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Abstract: Parkinson’s disease (PD) is a common neurodegenerative disorder that leads to significant
morbidity and disability. PD is caused by a loss of dopaminergic, cholinergic, serotonergic,
and noradrenergic neurons in the central nervous system (CNS), and peripherally; the syndromic
parkinsonism symptoms of movement disorder, gait disorder, rigidity and tremor are mostly driven by
the loss of these neurons in the basal ganglia. Unfortunately, a significant proportion of patients taking
levodopa, the standard of care treatment for PD, will begin to experience a decrease in effectiveness at
varying times. These periods, referred to as “off episodes”, are characterized by increased symptoms
and have a detrimental effect on quality of life and disability. Istradefylline, a novel adenosine
A2A receptor antagonist, is indicated as a treatment addition to levodopa/carbidopa in patients
experiencing “off episodes”. It promotes dopaminergic activity by antagonizing adenosine in the
basal ganglia. This review will discuss istradefylline as a treatment for PD patients with off episodes.

Keywords: parkinsonism; levodopa; carbidopa; neurodegenerative; catechol-o-methyl transferase (COMT)

1. Introduction

Parkinson’s disease (PD) is an increasingly prevalent neurodegenerative condition, second only to
Alzheimer’s and steadily rising in prevalence, as many nations see their aging populations increase [1,2].
It may present with a variety of cognitive, motor, and behavioral symptoms. The primary pathology is
the absence of dopaminergic neurons in the basal ganglion [3]. The estimated lifetime risk of Parkinson’s
disease in the United States is 2% for men and 1.3% for women aged 40 years [4]. Several studies
have indicated a small male predominance in the occurrence of PD, with ratios ranging from 1.3 to
2 [1,4], and the onset of disease can be sooner in men than in women [5]. In both men and women,
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incidence increases with age, beginning at age 50 and increasing to a peak at age 80 [4]. It is estimated
that in 2020, there will be 930,000 individuals with a diagnosis of Parkinson’s Disease [6].

Many patients with PD experience cycles of deteriorating symptoms called “off-episodes.”
These episodes may occur unexpectedly and unpredictably, affecting the quality of life of patients
significantly [3]. These episodes are due in part to chronic levodopa therapy, which is one of the
disease’s most common treatment methods. These episodes consist of both motor, non-motor, posture,
and autonomic symptoms [3,7]. Patients with off-episodes also report anxiety about impending
symptoms [3].

This paper provides a comprehensive review of the current literature involving istradefylline, an
adenosine A2A-receptor antagonist, for the treatment of off-episodes in PD. It discusses the background,
epidemiology, and prevalence of PD and describes the phenomenon of off-episodes. We will also
examine the current therapeutic options that exist for PD and discuss more thoroughly the properties
of istradefylline and its potential value and use in treating Parkinsonian off-episodes.

2. Experimental Section

2.1. Parkinson’s Disease

PD is the second most common neurodegenerative disorder [1]. It is a chronic disease that
manifests with motor, cognitive, and behavioral symptoms that stem from loss of dopaminergic
neurons in the basal ganglia [8]. There is currently no cure for PD, but there are a variety of therapeutic
options that target both motor and non-motor features of the disease.

2.1.1. Epidemiology

PD is rising in global prevalence. In 2016, there were over 6 million cases of PD globally,
which was more than two times higher than the number of cases reported worldwide in 1990 [2].
In the United States, the lifetime estimated risk of PD is 2% in men and 1.3% in women aged 40 [4].
A slight predominance in men has been reported by several studies, and this trend may become more
pronounced with increasing age [9].

2.1.2. Pathophysiology

PD is caused by a deficiency of dopamine in the brain driven by loss of dopaminergic neurons,
particularly in the substantia nigra [6]. Dopamine is a neurotransmitter involved in important
regulation and modulation of movement circuits. Through its actions on the dopamine receptors,
D1 and D2, on striatal neurons, it is able to activate neurons in the direct pathway and inhibit neurons
in the indirect basal ganglia pathways, respectively [8]. The direct pathway and indirect pathways
influence the basal ganglia in opposite ways, with the direct pathway facilitating movement and the
indirect pathway providing inhibitory modulation [8]. In PD, loss of dopaminergic neurons thus
leads to increased inhibition of motor signaling systems, through inactivation of the globus pallidus
pars interna, part of the direct pathway, and loss of inhibition of the subthalamic nucleus and globus
pallidus pars externa, which make up the indirect pathway [8]. This theory is supported by findings
that deep brain stimulation and lesions to these areas (substantia nigra (STN) and globus palladus
(GPe)) produce some relief of Parkinsonian motor symptoms [8].

On autopsy, neurons in a Parkinsonian brain display the disease’s hallmark pathologic feature,
which are cytoplasmic inclusions of alpha-synuclein protein, termed Lewy bodies [6]. PD is typically
identified once the disease has begun to impact the substantia nigra pars compacta, which results in
the motor symptoms (i.e., bradykinesia, rigidity) typically associated with clinical presentation of the
disease [6]. Motor symptoms typically become present with loss of 50% of substantia nigra neurons [6].
However, the disease process begins earlier in the medulla and olfactory bulb, which causes symptoms
such as sleep disturbances and reduced sense of smell, which may present before motor symptoms
become recognizable [6]. The loss of dopaminergic neurons in PD is what contributes to its hallmark
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symptoms of bradykinesia and rigidity [10]. Autopsy reveals loss of melanin and dopamine-containing
neurons in the substantia nigra. Lewy bodies, which are eosinophilic cytoplasmic inclusions, are also
revealed in neurons [10].

Several subtypes of PD exist. These are often classified based upon clinical symptoms
and presentation and include subtypes such as: Postural Instability and Gait Difficulty (PIGD);
Tremor-Dominant; and Mixed Parkinson’s Disease. Additionally, PD may be specified as late-onset
after 60 years of age (LOPD), which often has rapid onset of symptoms and disease progression,
or young-onset from 20-40 years (YOPD), which follows a slower disease course. Age of onset is
therefore recognized as an important factor in understanding disease progression, but clinical subtypes
may also play a role, as tremor-dominant Parkinson’s often has a less-rapid onset than PIGD [10].
PIGD often presents with an increased rate of development of cognitive deficits, and patients with this
subtype may be more likely to develop features of dementia [10]. In one study, it was observed that
patients with LOPD were more likely to present with PIGD-type disease patterns [10].

The parkin gene mutation (PARKN) is associated with the subtype PARK-2 type PD. This subset can
include early-onset of symptoms such as dyskinesia, hallucinations, ataxia, and more. Thenganatt et al.
identified the parkin gene mutation (PARKN) in one-third of patients with YOPD. Inherited forms
of PD typically present at a younger age than idiopathic cases [9]. To date, 18 genetic loci related to
Parkinson’s Disease have been identified [10]. Among autosomal dominant forms of Parkinson’s,
the LRRK2 mutation is most common [10].

2.1.3. Risk Factors

The vast majority of PD cases are not attributable to a specific genetic cause [4]. It is likely that
the disease is due to contributions from both genetic and environmental factors [5]. However, it is
apparent that age is the most important risk factor for the disease [2].

Exposure to environmental agents such as metals and pesticides has been linked to an increased
risk of developing PD [6]. Conversely, smoking has been associated with a decreased risk of developing
Parkinson’s Disease, and while some studies suggest that risk may decrease by 40%, true causality is
still controversial, and most experts agree that the numerous detrimental health effects of smoking
would outweigh a possible decreased risk of developing PD [2]. The risk reduction appears to be
dependent on duration of smoking history; in one study, there was no additional benefit in patients
who smoked more than 10 cigarettes per day [11].

Caffeine intake may also be inversely associated with risk of PD, possibly via protective mechanisms
on dopaminergic neurons [12]. Finally, alcohol use has also been suggested to be inversely associated
with risk of PD [11]. Similarly to smoking, duration of use was deemed to be more important, as the
relationship did not increase in strength beyond moderate alcohol intake [11].

Presence of a first-degree relative with PD has been associated with nearly three times (2.8-2.9)
greater risk of developing PD [11]. This risk does not appear to be mitigated by smoking, and the risk
reduction association with tobacco is not as strong in these patients [11].

2.1.4. Diagnosis and Clinical Presentation

Patients with PD can experience up to two decades of non-specific symptoms before motor
symptoms set in [4]. These may include phenomena such as hyposmia (reduced sense of smell),
constipation, and sleep disturbances [4].

In older patients, the incidence and diagnosis of PD may be underreported, due possibly to
failure to seek medical treatment or to presence of other symptoms and diagnoses, such as dementia,
which exclude a diagnosis of Parkinson’ s [4,13]. The diagnosis of PD is largely a clinical one,
though imaging studies can be supportive [1]. Clinical diagnostic criteria commonly requires the
presence of two of the following symptoms: presence of a resting tremor, bradykinesia, stiffness and
rigidity, and postural instability [1,2].
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In addition to motor symptoms, PD may include many components such as depression,
urinary incontinence, orthostatic hypotension, sialorrhea, dementia, psychosis, erectile dysfunction,
constipation, and sleep disturbances that may increase in prevalence with disease duration [14]. Thus,
comprehensive care of patients with PD requires attending to motor and non-motor symptoms that
can both significantly impact quality of life.

Imaging technologies that aid in the diagnosis of Parkinson’s include dopamine transporter
single-photon emission computed tomography (DaT SPECT), which uses radioactive tracing substances
to demonstrate reduced dopamine transporters and binding sites in Parkinsonian brains, specifically in
the basal ganglia [6]. This imaging modality has high sensitivity and specificity (nearly 100%) for
detecting neuronal loss. However, most often a diagnosis is able to be made clinically, and additional
imaging is not needed [6].

2.2. Current Treatment Options

The motor symptoms of Parkinson’s disease are predominantly treated with dopamine-based
medications including levodopa, dopamine agonists, and monoamine oxidase-B (MAQO-B)
inhibitors [6,15].

Levodopa is a precursor in dopamine synthesis. It has shown superiority over placebo in
randomized controlled trials and has been considered the mainstay of Parkinson’s treatment for
decades [16,17]. It is especially effective in the early stages of disease [17,18]. The PD MED trial found
that patients initially treated with levodopa had benefits in mobility and activities of daily living
compared to those treated with dopamine agonists or MAO-B inhibitors. Additionally, patients were
more likely to discontinue the study medication or require add-on treatment with dopamine agonists
or MAO-B inhibitors than with levodopa. While there was no difference among groups in motor
fluctuations, patients on levodopa were more likely to develop dyskinesia [6,16,19]. Another drawback
to levodopa is that patients often require higher and more frequent doses over time due to loss of
efficacy [6]. Furthermore, levodopa has many associated side effects. After five years of treatment,
approximately 40% of patients experience dyskinesia and motor fluctuations [16,20]. There is a
higher risk for patients with early onset Parkinson’s, and a longer duration of treatment with higher
doses [16,17]. Furthermore, impulse control disorders (e.g., compulsive spending or medication use,
gambling, abnormal sexual behaviors) can occur, especially at high doses [16,21]. Punding, a subtype of
impulse control where patients perform repeated purposeless actions (e.g., sorting and disassembling
objects), occurs in 1.4%-14% of patients [16,22].

Dopamine agonists bind directly to the dopamine receptors in the striatum [16,23]. Their effectiveness
for motor symptoms has been shown in randomized controlled trials and in a systematic review [16,24-27].
They are also useful in reducing “off” periods, where symptoms are not adequately controlled [28].
They are divided into ergot dopamine agonists (bromocriptine, cabergoline, and pergolide) and
non-ergot dopamine agonists (ropinirole, pramipexole, and rotigotine) [16]. The National Institute for
Health and Care Excellence guidelines recommend non-ergot dopamine agonists, as ergot dopamine
agonists, which can cause retroperitoneal fibrosis and heart valve complications, require frequent
monitoring [16,29]. A major side effect of all dopamine agonists is impulse control. More than
40% of patients treated with dopamine agonists experience an impulse control disorder [6,30].
Dopamine agonists are also more likely than levodopa to cause freezing, edema, somnolence,
and hallucinations [28]. Other common adverse events include nausea, vomiting, constipation,
edema, dizziness, and hypotension [16,27]. As a result of these adverse effects, patients are likely to
stop taking the medication; yet 15%-20% of patients who discontinue therapy experience symptoms of
withdrawal (e.g., irritability, anxiety, pain, diaphoresis). Thus, discontinuation of dopamine therapy
poses its own challenges [6,31,32].

Since the MAO-B enzyme metabolizes dopamine, MAO-B inhibitors (selegiline and rasagiline)
offer therapeutic benefit by increasing dopamine availability [16,23]. A systematic review found a small
but significant motor improvement in early Parkinson’s disease for patients taking MAO-B inhibitors
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compared with placebo [16,33]. However, another systematic review found that more patients taking
MAO-B inhibitors required add-on therapy compared with patients taking levodopa preparations or
dopamine agonists [16,34]. There is conflicting evidence regarding the use of MAO-B inhibitors for
“off” periods [28]. While dopaminergic side effects (e.g., nausea and vomiting) can occur, they occur
less commonly with MAO-B inhibitors than with dopamine agonists [16,33].

Anticholinergic agents, such as trihexyphenidyl, are used occasionally but cautiously due to
their adverse effects on cognition, especially in the elderly population [6,15,29]. Amantadine and
beta-blockers have also been used historically, however, there are more efficacious options available and
therefore they are not recommended as first line treatments [29]. Advanced Parkinson’s disease can be
treated with catechol-o-methyl transferase (COMT) inhibitors, apomorphine, deep brain stimulation,
MRI-guided focused ultrasound and intrajejunal levodopa gel; however, these are also not used as first
line treatments [6,16]. Rather than as initial treatment, COMT inhibitors (e.g., entacapone, opicapone,
tolcapone) are clinically useful for “off” periods by extending the half-life of levodopa [6,16,35].
Side effects of COMT inhibitors include dark-colored urine, exacerbation of levodopa side effects,
and hepatotoxicity specifically with tolcapone [28].

Non-motor symptoms of Parkinson’s Disease are primarily treated with medications that
address the specific symptom via neurotransmitters other than dopamine [6]. For example,
rivastigmine (a cholinesterase inhibitor) is used for dementia and selective serotonin reuptake inhibitors
are used for depression [36].

Overall, there is a deficit of sufficient research comparing different therapies for Parkinson’s
disease [18]. None of the available treatment options are completely effective and they each pose side
effects. An effective treatment strategy requires shared decision making that considers the patient’s
desires alongside the risks and benefits of the various options [6]. The challenge for future therapies is
to maximize clinical effectiveness while minimizing adverse events, a common hurdle for therapeutic
interventions in medicine.

3. Results

3.1. Istradefylline

Istradefylline (trade name Nourianz™) is an adenosine A2A receptor antagonist approved by the
U.S. Food and Drug Administration (FDA) as an add-on treatment to levodopa/carbidopa for adult
Parkinson’s disease patients experiencing “off” episodes [37]. It has shown efficacy in experimental
primate and rodent models of Parkinson’s disease. Although there was only a modest effect of the
drug alone, there was a robust improvement in motor function when combined with levodopa or
dopamine agonists [38—40].

The FDA recommends an oral dose of 20 mg once daily with a maximum dose of 40 mg once daily
for istradefylline. It can be taken with or without food. While patients with mild hepatic impairment
(Child-Pugh Class A) do not need dosage adjustment, in patients with moderate hepatic impairment
(Child-Pugh Class B) the recommended maximum dose is 20 mg daily and in patients with severe
hepatic impairment (Child-Pugh Class C) the medication should be avoided. However, it has not
been specifically studied in subjects with severe hepatic impairment [37]. No dosage adjustment is
needed in patients with mild, moderate, or severe renal impairment (CrCL 15 mL/min or greater), but it
has not been studied in patients with end-stage renal disease (CrCL < 15 mL/min). In patients who
smoke 20 or more cigarettes per day, the recommended dosage is 40 mg once daily due to a decreased
steady-state exposure of 38%-54% in this population. Based on animal data, it may cause fetal harm in
pregnant patients; however, this has not been explored in humans. Currently, there are no absolute
contraindications for use [37].
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3.1.1. Pharmacology

Istradefylline works as a selective antagonist of the adenosine A4 receptors [41,42]. The adenosine
Aja receptors are primarily localized to the basal ganglia on the external surfaces of neurons
in the indirect output pathway between the striatum, external globus pallidus, and substantia
nigra [38,43,44]. The adenosine A, receptors are co-localized with the dopaminergic D2 receptors in
the indirect pathway, which allows for antagonistic interactions between adenosine and dopamine [44].
Adenosine Ajp receptor activation decreases the affinity of dopaminergic D2 receptors for dopamine
agonists and subsequently decreases mobility [44,45]. Therefore, antagonism of the adenosine
Aja receptor has potential to improve mobility for Parkinson’s patients through enhancement of
dopaminergic D2 receptor activation [44]. Furthermore, adenosine antagonists have a neuroprotective
effect on the dopaminergic neurons that are affected in Parkinson’s [44]. Adenosine Ay, receptor
activation also inhibits gamma-aminobutyric acid (GABA) release and GABA-ergic transmission in
the striatum while enhancing GABA-ergic transmission in the globus pallidus, thus disturbing a
delicate balance of neurotransmission in these areas [44]. This disturbance can be corrected by receptor
inhibition with adenosine A4 receptors such as istradefylline [44].

The pharmacokinetics of oral istradefylline are described as a two-compartment model with
first-order absorption [42,46]. The maximum plasma concentration (Cmax) and the area under the
plasma concentration-time curve (AUC) increase dose-proportionately in Parkinson’s disease patients
and healthy subjects [42,47,48]. In healthy subjects, the half-life, apparent volume of distribution,
and clearance are also dose-independent [42,48]. Median time to reach Cmax is about 4 h under fasting
conditions [37]. Steady-state is reached within two weeks of once daily dosing [37]. Total clearance
is approximately 4.6 L/h with a mean terminal half-life (t;,) of 83 h [37]. Istradefylline is primarily
metabolized by cytochrome P450 (CYP) 1A1 and 3A4 [37]. With a 40 mg oral dose, approximately 48%
is eliminated in feces and 39% is eliminated in the urine [37]. Istradefylline exposure is affected by
smoking and the use of CYP3A4 inhibitors. The AUC during a dosage interval is reduced by 38% in
smokers while increased by 35% when there is a CYP3A4 inhibitor present [42,46]. Istradefylline itself is
both a weak inducer and inhibitor of CYP3A4, but does not induce nor inhibit CYP1A2 [37]. Importantly,
coadministration of istradefylline with levodopa/carbidopa does not alter the pharmacokinetics of
levodopa/carbidopa [42,49].

3.1.2. Side Effects and Adverse Events

In the four randomized, double-blind, multicenter, placebo-controlled clinical trials, the rate of
patients discontinuing the study drug for adverse reactions was 5% for istradefylline 20 mg, 6% for
istradefylline 40 mg, and 5% for placebo [37]. The most common adverse events (frequency at least 5%
and greater incidence than placebo) were dyskinesia, constipation, dizziness, nausea, hallucination,
and insomnia [37].

3.2. Discussion: Istradefylline in Parkinson’s Treatment—Review of Clinical Trials

Overactivation of adenosine A2 receptors is important in the pathogenesis and potentiation
of “oft” episodes in patients with Parkinson’s Disease (PD). Recently, istradefylline, an adenosine
A2 antagonist, has shown promise in preventing and minimizing these breakthrough episodes
of dyskinesia. Through targeted modification of adenosine A2A receptors expressed in the basal
ganglia, istradefylline counteracts the common side effects of levodopa treatment such as wearing
off, dyskinesias, and on-off fluctuations with potential for additional neuroprotective effects [50,51].
Istradefylline is a safe and effective treatment which helps reduce “off” time and reverse motor
disability during “on” time without provoking dyskinesia secondary to previous exposure to levodopa
or dopamine agents [41,52,53].

A preliminary double-blind, placebo-controlled, proof-of-principle study evaluated the mechanism
and function of KW-6002 (istradefylline) in the treatment of PD for patients on concurrent levodopa.
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This trial of 15 patients found that istradefylline prolonged the effective half-time of levodopa and
improved cardinal parkinsonian signs, especially resting tremor [54]. Results of this study helped
support the hypothesis that adenosine A2 receptors contribute to the motor symptoms of PD and
identified istradefylline as a promising potential treatment target.

A 2003 double-blinded, randomized, placebo-controlled exploratory study evaluated the safety
and efficacy of KW-6002 (istradefylline) in patients with levodopa-treated PD with both motor
fluctuations and peak-dose dyskinesias. Participants were randomly assigned to treatment with
placebo (1 = 29), istradefylline 20 mg/day (n = 26), or istradefylline 40 mg/day (n = 28) for a duration
of 12 weeks. Though no primary outcome measurement was prespecified, the authors evaluated
daily change in “off” time from baseline as indicated by participants’ daily diary entries. Additionally,
the Unified Parkinson’s Disease Rating Scale (UPDRS), Clinical Global Impression (CGI) were measured
and were found to be unchanged across all three treatment groups. However, the authors found that
participants assigned to istradefylline treatment experienced a significant reduction in the proportion
of awake time spent in the “off” state compared to controls. Additional significant increases in “on”
time with dyskinesia were noted in the istradefylline groups versus placebo. While istradefylline was
generally well-tolerated, the most common adverse event was nausea [55]. The preliminary results of
this study demonstrated the safety and efficacy of istradefylline for reducing “off” time and increasing
“on” time with dyskinesia.

Similarly, Mizuno et al. (2010) performed a phase Il randomized controlled trial (RCT) of patients
with PD to evaluate the clinical efficacy and safety of KW-6002 (istradefylline) 20 mg and 40 mg relative
to placebo in controlling “off” episodes amongst patients taking levodopa over a 12-week period.
Participants were required to experience at least two hours of “off” time daily, classified as PD Stages 2 to
4, despite receiving at least three doses of L-dopa/decarboxylase inhibitor (DCI) per day for a daily total
of at least 300 mg and while on anti-parkinson treatment for at least four weeks prior to randomization.
Of the 363 participants randomized to treatment groups, 357 (98.3%) were included in the full analysis:
20 mg/day istradefylline (1 = 115), 40 mg/day istradefylline (n = 124), placebo (n = 118). The primary
outcome of interest was daily change in “off” time from baseline based on daily participant diary
entries documenting time spent in the following states: Asleep, OFF state, ON state without dyskinesia,
ON state with non-troublesome dyskinesia, and ON state with troublesome dyskinesia. Additionally,
the UPDRS Part III subscale score and CGI-Improvement (CGI-I) were evaluated at the study endpoint.
It was found that patients who received both 20 mg/day and 40 mg/day of istradefylline had significantly
less OFF time compared to those who received placebo. Additionally, those who received 40 mg/day
istradefylline had significantly increased ON time with troubling dyskinesia compared with placebo.
The UPDRS Part III scores improved significantly for participants receiving both doses of istradefylline
relative to placebo; the improved UPDRS Part III scores reflect improvements in motor function
during ON states. The percentage of participants with improvements in CGI were higher in the
20 mg/day and 40 mg/day istradefylline groups compared with placebo, but not by a significant degree.
Regarding safety, during this trial no deaths were reported. Rates of treatment emergent adverse events
(TEAESs) were comparable across all three treatment groups, the most common of which was dyskinesia.
The results of this trial were promising and reproducible; a subsequent 12-week RCT by Mizuno and
Kondo (2013) of 373 subjects similarly found significantly reduced OFF time with both istradefylline
20 mg/day and 40 mg/day compared with placebo [56]. Overall, the results of these trials demonstrate
the clinical efficacy istradefylline at both 20 mg/day and 40 mg/day doses in improving OFF time
in patients with PD on levodopa while maintaining a good safety profile [57]. These dose-related
results are further supported by a 2018 study in Japan which assessed occupancy of adenosine A2A
receptors by istradefylline at differing doses. The authors found that sufficient adenosine A2A receptor
occupancy was obtained with both 20 mg or 40 mg istradefylline [58]. The receptor occupancy by drug
binding acts as a surrogate metric to assess adequacy of dosing regimens.

The 6002-US-005 double-blind, randomized, multicenter clinical trial investigated the efficacy
of KW-6002 (istradefylline) in patients with PD treated with levodopa experiencing prominent
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wearing-off motor fluctuations. The primary measure of efficacy was percentage of daily awake
“off” time measured by daily home diary entries; secondary outcomes of interest included “on” time,
UPDRS, CGI improvement of illness score, and adverse events. “On” time was further classified as
with or without dyskinesia and troublesome versus non-troublesome dyskinesia. 172 subjects met
eligibility criteria and completed the trial which included the following: diagnosis of idiopathic PD,
Hoehn and Yahr scale severity of 2 to 4, levodopa responsiveness for at least one year, and wearing
off of antiparkinsonian benefit for at least 2 h daily. Participants were randomly assigned to receive
istradefylline 40 mg/day (1 = 114) or placebo (n = 58) for a duration of 12 weeks, while simultaneously
taking routine levodopa. Those who received istradefylline 40 mg/day had significantly decreased
daily awake “off” time compared with those who received placebo. The istradefylline treatment group
also had significantly increased “on time with dyskinesia” than controls; this increase in “on” time
correlated with the decrease in “off” time. Low and comparable rates of adverse events were observed
in both groups; however, the most commonly reported events were dyskinesia, dizziness, insomnia,
nausea, and accidents involving falls [59]. This trial demonstrated the favorable safety profile and
promising efficacy of istradefylline in reducing “off” time and increasing “on” time in levodopa-treated
patients with PD.

The 6002-US-006 double-blind RCT sought to further evaluate the safety and efficacy of
istradefylline in the treatment of levodopa-treated PD for patients with motor complications. A total of
347 participants taking levodopa were randomized to the following treatment groups and included in
the intention-to-treat analysis: istradefylline 20 mg/day (1 = 152), istradefylline 60 mg/day (n = 126),
or placebo (n = 69) over a 12-week period. Participants included in the trial had PD and were
all levodopa-responsive for at least one year with an average of at least 2 h/day of OFF time.
The primary outcome of interest was change in the percentage of daily time spent in the OFF state.
Additional outcomes measured included ON time, UPDRS, and CGI. Drug safety was monitored
through clinical labs, electrocardiograms, vital signs, physical/neurological examinations, and adverse
events. Using an intention to treat analysis, the authors found that both istradefylline 20 mg/day
and 60 mg/day resulted in a significant decrease in OFF time compared with placebo. Interestingly,
there were no significant differences in UPDRS and CGI between groups after the 12-week treatment
period. Though istradefylline was generally well tolerated, the most common adverse events were
dyskinesia, nausea, dizziness, and hallucinations. These adverse events occurred at comparable rates
across all groups [60]. Evidence from this RCT supports the use of istradefylline to improve OFF rates
amongst patients with PD treated with levodopa.

The KW-6002-US-018 phase III randomized double-blind, placebo-controlled parallel-group study
also investigated the efficacy of istradefylline in reducing levodopa-related motor complications. A total
of 610 participants with PD were randomized to receive 12-weeks of either istradefylline 10 mg/day
(n =149), 20 mg/day (n = 144), 40 mg/day (n = 145), or placebo (n = 146). The authors measured
change from baseline in percentage of awake time spent in the OFF state as measured by daily patient
diary logs and change in UPDRS Part III score, which were evaluated using an intention-to-treat
analysis. Surprisingly, the results of this study differed from prior RCTs. The amount and percentage
of OFF time was comparable across all treatment groups; however, there was a modest but significant
improvement in UPDRS score in the istradefylline 40 mg/day group compared with placebo. The most
common reported adverse events were dyskinesia and insomnia [61,62]. In contrast to prior studies,
adjunctive istradefylline in this study did not meet the primary goal of reducing OFF time in patients
with motor fluctuation, thus warranting future studies to better classify its use.

A meta-analysis was performed to further assess efficacy and safety of adjunctive istradefylline
in patients with levodopa-treated PD. Pooled data from five RCTs found a significant reduction in
daily awake time spent in the OFF state and improvements in UPDRS Part III score in the ON state
when taking istradefylline compared to placebo. No significant difference in UPDRS part III between
istradefylline 20 mg/day and 40 mg/day were observed; however, only participants who received
istradefylline 40 mg/day showed significant improvement in dyskinesia compared with controls.
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Comparable rates of adverse events were found across all groups, thereby illustrating the relative
safety of istradefylline compared to placebo [63]. The results of the aforementioned meta-analysis
highlight the efficacy and safety of istradefylline in improving motor fluctuations in patients with PD.

A subsequent meta-analysis compiled and analyzed data from seven RCTs to investigate
effects of istradefylline on daily OFF time and UPDRS Part IIl score in patients with PD with
motor fluctuations. A total of 2205 patients were included in the analysis. Istradefylline doses of
20 mg/day, 40 mg/day, and 60 mg/day were found to improve daily OFF time and UPDRS Part III
scores significantly compared with placebo. Furthermore, there was no observed difference in rates
of treatment-emergent adverse events between treatment and placebo groups. The most common
adverse events were dyskinesia (istradefylline 18.9%, placebo 11.1%) and nausea (istradefylline 8.3%,
placebo 5.3%). Though the evidence presented is promising and suggests that istradefylline can serve
as a beneficial augmentation drug to patients on levodopa or other anti-PD therapies, the number of
existing RCTs is limited. Additionally, many of the RCTs included in this study only assess short-term
outcome (e.g., 12 week treatment period), do not assess efficacy of different doses, and fail to investigate
istradefylline as a monotherapy [64]. Future RCTs should aim to address these limitations and expand
the study period to include long-term effects.

Similarly, results from a different meta-analysis of six RCTs found that istradefylline 40 mg/day
decreased OFF time and improved motor symptoms in homogeneous studies while istradefylline
20 mg/day decreased OFF time and improved motor symptoms with heterogeneity in the analysis.
Interestingly, it was found that dyskinesia was worsened by istradefylline in homogeneous studies.
Overall, these results are consistent with prior meta-analysis findings; however future studies are
warranted due to variability in the findings of dyskinesia with istradefylline treatment.

A 2010 open-label, multicenter, safety and tolerability trial was performed in the United Kingdom
and revealed promising results. A total of 496 subjects with PD on levodopa for at least one year were
recruited and assigned to receive open-label istradefylline 40 mg/day for two weeks followed by a
dose ranging from 20-60 mg/day thereafter with a mean exposure of 25 weeks. Participants assigned
to Group I (n = 315) were those who had completed double-blind treatment with istradefylline within
15 days before entering this study. Those in Group II (n = 181) were considered either washed-out from
istrafedylline therapy (greater than 15 days since last dose) or naive to istradefylline (previously in
placebo group). Though no significant reduction in OFF time was noted in Group I, the mean decrease
in OFF time for participants in Group Il was significant and showed evidence of consistent improvement
over a 52 week duration. However, this data should be interpreted with caution due to poor participant
retention (23%) [65]. The promising yet poorly quantified outcomes of this study have paved the way
for additional open-label studies to come.

A subsequent single-arm, open-label, prospective, multicenter study investigated the use of
istradefylline for gait disorders with freezing of gait in PD. A total of 31 patients with levodopa-treated
PD with a history of gait freezing were recruited. Participants received oral istradefylline 20 mg/day
for the first four weeks followed by 20 mg/day or an increased dose of 40 mg/day for eight weeks
if no tolerability issues occurred for a total treatment period of 12 weeks. Outcomes of interest
included changes in total gait-related scores of the Part II/IIl UPDRS and Freezing of Gait Questionnaire
(FOG-Q). Additionally, gait was analyzed by portable gait rhythmogram. At week 4, participants had
significantly improved UPDRS Part II gate-related items total score which was sustained until week
12. FOG-Q total scores remained similar at week 4 as compared to their baseline score; however,
this score was significantly decreased at week 12. Participants showed significantly increased overall
movement per 48 h as measured by portable gait thythmogram. Adverse events were reported in 7 of
31 participants and included, but was not limited to, the following: dyskinesia, cellulitis, pneumonia,
insomnia, diarrhea, and headache [66]. All participants continued the study drug due to mild severity
of adverse events. Though larger RCTs are warranted, this study demonstrated the relative efficacy and
safety of istradefylline in improving gait disorders in PD patients complicated with freezing of gait.
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Another study found that istradefylline enhances the treatment efficacy of suboptimal doses of levodopa
(L-DOPA) and threshold doses of dopamine agonists amongst 1-methyl-4-phenyl-1,2,3,6-tetahydropyridine
(MPTP)-treated marmosets. Administration of istradefylline significantly increased locomotor activity
and increased ON time when co-administered with suboptimal L-DOPA and threshold ropinirole
compared with ropinirole or control groups alone. Interestingly, istradefylline co-administration
further improved motor disability and reduced OFF time more so than the improvement achieved
with optimized dopaminergic therapy. The findings of this study demonstrate that supplementation
of suboptimal L-DOPA and dopamine agonist anti-parkinson treatments with istradefylline can
avoid dose escalation and help avoid the subsequent instances of adverse events seen with higher
dopaminergic therapy doses [67]. Furthermore, evidence from a retrospective study of fifteen patients
found that istradefylline 20 mg/day for 12 weeks resulted in shorter daily OFF times, lower required
doses of L-DOPA, and higher ON-UPDRS Part III scores than was shown in previous RCTs [68].
These findings are limited by small sample size and lack of randomization or controls; however,
it suggests that istradefylline 20 mg/day can improve motor fluctuations in patients with PD who
experience mild-wearing off and potentially allow for reductions in necessary L-DOPA dosage.

Given the increasing evidence pointing to the success of istradefylline in treatment of OFF
episodes in patients with PD, a study evaluating population pharmacodynamics of istradefylline
was conducted. This study compiled data from six phase II/IIl clinical trials to characterize
the pharmacokinetic-pharmacodynamic relationships for the following: percentage of OFF time,
dyskinesia and dizziness, and dosages of istradefylline. It was found that the typical maximum
decrease in OFF time percentage was 5.79% and that the probability of dyskinesia and dizziness most
often plateaus at the 40 mg/day istradefylline dosage while the probability of nausea is expected to
rise with increased doses [69]. Results of this analysis indicate that a starting dose of istradefylline
is optimized between 20 mg/day to 40 mg/day in order to maximize OFF time while minimizing
unwanted events such as dyskinesia, dizziness, and nausea.

The utility of istradefylline is not limited to treatment of “OFF” episodes for patients with PD.
Recent literature has explored the application of istradefylline in treatment of postural deformities
seen in PD. One of the most common causes of postural deformities in patients with PD is medications
(e.g., dopamine agonists). A recent three-month open-label study investigated the potential use
of istradefylline as treatment for postural abnormalities in 21 levodopa-treated patients with PD.
The authors found that the subitem score of posture on the Movement Disorder Society revision
of UPDRS part III significantly improved with istradefylline treatment; however, the changes
in score of posture did not correlate with changes in other items on the MDS-UPDRS part III
measures, qualitative questionnaires, or sleep scale changes [70]. An additional study of four patients
with PD-associated postural deformities on dopamine agonists were treated with istradefylline.
Three of the four patients were found to have clinical improvements in posture upon discontinuing
the dopamine agonist while continuing istradefylline treatment [71]. In contrast to the above
findings, a case report of a 68-year-old male with PD observed that istradefylline incidentally
induced reversible plethorothotonus, a postural phenomenon characterized by abnormal lateral trunk
flexion. The plethorothotonus was first observed four months after initiating istradefylline to treat
wearing-off episodes. Subsequent discontinuation of istradefylline resulted in gradual improvement
of plethorothotonus symptoms over the following four months [72]. Though this case documents
only one patient with this adverse effect, posture-related adverse events related to istradefylline must
certainly be further evaluated.

Another study illustrated the use of istradefylline in improving depression-like symptoms in
patients with PD in an open-label trial. Thirty patients with PD were enrolled and received 20 mg
istradefylline for four weeks followed by 40 mg for eight weeks. After treatment with istradefylline,
participants had significantly improved Snaith-Hamilton Pleasure Scale Japanese version (SHAPS-]),
Apathy scale, and Beck Depression Inventory-2nd edition (BDI-2nd edition) [73]. Though the results
of this study are limited by small sample size and lack of randomization, the preliminary findings
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are promising. Additional evidence supports the beneficial neuropsychiatric profile of istradefylline
given its ability to reduce OFF time while retaining the positive effects on mood and cognition
seen with dopamine agonists [74]. Positive effects of istradefylline on PD-related cognitive function
have also been documented. Murine models have shown that overexpression of adenosine A2A
receptors cause impairment in working memory and thus support the hypothesis that adenosine
A2A antagonists such as istradefylline can have a role in improving short-term memory and may
enhance long-term memory in patients with PD [75]. Future directions should include more robust
RCTs to further evaluate istradefylline’s additional utility in treating PD-related mood and cognitive
symptoms. Additional preliminary evidence suggests that istradefylline may favorably alter the course
and symptoms of PD [76]. Through prevention of underlying dopaminergic neuron degeneration,
istradefylline confers beneficial neuroprotection.

In addition to its efficacy in treating motor symptoms of PD, istradefylline has also demonstrated
promise in the treatment of antipsychotic-induced oral tremor. Antipsychotics, such as pimozidine,
are known to cause parkinsonian-like symptoms such as akinesia and tremor. A controlled
study using rat models compared istradefylline and tropicamide, a muscarinic antagonist, in the
treatment of pimozidine-induced oral tremor. Results showed that istradefylline significantly
reduced ventrolateral neostriatum overactivation and improved symptoms of pimozidine-induced
oral tremor in subjects on pimozidine. Interestingly, tropicamide increased ventrolateral neostriatum
activation yet achieved comparable improvement in symptoms. Thus, though it has a different
mechanism of action, istradefylline proved to be as effective a treatment as tropicamide for
pimozidine-induced oral tremor [77]. Another study in rats found similar results in the treatment
of antipsychotic-induced tremulous jaw movements [78]; the relative success of istradefylline in the
treatment of antipsychotic-induced oral/jaw tremor acts as a surrogate for its utility in producing
antiparkinsonian effects. Studies as such this also serve to expand the utilization of istradefylline to
treatment of both idiopathic and antipsychotic-induced parkinsonian symptoms.

With known evidence of the efficacy of antiparkinsonian drugs against restless leg syndrome
(RLS), a 2007 study investigated the effectiveness and tolerability of istradefylline for RLS amongst five
female patients. This prospective trial was designed such that participants with known moderate to
severe idiopathic RLS were given a daily oral 80 mg dose of istradefylline for six weeks. Of the five
subjects, three (60%) noted improvement in periodic limb movement and international RLS rating scale
compared with baseline when treated with istradefylline [79]. Though the sample size was limited
and definitive benefits could not be identified, the result of this trial were encouraging, and certainly
warrant the need for future studies. An alternate study of four patients investigated daytime sleepiness
after treatment with istradefylline in the evening. While the sample size was small and larger RCTs are
needed, this preliminary case report found that patients experienced daytime sleepiness between two
weeks to three months after initiating evening istradefylline treatment due to a presumed caffeine-like
arousal effect which altered patients’ sleep quality. The sleepiness resolved when istradefylline dosing
was changed from evening to morning [80]. Other evidence points to the clinical utility of istradefylline
in treating lower urinary tract symptoms seen in PD. Thirteen male patients with PD were enrolled
to receive istradefylline 20 mg/day and were evaluated for changes in lower urinary tract symptoms
after 4, 8, and 12 weeks of therapy. Results showed that patients participants had significant decreases
in International Prostate Symptom Score (IPSS) at 8 and 12 weeks, incomplete emptying at 4, §,
and 12 weeks, urgency at 4 and 12 weeks, and improved quality of life at 12 weeks. Overactive Bladder
Symptom Score (OABSS) at 4 and 12 weeks, nocturia at 8 and 12 weeks, and urgency at 4 and 12 weeks
significantly improved after istradefylline treatment. No adverse urological effects were observed [81].
This preliminary evidence holds promise for other future uses of istradefylline in improving motor
dysfunction for patients with PD, such as reducing urinary tract symptoms.

Recent research directions have included investigation of purinergic signaling in modulation
of dopaminergic neurotransmission. In addition to the key role of adenosine Al and A2A
receptors, purine nucleotides have been implicated in the regulation of dopamine neurotransmission,
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thus contributing to the motor dysregulation seen in in PD. A 2015 study found that purinergic P2X1
receptors mediate accumulation of alpha-synuclein, a Lewy-body enriched protein, involved in PD
pathophysiology [82]. These purinergic receptors are potential future treatment targets and should be
further investigated.

Due to the persistent nature of motor fluctuations and OFF states in patients treated for PD,
many studies are under way to develop novel treatment strategies to address these negative symptoms.
In addition to istradefylline, repetitive transcranial magnetic stimulation (rTMS) has recently been
under investigation as a potential adjunctive treatment for patients with PD. rTMS has been shown
to have a positive effect on the motor function of patients with PD. A 2015 comparative randomized
clinical trial randomly assigned 132 patients with PD in China to receive 20 mg/day istradefylline
plus sham-rTMS (Group I), 40 mg/day istradefylline plus sham-rTMS (Group II), placebo pluz 1Hz
rTMS (Group III), or placebo plus 10 Hz rTMS (Group IV) for 12 weeks. Outcomes of interest
included UPDRS Part III score and CGI-I. The authors found that there was no significant difference in
UPDRS part III scores or CGI-I before and after treatment across all groups. No severe adverse events
were reported. Thus, the results indicate that istradefylline and rTMS had comparable efficacy and
tolerability. Interestingly, this study found that istradefylline 40 mg/day resulted in a non-statistically
significant improvement in OFF time compared with istradefylline 20 mg/day [83]. These dose-related
findings should be further evaluated in future studies.

Based on the existing evidence, istradefylline appears to be an effective and safe adjunctive
treatment for patients with PD experiencing motor fluctuation. It most commonly helps patients
achieve decreased awake time spent in the OFF state, by up to 25% in some studies, and improves
UPDRS Part Il scores when used in combination with levodopa or dopamine agonists [61]. Importantly,
dosing ranges for the aforementioned clinical trials range from 20 mg/day to 80 mg/day, thus posing as
a potential confounding factor when interpreting the data [84]. Future clinical trials should be aimed at
expanding upon the current data to better characterize treatment dosing, efficacy, and adverse events.
See Tables 1 and 2.

Table 1. Clinical Efficacy and Safety.

Author (Year) Groups Studied and Intervention Results and Findings Conclusions

Istradefylline, when
given alone or combined
with optimal levodopa
infusion, had no effect on

severity of PD.
Fifteen patients with Parkinson’s Istradefylline 80 mg/day
Disease (PD = on concurrent levodopa ~ when given with
were randomly assigned to receive sub-optimal levodopa
KW-6002 (istradefylline) or placebo for ~ improved the .
a duration of 6 weeks. Participants antiparkinsonian Istradefylline may help

mitigate motor
symptoms in patients
with PD treated

with levodopa.

assigned to treatment groups received ~ response by 36%

an initial 2 weeks of placebo followed (p < 0.02) and showed
by 2 weeks of istradefylline 40 mg/day ~ 45% less dyskinesia than
then 2 weeks of istradefylline 80 mg/day. levodopa alone (p < 0.05).

Jimenez et al. (2003)

Assessments of motor function were Concomitantadministration
based on the Unified Parkinson’s of istradefylline with
Disease Rating Scale (UPDRS) ratings. levodopa prolonged the
efficacy half-life of
levodopa by a mean of
47 min (p < 0.05).

No adverse drug effects
were observed.
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Author (Year)

Groups Studied and Intervention

Results and Findings

Conclusions

Hauser et al. (2003)

A total of 63 participants with
levodopa-treated PD with motor
fluctuations and peak-dose dyskinesias
were randomly assigned to treatment
with placebo (n = 29), istradefylline 20
mg/day (n = 26), or istradefylline 40
mg/day (n = 28) for 12 weeks.
Twenty-four percent of participants
assigned to placebo and 20% of those
assigned to istradefylline withdrew
from the study. Changes from baseline
in daily “off” time were evaluated using
participants’ daily diary entries. UPDRS
and Clinical Global Impression (CGI)
were also measured before and after
treatment, and instances of adverse
events were monitored.

Participants receiving
istradefylline had a
significant reduction in
awake time spent in the
“off” state compared
with controls regardless
of dosage (p = 0.008).
Though there were no
changes in dyskinesia
severity, those receiving
istradefylline had
significantly increased
“on” time with
dyskinesia compared to
placebo group

(p = 0.002). There were
no differences in changes
of UPDRS and CGI
scores. The most
common adverse event
was nausea,

though istradefylline
was overall
well-tolerated.

Istradefylline offers
reduced “off” time and
increased “on” time with
dyskinesia compared
with controls as
measured by home
diary entries.

LeWitt et al. (2008)

In the 6002-US-005 double-blind
randomized control trial (RCT)
participants with levodopa-treated PD
with prominent wearing-off motor
fluctuations (n = 196) were recruited
(172 completed the trial) and randomly
assigned to receive either istradefylline
40 mg/day (n = 114) or placebo (1 = 58)
for 12 weeks. The primary outcome of
interest was change in percentage of
daily awake “off” time. Secondary
outcomes included “on” time, UPDRS
score, and CGI-Improvement of Illness
(CGI-I) score. Adverse events were
also monitored.

Compared with baseline,
participants who
received istradefylline
40 mg/day

(95% confidence interval,
—13.46 to —7.52) had a
significantly decreased
percentage of daily
awake “off” time
compared with those
who received placebo
(95% confidence interval,
-7.73-0.31; p = 0.007).
Daily “on” time
increased significantly
for the istradefylline

40 mg/day group
compared with placebo.
No significant
differences in UPDRS
scores or CGI-I scores
were observed. Instances
of adverse events were
rare and comparable
amongst groups.

Istradefylline 40 mg/day
was well-tolerated and
offered a clinically
meaningful reduction in
“off” time for
levodopa-treated
patients with PD with
motor complications.

Stacey et al. (2008)

The 6002-US-006 double-blind RCT
assigned 347 participants with PD
taking levodopa to either istradefylline
20 mg/day (n = 152), istradefylline 60
mg/day (1 = 126), or placebo (1 = 69) for
a duration of 12 weeks. The primary
efficacy variable was change in daily
OFF time; additional measures included
ON time, UPDRS, and CGI. Adverse
events were also documented.

Both istradefylline

20 mg/day and

60 mg/day resulted in
significant decreased
OFF time per day
compared with placebo.
No differences in UPDRS
and CGI scores

were observed.

Though istradefylline
was well-tolerated, the
most common adverse
events were dyskinesia,
nausea, dizziness,

and hallucinations.

Istradefylline 20 mg/day
and 60 mg/day improve
daily OFF rates in
patients with
levodopa-treated PD.
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Author (Year)

Groups Studied and Intervention

Results and Findings

Conclusions

Mizuno et al. (2010)

In this phase III RCT of 363 participants,
subjects were randomly assigned to
receive either KW-6002 (istradefylline)
20 mg/day (n = 119), 40 mg/day
istradefylline (n = 125), or placebo

(n = 119). Primary outcomes of interest
included UPDRS Part III and reduction
in daily OFF time compared

with baseline.

The primary outcome of
daily OFF time was
reduced from baseline by
1.31 h for the group
receiving 20 mg/day
istradefylline, 1.58 for
the 40 mg/day group,
and 0.66 h for the
placebo group.

The UPDRS Part 111
subscale score measuring
the ON state was
reduced by 5.7 points in
both intervention groups
and 3.7 points in the
placebo group.
Dyskinesia was the most
common adverse event
and was reported in 2.5%
(3/119) of those receiving
placebo, 8.5% (10/118) of
those receiving

20 mg/day istradefylline,
and 6.4% (8/125) of
those receiving

40 mg/day istradefylline.

Istradefylline at 20 mg
and 40 mg once daily is
well tolerated and
effective in relieving
wearing-off fluctuations
in patients with PD.

Factor et al. (2010)

This open-label, multileft safety and
tolerability trial recruited 496 subjects
with PD on levodopa to receive
open-label istradefylline 40 mg/day for
2 weeks then 20-60 mg/day thereafter
with a mean exposure of 25 weeks.
Participants in Group I (n = 315) were
those who completed double-blind
treatment with istradefylline within

15 days prior to entering this study.
Those in Group II (n = 181) were
considered washed-out from any prior
istradefylline exposure or were naive to
istradefylline. Change in OFF time was
the primary outcome of interest.

There was no significant
reduction in OFF time for
participants who
received istradefylline
over the course of the
trial period.

Participants in Group II
had a significant
decrease in OFF time
with consistent
improvement in
symptoms over a

52 week duration.

Due to poor participant
retention, this data
should be interpreted
with caution.

Istradefylline produced a
sustained reduction in off
time in levodopa-treated
PD patients over a

52 week period.

Pourcher et al. (2012)

The KW-6002-US-018 randomized,
double-blind, placebo-controlled
parallel-group study randomly
assigned 610 participants with PD to
receive 12 weeks of either istradefylline
10 mg/day (n = 149),

20 mg/day (n = 144), 40 mg/day

(n = 145), or placebo. Outcomes of
interest included change in daily awake
OFF time, UPDRS Part III score, and
medication safety as measured by
instances of adverse events.

Interestingly,

the percentage of OFF
time was comparable
across all treatment
groups. There was a
modest yet significant
improvement in UPDRS
Part III score in the
istradefylline 40 mg/day
group compared with
placebo. The most
common adverse events
were dyskinesia and
insomnia, and rates were
comparable across

all groups.

In contrast to prior RCTs,
adjunctive istradefylline
failed to meet the
primary goal of reducing
OFF time for patients
with PD with

motor fluctuations.
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Author (Year) Groups Studied and Intervention Results and Findings Conclusions
Daily OFF time was
significantly reduced in
the istradefylline
20 mg/day and
40 mg/day groups versus
the placebo group;
however there was no
A RCT consisting of 373 PD patients significant difference in
were randomized to receive pla.cebo change in daily OFF time Tstradefylline reduced
(n = 126), 20 mg/day istradefylline between the two . .
. ; . - daily OFF time for
(n = 123), or 40 mg/day istradefylline istradefylline dose Japanese patients with
. (n = 124) for a duration of 12 weeks. groups. Interestingly, P patt wl
Mizuno & Kondo (2013) levodopa-treated PD

The primary efficacy variable was
change in daily OFF time. The UPDRS
Part III score was also evaluated before
and after treatment. Instances of
adverse events were also evaluated.

the change from baseline
in UPDRS Part III score
at the trial endpoint was
significantly reduced in
the istradefylline

40 mg/day group only.
Dyskinesia was the most
common adverse event
(placebo, 4.0%;
istradefylline 20 mg/day,
13.0%; istradefylline

40 mg/day, 12.1%).

with motor
complications and was
generally well-tolerated.

lijima et al. (2019)

This multileft, open-label, single-group,
prospective international study
assessed changes in UPDRS Part II/I11
scores and Freezing of Gait
Questionnaire (FOG-Q) in 31 patients
with PD treated with istradefylline.
Participants received istradefylline

20 mg/day for 4 weeks followed by

20 mg/day or 40 mg/day istradefylline
for 8 more weeks for a total of 12 weeks
of treatment.

At weeks 4-12,

UPDRS Part III
gait-related scores
significantly decreased
with significant
improvements in gait,
freezing of gait,

and postural stability.
Significant decreases in
UPDRS Part II scores at
week 12 reflected
improved daily living
activities. Additionally,
at week 12 there were
significant improvements
in Freezing of Gait
Questionnaire (FOG-Q)
and overall movement
per 48 h as measured by

portable gait rhythm-gram.

Adverse vents were rare
(7/31 patients)

Istradefylline improved
gait disorders and
improved quality of life
in patients with PD
complicated with
freezing of gait.

Fujioka et al. (2019)

This open-label study investigated the
utility of istradefylline in the treatment
of postural abnormalities in

21 levodopa-treated patients with PD.
MDS-UPDRS Part III score changes,
qualitative questionnaires, and sleep
scale changes were evaluated after
treatment with istradefylline.

The subitem score of
posture on the
MDS-UPDRS Part IIT
score significantly
improved with
istradefylline treatment
but the changes in score
of posture did not
correlate with changes in
other items on
MDS-UPDRS Part I1I,

qualitative questionnaires,

or sleep scale changes.

Istradefylline improved
posture scores on the
MDS-UPDRS Part III.
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Table 2. Comparative Studies.

Author (Year) Groups Studied and Intervention Results and Findings Conclusions
Istradefylline significantly
reduced ventrolateral
neostriatum overactivation Through a different

A controlled study using rat models
compared istradefylline and
tropicamide, a muscarinic antagonist,
in the treatment of pimozidine-induced
oral tremor.

Betz et al. (2009)

and improved symptoms
of pimozidine-induced
oral tremor. Surprisingly,
tropicamide increased
ventrolateral neostriatum
activation yet achieved

mechanism of action,
istradefylline is as
effective as tropicamide
for pimozidine-induced
oral tremor.

comparable improvement
in oral tremor symptoms.

4. Conclusions

PD is a common source of morbidity and disability. It is the second most common
neurodegenerative disorder and has an increasing prevalence; in 2020, it is estimated that 930,000
individuals will live with PD in the USA alone. The pathophysiology is most likely through the loss of
dopaminergic, serotonergic, noradrenergic and cholinergic neurons and decreased signaling, mostly in
the basal ganglia but also in the periphery. Clinical presentation includes the classic parkinsonism signs
including movement disorders, rigidity, postural instability, gait disorders and tremor, but also include
urinary and gastrointestinal symptoms, sleep disorders, and cognitive and psychiatric perturbances.

Traditional treatment is aimed at replacing these missing neurotransmitters and compensating
for the neuronal death. Levodopa, aimed at increasing dopaminergic signaling in the basal ganglia,
is a cornerstone of treatment and is usually included in the treatment regimen. Unfortunately, as the
course of illness develops, patients begin to experience “off episodes” as the effects of levodopa wane
between doses. There is great variation in the appearance of these episodes, and up to 30% of patients
will start experiencing them as early as several weeks into treatment; almost every patient will report
“off episodes” by 10 years of treatment. These “off” periods are a source of disability and greatly reduce
patient quality of life.

Istradefylline is an adenosine A2A receptor antagonist that is FDA approved as a combination
therapy with carbidopa/levodopa in patients experiencing “off episodes”. The recommended dose is
20 mg—40 mg once daily, and should not exceed 20 mg in patients with moderate hepatic insufficiency
(Child-Pugh B); it should be avoided in patients classified as Child-Pugh C altogether, mostly due to
lack of evidence of its safety. It was not studied in patients with end-stage renal disease, though it is not
contra-indicated in that population. By antagonizing adenosine in the indirect pathway, Istradefylline
tips the balance towards increased dopaminergic activity in the basal ganglia and thus synergizes with
levodopa, decreasing motor symptoms and targets “off episodes”.

Several clinical trials evaluated the safety and efficacy of istradefylline in combination with
levodopa/carbidopa and demonstrated significantly increased efficacy of treatment. With both approved
doses, daily 20 mg or 40 mg, patients experienced less side effects from levodopa treatment (namely,
dyskinesia), increased efficacy and improved activity (“ON”) times from levodopa, and reduced
length and incidence of “off episodes”. Importantly, istradefylline was also shown to improve gait,
decrease psychiatric symptoms and improve overall quality of life.

The most common side effects in these trials were dyskinesia, nausea, dizziness, and hallucinations;
however, these side effects were not more common than in the placebo group and are likely not directly
caused by istradefylline. Post-marketing surveillance will be required to assess for rarely occurring
side effects and the true magnitude of adverse events.
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