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Abstract.

Background: Istradefylline is a selective adenosine A, receptor antagonist for the treatment of patients with Parkinson’s
disease (PD) experiencing OFF episodes while on levodopa/decarboxylase inhibitor.

Objective: This pooled analysis of eight randomized, placebo-controlled, double-blind phase 2b/3 studies evaluated the
efficacy and safety of istradefylline.

Methods: Istradefylline was evaluated in PD patients receiving levodopa with carbidopa/benserazide and experiencing motor
fluctuations. Eight 12- or 16-week trials were conducted (n = 3,245); four of these studies were the basis for istradefylline’s
FDA approval. Change in OFF time as assessed in patient-completed 24-h PD diaries at Week 12 was the primary endpoint.
All studies were designed with common methodology, thereby permitting pooling of data. Pooled analysis results from once-
daily oral istradefylline (20 and 40 mg/day) and placebo were evaluated using a mixed-model repeated-measures approach
including study as a factor.
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Results: Among 2,719 patients (placebo, n=992; 20 mg/day, n=_848; 40 mg/day, n=_879), OFF hours/day were reduced
at Week 12 at istradefylline dosages of 20 mg/day (least-squares mean difference [LSMD] from placebo in reduction from
baseline [95% CI], —0.38 h [-0.61, —0.15]) and 40 mg/day (—0.45 h [-0.68, —0.22], p <0.0001); ON time without troublesome
dyskinesia (ON-WoTD) significantly increased. Similar results were found in the four-study pool (OFF hours/day, 20 mg/day,
—0.75h [-1.10, —0.40]; 40 mg/day, —0.82h [-1.17, —0.47]). Istradefylline was generally well-tolerated; the average study
completion rate among istradefylline-treated patients across all studies was 89.2%. Dyskinesia was the most frequent adverse
event (placebo, 9.6%; 20 mg/day, 16.1%; 40 mg/day, 17.7%).

Conclusion: In this pooled analysis, istradefylline significantly improved OFF time and ON-WoTD relative to placebo and

was well-tolerated.

Keywords: Adenosine A;a receptor antagonist, istradefylline, Parkinson’s disease, treatment

INTRODUCTION

Levodopa is the cornerstone of treatment for
patients with Parkinson’s disease (PD) and gener-
ally provides good symptom relief; however, the
duration of efficacy (ON time) commonly becomes
shorter and increasingly variable over time. In addi-
tion, patients experience delays in the onset of benefit.
Consequently, many patients start experiencing daily
periods during which symptoms return and levodopa
does not adequately control symptoms (OFF time)
[1]. Current adjunctive, dopaminergic therapies, such
as dopamine agonists (DAs) and COMT and MAO-
B inhibitors, reduce but do not fully eliminate motor
fluctuations. Furthermore, adjunctive dopaminergic
therapies may be accompanied by dose-limiting
adverse events (AEs), including dyskinesia, drowsi-
ness, nausea, orthostatic hypotension, hallucinations,
peripheral edema, and impulse control disorders [2,
3].

Istradefylline is a nondopaminergic medication
that is adjunctive treatment to levodopa in combi-
nation with an aromatic amino acid decarboxylase
inhibitor in adult patients with PD experiencing OFF
episodes [4-6]. A selective adenosine Ajp recep-
tor antagonist, istradefylline has a xanthine chemical
structure and does not interact with dopamine recep-
tors or alter dopamine metabolism; it has low or very
weak affinity for other receptors, transporters, and ion
channels, such as serotonin and acetylcholine recep-
tors as well as other adenosine receptor subtypes [7].

Most treatments for patients with PD help counter
the reduction in striatal dopaminergic stimulation
that is central to the disease process. Istradefylline,
by contrast, targets adenosine Apa receptors, which
are highly localized in parts of the basal ganglia,
including the caudate nucleus, putamen, and nucleus
accumbens [8—12].

In PD, istradefylline is thought to act via the
indirect striatal output pathway of the basal gan-
glia, which suppresses movement. This pathway,
which is excessively activated in PD because of
loss of dopamine D2 receptor-mediated inhibitory
effect, is known to be regulated by the A,a receptor-
mediated excitatory mechanism [10]. Istradefylline
blocks adenosine A4 receptors in the striatum and
globus pallidus external segment, reducing the exces-
sive output of the indirect pathway that occurs in PD.
Consequently, the imbalance between the indirect and
direct pathways of the basal ganglia is reduced [6].

Istradefylline has been evaluated in multiple phase
2 and 3 studies [13-19]. In levodopa-treated adults
with PD experiencing motor fluctuations, studies
have demonstrated that istradefylline was gener-
ally well-tolerated, reduced OFF time, and increased
ON time without troublesome dyskinesia relative to
placebo [13, 15-18]. Previous meta-analyses have
suggested that, compared to placebo, istradefylline
reduces OFF time and motor symptoms, whereas
rates of dyskinesia may increase with treatment [20,
21].

Here, we present individual and pooled analyses of
randomized, double-blind, placebo-controlled clini-
cal trials in which istradefylline or placebo was added
onto stable therapy with levodopa with or without
other anti-Parkinson medications.

MATERIALS AND METHODS
Study design

Eight 12- or 16-week phase 2b/3 randomized clin-
ical trials were conducted in North America, Japan,
or internationally (NCT00199394, NCT00199407,
NCT00199420, NCT00455507, NCT00456586,
NCT00456794, NCTO00955526, NCTO01968031;
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Supplementary File 1, Supplementary Table 1). All
study sites had local or central Institutional Review
Board (IRB) approval, and research was carried out
in compliance with the Declaration of Helsinki as
currently amended. Six of these studies have been
published previously in peer-reviewed literature
[13-18]. In total, 3,245 patients were randomized
to receive once-daily oral doses of placebo or
istradefylline (10, 20, 40, or 60 mg) or multiple daily
doses of entacapone (200 mg/dose). Entacapone and
istradefylline 10 and 60 mg were evaluated in one
study each; istradefylline at 20mg (6002-US-006,
6002-US-013, 6002-0608, 6002-009, 6002-US-018,
and 6002-014) and 40 mg (6002-US-005, 6002-0608,
6002-009, 6002-US-018, 6002-EU-007, 6002-014)
per dose [13, 14] were evaluated in six studies each
(Supplementary File 1, Supplementary Table 1).
Only the placebo and 20 and 40 mg istradefylline
treatment groups were selected to be pooled in the
present analysis and to be compared with placebo,
as the 20 and 40 mg doses are the doses approved
for use in clinical practice (Supplementary File 1,
Supplementary Figure 1).

Data from all eight randomized controlled trials
(RCTs) were pooled for efficacy and safety analy-
ses. A second analysis was performed in which data
were pooled from the four studies that were selected
by the regulatory authority in the United States for
istradefylline’s approval. This analysis is presented
to enable readers to better interpret and understand
the US product label; these four studies represent
the trials that met their primary endpoints by the
pre-specified analysis method [4]. All studies were
specifically designed to have common methodology
(Supplementary File 1, Supplementary Table 2), thus
permitting pooling of all 8 studies.

Patients

Eligible patients were >30 years old (>20 years
old in 6002-0608 [17] and 6002-009 [18]) and were
diagnosed with idiopathic PD based on the United
Kingdom Parkinson’s Disease Society (UKPDS)
Brain Bank Diagnostic Criteria with a Modified
Hoehn and Yahr stage of 2 to 4 in the OFF state (ON
state in 6002-014).

Patients received levodopa in combination with
carbidopa or benserazide for >1 year prior to study
entry, were on a stable levodopa regimen for >4
weeks prior to randomization, and were experi-
encing end-of-dose wearing-off with an average
of at least 2 (Studies 6002-US-005, 6002-US-

006, 6002-0608, 6002-009, and 6002-014) [13,
16-18] or 3h OFF time/day (Studies 6002-US-
013, 6002-US-018, and 6002-EU-007) [14, 15]
at baseline (see Supplementary File 1, Supple-
mentary Table 2). Levodopa dosages could be
reduced if patients experienced levodopa-related
AEs (6002-US-018, 6002-0608, and 6002-009), AEs
(6002-US-005, 6002-US-006, and 6002-US-013), or
dopamine-related AEs (6002-EU-007) but could not
be increased above baseline. Dose changes were not
permitted in 6002-014. Patients continued concomi-
tant treatment with other approved anti-Parkinson
medications at stable dosages.

Primary endpoints and analysis sets for study
endpoints

OFF and ON time recorded in patient-completed
24-h PD diaries provided the primary and secondary
change-from-baseline endpoints [22]. The presence
of pre-existing dyskinesia was determined using
diary records from the week preceding the baseline
visit. Change from baseline to Week 12 or End-of-
Study in daily OFF time was the primary endpoint
of all studies and was reported as either percentage
of awake time (% OFF) or hours/day (hours OFF;
Supplementary File 1, Supplementary Table 1). In
studies where the primary endpoint was recorded
as a percentage, data were expressed as hours/day
for pooling. Istradefylline had no placebo-adjusted
effect on hours asleep/day. Therefore, interconver-
sion of OFF time between percentage of awake time
and hours/day permits assessment of statistically sig-
nificant differences between groups.

ON time was recorded in diaries as occurring with
or without dyskinesia. ON time with dyskinesia was
reported as non-troublesome (did not interfere with
function or cause meaningful discomfort) or trouble-
some (interfered with function or caused meaningful
discomfort) [22]. The sum of ON time without dyski-
nesia plus ON time with non-troublesome dyskinesia
provided the derived variable of ON time with-
out troublesome dyskinesia. Overall, the following
parameters were evaluated: total ON time, ON time
without dyskinesia, ON time with troublesome dysk-
inesia, and ON time without troublesome dyskinesia.

Unified Parkinson’s Disease Rating Scale
(UPDRS) Part II and III scores in the ON state were
recorded in all trials. The Medical Dictionary for
Regulatory Activities (MedDRA) version 20.0 was
used to classify all AEs reported during the study by
System Organ Class and preferred term.
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Statistical analysis

Continuous variables were summarized by number
of patients, mean, standard deviation (SD), median,
minimum, and maximum values. Categorical vari-
ables were summarized by number and percentage of
patients in each category.

In the pooled analysis, the primary efficacy end-
point was evaluated using a mixed-effect model for
repeated measures (MMRM) approach with base-
line value as a covariate; fixed-effect terms in the
model for study, pooled study center, treatment group,
week, and treatment-by-week interaction; and an
unstructured covariance matrix. Using this model,
the differences in change from baseline to Week
12 for the primary and key secondary efficacy end-
points between each istradefylline treatment group
and placebo were estimated based on least-squares
(LS) mean difference, with corresponding 95% con-
fidence intervals (Cls) and p values. The LS mean
and corresponding 95% CI for the change from
baseline to Week 12 for 20 mg, 40 mg and placebo
were also estimated from the MMRM. Incidences of
treatment-emergent AEs (TEAEs) were summarized
by preferred term (MedDRA version 20.0) using the
number and percentage of patients reporting an event.

RESULTS
Baseline characteristics and demographics

There were 3245 patients in the eight studies eval-
uated, including patients who received 10 mg/day
istradefylline (n=149), 60mg/day istradefylline
(n=155), and entacapone (n=146). To evaluate
approved dosages of istradefylline vs placebo,
the pooled population (N=2719) comprised those
patients in the placebo (n=992), istradefylline
20 mg/day (n=2848), and istradefylline 40 mg/day
(n=879) treatment groups (Supplementary File 1,
Supplementary Table 1).

Demographic variables were balanced among
treatment groups within each study. Table 1 shows
the similarities across studies in intent-to-treat (ITT)
populations. Results from the two previously unpub-
lished trials (6002-EU-007 and 6002-014) are shown
in Supplementary Files 2 and 3, respectively.

Patient disposition

Of patients randomized in the eight studies, 87.8%
to 90.1% completed the 12- or 16-week treatment

periods. The most frequent reason for premature
discontinuation was AEs (placebo, 1.7% to 7.6%;
20 mg/day, 3.7% to 9.4%, and 40 mg/day, 4.8% to
10.6%), followed by withdrawn consent (placebo,
1.3% to 5.9%; 20 mg/day, 0 to 4.9%; 40 mg/day, O to
3.2%; Supplementary File 1, Supplementary Table 3).

Efficacy outcomes: eight-study pool

In the pooled analysis of eight studies, istrade-
fylline reduced mean OFF hours/day at Week 12
relative to placebo at 20mg/day (LS mean differ-
ence from placebo [95% CI], —0.38 h [-0.61, —-0.15],
p=0.0011) and 40 mg/day (-0.45h [-0.68, —0.22],
p<0.0001; Fig. 1A). Total hours/day ON with-
out troublesome dyskinesia significantly increased
with istradefylline at 20 mg/day (0.40h [0.15, 0.66],
p=0.0021) and 40mg/day (0.33h [0.08, 0.59],
p=0.0098) compared with placebo (Fig. 1B) The
placebo-adjusted effect of istradefylline on the
increase in ON time without troublesome dyskine-
sia was comparable to the decrease in OFF time, and
there was no significant difference between istrade-
fylline and placebo in total hours/day of ON time
with troublesome dyskinesia in the 20 mg/day (0.08 h
[-0.06, 0.21]) and 40 mg/day (0.13h [0.00, 0.26])
groups (Table 2).

There was a consistent trend toward improvement
in UPDRS Part III (ON) scores with istradefylline
at both 20mg/day (-0.6 points [-1.3, 0.1]) and
40 mg/day (—1.3 points [-2.0, —0.6]) relative to
placebo (Fig. 1C). Pooled results for all diary end-
points and for UPDRS Parts II and III scores are
shown in Table 2.

Safety outcomes

In the pooled safety analysis of all eight studies,
the average completion rate was 89.2% across all
istradefylline doses and 89.8% for the pooled placebo
group. The incidence of TEAEs was generally simi-
lar across the three groups (placebo, 65%; 20 mg/day,
71%; 40 mg/day, 70%), and the most frequent AE
was dyskinesia (9.6%, 16.1%, and 17.7%, respec-
tively; Table 3), which was mostly mild or moderate
in severity and led to discontinuation from study for
0.7%, 0.8%, and 1.5% of patients in the placebo,
20 mg/day and 40 mg/day groups. Dyskinesia was
more frequently reported as an AE in istradefylline-
and placebo-treated patients with pre-existing
dyskinesia noted in baseline diaries (placebo, 14.1%;
20 mg/day, 24.7%; 40 mg/day, 25.9%) compared



Table 1
Baseline characteristics and demographics®

Characteristic Study No. 6002-

US-005 US-006 US-013 0608 009 US-018 EU-007 6002-014

Age (y), n 195 395 225 357 366 584 455 592
Mean (SD) 63 (9) 64 (10) 63 (10) 65 (8) 66 (9) 63 (9) 62 (9) 64 (8)
[range] [38-87] [36-87] [36-87] [37-84] [33-84] [35-85] [34-87] [41-87]

Sex, n (%)

Male 117 (60) 264 (67) 150 (67) 150 (42) 162 (44) 389 (67) 278 (61) 363 (61)

BMI (kg/m?), n 195 394 225 357 366 582 455 592
Mean (SD) 26.7 (5.2) 26.3 (4.5) 27.0(5.2) 21.9(3.4) 22.3(3.5) 28.1(5.4) 253 (4.3) 27.2(4.9)
[range] [17.8-57.2] [15.9-45.4] [17.2-44.9] [13.8-32.5] [14.2-40.0] [15.7-54.4] [14.4-45.2] [16.3-46.5]

Total OFF time, (hours/day)", n 195 395 225 357 366 584 455 592
Mean (SD) 6.3 (2.6) 5.9(2.5) 6.6 (2.5) 6.6 (2.7) 6.3 (2.6) 6.7 (2.1) 6.4(2.2) 5.4 (2.0
[range] [0.0-14.5] [0.8-14.8] [2.5-17.8] [2.0-17.0] [1.9-14.2] [2.0-16.3] [2.0-14.0] [1.0-14.3]

Total daily dose of levodopa at study entry (mg), n 195 390 224 357 366 584 454 592
Median 700 700 700 400 400 750 600 750
[range] [150-4800] [75-2200] [150-2100] [300-1500] [300-1200] [25-3000] [105-2000] [300-3150]

UPDRS Part III score® in the ON state, n 182 388 219 357 366 558 444 592
Mean (SD) 17.8 (11.1) 17.0 (9.4) 234 (11.2) 20.9 (10.3) 21.2(11.1) 22.1(11.4) 27.5(11.8) 22.7 (11.5)

Time since PD diagnosis, y, n 195 395 225 357 366 584 454 d
Mean (SD) 9.9 (5.0) 9.5(5.0) 9.4(5.1) 8.2(4.3) 7.7 (4.4) 8.9 (4.8) 8.3 (4.4)

Time since initiation of levodopa, y, n° d —d 255 —d —d 584 452 591
Mean (SD) 8.1(5.1) 7.5(4.8) 724.2) 8.7 (4.4)

Time since onset of motor complications, n® 195 395 225 357 366 582 453 587
Mean (SD) 4.1(3.5) 4.5(3.9) 3.83.5) 332.8) 33@3.1) 3.6(3.4) 3.12.8) 6.0 (4.3)

Anti-Parkinson medication used at baseline and throughout study’

Concomitant anti-Parkinson medications, n (%) 195 (100.0) 395 (100.0) 225 (100.0) 357 (100.0) 366 (100.0) 584 (100.0) 455 (100.0) 592 (100.0)
DOPA and DOPA derivatives 195 (100.0) 395 (100.0) 225 (100.0) 357 (100.0) 366 (100.0) 584 (100.0) 455 (100.0) 592 (100.0)
DAs 150 (76.9) 301 (76.2) 171 (76.0) 330 (92.4) 318 (86.9) 430 (73.6) 226 (49.7) 463 (78.2)
COMT inhibitors 80 (41.0) 172 (43.5) 101 (44.9) 53 (14.8) 183 (50.0) 278 (47.6) 08 227 (38.3)
MAO-B inhibitors 33(16.9) 63 (15.9) 26 (11.6) 186 (52.1) 184 (50.3) 76 (13.0) 38 (8.4) 220 (37.2)
Adamantane derivatives 55(28.2) 110 (27.8) 70 (31.1) 127 (35.6) 134 (36.6) 151(25.9) 134 (29.5) 194 (32.8)
Anticholinergics 9(4.6) 18 (4.6) 21(9.3) 64 (17.9) 50 (13.7) 24 (4.1) 84 (18.5) 27 (4.6)
Other" 3(1.5) 6 (1.5) 0 89 (24.9) 122 (33.3) 27 (4.6) 10 (2.2) 10 (1.7)

AITT population, total for all treatment groups in the study, including placebo; "Observed case; CUPDRS Part III score = sum of UPDRS questions 18 to 31 (motor examination); ¢Not collected;
°Calculated relative to screening visit date; fPatients shown as receiving DA, COMT inhibitor, or MAO-B inhibitor may have also been receiving other categories of PD medications; 2Entacapone
was an active comparator in this study; therefore, concomitant COMT inhibitors were not allowed, per protocol; "Primarily includes domperidone, droxidopa, promethazine, and zonisamide for
Studies 6002-0608 and 6002-009; BMI, body mass index; COMT, catechol-O-methyltransferase; DA, dopamine agonist; ITT, intent-to-treat; MAO-B, monoamine oxidase B; PD, Parkinson’s
disease; SD, standard deviation; UPDRS, Unified Parkinson Disease Rating Scale.
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Fig. 1. Forest plot of 8 randomized trials (MMRM) showing LS mean difference from placebo in the change from baseline to Week 12 in
(A) OFF hours/day, (B) hours/day ON without troublesome dyskinesia, and (C) UPDRS Part III ON. The symbol on each horizontal line
is the LS mean difference from placebo in the change from baseline for the istradefylline dosage shown at left. The horizontal line is the
95% CI. The 4 studies in orange were included in the US label for istradefylline. For panels A and C, negative values indicate improvement;
for panel B, positive values indicate improvement. Open symbols = pooled results; filled symbols = individual study results. CI, confidence
interval; MMRM, mixed-model repeated measures; UPDRS Part III, Unified Parkinson’s Disease Rating Scale, Part III (motor function).
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Table 2
Efficacy endpoints for the 8- and 4-study pools

Efficacy endpoint

LS mean difference from placebo in
the change from baseline (95% CI)
Istradefylline 20 mg/day Istradefylline 40 mg/day

Total OFF time (hours/day)
8-study pool
4-study pool
ON time without troublesome dyskinesia (hours/day)
8-study pool
4-study pool
Total ON time (hours/day)
8-study pool
4-study pool
ON time without dyskinesia (hours/day)
8-study pool
4-study pool
ON time with troublesome dyskinesia (hours/day)
8-study pool
4-study pool
UPDRS Part IT ON (score)
8-study pool
4-study pool
UPDRS Part III ON (score)
8-study pool
4-study pool

-0.38 (-0.61, -0.15)
-0.75 (-1.10, -0.40)

—0.45 (-0.68, -0.22)
-0.82 (-1.17,-0.47)

0.40 (0.15, 0.66)
0.68 (0.31, 1.06)

0.33(0.08, 0.59)
0.69 (0.32, 1.07)

0.48 (0.24,0.71)
0.81 (0.46, 1.16)

0.45 (0.22, 0.69)
0.84 (0.49, 1.20)

0.15 (-0.13, 0.44)
0.50 (0.10, 0.90)

0.07 (-0.22, 0.35)
0.53(0.13,0.94)

0.08 (-0.06, 0.21)
0.13 (-0.07, 0.32)

0.13 (0.00, 0.26)
0.15 (-0.05, 0.34)

0.1(-0.2,0.4)
0.19 (-0.19, 0.56)

-0.2(-0.5,0.1)
~0.24 (-0.61, 0.14)

~0.6 (-1.3,0.1)
~1.36 (-2.34, -0.38)

~1.3 (-2.0,-0.6)
~1.82 (-2.80, ~0.84)

CI, confidence interval; LS, least-squares; UPDRS, Unified Parkinson’s Disease Rating Scale.

Table 3

Frequency of TEAEs occurring in >5% of patients receiving istradefylline 20 or 40 mg/day
in the safety population

Adverse event, n (%) Placebo Istradefylline
20 mg/day 40 mg/day
8-study pool, n 1010 869 896
Any TEAE 661 (65.4) 614 (70.7) 628 (70.1)
Dyskinesia 97 (9.6) 140 (16.1) 159 (17.7)
Nausea 46 (4.6) 52 (6.0) 54 (6.0)
Fall 50 (5.0) 35 (4.0) 45 (5.0)
Dizziness 42 (4.2) 44 (5.1) 44 (4.9)
Constipation 33 (3.3) 50 (5.8) 48 (5.4)
Insomnia 42 (4.2) 31 (3.6) 48 (5.4)
4-study pool, n 426 356 378
Any TEAE 278 (65.3) 241 (67.7) 263 (69.6)
Dyskinesia 32(7.5) 52 (14.6) 63 (16.7)
Nausea 20 (4.7) 154.2) 24 (6.3)
Dizziness 16 (3.8) 11 (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 infection 20 (4.7) 22 (6.2) 20 (5.3)

TEAE, treatment-emergent adverse event.

with patients without pre-existing dyskinesia
(placebo, 3.5%; 20 mg/day, 4.4%; 40 mg/day, 8.4%).

In istradefylline-treated patients, there was little
or no increase in the incidence of AEs commonly
observed in patients with PD during treatment with
levodopa and other dopaminergic anti-Parkinson
medications (nausea and vomiting, hallucinations,
impulse control disorders, orthostatic hypotension,
somnolence/sleepiness) (Supplementary File 1, Sup-

plementary Table 4). No clinically meaningful
changes in laboratory parameters, vital signs, or ECG
parameters were observed.

Efficacy and safety outcomes: four-study pool

In the pooled analysis of four studies, the LS mean
difference from placebo in the change from baseline
in total OFF hours/day at Week 12 was —0.75h (95%
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CI, -1.10, —0.40) for istradefylline 20 mg/day and
—0.82h (-1.17, -0.47) for 40 mg/day (Fig. 1A). The
change from baseline in total hours/day ON without
troublesome dyskinesia at Week 12 increased with
both the 20 mg/day (LS mean difference from placebo
[95% CI], 0.68 h [0.31, 1.06]) and 40 mg/day (0.69 h
[0.32, 1.07]) dosages of istradefylline compared with
placebo (Fig. 1B). 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.

At Week 12, UPDRS Part III (ON) scores in the
4-study pool demonstrated a significant improve-
ment at both 20 mg/day (—1.36 points [-2.34, —0.38];
p=0.006) and 40mg/day (-1.82 points [-2.80,
—0.84]; p<0.001) istradefylline relative to placebo
(Fig. 10).

In the pooled analysis of 4 studies, the most
frequent AEs were dyskinesia (placebo, 7.5%;
20 mg/day, 14.6%; 40 mg/day, 16.7%), nausea (4.7%,
4.2%, 6.3%), and dizziness (3.8%, 3.1%, 5.6%;
Table 3). Dyskinesia led to study discontinuation in
no placebo-treated patients, 1.1% of patients treated
at 20 mg/day, and 1.3% treated at 40 mg/day. Rates of
AE:s of special interest in the 4-study pool are shown
in Supplementary File 1, Supplementary Table 4.

DISCUSSION

In this pooled analysis from 8 clinical trials of
patients with PD receiving levodopa and other con-
comitant anti-Parkinson medications, istradefylline
20 and 40 mg/day significantly decreased OFF time
and increased ON time without troublesome dysk-
inesia relative to placebo. UPDRS Part III (ON)
also demonstrated a trend toward improvement. We
believe the value of this report derives from the fact
that 1) the 8-study pool reflects the full clinical devel-
opment experience of istradefylline when evaluated
as adjunctive treatment for patients with OFF time
in phase 2b/3 double-blind clinical trials, including
two previously unpublished studies, and 2) we pro-
vide a pooled analysis of the four studies that were
selected by the US FDA in order to enable readers to
better interpret and understand the data that underlies
istradefylline’s US product label. Importantly, these
analyses demonstrated consistent effects of istrade-
fylline. All randomized patients received levodopa,
and 95% were receiving additional anti-Parkinson
medication. Therefore, all results were obtained in
addition to a background of levodopa/decarboxylase

inhibitor with or without other anti-Parkinson medi-
cations.

In the 8-study pooled analysis, the magnitude
of the reduction in OFF time (20 mg/day, —0.38 h;
40 mg/day, —0.45 h) was similar to the increase in ON
without troublesome dyskinesia (20 mg/day, 0.40 h;
40 mg/day, 0.33 h). The directionality and size of the
effect of treatment were mostly consistent among the
studies (Fig. 1). These findings indicate that istrade-
fylline causes reciprocal changes in OFF time and ON
time without troublesome dyskinesia, suggesting that
the reduced OFF time is transformed to ON without
troublesome dyskinesia. Dyskinesia was observed
as an AE in 16.1% (20mg) and 17.7% (40 mg) of
istradefylline-treated patients compared with 9.6%
of placebo-treated patients in the 8-study pool. As
reported in a post-marketing surveillance study of
476 patients with PD receiving istradefylline, patients
with pre-existing dyskinesia had a higher frequency
of dyskinesia relative to those without baseline dysk-
inesia (10.6% vs 1.7%, respectively) [23]. These
findings are consistent with the present report, which
demonstrated that dyskinesia as an AE was reported
more frequently among patients with dyskinesia at
baseline. Although the majority of patients did not
report dyskinesia, it is possible that dyskinesia arose
in part because the increased amount of ON time
observed in istradefylline-treated patients increased
the time during which this AE could occur.

These efficacy findings are consistent with a recent
pooled analysis of two of the studies included in this
analysis that were conducted in Japan—this anal-
ysis found that istradefylline was associated with
reduced OFF time and increased ON time with-
out troublesome dyskinesia [24]. Additionally, a
previous meta-analysis of 6 of the 8 trials pre-
sented here found that, relative to placebo, OFF
time and motor symptoms improved with istrade-
fylline, whereas dyskinesia occurred more frequently
[20]; these findings are consistent with the present
analysis, which encompasses a larger and more
diverse patient population and includes two previ-
ously unpublished studies that did not demonstrate
statistically significant differences in endpoints. In
the present analysis, if dyskinesia became problem-
atic, the levodopa dose could be reduced. However,
in a proof-of-concept study, istradefylline added to
a low-dose IV levodopa infusion potentiated the
antiparkinsonian response and caused less dyskinesia
compared with that induced by an optimal-dose IV
levodopa infusion alone [25]. This strategy of lower-
ing the levodopa dose and adding istradefylline has
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not yet been tested in patients with PD and dyskine-
sia on oral levodopa but remains of interest for future
trials.

For new drug applications, the U.S. Food and
Drug Administration requires “substantial evidence”
of drug safety and efficacy and interprets this as need-
ing at least two adequate and well-controlled phase
3 trials with convincing evidence of effectiveness
[26]. For the US approval of istradefylline, four clin-
ical trials were included in the label to support its
safety and efficacy. In these trials, istradefylline doses
of 20mg/day (6002-US-013, -0.62h; 6002-0608,
—0.67 h; 6002-009, —0.67h) and 40 mg/day (6002-
US-005, —1.11h; 6002-0608, —0.84; 6002-0609,
—0.71 h) significantly reduced OFF time compared
with placebo. The magnitude of the OFF time reduc-
tion in the 4-study pool was somewhat greater than
the reduction observed in the more comprehensive 8-
study pool, which would be expected given that these
4 trials were selected based on their positive results
in the primary analysis. ON time without trouble-
some dyskinesia and UPDRS scores also showed a
somewhat larger magnitude of change in the 4-study
pool.

Experience with adenosine A5 antagonists sug-
gests variability in outcome across trials, probably
owing to issues of study conduct. In a phase 2 trial of
preladenant, 5 mg BID reduced OFF time compared
with placebo by 1.0h (p=0.0486) and 10 mg BID
by 1.2h (p=0.019) [27]. However, in two phase 3
trials, preladenant failed to significantly reduce OFF
time compared with placebo. Notably, rasagiline was
included as an active control in one of the phase
3 studies, and it also failed to significantly reduce
OFF time compared with placebo [28]. Although
methodologic issues that could have accounted for
these results were identified, further development of
preladenant was discontinued.

In clinical trials of the adenosine A receptor
antagonist tozadenant, reduction in daily OFF time
relative to placebo was variable, ranging from —1.2h
in the initial phase 2b study to —0.83 in the phase
3 trial, the latter of which is comparable to the
present findings [29, 30]. However, clinical develop-
ment of tozadenant was prematurely terminated due
to agranulocytosis and 7 cases of sepsis, with 5 of
7 ending in death [31]. The present analysis found
that rates of neutropenia, including agranulocytosis,
in istradefylline-treated patients were low in both the
8- (20 mg/day, 0.5%; 40 mg/day, 0.8%) and 4-study
(20 mg/day, 0.3%; 40 mg/day, 0.5%) pools (Supple-
mentary File 1, Supplementary Table 4).

The magnitude of reduction in OFF time with
istradefylline (20 or 40 mg/day) in the current pooled
analysis is generally in the range reported in a
Cochrane review of efficacy and safety of adjunc-
tive treatments to levodopa therapy in PD patients
with motor complications [2]. Safinamide 50 mg and
100 mg reduced daily OFF time in two studies, with
an LS mean difference from placebo of -0.5to-1.0h
[32]. Opicapone 50 mg reduced daily OFF time by
—0.9h (LS mean difference from placebo) in 2 reg-
istration studies [33]. In the 4-study pool reported
here, istradefylline 20 mg/day and 40 mg/day reduced
daily OFF time, with an LS mean difference from
placebo ranging from —0.6 to —1.1 h.

The purpose of our analyses was to provide a
transparent overview of the eight phase 2b/3, placebo-
controlled studies of istradefylline as an adjunct to
levodopa, including two that were previously unpub-
lished, as well as the subset of four trials that were
used by the FDA as the basis for istradefylline’s
approval. A strength of our analysis is the large patient
population evaluated and the inclusion of multiple,
similarly designed studies, which facilitated pool-
ing. Another strength of this analysis is that patients
could be on multiple anti-PD medications, which
enabled the study population to reflect treatment pat-
terns likely observed in real-world clinical practice.
A potential weakness of our analysis is that minor
differences in study design, such as location, number
of diary entries, and the guidance around adjusting
dopaminergic therapies during treatment, led to some
heterogeneity between trials that could have affected
results of individual studies and complicated interpre-
tation of this pooled analysis. Additionally, pooling
of data can inherently lead to over-powering, where
positive outcomes (efficacy endpoints) may appear
stronger than in the original, individual studies.

This post hoc, pooled analysis demonstrated
that istradefylline (20 and 40 mg/day) significantly
improved OFF time and ON time without trou-
blesome dyskinesia in patients with PD treated
with levodopa and other concomitant anti-Parkinson
medications. Motor function (UPDRS Part III ON)
also showed a trend toward improvement. These
improvements in PD symptoms occurred when
istradefylline was administered in addition to a vari-
ety of other anti-Parkinson medications, yet there
was little to no increase in AEs typically associ-
ated with dopaminergic therapies. As many patients
with PD continue experiencing motor fluctuations
despite available dopaminergic therapies, additional
options are needed to provide symptom relief. The
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findings of this analysis indicate that targeting the
adenosine A receptor in the indirect pathway of the
basal ganglia facilitates an improvement in OFF time
and PD symptoms in patients on dopamine-targeting
therapies. This inclusive analysis of eight random-
ized, placebo-controlled trials affords clinicians an
overview of istradefylline’s efficacy, safety, and tol-
erability. Istradefylline was generally well-tolerated
and provided a clinical benefit in patients with PD
who continued to experience motor fluctuations.
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