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Abstract: The effective management of OFF episodes remains an important unmet need for patients with Parkinson’s disease (PD)
who develop motor complications with long-term levodopa therapy. Istradefylline is a selective adenosine A, receptor antagonist for
the treatment of patients with PD experiencing OFF episodes while on levodopa/decarboxylase inhibitor. Originally approved in Japan,
istradefylline was recently approved in the USA. In this article, we provide a specific review of the four clinical studies that the FDA
included in the approval of istradefylline in the USA, and discuss common clinical scenarios, based on our experience, where
treatment with istradefylline may benefit patients experiencing motor fluctuations.
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Introduction

Despite advances in dopaminergic medications since the introduction of levodopa over 50 years ago, control of OFF
episodes remains an important unmet need in the management of patients with Parkinson’s disease (PD)." After 5 years
of levodopa therapy, about half (54%) of patients will experience OFF time,” * increasing to nearly 100% at 10 years.*>
Despite increasing levodopa dose and frequency, OFF time remains in many patients. Indeed, even some patients using
continuous jejunal and subcutaneous infusions of levodopa continue to experience significant OFF time.®’ Current
adjunctive therapies, such as the dopamine agonists (pramipexole, ropinirole, and rotigotine), catechol-
O-methyltransferase (COMT) inhibitors (entacapone, opicapone, and tolcapone), monoamine oxidase-B (MAO-B)
inhibitors (selegiline, rasagiline, and safinamide), and amantadine, reduce OFF time by up to an hour per day but do
not fully eliminate OFF episodes.® '' Furthermore, these adjunctive therapies may be accompanied by dose-limiting

adverse events,>!%!3

particularly in the elderly and in patients with advanced disease, including dyskinesia, nausea,
somnolence, orthostatic hypotension, hallucinations, and impulse control disorders. As a consequence, the risk—benefit
profile of each medication should be chosen according to the patient’s individual motor and non-motor symptoms. Recent
research has focused on finding novel non-dopaminergic pathways that might improve OFF time without dose-limiting
dopaminergic adverse effects.'*'?

In the healthy brain, the direct (stimulatory, “Go”) pathway and the indirect (inhibitory, “Stop”) striatal outflow
pathways lead to normal movement. The direct (“Go”) pathway is predominantly D; receptor mediated, while the
indirect (“Stop”) pathway is predominantly D, receptor mediated. In PD, dopamine depletion in the striatum results in
reduced direct pathway “Go” activity and increased indirect pathway “Stop” activity, resulting in bradykinesia.
Dopamine replacement via its precursor levodopa acts on both pathways,'® improving bradykinesia by increasing direct
pathway “Go” activity and reducing indirect pathway “Stop” activity. This can be described by analogy to an automobile

gas and brake: in PD, the reduced direct “Go” pathway as too little gas and the increased indirect “Stop” pathway activity
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as the emergency brake. Dopamine replacement leads to “pressing on the gas pedal” (ie, increased direct “Go” pathway
activity) and also “releases the emergency brake” (ie, decreased indirect pathway activity).

Other neurochemicals also play a role in modulating these striatal outflow pathways, including adenosine.'”'®
Adenosine A, receptors are selectively expressed on medium spiny neurons that give rise to the indirect “Stop”
pathway, but not on those of the direct pathway.'”** Concomitant with progressive nigrostriatal degeneration is an
upregulation of A, receptors on these medium spiny neurons, increasing during the disease course.”® Importantly, A,x
receptors exhibit constitutive activity, and thus the upregulation of A, receptors in PD further increases indirect “Stop”
pathway activity. By the automobile analogy, this leads to excessive braking (ie, increased indirect “Stop” pathway
activity), increasing bradykinesia despite dopaminergic pathways “pressing on the gas pedal.”

Istradefylline is a selective adenosine A,4 antagonist that has high affinity and specificity for striatal adenosine Ay
receptors.”* Since striatal adenosine A,4 receptors are upregulated in PD and have intrinsic activity, antagonism of these
receptors by istradefylline reduces the indirect “Stop” striatal output pathway overactivity (ie, “releases the emergency
brake”) to improve bradykinesia.”® The efficacy and safety of istradefylline in reducing OFF time when given as an

25732 and this extensive istradefylline

adjunct to levodopa were evaluated in eight double-blind, placebo-controlled trials,
clinical development program has recently been reviewed in detail.>* > While istradefylline has been approved for use in
patients with PD in Japan since 2013, the regulatory history for istradefylline in the USA and in Europe is complex and
has been well described elsewhere.***> In brief, while the US Food and Drug Administration (FDA) found that the
balance of evidence supports the use of istradefylline as adjunctive treatment to carbidopa/levodopa in adult patients with
PD experiencing OFF episodes, the European Medicines Agency (EMA) has not given its approval, primarily because of
negative findings in the European setting.>” US market authorization (2019) was based on four studies,”>*"**! which
the FDA considered sufficient®® to demonstrate that istradefylline reduces OFF time, increases ON time without
troublesome dyskinesia, and is generally well tolerated relative to placebo.**** The FDA wrote that it considered that
“it is not uncommon to encounter negative studies in clinical development programs, and that their presence alone does
not preclude a conclusion that substantial evidence of effectiveness has been demonstrated”.*®

Although the clinical experience with the routine use of istradefylline in Japan has been well described,?® discussion
of its clinical utility in the USA since approval has not. In this article, we first provide a specific review of the four

clinical studies?>?7-3%-3!

that led to FDA approval in the USA, as only these four studies are included in the Prescribing
Information for istradefylline in the USA and the evidence from these four studies is important to clinicians as it forms
the primary evidence for using istradefylline in patients with motor fluctuations in the US population. We then discuss
common clinical scenarios where non-dopaminergic treatment with istradefylline may be incorporated in routine clinical
practice to treat motor fluctuations, based on our collective experience at two specialized PD centers in the USA. As the
first non-dopaminergic therapy approved for the treatment of OFF episodes in the USA, it is of interest to describe the

clinical use of istradefylline since FDA approval.

Review of Istradefylline Clinical Studies Leading to FDA Approval in the USA
The US FDA granted regulatory approval based on rigorous examination of all eight trials, with results from four of the
trials included in the US Prescribing Information (6002-US-005, 6002-US-013, 6002-0608, and 6002—009).3 8 These four
12-week studies all enrolled patients with moderate to advanced PD (Hoehn and Yahr stages 2—4 during OFF) currently
taking levodopa/dopa decarboxylase inhibitor therapy who had motor fluctuations with >2-3 hours of daily OFF time.
Levodopa and other adjunctive treatment regimens were stable for >4 weeks before randomization into double-blind
treatment.’>"! Patients were randomized to the addition of placebo or istradefylline 20 or 40 mg/day. The primary
efficacy measure was reduction in daily OFF time from baseline as assessed by patient home diaries (in hours or as
a percentage of daily awake time); ON time without troublesome dyskinesia was assessed as a secondary outcome.
Trial 1 (study 6002-US-005 study) was a phase IIb clinical trial conducted in 195 patients in North America
(USA and Canada). The study evaluated the efficacy and safety of 40 mg/day of istradefylline versus placebo (2:1
ratio) in PD patients who were receiving levodopa therapy and experiencing >2 hours of OFF time per day. In this study,
most patients were already receiving adjunctive treatment: 86% were treated with a dopaminergic agonist and 41.0%
were receiving entacapone.”® Patients treated with adjunctive istradefylline showed a significant reduction of —1.8 hours
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[95% CI: —1.28, —0.08] in OFF time compared with a reduction of —0.6 hours [-2.26, —1.26] with placebo (p=0.005).%>
The reductions in the total hours of daily awake time spent in the OFF state correlated with the increases in the total
hours of daily awake time spent in the ON state without troublesome dyskinesia.>> Treatment-emergent adverse effects
(TEAEs) with istradefylline were generally mild. Of the most frequently reported drug-related TEAEs, dyskinesia
occurred more often for patients treated with istradefylline (30.2%) than for patients who received placebo (15.2%),
and accidents involving falls were more frequent for patients in the placebo group (9.1%) than for those in the
istradefylline group (3.1%).%

Trial 2 (study 6002-US-013) was a phase III clinical trial that enrolled levodopa-treated patients experiencing >3
hours of daily OFF time. In this North American study, 231 patients were randomized 1:1 to placebo or istradefylline
20 mg/day. Once again, >90% patients were receiving adjunctive antiparkinsonian medication. Compared to baseline,
patients treated with istradefylline experienced a mean+SD reduction in daily OFF time of 1.6+3.0 hours compared with
0.9£2.6 hours in the placebo group (placebo-adjusted treatment effect of 0.7 [—1.4, —0.1] hours, p=0.03). Neither ON
time with troublesome dyskinesia nor ON time without troublesome dyskinesia was increased significantly between
placebo and istradefylline. Dyskinesia (22.6% vs 12.2%), lightheadedness (7.8% vs 3.5%), tremor (5.2% vs 2.6%),
constipation (5.2% vs 0.9%), and weight decrease (6.1% vs 2.6%) were reported more often with istradefylline than with
placebo.

Trial 3 (study 6002-0608) was conducted in Japan. This was a phase IIb, randomized clinical trial evaluating the
efficacy and safety of istradefylline at doses of 20 and 40 mg/day versus placebo in 363 patients with PD and
experiencing >2 hours of OFF time with their current levodopa-based therapy plus any adjunctive medications. As in
the prior studies, most patients (89-96% per group) were already receiving adjunct therapy to levodopa. Placebo-adjusted
reductions in OFF time were 0.65 hours for the istradefylline 20 mg/day dose (p=0.013) and 0.92 hours (p<0.001) for the
40 mg/day dose.*® The most commonly reported drug-related TEAE was dyskinesia (placebo, 2.5%; istradefylline
20 mg/day, 8.5%; istradefylline 40 mg/day, 6.4%).*

The fourth trial was conducted in Japan (study 6002-009) and evaluated the efficacy and safety of both the 20 and
40 mg/day doses of istradefylline compared to placebo in patients receiving levodopa, with 83.7-91.1% (per group) of
patients receiving other adjunct medications.®" In this study, similar reductions in OFF time were observed with the 20
and 40 mg/day istradefylline doses. At 12 weeks, treatment with istradefylline reduced OFF time by 0.76 hours for the
20 mg/day (p=0.003) and 0.74 hours for the 40 mg/day regimen (p=0.003) versus placebo.’’ Once again, the most
common TEAE was dyskinesia (placebo, 4.0%; istradefylline 20 mg/day, 13.0%; istradefylline 40 mg/day, 12.1%).

Figure 1 shows the change from baseline over 12 weeks in each of the studies (OFF and ON without troublesome
dyskinesia, descriptive data only) as reported in patient diaries (see Supplementary Table el for full data). While the FDA

considered the results of each study separately for the regulatory approval, a pooled analysis of the same four trials
provided further insights into the data supporting the US label for istradefylline.>* When analyzed together, the placebo-
adjusted reduction in OFF time was —0.75 [-1.10, —0.40] hours for the istradefylline 20 mg/day dose and —0.82 [-1.17, —
0.47] hours for 40 mg/day dose (Figure 2). Pooled analysis of patient-level data allowed analysis of “good” ON time
(defined as ON time without troublesome dyskinesia) at week 12, which was not reported in the original publications of
the individual trials. This analysis showed that treatment with istradefylline increased good ON time by 0.68 [0.31, 1.06]
hours with the 20 mg/day dose and by 0.69 [0.32, 1.07] hours with the 40 mg/day dose adjusted for placebo. Thus, the
placebo-adjusted effect of istradefylline on the increase from baseline in ON time without troublesome dyskinesia was
comparable to the decrease in daily OFF time.

Across the four studies, istradefylline demonstrated discontinuation rates similar to placebo. The most common
reasons for discontinuation were adverse events (20 mg/day, 4-6% and 40 mg/day, 4.8-7.7% vs placebo, 1.7-7.6%) and
withdrawal of consent (20 mg/day, 1.2-4.9% and 40 mg/day, 2.4-3.2% vs placebo, 1.3-5.9%).>* The most frequent
TEAESs were dyskinesia (20 mg/day, 14.6% and 40 mg/day, 16.7% vs placebo, 7.5%), nausea (4.2% and 6.3% vs 4.7%),
and dizziness (3.1% and 5.6% vs 3.8%) (Table 1).>* The mean onset of dyskinesia was around 16 days after starting
istradefylline (ie, around the time istradefylline reaches steady state)*® and did not appear to be a common cause for study
discontinuation.®> The incidence of other side effects (eg, somnolence, orthostatic hypotension, nausea, hallucinations,
confusion, and impulse control disorders) was similar for patients receiving istradefylline and those receiving placebo.
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Figure | Reduction in OFF time and increases in good ON time (ON without troublesome dyskinesia) from the four randomized controlled studies (istradefylline versus
placebo) that led to FDA approval. Study |, 6002-US-005;>° Study 2, 6002-US-013; Study 3, 6002-0608;*° Study 4, 6002-009.%'
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Figure 2 Summary of efficacy outcomes from the four randomized controlled studies (istradefylline versus placebo) that led to FDA approval. Study |, 6002-US-005;% Study
2, 6002-US-013;40 Study 3, 6002-0608;* Study 4, 6002-009.%'

Thus, when taken together, the efficacy, tolerability, and safety demonstrated in these trials support that istradefylline’s
risk—benefit profile is favorable in doses of 20 and 40 mg/day and is a useful adjunct to levodopa therapy in PD patients
experiencing OFF episodes.
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Table | Treatment-Emergent Adverse Events (>5% and of Special Interest) in the Pooled Analysis of Four Clinical

Trials of Istradefylline Versus Placebo

Placebo Istradefylline 20 mg/day Istradefylline 40 mg/day

(N=426) (N=356) (N=378)
Any TEAE 278 (65.3%) 241 (67.7%) 263 (69.6%)
Dyskinesia 32 (7.5%) 52 (14.6%) 63 (16.7%)
Orthostatic hypotension 23 (5.4%) 24 (6.7%) 26 (6.9%)
Falls 40 (9.4%) 23 (6.5%) 26 (6.9%)
Nausea and vomiting 20 (4.7%) 17 (4.8%) 26 (6.9%)
Nausea 20 (4.7%) 15 (4.2%) 24 (6.3%)
Hallucination 12 (2.8%) 8 (2.2%) 22 (5.8%)
Dizziness 16 (3.8%) I (3.1%) 21 (5.6%)
Constipation 12 (2.8%) 19 (5.3%) 21 (5.6%)
Insomnia 15 (3.5%) 2 (0.6%) 21 (5.6%)
Viral upper respiratory tract 20 (4.7%) 20 (4.7%) 20 (5.3%)
infection
Somnolence* 13 (3.1%) 15 (4.2%) 8 (2.1%)
Increased liver enzymes* Il (2.6%) 3 (0.8%) 7 (1.9%)
Sleep disturbance* 3 (0.7%) 3 (0.8%) 6 (1.6%)
Neutropenia* 0 1 (0.3%) 2 (0.5%)
Sleep attack* 0 I (0.3%) I (0.3%)
Impulse control disorder* 0 0 I (0.3%)

Note: *Adverse event of special interest.
Abbreviation: TEAE, treatment-emergent adverse event.

Clinical Scenarios

Istradefylline is currently approved in the USA for adjunctive treatment to carbidopa/levodopa in adult patients with PD
experiencing OFF episodes.”” The recommended dosage is 20 mg orally once daily, which may be increased to
a maximum of 40 mg once daily dependent on patient response. Istradefylline can be considered for any patient on
carbidopa/levodopa who experiences OFF episodes, but in our experience, istradefylline may have particular clinical
utility for certain common clinical scenarios. The following hypothetical case descriptions have been developed to
represent common clinical scenarios based on the authors’ experience.

Clinical Scenario |: Early Emergence of OFF Episodes
Typical case description: 63-year-old woman with PD for 3 years and recent emergence of OFF episodes. Carbidopa/
levodopa 25/100 three times daily was begun 2 years ago, with robust improvement in her symptoms. At her current
visit, she reports that symptoms return before her next dose of carbidopa/levodopa. During the clinic visit, she is
observed in an OFF episode. Examination reveals right-hand rest tremor, right more than left bradykinesia and rigidity,
and slow gait.

In this patient scenario, end-dose wearing-off has emerged after 3 years of levodopa therapy. Multiple options to treat end-
dose OFF episodes can be considered, including adjusting levodopa dosing or frequency, adding adjunctive dopaminergic
therapy, or adding non-dopaminergic medication. The advantages and disadvantages for each of these need to be considered.
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Simply increasing levodopa dose may led to peak-dose side effects, including somnolence and dyskinesia, and daily doses
>400-600 mg are associated with increased risks of motor complications.*! Likewise, while inexpensive, dose-fractionation
strategies can be difficult for patients to manage the ever-shortening intervals between doses, leading to poor compliance** and
suboptimal efficacy.* Fractionating the dose into more frequent small doses can also lead to unpredictable effects, with the
patient’s response becoming more fragile with intermittent symptom re-emergence due to suboptimal levodopa exposure.****
Adding adjunctive dopaminergic medication may be limited by the emergence of dopaminergic adverse effects. Rescue or on-
demand therapies can be used to treat an OFF episode only after it occurs.

Non-dopaminergic treatment with istradefylline is another option to manage early OFF episodes. In a pooled analysis of
12-week, double-blind studies, patients receiving istradefylline (20-40 mg/day) as their first-line adjunct to levodopa (n=41)
showed an adjusted mean [95% CI] reduction in OFF time of —1.53 [-2.59, —0.46] hours versus baseline compared to an
increase of 0.30 [~0.93, 1.53] with placebo (n=34).** The adjusted mean difference between istradefylline and placebo was
—1.82 [-3.45, —0.20] hours (p=0.029), which is larger than the magnitude of effect reported for the entire study population,**
and supports the suggestion that istradefylline may be more effective when given earlier in the disease course.>

Clinical Scenario 2: Dopaminergic Therapy Efficacy is Limited by Tolerability

Typical case description: 55-year-old woman diagnosed with PD 6 years ago. She was initially treated with rasagiline,
with later addition of pramipexole to good effect. Later increasing the dosage of pramipexole led to pedal edema and
daytime somnolence and was tapered back down. Four years ago, extended-release (ER) carbidopa/levodopa was added
three times daily, with robust improvement in motor symptoms. Two years ago, ER carbidopa/levodopa was increased to
four times daily for OFF episodes between doses, and 1 year ago a fifth dose was added at bedtime. During her routine
clinic visit, she describes OFF symptoms that occur between doses.

This patient has had a good response to dopaminergic polypharmacy. However, OFF episodes have re-emerged. Options to
manage OFF episodes in this patient include further increasing levodopa frequency or dose, adding another adjunctive
dopaminergic therapy, or adding a non-dopaminergic medication. For this patient, past attempts to increase the dopamine
agonist dose have led to intolerable side effects. Another option could be to add a COMT inhibitor; the most common adverse
event with COMT inhibitors is new onset of dyskinesia, which occurs as a result of increased levodopa bioavailability and has
to be managed with levodopa dose reductions.*® In the istradefylline trials, a majority of patients were already receiving other
adjunctive therapy and had improvement in OFF time when istradefylline was added. In their pooled analysis of two
randomized controlled trials, Hattori et al*’ showed that the new onset of dyskinesia (ie, in patients without dyskinesia at
baseline, n=356) initiated on istradefylline (20 and 40 mg) was similar to placebo (4—6% with istradefylline vs 3% with
placebo), highlighting the relevance of using a non-dopaminergic approach in the polypharmacy mix.

Clinical Scenario 3: OFF Episodes Associated with OFF Symptoms During ON
(Suboptimal ON)

Typical case description: 71-year-old man diagnosed with PD 10 years ago. He was started on carbidopa/levodopa with
good improvement in symptoms. He is currently taking carbidopa/levodopa 25/100 1.5 tablets every 3 hours with
adjunctive COMT and MAO-B enzyme inhibitors (opicapone 50 mg and rasagiline 1 mg, respectively). However, he
continues to have OFF episodes and also reports that he feels slow even during ON periods.

Despite increasing dose and frequency of levodopa and combining with peripheral COMT inhibitors to improve
the pharmacokinetics and central selective MAO-B metabolism inhibition, some patients continue to have OFF
episodes and bradykinesia during ON. It is thought that when dopaminergic strategies fail to resolve OFF symptoms
(to use the analogy, when “pressing on the gas” is not enough), then using the adenosine antagonist istradefylline (to
“release the brake”) offers a pharmacologically distinct mechanism of action to improve OFF symptoms such as
bradykinesia.

Of relevance, despite being on a comprehensive background of therapy, treatment with istradefylline has been shown
not only to reduce OFF time, as discussed in the Introduction, but also to improve the quality of ON time, as assessed by
the Movement Disorder Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) Part III (motor) scale. In the
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pooled analysis of the four studies included in the US label, week 12 UPDRS Part III (ON) scores demonstrated
a significant improvement at both 20 mg/day (-1.36 points [-2.34, —0.38]; p=0.006) and 40 mg/day (—1.82 points
[-2.80, —0.84]; p<0.001) istradefylline relative to placebo.>* Moreover, in patients who are on two or more other adjunct
therapies, the favorable safety and tolerability of istradefylline makes it a good option for adding another layer of oral
therapy before considering more advanced therapeutic approaches.

Clinical Scenario 4: OFF Management Limited by Prior or Current Dyskinesia

Typical case description: 68-year-old woman with PD for 7 years, who developed OFF episodes after 4 years. She
initially responded to the addition of MAO-B inhibitor, but OFF time re-emerged 1 year later. Increasing the levodopa
dose led to peak dose dyskinesia and lowering the levodopa dose increased OFF time.

As PD progresses, the therapeutic window for reducing motor fluctuations without increasing dyskinesia narrows.
This can lead to a dopaminergic “trade-off”, where the decision is between accepting a decrease in OFF time and
accepting increased dyskinesia. Adenosine A, antagonists act through a mechanism beyond the damaged dopaminergic
system that avoids an interaction with the direct output pathway, which is implicated in dyskinesia.*® Preclinical studies
in MPTP primate models of PD indicate that A,, antagonists do not themselves induce dyskinesia, and that the chronic
coadministration of an A, antagonist with levodopa does not worsen the severity of existing dyskinesia while improving
motor function.** ! Clinical observations support this notion, where the likelihood of developing new-onset dyskinesia
is similar to placebo in patients without pre-existing dyskinesia,*” and treatment with istradefylline increases ON time
without troublesome dyskinesia overall irrespective of the presence of baseline dyskinesia.?>*'*>> While one study has
shown a small but statistically significant increase in ON time with troublesome dyskinesia (15 minutes) with istradefyl-
line 40 mg/day,’® changes in this measure were not significant in the other studies. Of note, while the incidence of
dyskinesia was higher with istradefylline than placebo (15-17% vs 8%) in the pooled clinical trials,”>*’%*! just 1% of
patients discontinued istradefylline treatment because of dyskinesia.*’

Clinical Scenario 5: Daytime Somnolence Limiting Dopaminergic Therapies for OFF

Episodes

Typical case description: 75-year-old man with PD diagnosed 4 years ago. Treatment with carbidopa/levodopa 25/100 three times

daily resulted in marked improvement in his symptoms. Two years ago, pramipexole was added owing to the emergence of

predictable OFF episodes, but was stopped because of increased daytime somnolence. One year ago, sleep apnea was diagnosed.
Sleep disturbances and excessive daytime sleepiness are very common in PD, worsen with the progression of the

disease, and require a range of different therapeutic approaches. Daytime somnolence exerts a negative impact on quality

of life in addition to increasing the risk of falls.”> Dopamine agonists are well known to significantly increase the risk of

54,55

sudden uncontrollable somnolence in a dose-related manner, and inappropriate daytime sleep episodes have also

been reported with COMT inhibitors as a result of increased levodopa exposure.’®>®

While the incidence of somnolence was 9-22% with the dopamine agonist pramipexole® and 20-40% with
ropinirole, it was not an adverse event with a reported incidence rate >5%, or more frequently occurring with istradefyl-
line than with placebo.*’ In a pooled analysis of the four istradefylline trials included in the US label, rates of somnolence
with the istradefylline 20 mg/day and 40 mg/day doses were similar to placebo (4.2% and 2.1% vs 3.1%, respectively).**
Two patients treated with istradefylline (n=1 per dose group) experienced a sleep attack/sudden-onset sleep during the
studies. Moreover, unlike available dopamine agonists and COMT inhibitors, the FDA label does not include any
warning for istradefylline regarding somnolence.* Indeed, considering its mechanism of action, it has been suggested
that treatment with istradefylline should be useful in reducing somnolence in PD.°® Adenosine is a potent endogenous
somnogen that modulates the sleep-wake cycle through a variety of mechanisms in a range of brain areas,®' and it is well
accepted that adenosine A, receptors play a dominant role in the induction and gating of sleep.> While much more
work is needed to understand the benefits of adenosine A, receptor inhibition on sleep, two small clinical studies have
shown benefits in reducing excessive daytime sleepiness (as assessed by the Epworth Sleepiness Scale) without affecting

nocturnal sleep (as assessed by the PD Sleep Scale).®***

Degenerative Neurological and Neuromuscular Disease 2022:12 https: 103
Dove:


https://www.dovepress.com
https://www.dovepress.com

Isaacson et al Dove

Clinical Scenario 6: OFF Symptoms of Tremor and Fatigue

Typical case description: 72-year-old woman diagnosed with PD 5 years ago. She was started on carbidopa/levodopa
with good improvement in symptoms over 4 years. However, she now complains of the re-emergence of tremor (during
ON periods) and says she is very fatigued at certain times of day.

Tremor-dominant PD refers to patients who present initially with tremor with relatively mild bradykinesia and rigidity
and who often progress slowly over many years with tremor remaining the most prominent clinical symptom.®®
Unfortunately, tremor may be less responsive to levodopa treatment than the other cardinal symptoms of the disease,
with some patients requiring higher levodopa doses,'* and thus a non-dopaminergic approach may be sought. In a post-
hoc analysis, Pagan et al used tremor items from the UPDRS to evaluate the efficacy of istradefylline in patients who
showed a profile consistent with tremor-dominant PD.°® In this important subgroup of patients, the analysis confirmed
significant differences in UPDRS tremor scores (sum of UPDRS items assessing kinetic and postural tremor in the right
and left hands and resting tremor of the face/lips or chin/arms/legs) versus placebo for both istradefylline doses tested.
Placebo-adjusted mean differences in UPDRS tremor scores were —2.60 [95% CI —4.57, —0.62] for the 20 mg/day dose
and —1.83 [-3.55, —0.11] for the 40 mg/day dose, indicating a good response to istradefylline for this often difficult-to-
treat symptom in patients already on dopamine-targeting therapies.®®

While previously overlooked, fatigue is now accepted as one of the most common PD symptoms and is often
considered by patients with PD to be one of the most disabling symptoms affecting daily activities and quality of life.”-%®
Studies have reported no effect of dopamine agonists on fatigue®® and mild to moderate effects for the MAO-B inhibitor
rasagiline.”®’" In a small study, treatment with istradefylline resulted in a significant improvement in fatigue over 8
weeks; fatigue severity scores improved from 62.8+7.1 at baseline to 52.3+9.3 (p=0.049).”* Similar positive benefits have
been reported in a small case series, where patients showed a reduction on the Parkinson Fatigue Scale.”> However,
a subanalysis of another 52-week open-label study found that the benefits of istradefylline on fatigue (MDS-UPDRS

Part 1, item 13) did not reach statistical significance.”*

Clinical Scenario 7: Elderly PD with OFF Episodes Concerned with the

Neuropsychiatric Side Effects of Other Adjunctive Medication

Typical case description: 80-year-old man with PD diagnosed 6 years ago. Has responded well to carbidopa/levodopa treatment,

including Stalevo®, over the years, but now his wearing-off is not well controlled by adjusting the levodopa regimen. He has

suffered depression in the past and his family are concerned about his risk of developing neuropsychiatric complications.
Because of the higher risks of cognitive and neuropsychiatric complications, clinicians tend to avoid using dopamine

3575 and there often comes a point when dopaminergic adjunct therapies to levodopa are no

agonists in older patients
longer sufficient for symptomatic control. Here, the safety and tolerability profile of istradefylline again differentiates it
from the dopaminergic therapies as its benefits in reducing OFF time were seen with little to no increase in the cognitive
and neuropsychiatric adverse events typically associated with dopaminergic antiparkinsonian therapies. For example,

39-76.77 istradefylline was not associated with increased rates of confusion, dream abnorm-

unlike the dopamine agonists,
alities, delusions, or anxiety versus placebo.*” Of relevance, however, is that the istradefylline label notes that the
incidence of hallucinations was 2% for the 20 mg dose, 6% for the 40 mg dose, and 3% for placebo.*’ Such rates are
similar to those reported in the Prescribing Information for Stalevo (4%)® and opicapone (3%)>’, and lower than the

17% reported for pramipexole® and 10% for ropinirole in advanced disease.”®

Clinical Scenario 8: PD with Orthostatic Hypotension Complicating Adjunctive

Medication

Typical case description: 85-year-old man diagnosed with PD 7 years ago. He was started on carbidopa/levodopa with
improvement in his symptoms. Over the years, the dosing frequency of carbidopa/levodopa was increased owing to OFF
periods. He presents to the clinic with complaints of OFF periods and occasional light-headedness. He is currently
receiving carbidopa/levodopa every 3 hours and carbidopa/levodopa-ER at bedtime. His sitting blood pressure is 128/78
mmHg and after standing for 3 min is 110/70 mmHg.
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Orthostatic hypotension (OH) is a common non-motor symptom of PD and has been associated with unex-
plained falls, syncope, light-headedness, cognitive impairment, dyspnea, fatigue, blurred vision, and shoulder,
neck, or low-back pain upon standing. Symptomatic OH occurs in approximately 20-30% of PD patients and
increases with PD duration, disease severity, age, and levodopa dose.”® ™ Dopamine agonists can markedly
reduce blood pressure in up to a third of patients®' and changes can occur as early as the first dose.®*®?
Although the levodopa dose can be fractionated if orthostatic symptoms occur at peak dose, this is often
associated with suboptimal symptom control and exacerbation of OFF episodes.®’ In such cases, istradefylline
offers a non-dopaminergic alternative with little or no increase in the incidence of OH. Across the four clinical
studies considered by the FDA, rates of OH reported as an adverse event (istradefylline 20 mg/day and 40 mg/day
vs placebo) were 6.7% and 6.9% versus 5.4%.%* In addition, there was no evidence of orthostasis or hypotension

by analysis of vital signs.*®

Discussion
In PD, non-dopaminergic approaches can be useful in the clinical management of patients with OFF episodes.
Istradefylline is the only adenosine A,, antagonist to reach clinical practice, and while it has a complex regulatory
history, the evidence base for istradefylline in the four clinical trials in the US Prescribing Information, and in pooled
analyses of all eight trials, reflects its overall efficacy, safety, and tolerability.®*®

Since istradefylline is the first adenosine antagonist to reach market approval, continued experience with this drug in
routine clinical practice is important to better understand its role in treating motor fluctuations. We hope the described
clinical scenarios are helpful to begin to define the clinical utility of istradefylline in the USA. Observational studies in
Japanese patients with motor fluctuations and other common PD symptoms indicate that istradefylline may be useful in
patients with postural abnormalities and gait disorders, as well as those experiencing non-motor symptoms of urinary

disturbances and mood disorders (Table 2).

Table 2 Post-Marketing Clinical Research to Evaluate Parkinson’s Disease Symptoms in Japan

Target N Duration | Observation Reference
Postural 21 3 months | Half (50%) of patients with postural abnormalities at baseline showed Suzuki et al 2018%
abnormality improvement after 3 months’ treatment with istradefylline
4 2-8 Three of four patients with postural deformities and preserved paraspinal Fujioka et al 2019%°
months muscle volume showed significant improvement with istradefylline following

dopamine agonist withdrawal

Gait 14 | month Freezing of Gait Questionnaire (FOG-Q) scores were significantly lower after | Matsuura et al 2018%*
disorder I month of istradefylline treatment versus baseline
31 12 weeks | MDS-UPDRS Part lll gait-related total scores significantly decreased at weeks | lijima et al 2019%

4—12 from baseline, with significant improvements in gait, freezing of gait, and
postural stability. At week 12, there were significant improvements in FOG-

Q, new FOG-Q, and overall movement per 48 h measured by portable gait

rhythmogram
Urinary 14 (male) | year Significant improvements were observed on urinary questionnaires. Night- Kitta et al 2018%
disturbance time urinary frequency and the percentage of the nocturnal urine volume also

improved significantly at 3 months’ administration (p<0.01)

Mood 30 12 weeks | Following administration of istradefylline, the scores on the Snaith—Hamilton | Nagayama et al 2019%

disorders Pleasure Scale Japanese version (SHAPS-)), Apathy scale, and Beck Depression

Inventory significantly improved over time
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Conclusions

We have presented herein a US-centric view of istradefylline in the management of OFF episodes, with specific reference
to its approved US label and to some common clinical scenarios in which we have found it to be particularly useful in our
US clinical experience. Istradefylline is an important additional option in the management of OFF episodes, and provides
a reduction in OFF time and an increase in good ON time (ON without troublesome dyskinesia) in the range of other
drugs approved for a similar indication in the USA, but with a safety and tolerability profile that reflects its non-
dopaminergic mechanism of action. The long-term benefit-risk profile of any agent is best explored in clinical practice,
where its overall clinical effectiveness can be evaluated in a broader population of patients over longer periods of time
than in a randomized clinical trial. Further clinical experience will continue to define the therapeutic role of istradefylline
in motor fluctuations.
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