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A B S T R A C T   

Background: In patients with Parkinson’s Disease (PD), two distinct motor subtypes, tremor dominant (TD) and 
postural instability and gait difficulty (PIGD), can be differentiated using Unified Parkinson’s Disease Rating 
Scale (UPDRS) sub-scores. This post hoc analysis of pooled data from eight pivotal studies examined the effect of 
treatment with istradefylline, a selective adenosine A2A receptor antagonist, on these subtypes. 
Methods: In eight randomized, placebo-controlled phase 2b/3 trials, patients on levodopa with carbidopa/ben-
serazide experiencing motor complications received istradefylline (20 or 40 mg/day) or placebo for 12 or 16 
weeks. TD subtype was defined by the UPDRS II/III items kinetic and postural tremor in right/left hand and 
(resting) tremor in the face, lips, chin, hands, or feet; PIGD items were freezing, walking, posture, gait, and 
postural instability. The ratio of mean scores from TD:PIGD items determined subtype (TD [TD:PIGD ratio ≥
1.5], PIGD [TD:PIGD ratio ≤ 1.0], mixed-type [ratio 1–1.5]). 
Results: In total, 2719 patients were included (PIGD, n = 2165; TD, n = 118; mixed-type, n = 188; not evaluable, 
n = 248). Among TD subtype patients, the least-squares mean change from baseline versus placebo in UPDRS II/ 
III TD-related total score was significant at 20 mg/day istradefylline (− 2.21; 95 % CI, − 4.05 to − 0.36; p = 0.02). 
For PIGD subtype patients, there was a significant difference from placebo in UPDRS II/III PIGD-related total 
score at 40 mg/day istradefylline (− 0.25; − 0.43 to − 0.06; p = 0.01). 
Conclusions: The data from this analysis of UPDRS-based motor subtypes suggest that istradefylline can improve 
motor disability in PD patients with motor fluctuations regardless of PD subtype. Future research should char-
acterize the effects of istradefylline on tremor.   

1. Introduction 

Istradefylline is a nondopaminergic, selective adenosine A2A receptor 
antagonist indicated in the US and Japan as adjunctive treatment to 
levodopa (LD)/decarboxylase inhibitor in adults with Parkinson’s dis-
ease (PD) experiencing OFF episodes [1]. In patients with PD, the bal-
ance between the indirect and direct gamma-amino butyric acid 
(GABA)-ergic output pathways changes as a result of degeneration of 
nigrostriatal neurons and a decline in dopaminergic transmission. These 
changes result in excessive inhibitory signaling from the indirect 

pathway to the globus pallidus external segment (GPe), thereby 
increasing GABAergic inhibition of the thalamus and brainstem and 
suppressing movement [2]. Additionally, excitatory signaling from A2A 
receptors—which are highly localized to the caudate nucleus, putamen, 
and nucleus accumbens—increases, while inhibitory signaling from 
dopamine D2 receptors decreases, augmenting the imbalance between 
the direct and indirect pathways [3]. Istradefylline antagonizes adeno-
sine A2A receptors in the striatum, improving motor control by reducing 
excessive inhibition from the indirect pathway. This mechanism is 
thought to restore balance between the direct and indirect pathways [3]. 
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Istradefylline has demonstrated efficacy in LD- and carbidopa/ 
benserazide-treated patients with PD experiencing motor fluctuations. 
In a large pooled analysis of eight placebo-controlled randomized clin-
ical trials, once-daily istradefylline (20 or 40 mg/day) significantly 
reduced OFF time and increased ON time without troublesome dyski-
nesia relative to placebo. Additionally, istradefylline treatment was safe 
and well tolerated; the most common adverse event was dyskinesia for 
both dose levels [4]. PD can be categorized into two distinct motor 
subtypes based on Unified Parkinson’s Disease Rating Scale (UPDRS) 
sub-scores: tremor dominant (TD) and postural instability and gait dif-
ficulty (PIGD); the distinction between these subtypes is important, as it 
can inform on clinical progression and effective treatment strategies [5]. 
TD is typically associated with kinetic and postural tremors in the hands 
and tremors while at rest in the face, lips, chin, arms, and/or legs. In 
contrast, PIGD characteristics include freezing of gait (FOG), difficulty 
walking, and/or postural instability [5,6]. Importantly, patients with the 
PIGD subtype may have more rapid disease progression, experience 
greater functional impairment, and be less responsive to LD therapy than 
TD subtype patients [5,6]. This post hoc pooled analysis was performed 
to investigate the efficacy of istradefylline as an adjunct to LD as 
measured by changes in the UPDRS Part II and III total scores related to 
the TD and PIGD motor subtypes. 

2. Methods 

2.1. Patients and studies 

The methodology and study details of the studies included in this 
pooled analysis have been previously reported [4]. Briefly, eight ran-
domized, placebo-controlled phase 2b/3 studies (NCT00199394, 
NCT00199407, NCT00199420, NCT00455507, NCT00456586, 
NCT00456794, NCT00955526, NCT01968031) were conducted in 
North America, Japan, or internationally. These studies enrolled pa-
tients with PD experiencing motor fluctuations (end-of-dose wearing- 
off) during treatment with LD/decarboxylase inhibitors, with or 
without other anti-PD medications. Patients were randomized to receive 
istradefylline or placebo; while the studies included several doses of 
istradefylline (10, 20, 40, or 60 mg/day), only the 20 and 40 mg treat-
ment arms were selected for inclusion in the pooled analysis, as the 20 
and 40 mg doses are approved for use in clinical practice and were used 
by the majority of the patients in the eight randomized studies [7]. 

Data from all eight randomized controlled trials were pooled for this 
post hoc analysis. The studies were specifically designed to share com-
mon methodology, allowing data pooling [4]. The TD and PIGD disease 
subtype groups were established post hoc using the ratio of mean base-
line TD:PIGD UPDRS scores. TD items were defined as kinetic or postural 
tremor in both the right and left hand (UPDRS Part III-ON items 21A and 
B) and tremor while at rest in the face, lips, chin, hands, or feet (UPDRS 
Part III-ON items 20A-20E) [5,8]. PIGD items were defined as freezing 
(UPDRS II-ON item 14), walking (UPDRS II-ON item 15), posture 
(UPDRS III-ON item 28), gait (UPDRS III-ON, item 29), and postural 
stability (UPDRS III-ON, item 30) [5,8]. Ratio of mean baseline TD:PIGD 
scores defined the motor subtype as TD (TD:PIGD ratio ≥ 1.5), PIGD 
(TD:PIGD ratio ≤ 1.0), or mixed (TD:PIGD ratio > 1–<1.5) [5,8]. 

Because these were not analyses of pre-specified endpoints, no sta-
tistical analysis plan was established. A two-way analysis of covariance 
(ANCOVA) model with baseline assessment as a covariate and treatment 
group and study as fixed-effect terms was used to compare least-squares 
(LS) mean change from baseline in the total scores for TD- and PIGD- 
related UPDRS II/III items between motor subtype groups. P-values 
were based on paired comparisons between each istradefylline treat-
ment arm and placebo. Mean values are presented as mean (SD) unless 
otherwise indicated. 

3. Results 

3.1. Patients 

Of 2719 patients included in this analysis of PD patients experiencing 
wearing-off, 118 (4.3 %) were TD type, 2165 (79.6 %) were PIGD type, 
and 188 (6.9 %) were mixed; 248 (9.1 %) patients were not evaluable on 
the basis of TD and/or PIGD scores. Baseline characteristics between 
subgroups are shown in Table 1. Mean age was 61.4 years (SD, 9.11) in 
the TD subgroup and 64.7 (SD, 8.72) in the PIGD subgroup; the majority 
of patients were male, and patients had a mean baseline total OFF time 
of 6.61 h/day (SD, 2.44) in the TD subgroup and 6.14 (SD, 2.41) in the 
PIGD subgroup. At baseline, the mean (SD) time since initiation of LD 
was 8.22 years (4.56; n = 1231) in patients with the PIGD subtype versus 
6.81 years (4.98; n = 85) in those with the TD subtype. Additionally, 
mean (SD) time since onset of motor complications was 4.33 years (3.79; 
n = 2159) among patients with PIGD-type disease compared with 2.93 
years (2.37; n = 117) in patients with the TD subtype. 

3.2. UPDRS scores 

At baseline, combined mean UPDRS Parts II and III total scores were 
comparable between TD and PIGD patients treated with istradefylline at 
20 mg/day (30.41 [SD, 12.92] and 30.23 [SD, 14.17], respectively) and 
40 mg/day (36.51 [SD, 15.14] and 31.83 [SD, 14.17], respectively; 
Supplementary Table S1). 

Among patients with the TD subtype, the LS mean changes from 
baseline in UPDRS II/III TD-related total scores were − 1.18 (95 % CI, 
− 2.33 to − 0.04) for placebo, − 3.39 (− 4.88 to − 1.89) for istradefylline 
20 mg/day, and − 2.43 (− 3.65 to − 1.21) for istradefylline 40 mg/day 
(Fig. 1A). Patients with the TD subtype exhibited a significant difference 
in LS mean change from baseline in TD-related UPDRS II/III scores when 
comparing placebo-treated patients to patients receiving istradefylline 
20 mg/day (− 2.21; 95 % CI, − 4.05 to − 0.36; p = 0.02); a similar but 
non-significant change was observed between patients treated with 
placebo and istradefylline 40 mg/day (− 1.25; − 2.87 to 0.37; p = 0.13). 
Among patients with the PIGD subtype, the LS mean changes from 
baseline in UPDRS II/III PIGD-related total scores were − 0.37 (− 0.49 to 
− 0.24) for placebo, − 0.44 (− 0.58 to − 0.29) for istradefylline 20 mg/ 
day, and − 0.61 (− 0.76 to − 0.47) for istradefylline 40 mg/day (Fig. 1B). 
For patients with the PIGD subtype, the difference in LS mean change 
from baseline in UPDRS II/III PIGD-related score compared to placebo 
was not significant for istradefylline 20 mg/day (− 0.07; 95 % CI, − 0.26 
to 0.12; p = 0.46) but reached significance at 40 mg/day (− 0.25; − 0.43 
to − 0.06; p = 0.01). 

4. Discussion 

In this analysis of eight phase 2b/3 studies, treatment with istrade-
fylline at 20 mg/day and 40 mg/day improved UPDRS scores related to 
the PIGD and TD subtypes, respectively, for patients. This result may be 
attributable to the A2A receptor location as well as the contribution of 
adenosine signaling in the entire basal ganglia and its outputs as related 
to these subtypes. While TD is associated with the subthalamic nucleus 
(STN) [9], FOG, a symptom associated with PIGD, may occur via the 
pedunculopontine nucleus (PPN) [10]. The STN is directly affected by 
the striatopallidal indirect pathway, as it is directly downstream, 
whereas the PPN is a convergence affected by both the indirect and 
direct pathways via the output of the basal ganglia (ie, GPi/SNr) [11]. 
Therefore, given the underlying differences contributing to the two 
pathways, the PIGD and TD subtypes may respond differently to istra-
defylline. This possibility is supported by the observations from this post 
hoc analysis, in which patients with the TD subtype disease appeared 
more responsive at the lower istradefylline dose and patients with PIGD 
subtype appeared more responsive at the higher dose with respect to the 
UPDRS II/III sub-scores related to each of these subtypes. This finding 
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suggests that patients with TD may benefit from istradefylline treatment 
at 20 mg/day while patients with PIGD may derive the most benefit at 
40 mg/day; however, the observed differences were small, and the 
clinical significance of this finding requires further study. Moreover, 
evaluation of the istradefylline dose–response relationship is difficult, 
and results are inconsistent across trials [4]. Caution is advised when 
interpreting the utility of istradefylline dosages as they pertain to PD 
motor subtype. Furthermore, because of the small sample size available 
for the TD subtype, additional investigation is necessary, including any 
effect that istradefylline treatment may have on disease progression, 
given the rapid progression associated with PIGD PD [6]. 

This post hoc analysis included patients with PD who were experi-
encing wearing-off phenomena. Generally, wearing-off is experienced 
by patients with mid- to late-stage PD, and this trend is reflected in our 
post hoc separation of the study population into TD and PIGD subtypes, 
where the PIGD subtype dominated. The TD subtype is observed more 
frequently in patients early in the disease course, and observations in the 
published literature suggest that in some patients, TD and PIGD may 
actually be sequential stages of PD, with patients moving from TD to 
PIGD subtype around mid-stage disease, when they are also more likely 
to experience wearing-off, along with increased impact on activities of 
daily living (ADLs) [12]. Accordingly, longer mean times since PD 
diagnosis and onset of motor complications were observed among pa-
tients with the PIGD subtype compared to TD in our study population. 
Our findings may have implications for the impact of motor subtype on 
ADLs and quality of life (QoL). However, further research is necessary to 
understand these impacts in patients with PD. 

This analysis has several limitations. Due to the post hoc nature of this 
study and the relatively small number of patients with the TD subtype, 

the generalizability of these differences may be limited, and any dif-
ferences in demographic and disease characteristics between the TD and 
PIGD subtypes have not been addressed. Furthermore, rates of TD are 
considerably lower in this analysis than in previous publications on PD 
motor subtypes, although the variability of PD motor subtypes across 
different studies has been documented [13]. An evaluation of PD sub-
type consistency among different studies found that the prevalence of 
different PD subtypes varied widely depending on the algorithm used, 
possibly owing to the inclusion of different UPDRS items in different 
algorithms and the somewhat arbitrary nature of cutoffs to determine 
subtypes [13]. Additionally, the subtype determination algorithm used 
for this study did not account for akinetic-rigidity characteristics, which, 
in some publications, are used to define a separate motor subtype [14]. 
Therefore, additional studies evaluating the effect of istradefylline in 
patients with various motor subtypes may help further clarify the po-
tential impact of an adenosine A2A antagonist on these symptoms of PD. 

This post hoc analysis of patients exhibiting TD or PIGD subtype 
characteristics at baseline indicates that istradefylline can improve 
motor disability in PD patients with motor fluctuations regardless of PD 
subtype. 
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Table 1 
Baseline characteristics, demographics, and concomitant medications.   

TD Subtype PIGD Subtype 

Placebo (n =
46) 

Istradefylline Total (n =
118) 

Placebo (n =
792) 

Istradefylline Total (n =
2165) 

20 mg/day 
(n = 27) 

40 mg/day 
(n = 45) 

20 mg/day 
(n = 679) 

40 mg/day 
(n = 694) 

Age, years 
Mean (SD) 
[Range] 

62.8 (8.96) 
[42–80] 

62.5 (9.96) 
[43–80] 

59.4 (8.54) 
[35–79] 

61.4 (9.11) 
[35–80] 

64.5 (8.77) 
[36–87] 

65.0 (8.97) 
[35–87] 

64.6 (8.40) 
[38–85] 

64.7 (8.72) 
[35–87] 

Sex 
Male, n (%) 

33 (71.7) 15 (55.6) 32 (71.1) 80 (67.8) 448 (56.6) 385 (56.7) 388 (55.9) 1221 (56.4) 

BMI, kg/m2 

Mean (SD) 
[Range] 

25.63 (4.714) 
[17.9–43.3] 

27.08 (6.707) 
[21.3–54.4] 

26.48 (4.544) 
[17.4–36.5] 

26.29 (5.165) 
[17.4–54.4] 

25.51 (5.008) 
[15.3–46.9] 

25.62 (5.132) 
[15.3–49.3] 

25.43 (5.341) 
[14.2–57.2] 

25.52 
(5.154) 
[14.2–57.2] 

Total OFF time, hours/daya 

Mean (SD) 
[Range] 

7.03 
(1.81) 
[3.8–11.8] 

6.26 
(3.09) 
[2.2–14.8] 

6.39 
(2.55) 
[2.5–14.5] 

6.61 
(2.44) 
[2.2–14.8] 

6.20 
(2.35) 
[0.8–14.8] 

6.20 
(2.53) 
[1.0–17.8] 

6.04 
(2.35) 
[0–16.3] 

6.14 
(2.41) 
[0–17.8] 

Total daily dose of LD at 
study entry, mg 
Mean (SD) 
[Range] 

n = 46 n = 27 n = 45 n = 118 n = 792 n = 677 n = 693 n = 2162 
724.46 
(416.85) 
[125–1750] 

531.94 
(272.73) 
[150–1263] 

615.56 
(335.42) 
[150–1600] 

638.88 
(362.49) 
[125–1750] 

688.81 
(383.79) 
[25–3200] 

677.95 
(355.19) 
[150–2500] 

645.57 
(372.29) 
[105–4800] 

671.55 
(371.62) 
[25–4800] 

Time since PD diagnosis, 
years 
Mean (SD)b 

n = 40 n = 23 n = 38 n = 101 n = 616 n = 511 n = 510 n = 1637 
7.51 (5.34) 8.93 (6.43) 7.69 (3.87) 7.90 (5.11) 9.03 (4.67) 9.16 (4.93) 8.60 (4.51) 8.94 (4.71) 

Time since initiation of LD, 
years 
Mean (SD)b 

n = 36 n = 19 n = 30 n = 85 n = 476 n = 355 n = 400 n = 1231 
7.30 (5.56) 6.28 (5.00) 6.57 (4.29) 6.81 (4.98) 8.26 (4.41) 8.37 (4.69) 8.03 (4.62) 8.22 (4.56) 

Time since onset of motor 
complications, 
Mean (SD) 

n = 46 n = 27 n = 44 n = 117 n = 790 n = 677 n = 692 n = 2159 
2.73 (2.54) 2.66 (2.17) 3.29 (2.31) 2.93 (2.37) 4.35 (3.75) 4.38 (3.79) 4.24 (3.81) 4.33 (3.79) 

Concomitant medications, n 
(%) 
DAs 
COMT inhibitors 
MAO-B inhibitors  

24 (52.2) 
14 (30.4) 
8 (17.4)  

19 (70.4) 
7 (25.9) 
5 (18.5)  

24 (53.3) 
15 (33.3) 
10 (22.2)  

67 (56.8) 
36 (30.5) 
23 (19.5)  

614 (77.5) 
238 (30.1) 
233 (29.4)  

546 (80.4) 
292 (43.0) 
203 (29.9)  

527 (75.9) 
225 (32.4) 
217 (31.3)  

1687 (77.9) 
755 (34.9) 
653 (30.2) 

Not included: Patients with mixed subtype (n = 188) and patients not evaluable on the basis of TD and/or PIGD scores (n = 248). 
COMT, catechol-O-methyl transferase; DA, dopamine agonist; LD, levodopa; MAO-B, monoamine oxidase type B; PIGD, postural instability and gait difficulty; SD, 
standard deviation; TD, tremor dominant. 

a For studies in which the primary endpoint (OFF time) was recorded as the percentage of awake time (eg, % OFF), data were converted to hours/day for pooling. 
b Data not collected in all eight studies. 
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