients with early Parkinson’s disease
should aim to slow down clinical progression, control
motor and non-motor symptoms, maintain functioning in
daily-life activities, prevent motor complications and
minimize the risk of side effects.
In this review the drugs indicated for early treatment
will be considered and an indication for the use of these
drugs will be given with the support of the actual
knowledge.
When to start treatment

Parkinson’s disease (PD) is a progressive neurodegenerative
disorder that is manifested clinically by a resting tremor,
rigidity and bradykinesia. These typical motor symptoms
are due to the degeneration and loss of dopaminergic neurones in the substantia nigra with consequent reduction in
the ability of the brain to form, store and regulate the
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release of dopamine, which is essential for the control of
motor function [1].
The rate of disease progression varies in the early
stages, being slower in the less affected patients. In the
placebo cohort of the ADAGIO trial, a significant correlation between rate of progression and baseline UPDRS
score was found. Patients in the placebo group with the
highest quartile of baseline total UPDRS scores (>25 · 5;
n = 145) had the greatest rate of progression (change
from baseline to 36 weeks of 6 · 0 units [SD 8 · 4]) with a
rate of decline of about 9 UPDRS points per year. In
contrast, patients with the lowest quartile of baseline
UPDRS scores (≤14; n = 160) deteriorated between baseline
and week 36 by 2 · 5 units (SD 4 · 8), with an extrapolated
rate of deterioration of about 4 units per year. The difference in the progression from baseline to week 36 (last
observed value) between the two quartiles was significant
(mean difference −3 · 46 [SE 0 · 77]; p < 0 · 0001) [2]. Thus
the early period after diagnosis is critical in terms of rate of
progression, but it is also in the early stage of the disease
that an intervention able to modify the natural course of
the disease may be more successful.
Today there is a large debate about the opportunity to
start pharmacological treatment as soon as the disease
manifests.
Until now, the recommendation that drug treatment
should be delayed until the symptoms of PD significantly
limited the patient’s motor functions has become established in teaching and part of many guidelines. The rationale for this was to protect the patients from unnecessary
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side effects, particularly the motor complications associated with levodopa. Moreover, a view also evolved that
patients delaying the introduction of pharmacological
treatment would respond for longer when the drugs were
introduced. Despite the fact that there is no evidence
supporting this theory, the majority of clinicians follow it.
Bearing in mind that the denervation in PD begins
approximately 6 years before the appearance of symptoms,
basal ganglia have a remarkable capacity to cope with
progressively low levels of dopamine activating compensatory mechanisms. The appearance of symptoms indicates
the point of failure to deal adequately with dopamine
depletion. Recently, A. Schapira and J. Obeso proposed
that the early restoration of basal ganglia physiology
would support the compensatory events and delay the
irreversible modification of circuitry that characterizes the
clinical progression of PD [3]. However, the theory of an
early compensatory effect of symptomatic drug with an
associated better long-term symptom control is fascinating and we believe it is time to reconsider the traditional
view of starting symptomatic treatment as late as possible.
Slowing down clinical progression: where we are

While there have been many promising candidate agents
based on laboratory studies and pathologic findings, no
treatment has as yet been established to have neuroprotective or disease-modifying properties in PD. Several
obstacles have been identified that impede the achievement of this goal [4].
The cause of PD

A number of pathogenic factors have been implicated, including oxidative stress, mitochondrial dysfunction, inflammation, excitotoxicity, and signals mediating an apoptosis
cascade [1,5]. Several environmental factors have been
identified as risk factors, as well as a number of gene mutations [6-8] but none these factors seem to be determinant
in sporadic cases. At present, it seems likely that sporadic
cases are due to a complex interaction between environmental, genetic and epigenetic factors [9].
Animal model

The 6-OHDA rodent, MPTP mouse and primate models
of PD [10,11] are caused by the acute administration of
toxins that likely do not reflect the etio-pathogenesis of
PD; they do not accurately reflect the pathologic distribution of the disease. Transgenic models based on genetic
causes of PD are more promising [12].
Clinical trials target validation, scales and biomarkers

If a drug is promising in the laboratory, it ultimately has
to be tested in PD patients. This also presents many
obstacles that need to be overcome in identifying a neuroprotective agent for PD.
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There are few targets that can be assessed that reflect
a pathogenic mechanism and all too often one has to
proceed without this information. Problems are further
confounded by the scales that are currently employed in
clinical trials, which have a limited range and are particularly insensitive to detecting change in the early
stages of the disease. In particular, the UPDRS scale has a
clear “floor effect”, which limits the possibility of measuring improvement in an early, mildly affected population.
These problems could be resolved by the development of
a validated biomarker that could be used to confirm the
diagnosis or to serve as an endpoint to objectively measure disease progression and drug efficacy. Unfortunately,
no such biomarker currently exists [13,14].

Clinical trial design

No drug has yet been established to have a neuroprotective effect in PD. Several clinical trials of putative neuroprotective agents have shown positive results; however, it
could not be determined with certainty if the benefit was
due to neuroprotection resulting from potentially confounding pharmacologic or regulatory effects of the study
agent [1]. In an attempt to separate an early symptom
from a disease modifying effect, the delayed washout and
delayed start studies have been proposed [15]. The delayed
washout has not been considered for use in PD because of
the ethical and practical issues involved in withdrawing
therapy from PD patients, particularly for the periods of
time necessary to conduct the trial.
The delayed start study [16,17] was employed in the
recent ADAGIO study to try and determine if rasagiline
had neuroprotective effects in PD [18]. Rasagiline 1 mg
per day met all three prescribed primary endpoints consistent with the drug having a disease-modifying effect.
However, the 2 mg dose failed to show a difference
between early and delayed treatment at the end of
period 2. Thus, the results of the study were inconclusive and further studies testing these doses separately
are required to determine which of these results is valid.
While the results of ADAGIO are not definitive, the
study design does provide a method for differentiating
early symptomatic and disease-modifying effects and
should facilitate the investigation of new agents. Another
approach is the long-term simple study, where subjects
are randomised to active treatment or placebo, and then
followed for a prolonged period of time (many years) in
which the physician can manage the patient in any way
they deem to be appropriate. The outcome measure
captures factors related to the development of cumulative disability, such as falling, freezing and dementia in
addition to standard UPDRS scores [19]. A combination
of the delayed start and long-term simple studies offers
assessments of mechanism and clinical significance, and
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provides a roadmap for the development of a neuroprotective drug [20].
The future

Fortunately, the outlook is improving and there are
promising new candidate target drugs based on genetic
causes of PD. There are new animal models based on
gene mutations associated with familial forms of PD that
will likely prove more reliable in predicting the results of
promising new therapies in clinical trials. The use of
new study designs, such as the delayed start and longterm simple studies provide a roadmap for defining a
disease-modifying drug and establishing its clinical
significance. Additionally, new clinical trial methodologies designed to reduce variability in data and analytic
approaches, such as adaptive design, have facilitated the
more rapid and accurate determination of success or
failure of a study intervention in both learning and
confirming trials.
Treatment of early disease
Levodopa

Levodopa is the gold standard for the treatment of PD,
and no medical or surgical therapy has been shown to
provide superior anti-parkinsonian benefits than can be
achieved with levodopa. However, chronic levodopa
treatment is associated with the development of motor
complications and non-motor complications in the
majority of patients [21]. Unfortunately, it is not still
established how levodopa should be administered in
the early stage (dose, formulation, interval between
doses) in order to minimize the risk of complications.
Indeed, several studies have now shown that continuous
infusion of levodopa, which provides a more continuous
dopaminergic stimulation [22-24] in PD patients who
experience motor complications, is associated with a
reduction in both off time and dyskinesia [25-27]. Accordingly, there has been a search for an oral levodopa
treatment strategy that might mirror the pharmacokinetics of a levodopa infusion and provide the benefits of
the medication without motor complications.
Entacapone is an inhibitor of catechol-O-methyl transferase (COMT) that extends the elimination half-life of
levodopa [28], and thus has the potential to provide more
continuous availability of levodopa [29]. Based on these
considerations, the possibility that levodopa/carbidopa
combined with entacapone (LCE), administered 4 times
daily at 3.5 hour intervals, might reduce the risk of dyskinesia compared with levodopa/carbidopa (LC) alone was
tested in a prospective, double-blind trial; this included
745 subjects treated for 134–208 weeks (the STRIDE-PD
study) [30]. The study failed to demonstrate the expected
benefit. Indeed, patients randomised to receive LCE
experienced an increased frequency of dyskinesia in
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comparison to patients receiving LC alone. Despite this,
we believe the rationale behind the STRIDE-PD remains
solid and there are different explanations for the study
failure. The four daily doses administered every 3.5 hours
do not provide a stable and continuous levodopa plasma
level, even when administered with entacapone. It is
difficult to obtain a good compliance from early nonfluctuating patients in terms of exact dose timing. Daily
levodopa load was higher in the entacapone–levodopa
group.
While the study failed to meet its primary endpoint,
the data from the STRIDE-PD study were explored to
assess the role of levodopa dose and other risk factors in
the development of dyskinesia and wearing-off in this
relatively long-term, double-blind trial [31]. This has great
importance, as there has been a paucity of double-blind
clinical trials informing the optimal method for introducing levodopa to PD patients.
Patients were divided into 4 dose groups based on nominal levodopa dose at time of onset of dyskinesia (or
study conclusion if no dyskinesia): Group 1, <400 mg/
day (n = 157); Group 2, 400 mg/day (n = 310); Group
3, >400–600 mg/day (n = 201); Group 4, >600 mg/day
(n = 77). Similar analyses were performed with respect to
wearing-off. Time to onset and frequency of dyskinesia/
wearing-off were compared using Cox proportional
hazards model. A stepwise Cox proportional hazards
model was used to screen predictive factors in a multivariate analysis. The risk of dyskinesia in the total
population was increased in a levodopa dose-dependent
manner (p < 0.001). Analysis using levodopa equivalent
doses showed comparable results. A stepwise cox proportional hazards model was used to screen predictive
factors for the emergence of dyskinesia in a multivariate
analysis. Young age at onset of PD was the most important single explanatory factor. The next most important
factor was the nominal levodopa dose. These factors were
followed by: lower weight, region (North America),
treatment allocation (LCE), female gender and baseline
UPDRS part II score. Risk of wearing-off also increased in
a levodopa dose-dependent manner (p < 0.001). Multivariate analyses showed similar predictors as dyskinesia, but
included baseline UPDRS III, and excluded weight and
treatment allocation.
This study reinforced the concept that the risk of
developing dyskinesia and wearing-off each increased
with higher levodopa doses. Thus physicians should use
the lowest dose of levodopa that will provide satisfactory
clinical control to minimize the risk of dyskinesia and
wearing-off [31].
Dopamine agonists

Dopamine agonists (DAs) have longer plasma elimination
half-lives than levodopa. Their use has therefore been
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considered an opportunity to improve continuous drug
delivery. By the late 1980s, ergot-derived DAs (bromocriptine, pergolide, lisuride, and cabergoline) already had an
established role as adjuncts to levodopa in advanced PD
because of their ability to reduce “off” time and, in many
instances, allow a lowering of the levodopa dose, reducing
dyskinesias. Later, the use of oral DAs has moved to
earlier stages of PD [31]. Following early pilot uncontrolled observations in PD patients [32-34], the first
levodopa-controlled trials were published in the mid1980s, suggesting that patients starting on an agonist had
a lower risk of subsequent motor complications than
those starting on levodopa [35-40]. This consistent finding
thereby changed the standard of care from the primary
use of levodopa to the primary and early use of DAs,
especially in younger-onset patients. By the late 1990s,
ergot DAs had been largely replaced by non-ergot drugs
like ropinirole and pramipexole because of reports of
fibrotic adverse reactions, including cardiac valvular
damage from pergolide and cabergoline [41-43]. Recently,
controlled-release formulations of oral ropinirole [44,45],
pramipexole [46] and transdermal formulations of rotigotine have been developed [47,48], offering the convenience
of a once-daily regimen.
After more than a decade of widespread use of DAs in
early PD, long-term clinical experience has taught us that
the initial innovative and attractive finding of delaying
time to dyskinesia with a DA is far from being the sole
relevant outcome to consider. Indeed, our knowledge has
extended to several other important issues:
 The large-scale use of DAs revealed that these drugs









carry a greater risk than levodopa of previously
unknown or underestimated and potentially
troublesome adverse drug reactions, including
abnormal daytime somnolence [49-52], leg oedema
[53], and impulse control disorders [54-56].
Levodopa must almost inevitably be added to a DA
to keep control of parkinsonism after a few years of
treatment, although the early use of a DA reduces
the cumulative dose of levodopa and explains the
long-term benefit of DAs on dyskinesia [57-59].
The long-term disability and quality of life of
patients initially randomised to an agonist or
levodopa do not differ [60], although the impact of
dyskinesia on quality of life can vary greatly from
patient to patient.
It is now realized that in most PD patients long-term
disability (15 years) is driven by problems, such as falls
or dementia, and these are not influenced by early
treatment with agonists or from other drugs [61].
Finally, it is also now agreed that there is no clinical
evidence supporting the theoretical rationale to
avoid levodopa because of its potential oxidative
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“toxicity” toward dopamine neurons [62]. However,
it is recommended to use low doses of levodopa to
avoid motor complications.
Dopamine agonists remain important drugs in the
physician’s armamentarium; however, pros and cons of
their use should be considered and the inappropriate
“levodopa phobia”, raised especially among patients [63],
should be reconsidered. DA agonists can be used as first
line treatment but the dose should be carefully evaluated.
Levodopa can be added to a DA agonist when patients
require it, offering the possibility of giving lower doses of
both drugs. Certainly DA agonists can be added to levodopa instead of increasing the levodopa dose, which
provides further advantages for symptoms that respond
better to dopamine agonists (i.e. depression, apathy) and
for reducing the risk of dyskinesia [59].
MAO-B inhibitors

Selegiline (deprenyl) was the first selective, irreversible
inhibitor of monoamine oxidase type B (MAO-B) used
in the treatment of Parkinson’s disease. Because of its
capacity for interfering with oxidative stress and for
blocking MPTP toxicity [64], selegiline was tested in the
first major trial as a putative disease-modifying agent.
The Deprenyl and Tocopheral Antioxidative Therapy of
Parkinsonism trial (DATATOP) was positive in showing
a significant delay in the need for levodopa treatment in
patients treated with deprenyl versus placebo [65]; it also
illustrated that a mild symptomatic effect in a trial such
as this would confound any neuroprotective interpretation [66]. However, the DATATOP study consolidated
the use of selegiline in the treatment of early PD. The
amphetamine-like metabolites of selegiline raised some
concerns about its safety and mortality was reportedly
increased when selegiline and levodopa were given together, in comparison to treatment with levodopa alone.
However, a large meta-analysis of 5 long-term studies
and 4 separate studies did not support this conclusion.
Selegiline seems to be generally well tolerated in combination with other drugs [67].
Rasagiline is another MAO-B inhibitor, with different
metabolites than selegiline, to be successfully developed
for PD therapy. From a symptomatic perspective, rasagiline 1 mg/day proved to be efficacious as monotherapy
in early PD [68,69]. The good tolerability of rasagiline
and its ease of use (1 dose, once daily, no titration)
makes this drug an appealing option to start therapy in
PD [70]. The current popularity of rasagiline is also
related to the finding that the drug has neuroprotective
properties in vitro [71,72] and was the first putative
disease-modifying agent to be tested with a randomised
delayed-start design in PD [18]. Recently, a pragmatic,
open label randomised trial has been published to
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evaluate, out of three classes of drug (levodopa, dopamine agonists, or monoamine oxidase type B inhibitors
(MAOBI)) for initial treatment, which of these provides
the most effective long-term control of symptoms and
best quality of life for people with early Parkinson’s
disease [73]. The authors found a very small but persistent
benefit for patient-rated mobility scores when treatment
was initiated with levodopa compared with levodopasparing therapy. Furthermore, MAOBI as initial levodopasparing therapy was at least as effective as dopamine
agonists. Recently, in a double-blind control study
(ANDANTE study) [74] rasagiline 1 mg/d provided
statistically significant improvement when added to
dopamine agonist therapy and was well tolerated. This
demonstrates that a combination of DA-agonists and
MAOB inhibitor may offer a better control of symptoms
than monotherapy.
Practical considerations

A patient is defined de novo when he or she has never
been exposed to specific pharmacological treatment. The
definition does not imply the severity of the disease and
even in clinical trials on an early population there are
differences in the severity of the population participating
in the study. In the ADAGIO trial, for example, the mean
UPDRS-total score at baseline was 20.4 (8.5); whereas in
the TEMPO study with the same population, the UPDRStotal score at baseline was 25.0 (10.8). Within this population there is a very large range of severity (see above). In
real life, the majority of patients receive the diagnosis 1–2
years after the appearance of the first motor symptom.
Sometimes the patients are not treated at the first instance
but only when the disease progresses. These variables lead
to the evidence that the de novo population is very heterogeneous and the decision about the drug initially has to
take into account the general characteristics of the patient,
such as age, cognitive status, comorbidities, occupation,
and the most affected side (dominant or non-dominant)
but also of the severity of the symptoms and the presence
of non-motor symptoms. For example, fatigue is a very
common symptom of PD [75] and in a recent doubleblind study on an early de novo population, rasagiline
significantly improved fatigue [76].
Guidelines refer to de novo population in general and
sometimes take into account the age but not other
determining factors such as severity. De novo patients
can be classified as mild, moderate or severe; mild being
a patient with UPDRS ≥20 and HY stage 1, moderate
UPDRS 20–30 HY stage 1–2, severe UPDRS >30 HY 2
or more. Additional important aspects are the most
affected side, age and metal status. Combining this information, along with the efficacy and safety characteristics
of each drug, the physician can make the right choice
and possibly predict the induced benefit.
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Today we may also consider a combination of drugs
rather than using a single drug at high dose. Rasagiline can
be successfully combined with DA-agonists and L-dopa,
and L-dopa can be combined with a DA and MAOB. A
combination of drugs may be more or equally effective but
may also reduce the dose of each of them, which minimizes
the risks of side effects.
Competing interests
F. Stocchi received consulting fees from GSK, Teva, Boehringer Ingelheim,
Newron, Merck Serono, Novartis, Lundbeck, Impax, Schering Plough, MSD, and
UCB. L.Vacca and FG.Radicati declare that they have no competing interests.
Authors’ contributions
FS, LV, FGR complied the literature, wrote and edited the manuscript.
All authors read and approved the final manuscript.
Received: 12 October 2014 Accepted: 19 January 2015
Published: 25 February 2015
References
1. Hirsch EC, Jenner P, Przedborski S. Pathogenesis of Parkinson’s disease.
Mov Disord. 2013;28(1):24–30.
2. Rascol O, Fitzer-Attas CJ, Hauser R. A double-blind, delayed-start trial of
rasagiline in Parkinson’s disease (the ADAGIO study): prespecified and
post-hoc analyses of the need for additional therapies, changes in UPDRS
scores, and non-motor outcomes. Lancet Neurol. 2011;10(5):415–23.
3. Schapira AH, Obeso J. Timing of treatment initiation in Parkinson’s disease: a
need for reappraisal? Ann Neurol. 2006;59(3):559–62.
4. Stocchi F, Olanow CW. Obstacles to the development of a neuroprotective
therapy for Parkinson’s disease. Mov Disord. 2013;28(1):3–7.
5. Shapira AH, Olanow CW. Neuroprotection in Parkinson Disease: mysteries,
myths and misconceptions. JAMA. 2004;291:358–64.
6. Gasser T, Hardy J, Mizuno Y. Milestones in PD Genetics. Mov Disord.
2011;26:1042–8.
7. Singleton AB, Farrer MJ, Bonifati V. The genetics of Parkinson’s disease:
progress and therapeutic implications. Mov Disord. 2013;28(1):14–23.
8. Martin I, Dawson VL, Dawson TM. Recent advances in the genetics of
Parkinson’s disease. Annu Rev Genomics Hum Genet. 2011;12:301–25.
9. Olanow CW, Prusiner SB. Is Parkinson’s disease a prion disorder. Proc Natl
Acad Sci. 2009;106:12571–2.
10. Bezard E, Yue Z, Kirik D, Spillantini MG. Animal models of Parkinson’s
disease: Limits and relevance to neuroprotection studies. Mov Disord.
2013;28(1):61–70.
11. Olanow CW, Kordower J. Modeling Parkinson’s disease. Ann Neurol.
2009;66:432–6.
12. Dawson TM, Ko HS, Dawson VL. Genetic animal models of Parkinson’s
disease. Neuron. 2010;66:646–61.
13. Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, Martinez-Martin P,
et al. For the Movement Disorder Society UPDRS Revision Task Force.
Movement Disorder Society-sponsored revision of the Unified Parkinson’s
Disease Rating Scale (MDS-UPDRS): Scale presentation and clinimetric
testing results. Mov Disord. 2008;23:2129–70.
14. The Parkinson Progression Marker Initiative (PPMI). Parkinson Progression
Marker Initiative. Prog Neurobiol. 2011;95:629–35.
15. Leber P. Slowing the progression of Alzheimer disease: methodological
issues. Alzheimer Dis Assoc Disord. 1997;11(5):S10–21.
16. Bhattaram VA, Siddiqui O, Kapcala LP, Gobburu JVS. Endpoints and analyses
to discern disease-modifying drug effects in early Parkinson’s disease. AAPS
J. 2009;11(3):456–64.
17. Olanow CW, Hauser R, Jankovic J, Langston W, Lang A, Poewe W, et al.
A Randomized, Double-Blind, Placebo-Controlled, Delayed Start Study to
Assess Rasagiline as a Disease Modifying Therapy in Parkinson’s Disease
(The ADAGIO Study): Rationale, design, and baseline characteristics. Mov
Disord. 2008;23:2194–201.
18. 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;361:1268–78.

Stocchi et al. Translational Neurodegeneration 2015, 4:4
http://www.translationalneurodegeneration.com/content/4/1/4

19. Elm J, The NINDS NET-PD Investigators. Design innovations and baseline
findings in a long-term Parkinson’s trial: NET-PD LS-1. Mov Disord.
2012;27(12):1513–21.
20. Olanow CW, Kieburtz K. Defining disease-modifying therapies for PD–a road
map for moving forward. Mov Disord. 2010;25:1774–9.
21. Ahlskog JE, Muenter MD. Frequency of levodopa-related dyskinesias and
motor fluctuations as estimated from the cumulative literature. Mov Disord.
2001;16:448–58.
22. Olanow CW, Obeso JA, Stocchi F. Continuous dopamine-receptor treatment
of Parkinson’s disease: scientific rationale and clinical implications. Lancet
Neurol. 2006;5:677–87.
23. Chase TN, Baronti F, Fabbrini G, Heuser IJ, Juncos JL, Mouradian MM.
Rationale for continuous dopaminergic therapy of Parkinson’s disease.
Neurology. 1989;39:7–10.
24. Olanow CW, Schapira AHV, Rascol O. Continuous dopaminergic stimulation
in the early treatment of PD. Trends Neurosci. 2000;23:117–26.
25. Stocchi F, Vacca L, Ruggieri S, Olanow CW. Intermittent vs continuous
levodopa administration in patients with advanced Parkinson disease: a
clinical and pharmacokinetic study. Arch Neurol. 2005;62:905–10.
26. Sage JI, Trooskin S, Sonsalla PK, Heikkila RE, Duvoisin RC. Long-term
duodenal infusion of levodopa for motor fluctuations in parkinsonism.
Ann Neurol. 1988;24:87–9.
27. Nilsson D, Hansson L, Johansson K, Nystrom C, Paalzow L, Aquilonius SM.
Long-term intraduodenal infusion of a water based levodopa-carbidopa
dispersion in very advanced Parkinson’s disease. Acta Neurol Scand.
1998;97:175–83.
28. Nutt JG, Woodward WR, Beckner RM, Stone CK, Berggren K, Carter JH, et al.
Effect of peripheral catechol-O-methyltransferase inhibition on the
pharmacokinetics and pharmacodynamics of levodopa in parkinsonian
patients. Neurology. 1994;44:913–9.
29. Smith LA, Jackson MJ, Al-Barghouthy G, Rose S, Kuoppamaki M, Olanow W,
et al. Multiple small doses of levodopa plus entacapone produces continuous
dopaminergic stimulation and reduces dyskinesia induction in MPTP-treated
drug naïve primates. Mov Disord. 2005;20:306–14.
30. Stocchi F, Rascol O, Kieburtz K, Poewe W, Jankovic J, Tolosa E, et al.
Initiating levodopa/carbidopa therapy with and without entacapone in early
Parkinson disease: the STRIDE-PD study. Ann Neurol. 2010;68:18–27.
31. Olanow CW, Kieburtz K, Rascol O, Poewe W, Schapira A, Nissinen H, et al.
Factors predictive of the development of levodopa-induced dyskinesia and
wearing-off in Parkinson’s Disease. Mov Disord. 2013;28(8):1064–71.
32. Pearce RK, Banerji T, Jenner P, Marsden CD. De novo administration of
ropinirole and bromocriptine induces less dyskinesia than L-dopa in the
MPTP-treated marmoset. Mov Disord. 1998;13:234–41.
33. Lees AJ, Haddad S, Shaw KM, Kohout LJ, Stern GM. Bromocriptine in
parkinsonism. A long-term study. Arch Neurol. 1978;35:503–5.
34. Rascol A, Guiraud B, Montastruc JL, David J, Clanet M. Longterm treatment
of Parkinson’s disease with bromocriptine. J Neurol Neurosurg Psychiatry.
1979;42:143–50.
35. Montastruc JL, Rascol O, Rascol A. A randomised controller study of
bromocriptine versus levodopa in previously untreated Parkinsonian
patients: a 3 year follow-up. J Neurol Neurosurg Psychiatry. 1989;52:773–5.
36. Rinne UK. Early combination of bromocriptine and levodopa in the
treatment of Parkinson’s disease: a 5-year follow-up. Neurology.
1987;37:826–8.
37. Rascol O, Brooks DJ, Korczyn AD, De Deyn PP, Clarke CE, Lang AE.
A five-year study of the incidence of dyskinesia in patients with early
Parkinson’s disease who were treated with ropinirole or levodopa. 056
Study Group. N Engl J Med. 2000;342:1484–91.
38. Parkinson Study Group. Pramipexole vs levodopa as initial treatment for
Parkinson disease: A randomized controlled trial. Parkinson Study Group.
JAMA. 2000;284:1931–8.
39. Oertel WH, Wolters E, Sampaio C, Giminez-Roldan S, Bergamasco B, Dujardin
M, et al. Pergolide versus levodopa monotherapy in early Parkinson’s disease
patients: the PELMOPET study. Mov Disord. 2006;21:343–53.
40. Rinne UK, Bracco F, Chouza C, et al. Early treatment of Parkinson’s disease
with cabergoline delays the onset of motor complications. Results of a
double-blind levodopa controlled trial. The PKDS009 Study Group. Drugs.
1998;55 Suppl 1:23–30.
41. Van Camp G, Flamez A, Cosyns B, et al. Treatment of Parkinson’s disease
with pergolide and relation to restrictive valvular heart disease. Lancet.
2004;363:1179–83.

Page 6 of 7

42. Rascol O, Pathak A, Bagheri H, Montastruc JL. Dopaminagonists and fibrotic
valvular heart disease: further considerations. Mov Disord. 2004;19:1524–5.
43. Horvath J, Fross RD, Kleiner-Fisman G, Lerch R, Stalder H, Liaudat S, et al.
Severe multivalvular heart disease: a new complication of the ergot
derivative dopamine agonists. Mov Disord. 2004;19:656–62.
44. Pahwa R, Stacy MA, Factor SA, Lyons KE, Stocchi F, Hersh BP, et al.
Ropinirole 24-hour prolonged release: randomized, controlled study in
advanced Parkinson disease. Neurology. 2007;68:1108–15.
45. Stocchi F, Hersh BP, Scott BL, Nausieda PA, Giorgi L. Ropinirole 24-hour
prolonged release and ropinirole immediate release in early Parkinson’s
disease: a randomized, double-blind, non-inferiority crossover study. Curr
Med Res Opin. 2008;24:2883–95.
46. Hauser RA, Schapira AH, Rascol O, Barone P, Mizuno Y, Salin L, et al.
Randomized, doubleblind, multicenter evaluation of pramipexole extended
release once daily in early Parkinson’s disease. Mov Disord. 2010;25:2542–9.
47. Giladi N, Boroojerdi B, Korczyn AD, Burn DJ, Clarke CE, Schapira AH. Rotigotine
transdermal patch in early Parkinson’s disease: a randomized, double-blind,
controlled study versus placebo and ropinirole. Mov Disord. 2007;22:2398–404.
48. Poewe WH, Rascol O, Quinn N, Tolosa E, Oertel WH, Martignoni E, et al.
Efficacy of pramipexole and transdermal rotigotine in advanced Parkinson’s
disease: a double-blind, double-dummy, randomised controlled trial. Lancet
Neurol. 2007;6:513–20.
49. Frucht S, Fahn S, Shannon KM, Waters CH. A 32-year-old man with progressive
spasticity and parkinsonism. Mov Disord. 1999;14:350–7.
50. Hogl B, Seppi K, Brandauer E, Glatzl S, Frauscher B, Nierdermuller U, et al.
Increased daytime sleepiness in Parkinson’s disease: a questionnaire survey.
Mov Disord. 2003;18:319–23.
51. Ferreira JJ, Desboeuf K, Galitzky M, Thalamas C, Brefel-Courbon C, Fabre N,
et al. Sleep disruption, daytime somnolence and ‘sleep attacks’ in Parkinson’s
disease: a clinical survey in PD patients and age-matched healthy volunteers.
Eur J Neurol. 2006;13:209–14.
52. Brodsky MA, Godbold J, Roth T, Olanow CW. Sleepiness in Parkinson’s
disease: a controlled study. Mov Disord. 2003;18:668–72.
53. Antonini A, Tolosa E, Mizuno Y, Yamamoto M, Poewe WH. A reassessment
of risks and benefits of dopamine agonists in Parkinson’s disease. Lancet
Neurol. 2009;8:929–37.
54. Molina JA, Sainz-Artiga MJ, Fraile A, Jiménez-Jiménez FJ, Villanueva C,
Orti-Pareja M, et al. Pathologic gambling in Parkinson’s disease: a behavioral
manifestation of pharmacologic treatment? Mov Disord. 2000;15:869–72.
55. Evans AH, Strafella AP, Weintraub D, Stacy M. Impulsive and compulsive
behaviors in Parkinson’s disease. Mov Disord. 2009;24:1561–70.
56. Weintraub D, Koester J, Potenza MN, Siderowf AD, Stacy M, Voon V, et al.
Impulse control disorders in Parkinson disease: a cross-sectional study of
3090 patients. Arch Neurol. 2010;67:589–95.
57. Rascol O, Brooks DJ, Korczyn AD, De Deyn PP, Clarke CE, Lang AE, et al.
Development of dyskinesias in a 5-year trial of ropinirole and L-dopa. Mov
Disord. 2006;21:1844–50.
58. Constantinescu R, Romer M, McDermott MP, Kamp C, Kieburtz K. Impact of
pramipexole on the onset of levodopa-related dyskinesias. Mov Disord.
2007;22:1317–9.
59. Watts RL, Lyons KE, Pahwa R, Sethi K, Stern M, Hauser RA, et al. Onset of
dyskinesia with adjunct ropinirole prolonged-release or additional levodopa
in early Parkinson’s disease. Mov Disord. 2010;25:858–66.
60. Parkinson Study Group CALM Cohort Investigators. Long-term effect of
initiating pramipexole vs levodopa in early Parkinson disease. Arch Neurol.
2009;66:563–70.
61. Hely MA, Morris JG, Reid WG, Trafficante R. Sydney Multicenter Study of
Parkinson’s disease: non-L-dopa-responsive problems dominate at 15 years.
Mov Disord. 2005;20:190–9.
62. Olanow CW, Agid Y, Mizuno Y, Albanese A, Bonuccelli U, Damier P, et al.
Levodopa in the treatment of Parkinson’s disease: current controversies.
Mov Disord. 2004;19:997–1005.
63. Kurlan R. “Levodopa phobia”: a new iatrogenic cause of disability in
Parkinson disease. Neurology. 2005;64:923–4.
64. Langston JW, Irwin I. MPTP: current concepts and controversies. Clin
Neuropharmacol. 1986;9:485–507.
65. The Parkinson Study Group. Effects of tocopherol and deprenyl on the progression
of disability in early Parkinson’s disease. N Engl J Med. 1993;328:176–83.
66. Olanow CW, Calne D. Does selegiline monotherapy in Parkinson’s disease
act by symptomatic or protective mechanisms? Neurology. 1992;42 Suppl
4:13–26. discussion 41–18.

Stocchi et al. Translational Neurodegeneration 2015, 4:4
http://www.translationalneurodegeneration.com/content/4/1/4

Page 7 of 7

67. Heinonen EH, Myllylä V. Safety of selegiline (deprenyl) in the treatment of
Parkinson’s disease. Drug Saf. 1998;19(1):11–22.
68. Parkinson Study Group. A controlled trial of rasagiline in early Parkinson
disease: the TEMPO Study. Arch Neurol. 2002;59:1937–43.
69. 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;19:916–23.
70. Olanow W. Can we achieve neuroprotection with currently available
anti-parkinsonian interventions? Neurology. 2009;72(7 Suppl):S59–64.
71. Finberg JP, Lamensdorf I, Commissiong JW, Youdim MB. Pharmacology and
neuroprotective properties of rasagiline. J Neural Transm. 1996;48:95–101.
72. Weinreb O, Amit T, Bar-Am O, Chillag-Talmor O, Youdim MB. Novel
neuroprotective mechanism of action of rasagiline is associated with its
propargyl moiety: interaction of Bcl-2 family members with PKC pathway.
Ann N Y Acad Sci. 2005;1053:348–55.
73. PD Med Collaborative Group, Gray R, Ives N, Rick C. Long-term effectiveness
of dopamine agonists and monoamine oxidase B inhibitors compared with
levodopa as initial treatment for Parkinson’s disease (PD MED): a large,
open-label, pragmatic randomised trial. Lancet. 2014;384(9949):1196–205.
74. Hauser RA, Silver D, Choudhry A, Eyal E, Isaacson S, ANDANTE study
investigators. Randomized, controlled trial of rasagiline as an add-on to
dopamine agonists in Parkinson’s disease. Mov Disord. 2014;29(8):1028–34.
75. Stocchi F, Abbruzzese G, Ceravolo R, Cortelli P, D’Amelio M, De P, et al.
Prevalence of fatigue in Parkinson disease and its clinical correlates.
Neurology. 2014;83(3):215–20. vol. 15.
76. Stocchi F, The ADAGIO investigators. Benefits of treatment with rasagiline
for fatigue symptoms in patients with early Parkinson’s disease. Eur J Neurol.
2014;21(2):257–360.
doi:10.1186/2047-9158-4-4
Cite this article as: Stocchi et al.: How to optimize the treatment of early
stage Parkinson’s disease. Translational Neurodegeneration 2015 4:4.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

