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Abstract

Parkinson disease (PD), as a slowly progressive neurodegenerative disorder, undergoes six neuropathological stages. The earliest
clinical manifestation presents in the middle stage of the disorder pathologically, when 50% or more of the dopaminergic neurons
have degenerated in the substantia nigra. This discrepancy between the early stage clinically and that pathologically has, in part,
spurred the debate as to when it is best to initiate symptomatic therapy. The most well-studied monotherapeutic agents for PD in
its early course include levodopa (the cornerstone of PD therapy), dopamine agonists, and monoamine oxidase inhibitors
(MAOISs). With several options for initiating pharmacologic therapy, along with the heterogenous presentation of the disorder,
an individualized approach is warranted. Careful deliberation must be done to optimize risk reduction while providing effective
symptom control, taking the chronological age, comorbidities, social and financial disposition, work status, and both immediate-
and long-term goals into consideration. Generally, treatment can be delayed in patients with mild symptoms and minimal
functional impairment at any age. If treatment must be initiated, dopamine agonists and monoamine oxidase type B inhibitors
can be used, especially in younger patients with milder disease. However, for older patients, those with moderate to severe PD
symptoms, regardless of age, or for patients with greater comorbidities, levodopa generally remains the better choice. Eventually,
regardless of initial therapy, studies have shown that most will eventually require levodopa therapy when symptoms become
more disabling.
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Parkinson disease (PD), as a slowly progressive neurodegen-
erative disorder [1-3], has been traditionally subdivided into
“pre-symptomatic” and “symptomatic” phases. Non-motor
manifestations often precede the more evident motor symp-
toms that are used to this day to diagnose probable PD [4, 5].
The pathological process develops “silently” and often re-
quires years until motor symptoms finally emerge. PD un-
dergoes six neuropathological stages, according to Braak stag-
ing, initially involving the deposition of intraneural inclusion
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bodies in the anterior olfactory nucleus and dorsal motor nu-
cleus of the vagal nerve (stage 1), before advancing to denu-
dation of melanoneurons in the substantia nigra (stage 3) [6,
7]. It is in this middle stage where patients start to have no-
ticeable motor symptoms [6]. Therefore, more often than not,
even the most proactive patients seeking consultation at the
earliest clinical manifestation are, in fact, pathologically in the
intermediate stages of their disorder [6, 8, 9], with 50% or
more of the dopaminergic neurons degenerated in the
substantia nigra [10, 11]. This discrepancy between what is
“early” clinically and that pathologically, along with the vari-
ety of therapeutic options, has spurred the debate as to when
exactly it is best to intervene and initiate the Parkinson patient
with symptomatic therapy.

Early PD has been proposed to be further subdivided into
preclinical, prodromal, and clinical stages [4]. The clinical
stage comprises the presence of full parkinsonism spectrum
of motor symptoms [4, 10, 12-14]. However, investigations
of early PD symptomatology, with Hoehn and Yahr stage of 1
to 2, likewise showed non-motor symptoms as integral part of
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the phenomenology, particularly depression, apathy, and ex-
ecutive dysfunction [10, 12, 15, 16]. For the purpose of this
review, since therapeutic strategies have yet to be defined in
preclinical and prodromal stages, “early PD” in this
chapter is operationally defined as having motor symp-
toms without the presence of motor fluctuations and
features of advanced PD stages [16].

Dubbed as a pandemic in the recent years due to the expo-
nential increase of the age-standardized prevalence rate, the
quest for highly effective PD therapies continues at a relent-
less pace [17]. Hence, appropriate monotherapeutic agents for
PD in its early course, such as levodopa, dopamine agonists,
monoamine oxidase inhibitors (MAOISs), have been well stud-
ied. Other early symptomatic therapies include anticholinergic
agents that have been used to control tremors, and amantadine
to additionally prevent or suppress dyskinesias. Factors, in-
cluding patient’s chronological age, life expectancy, comor-
bidities, degree of disability, finances, and possibly, ethnicity,
are important in determining the best option for the patient’s
initial therapy as well as long-term therapeutic strategy [18,
19]. Along with strategies to provide symptomatic relief in
these patients, other relevant aims for early PD may include
slowing down clinical progression, controlling non-motor
symptoms, maintaining function in daily living activities,
preventing motor complications, and minimizing side effects
[20]. Thus, adherence to pharmacotherapy plays a key role in
achieving adequate control of symptoms [21].

Rationale for Early Levodopa Use

Dopamine replacement with levodopa has been, and con-
tinues to be, the mainstay of pharmacologic treatment for
PD, at any stage of the illness from early to advanced, with
clear and consistent evidence of improving disability and re-
ducing mortality [22]. Levodopa has greatly impacted the
treatment of PD, as survival of patients has increased by more
than 12 years, in a 15-year follow-up, in the post-levodopa era,
compared with the 9-year survival in the pre-levodopa era
[23]. Although the advent of levodopa did not normalize the
mortality rate as matched with non-PD patients, the relative
increase in survival was attributed to the significant clinical
improvement in the first 4 to 6 years following the initiation of
levodopa. Continued levodopa benefit seen thereafter was as-
sociated with ongoing maintenance of activity of daily living.
Thus, levodopa treatment provides substantial risk reduction
for factors that may contribute to increased rate of mortality
[24, 25]. As seen in an open-label trial comparing levodopa,
dopamine agonists, and monoamine oxidase (MAO) type B
inhibitors, newly diagnosed PD patients initiated with levodo-
pa showed better 39-item Parkinson’s Disease Questionnaire
(PDQ-39) mobility outcome scores and performed better in
both general and disease-specific qualities of life measures
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[26]. As a prodrug of central dopamine, levodopa acts to ame-
liorate the motor symptoms of the disease as neurodegenera-
tion progresses (i.e., progressive loss of dopaminergic neu-
rons) [2, 3, 27, 28]. Levodopa was consistently shown to be
superior to placebo and, more importantly, to most, if not all,
other available PD medications, improving the motor Unified
Parkinson’s Disease Rating Scale (UPDRS) score by a mean
of 8.8 points (where the minimal clinically important differ-
ence in UPDRS is >3.25 or an improvement of 30% from
baseline) (Table 1) [29-35]. The total UPDRS score improved
by approximately 2 to 12 units, with the best result often seen
when a dose of 600 mg/day or more is taken [34-37].
However, in Western Pacific studies, PD patients exhibit
symptomatic benefits with a lower dose of levodopa, at 375
to 413 mg/day, compared with European and North American
counterparts [19]. In summary, the early use of levodopa has
been commonly advocated, based on its rapid and meaningful
symptomatic benefit, along with a long-term mortality reduc-
tion. Levodopa may have the greatest impact on mortality
when utilized during the early phase of the disease when most
motor features are levodopa-responsive [23].

However, levodopa’s superiority in alleviating PD symp-
toms has been dampened in some patients with a higher pro-
pensity to developing medication-induced complications.
Head-to-head comparisons between levodopa and dopamine
agonists over a 2- to 5-year period uniformly showed a higher
frequency, and at a sooner timepoint, of dopaminergic com-
plications, particularly dyskinesia, among early PD patients
randomized to levodopa [32]. Nonetheless, while the time-
to-onset of dyskinesia was shorter with levodopa therapy
[23, 29, 31, 38], this difference becomes non-significant at
3 years of follow-up, although the severity of dyskinesias
remains lower in patients taking dopamine agonists, regard-
less of levodopa augmentation [29, 31]. On the other hand, the
time-to-onset and severity of motor fluctuations (such as
wearing off) did not differ between levodopa and dopamine
agonists [23, 29].

For a period of time, the concept of early dyskinesia occur-
rence, often termed as levodopa-induced dyskinesia (LID),
became a marker of accelerated disease progression and pos-
sible levodopa toxicity, questioning the practice of early levo-
dopa initiation. However, increasing evidence has shown that
additional variables are required for dyskinesias to develop,
and not solely levodopa. The disease itself, along with dura-
tion and severity, plays a role. As an example, levodopa does
not usually induce dyskinesia in “post-synaptic parkinsonian
disorders” such as progressive supranuclear palsy or in regu-
larly treated DRD. Levodopa’s short half-life, rather than its
chemical composition, plays an even bigger role. Levodopa
continuously administered via intestinal infusion reduces
preexisting dyskinesia, even at higher doses, likely due to
more favorable pharmacodynamic effects from more tonic
stimulation of dopamine receptors. Thus, it is more
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Table 1 Comparison of changes

in UPDRS scores between Study reference PD drug therapy Change in motor UPDRS p value
levodopa therapy and dopamine score from baseline
agonists
CALM-PD [35] Levodopa 9.2 <0.001
Pramipexole 4.5
PELMOPET [29] Levodopa 52 <0.001
Pergolide 32
056 Study [31] Levodopa 8.4 <0.001
Ropinirole 5.8

appropriate to consider dyskinesia an artifact of the method of
administration of levodopa rather than an intrinsic molecular
effect of levodopa itself. A more accurate designation, there-
fore, for this treatment complication is levodopa-related dys-
kinesias, rather than LID [39].

To determine the effect of levodopa on the rate of PD
progression, the Earlier versus Later Levodopa Therapy in
Parkinson Disease (ELLDOPA) Study enrolled newly diag-
nosed PD patients into low and high doses of levodopa. A
strong dose-dependent response benefit was established,
where patients who were receiving the highest dose of levo-
dopa had the best improvement in UPDRS motor scores.
Moreover, during the washout period, while the subjects in
levodopa groups expectedly worsened, the degree of deterio-
ration was not as much as that noted in the placebo group.
Therefore, no clinical evidence of accelerated worsening of
PD in patients taking levodopa early in the disease was found
in this study [28].

Cilia and colleagues [3] also investigated whether the oc-
currence of motor complications can primarily be associated
to the duration of levodopa therapy versus disease progression
per se. To answer this question, a large cohort of Ghanaian
drug-naive PD patients were matched with Italian drug-naive
PD patients and were followed until the development of motor
fluctuations and dyskinesias. The reason for this cohort com-
parison was because Ghanaian PD patients generally received
levodopa at a later period from the time of their PD diagnosis,
compared to their Italian counterparts, thus allowing compar-
isons of “levodopa exposure versus disease duration” in the
onset of motor fluctuations and dyskinesia. Interestingly, the
study found that the severity and disease duration at the onset
of motor fluctuations and dyskinesias were comparable be-
tween the 2 cohorts, regardless of timing of levodopa therapy.
The main difference was that the earlier-treated Italians had a
longer motor complication—free treatment period compared to
the later-treated Ghanaians. Therefore, the delay in levodopa
treatment among Ghanaian PD patients did not delay the onset
of their motor fluctuations but only shortened their
complication-free treatment period. In addition to disease du-
ration, similar to previously reported risk factors, the younger
age of onset, higher levodopa daily dose, and greater severity
of symptoms were found to be great contributors to motor

fluctuations. In conclusion, the study highlighted that the on-
set of motor complications and dyskinesias are likely to be
influenced more by disease duration rather than by the timing
of levodopa initiation [3].

A retrospective analysis of all levodopa-treated patients
utilized the “levodopa-sparing” approach with patients diag-
nosed at a young age to investigate the impact of early versus
late levodopa administration [40]. Consistent with the other
studies, a strong impact of disease duration on the onset of
motor complications was found. In contrast to previous re-
sults, however, delaying levodopa seemed to increase the mo-
tor complication—free interval from PD onset, as exhibited in
patients with the longest interval from PD onset to levodopa
initiation. Nonetheless, the significant hazard ratio for early
levodopa administration still gives a firm conclusion that the
influence of disease duration is stronger than that of treatment
duration [22]. Moreover, early PD patients who were left un-
treated showed deterioration on self-reported health status in
less than a year, which improved with the initiation of levo-
dopa. Therefore, although there is a lack of randomized evi-
dence, a “watch and wait” strategy for early PD treatment may
seem plausible, especially in milder disease, during the first
year from symptom onset and diagnosis, but further treatment
delay increases the risk of motor deterioration [41, 42].

While dyskinesias can be bothersome in some patients,
most of them are not as noticeable to the patient, compared
to the social impact to their caregiver. In the long-term Sydney
study, almost all patients who were enrolled experienced dys-
kinesia by year 15, regardless of the initiated medication.
However, the majority (54%) did not consider the dyskinesias
to be bothersome enough to require treatment, and those that
did, generally responded to pharmacological adjustments.
Indeed, compared to dyskinesias, although prevalent, the
more disabling long-term sequelae of PD include the emer-
gence of cognitive deficits, gait instability, dysphagia, and
autonomic disturbances, which do not respond to levodopa.
These are considered the major causes of subsequent morbid-
ity and mortality [23].

On the contrary, single-photon emission computed tomog-
raphy (SPECT) studies utilizing 3-CIT, suggesting presynap-
tic dopaminergic integrity, did not reflect the greater improve-
ment in motor scores of patients randomized to early levodopa
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therapy. If anything, the rate of deterioration of uptake of f3-
CIT in the striatum was worse among patients initiated on
levodopa earlier, which was in contradiction to the bigger
improvement noted in their motor performance. These results,
along with the earlier development of motor complications,
have led to the suspicion of levodopa-induced neurotoxicity.
However, despite contradicting imaging results, the consistent
motor benefit derived from early levodopa use has been
viewed as the strongest counter argument to neurotoxicity. It
has been hypothesized that the greater decrease of striatal up-
take in PD patients on levodopa was likely a pharmacologic
effect on dopamine transporter that may have interfered and/or
reduced the binding of the 3-CIT ligand [28].

Finally, recently published data on levodopa use, whether
initiated early or late, has only reinforced previous findings of
significant motor benefit, especially in the earlier phase of
levodopa therapy, whereas any difference in motor response
among early versus delayed levodopa—treated patient disap-
peared in the long term [43]. On balance, cumulative evidence
from previous and recent studies on the timing of levodopa
initiation supports neither levodopa-induced neurotoxicity nor
neuroprotection but consistently emphasizes the significant
symptomatic benefit it provides.

Unfortunately, even with the weight of evidence that the
levodopa does not cause neurotoxicity, earlier dissemination
of such concept gave rise to levodopa phobia, causing delays
in initiating levodopa. This pharmacophobia specific to levo-
dopa have led some PD patients to delay or even avoid this
treatment option [44]. Case reports have shown patients de-
veloping severe akinesia due to unwillingness of the patients
or their clinicians to prescribe levodopa, in part because of
widespread marketing of “levodopa-sparing strategies” [45].
These behaviors have contributed to poor levodopa compli-
ance, further increasing reports of levodopa ineffectiveness
and causing more deleterious effects such as immobility, con-
tractures, and the rise of impulsive—compulsive disorders (in
patients placed on high doses of dopamine agonists instead),
among others. Clinically identifying these patients can be
helpful in optimizing and adjusting PD treatment [44].

Why Levodopa-Sparing Strategies Persist
Evidence for Using Dopamine Agonist

As mentioned above, the caveat of long-term levodopa thera-
py consists of development of motor fluctuations, dyskinesias,
and “wearing off” phenomenon. Although, as mentioned ear-
lier, these complications are likely caused by several factors
including drug pharmacokinetics, disease duration, severity,
and duration of levodopa therapy, these are seen more often
among levodopa responders [30, 46]. This has led to investi-
gations for levodopa-sparing strategies, primarily utilizing
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dopamine agonists for early monotherapy [29, 30, 35].
Pramipexole, rotigotine, and ropinirole are non-ergot dopa-
mine agonists which were studied to be effective treatments
for early PD [30, 47, 48]. Other dopamine agonists, such as
bromocriptine, pergolide, and cabergoline, were previously
utilized as treatment but were discontinued, or largely
underutilized, due to their serious adverse effects [23, 29, 49].

Pramipexole has been proven to be an effective, safe, and
well-tolerated monotherapeutic regimen, from 1.5 mg/day to
an optimal dose of 4.5 mg/day in patients with early PD,
improving the UPDRS motor scores of approximately 20%.
When compared to placebo, even the lowest dose (1.5 mg/
day) was significantly more effective [47]. Immediate-release
(IR) pramipexole is prescribed in three times daily dosing,
while extended-release (ER) pramipexole can be given once
daily in a 1:1 conversion with IR pramipexole. Both formulae
had similar sustained efficacy on early PD and were superior
over placebo, as indicated by motor UPDRS, Clinical Global
Impression of Improvement (CGI-I), Patient Global
Impression of Improvement (PGI-I), and patient-reported ad-
verse events. Switching from IR pramipexole to ER
pramipexole has yielded no significant difference in motor
UPDRS scores and adverse events as well [S0-52].

Ropinirole has also been tested in early PD, with a gener-
ally well-tolerated therapeutic dose range of 8 to 24 mg per
day [53]. In early PD, ropinirole has been proven to increase
UPDRS motor scores, particularly resting tremors, when com-
pared to placebo. In fact, its efficacy as monotherapy for rest-
ing tremors did not differ significantly with that of levodopa
[53, 54]. IR ropinirole is given three times daily. Due to the
hypothesis that a pulsatile stimulation of dopamine receptors
may cause motor fluctuation, a prolonged-release (PR)
ropinirole was developed, in 1:1 equivalent IR ropinirole dos-
ing [55, 56]. The PGI-I was higher in patients given the PR
ropinirole compared to IR ropinirole. Furthermore, those who
were given the twice daily dosing of PR ropinirole had better
PGI-I than those on single daily dose, reporting lesser “off”
time and adverse events, later contributing to better compli-
ance. Objectively, motor UPDRS scores were not significant-
ly different between PR ropinirole dosing regimens [56].
Likewise, PR ropinirole was non-inferior to IR ropinirole in
terms of motor improvement in early PD [57].

Another dopamine agonist, rotigotine, a transdermal patch
with an optimal dose of 2 to 16 mg/24 h, was shown to be
tolerated up to 6 years [58]. A study on early PD patients
comparing rotigotine to placebo demonstrated 9.0 to
13.5 mg as the minimum effective dose range, with a dose—
response improvement in UPDRS motor scores [59].

Piribedil, a D2 and D3 agonist, had been used for years as
symptomatic treatment for PD. Studies were largely devoted
to demonstrating its effect as a combination treatment with
levodopa. As monotherapy, 150 to 300 mg/day decreased
the UPDRS score with an effect size comparable to other
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dopamine agonists and superior over placebo. It was shown to
be well tolerated in PD patients below 77 years of age
[60]. As an early adjunct therapy to levodopa, 150 mg/
day was generally tolerated and provided significant im-
provement in the UPDRS scores compared to levodopa
with placebo adjunct [61].

On balance, however, compared to all dopamine agonists,
levodopa was still found to be more efficacious in improving
PD symptoms [35]. In PD patients who were diagnosed less
than 7 years, levodopa had higher improvement in the total
UPDRS scores compared to pramipexole (mean difference of
5.0, 95% confidence interval, p = < 0.001), largely contributed
by motor and activities of daily living improvements. Even
with levodopa supplementation in patients taking
pramipexole, their UPDRS scores remained inferior to those
taking levodopa alone [32, 35]. However, while the quality of
life scores initially improved in both groups, they declined
over time, with no significant difference between the groups
at any given time [35]. Like pramipexole, patients on
ropinirole had a lower improvement in motor scores compared
to levodopa. However, while the frequency of responders
among patients with a lower Hoehn and Yahr stage were
comparable between ropinirole and levodopa, the responder
frequency was higher with levodopa treatment among patients
with a higher disease severity [62]. Pergolide, another dopa-
mine agonist, has been reported to provide equivalent motor
improvement to levodopa in the first year of treatment.
However, the superiority of levodopa treatment over pergolide
was demonstrated with longer treatment duration [29].

Ninety percent of patients who were taking pramipexole
and 70% of patients on rotigotine patch necessitated levodopa
therapy after 6 years. A similar trend was noted with bromo-
criptine, where patients required additional levodopa doses
over time [23, 32, 58]. Early initiation of therapeutic dose of
piribedil was also known to delay levodopa introduction and
instituting levodopa rescue doses [60].

As described above, while the efficacy of levodopa to treat
PD motor symptoms is consistently superior compared to do-
pamine agonists, its risk of developing dyskinesias has been
just as consistent in randomized controlled as well as natural-
istic studies [23, 29, 32, 63]. This finding was postulated to be
an effect of the longer half-life of pramipexole, reducing pul-
satile striatal dopamine stimulation.

On balance, adverse events were noted to be lower in levo-
dopa as opposed to dopamine agonists, often limiting the abil-
ity to achieve their probable most effective dose. These agents
cause higher incidence of somnolence, dizziness, nausea, pos-
tural hypotension, and peripheral edema. Sudden “sleep at-
tacks” were not uncommonly reported as the most serious
adverse events in patients on pramipexole, rotigotine, and
ropinirole. Neuropsychiatric investigations in patients on
these agents have also shown increased incidence of halluci-
nations compared to levodopa [23, 29, 32, 35, 58]. Piribedil

caused gastrointestinal upset, including nausea, typically com-
parable to safety profile of dopamine agonists [60]. Moreover,
pergolide has been shown to cause valvular heart dis-
ease [29], whereas skin reactions to rotigotine patch
have been reported [58].

Evidence for Using MAOIs

Dopamine is predominantly centrally metabolized by the
MAO type B inhibitor. Consequently, the initial appeal for
the use of MAOIs in early PD was driven by the hypothesis
that the hydrogen peroxide metabolite produced in dopamine
metabolism was responsible for the formation of hydroxyl
radical, resulting in selective and progressive loss of nigral
dopaminergic neurons [64]. Based on this concept, selegiline
(deprenyl), a monoamine oxidase type B inhibitor, had been
thought to have antioxidative properties [65, 66]. Selegiline
has been shown to improve motor symptoms in early PD
patients during the first year of treatment, often requiring ad-
ditional levodopa for long-term use [67]. The disease-
modifying investigation on selegiline (and o-tocopherol—
the DATATOP trial carried out by the Parkinson Study
Group) showed that selegiline significantly delayed the onset
of initiation of L-dopa. However, the pattern of motor im-
provement while on selegiline and motor decline on with-
drawal of the drug, suggesting that the delay of initiation of
L-dopa is likely due to its mild symptomatic effects, rather
than from any neuroprotective benefit [68—70]. The use of
selegiline with levodopa became even more controversial
when the results of a trial raised the possibility of increased
mortality when receiving both medications. Nonetheless,
most other trials have not supported this finding [71, 72].
Rasagiline, a potent irreversible MAO type B inhibitor, has
also been proven to be effective as monotherapy in early PD at
well-tolerated doses of 1 mg/day [73—76]. Moreover, results
of rasagiline monotherapy studies (TEMPO and LARGO tri-
als), followed by its long-term extension, raised the possibility
of a disease-modifying effect, leading to the execution of a
large, multinational trial, termed the ADAGIO study [74, 75,
77]. In this study, the immediate versus delayed initiation of
1 mg and 2 mg of rasagiline was compared to determine
disease-modifying benefits of the drug. The hypothesis was
that if, indeed, rasagiline produced disease-modifying effects,
the motor performance of patients given rasagiline earlier
would remain superior to those who received it later by the
end of 3 years, whereas if rasagiline only provided symptom-
atic benefit, patients who received the drug later would have
caught up in their motor performance to those who received it
earlier. Interestingly, the study’s parameters for “disease mod-
ification” were met by patients who received 1 mg of
rasagiline earlier compared to those treated later, whereas the
parameters for symptomatic benefit alone were met by pa-
tients who were randomized to 2 mg of rasagiline [75].
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Rasagiline posed generally mild and infrequent adverse events
[74]. The major adverse events usually seen in patients on
dopamine agonists, such as somnolence, peripheral edema,
and hallucinations, were seldom seen in the patients on
rasagiline [75, 76]. On balance, the conflicting results between
patients randomized to 1 mg of rasagiline versus those ran-
domized to 2 mg failed to answer whether the drug has
disease-modifying properties.

Safinamide is the latest approved MAOI that has both do-
paminergic and non-dopaminergic actions. It was initially
tested for the treatment of PD patients experiencing motor
fluctuations, either as an add-on to levodopa or as a combina-
tion with dopamine agonist. In early PD, safinamide 1.0 mg/kg
given solely or in combination significantly improved motor
symptoms [78]. Further, adding 100 mg of safinamide to a
stable dose of single dopamine agonist improved motor symp-
toms and quality of life (measured by PDQ-39) significantly
compared to placebo [78, 79]. The same dose of safinamide if
given on a longer term (over 18 months) lowered the rate of
intervention (increased dose and/or addition of other PD drug
classes) in early PD patients [80].

Evidence for Other Classes of Drugs

Other classes of drugs tested for early PD include non-
dopaminergic agents. One of these is amantadine, a NMDA
antagonist, which showed a satisfactory relief from symptoms
in early PD [81]. In de novo patients, it also reduced the risk of
development of dyskinesia. Its antagonistic activity on
NMDA receptor avoids a direct effect on postsynaptic dopa-
minergic receptor, reducing the pulsatile stimulation as seen in
patients on levodopa [82].

For tremor-predominant, younger PD patients, anticholin-
ergics, such as benztropine, and trihexyphenidyl and tricyclic
antidepressants have been shown to be effective, primarily in
reducing tremors. The utility of these drugs, however, have
been limited by their lack of meaningful benefit on rigidity
and bradykinesia and, more importantly, the high prevalence
of anticholinergic side effects including dry mouth, dry eyes,
urinary hesitancy, psychosis, and cognitive impairment, espe-
cially in the elderly [81].

Early PD management has recently evolved due to the
introduction of new agents as options for initiating pharmaco-
logic therapy, facilitating individualized treatment practice.
As alternatives to the cornerstone of PD treatment, levodopa,
careful selection of patients appropriate for these drugs must
be done to ensure risk reduction while providing effective
symptom control, particularly in treatment-naive patients.
Treatment-naive patients, who were never exposed to any
pharmacologic treatment, can be classified as mild, moderate,
and severe. In addition, factors, such as chronological age, life
expectancy, comorbidities, quality of life, current social and
physical capabilities, and profession, should be taken into
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consideration in selecting the appropriate regimen. Likewise,
individualized treatment of early PD patients must include
plans to promote and monitor adherence. Although levodopa
poses excellent symptomatic relief, the risk of early drug-
related adverse effects can be concerning for younger, actively
performing patients in the community. These patients have
longer years of life expectancy, hence requiring good symp-
tom relief and necessitating longer complication-free years,
without compromising compliance. Generally, treatment can
be delayed in patients with mild symptoms with minimal
functional impairment at any age. This is due to the lack of
evidence of disease progression modification by current med-
ications and a way to prevent early occurrence of medication-
induced complications. Dopamine agonists and MAO type B
inhibitors, which have roles in early PD as either monotherapy
or adjunct therapy, can be initiated in these patients, arbitrari-
ly, younger than 70 years of age. For patients with moderate to
severe PD symptoms requiring more potent symptom control
and/or with comorbidities limiting the use of dopamine ago-
nists and MAO type B inhibitors or for older patients regard-
less of their disease severity, levodopa is the best
choice. Levodopa can be slowly titrated up to achieve
maximal symptomatic effect. Regardless of initial thera-
py, eventually, most if not all patients will need levo-
dopa therapy later in the course of their disease, when
symptoms become more disabling [18, 21, 26, 83].

Required Author Forms Disclosure forms provided by the au-
thors are available with the online version of this article.
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