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…Until we are better informed respecting the nature of
the disease, the employment of internal medicines is
scarcely warrantable unless analogy should point out
some remedy, the trial of which rational hope might
authorize …



Overview

• Istradefylline, a CNS-penetrant antagonist of the 
adenosine A2a receptor subtype, received FDA 
approval on August 29, 2019 for the treatment of  
PD patients experiencing “off” episodes

• The US release of istradefylline was preceded by 
the approval of the drug as a PD treatment in 
Japan 

• Beyond its marketed indication and published 
randomized clinical trial data, several open-label 
studies suggest other uses for istradefylline in PD

Overview
• In addition to istradefylline, 4 other adenosine

A2a -selective receptor antagonists have 
undergone clinical testing, including ST-1535 
and vipadenant (also known as V20006 and 
BIIB 014)

• Two compounds, preladenant and tozadenant, 
have undergone Phase 2 or 3 clinical trials in 
PD

• Considerable pre-clinical research was 
conducted with adenosine A2a antagonism 
before its translation into a therapeutic strategy 
for PD
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• Among the several classes of adenosine receptors, 
the A2a receptor has limited distribution in the human 
brain – almost exclusively in striatum, globus 
pallidus externa, nucleus accumbens, and olfactory 
tubercle

Mori A. Int Rev Neurobiol 2014; 119: 87-116

• With progression of Parkinson disease (and contrary 
to changes in striatal dopaminergic 
neurotransmission), the density of adenosine A2a

receptors increases 
Mishina M, et al, Int Rev Neurobiol 2014; 119: 51-69
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Positron-emission tomography imaging of
adenosine A2A receptors in basal ganglia

Ishibashi K, et al. Occupancy of adenosine A2A receptors by istradefylline in patients with 
Parkinson's disease using 11C-preladenant PET. Neuropharmacology 2018; 143: 106-112
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• Istradefylline (KW-6002) is a highly selective inhibitor of the adenosine A2a

receptor, with a Ki of 12 nmol/L in human tissues
Saki M, et al, Naunyn Schmiedebergs Arch Pharmacol 2013; 386: 963-972

• Beyond its high specificity for the adenosine A2a receptor, istradefylline 
has no recognized affinities for any other neurochemical systems

• The clearance half-life of istradefylline is ≈83 hours

• Istradefylline (Nourianz®) is dosed once-daily; most clinical experience to 
date hasn’t differentiated between the anti-Parkinsonian effects of the 
available 20 mg and 40 mg daily doses

• Trials of istradefylline and preladenant as monotherapies did not detect an 
anti-Parkinsonian effect



Adenosine pharmacology and Parkinson disease

• Istradefylline (KW-6002) is a highly selective inhibitor of the adenosine A2a

receptor, with a Ki of 12 nmol/L in human tissues
Saki M, et al, Naunyn Schmiedebergs Arch Pharmacol 2013; 386: 963-972

• Beyond its high specificity for the adenosine A2a receptor, istradefylline 
has no recognized affinities for any other neurochemical systems

• The clearance half-life of istradefylline is ≈83 hours

• Istradefylline (Nourianz®) is dosed once-daily; most clinical experience to 
date hasn’t differentiated between the anti-Parkinsonian effects of the 
available 20 mg and 40 mg daily doses

• Trials of istradefylline and preladenant as monotherapies did not detect an 
anti-Parkinsonian effect



excitatory
inhibitory

The mechanism of anti-parkinsonian activity of Istradefylline

Restoration of balance in a GABAergic output pathway from the striatum

CORTEX

STRIATUM

SNc
GP

STN
SNr/GPi

THALAMUS

A2A

A2A

Normal

dopamine GABAGABA

CORTEX

STRIATUM

SNc
GP

STN
SNr/GPi

THALAMUS

A2A

A2A

Parkinson 
Disease

CORTEX

STRIATUM

SNc
GP

STN
SNr/GPi

THALAMUS

A2A

A2A

Effects of adenosine 
A2a antagonism

Modified from Kase H, Mori A and Jenner P, Drug Dis.Today (2005)

Istradefylline

Istradefylline

Rationale for adenosine A2a antagonism



excitatory
inhibitory

The mechanism of anti-parkinsonian activity of Istradefylline

Restoration of balance in a GABAergic output pathway from the striatum

CORTEX

STRIATUM

SNc
GP

STN
SNr/GPi

THALAMUS

A2A

A2A

Normal

dopamine GABAGABA

CORTEX

STRIATUM

SNc
GP

STN
SNr/GPi

THALAMUS

A2A

A2A

Parkinson 
Disease

CORTEX

STRIATUM

SNc
GP

STN
SNr/GPi

THALAMUS

A2A

A2A

Effects of adenosine 
A2a antagonism

Modified from Kase H, Mori A and Jenner P, Drug Dis.Today (2005)

Istradefylline

Istradefylline

Rationale for adenosine A2a antagonism

excitatory
inhibitory

The mechanism of anti-parkinsonian activity of Istradefylline

Restoration of balance in a GABAergic output pathway from the striatum

CORTEX

STRIATUM

SNc
GP

STN
SNr/GPi

THALAMUS

A2A

A2A

Normal

dopamine GABAGABA

CORTEX

STRIATUM

SNc
GP

STN
SNr/GPi

THALAMUS

A2A

A2A

Parkinson 
Disease

CORTEX

STRIATUM

SNc
GP

STN
SNr/GPi

THALAMUS

A2A

A2A

Effects of adenosine 
A2a antagonism

Modified from Kase H, Mori A and Jenner P, Drug Dis.Today (2005)

Istradefylline

Istradefylline

Rationale for adenosine A2a antagonism



excitatory
inhibitory

The mechanism of anti-parkinsonian activity of Istradefylline

Restoration of balance in a GABAergic output pathway from the striatum

CORTEX

STRIATUM

SNc
GP

STN
SNr/GPi

THALAMUS

A2A

A2A

Normal

dopamine GABAGABA

CORTEX

STRIATUM

SNc
GP

STN
SNr/GPi

THALAMUS

A2A

A2A

Parkinson 
Disease

CORTEX

STRIATUM

SNc
GP

STN
SNr/GPi

THALAMUS

A2A

A2A

Effects of adenosine 
A2a antagonism

Modified from Kase H, Mori A and Jenner P, Drug Dis.Today (2005)

Istradefylline

Istradefylline

Rationale for adenosine A2a antagonism

Overview of the 4 clinical trials leading to 
FDA approval of istradefylline

• The FDA review chose 4 of the 8 12-week randomized, 
multi-center, double-blind, placebo-controlled clinical trials 

• Two studies were conducted in North America:
Study 1  (LeWitt et al, Ann Neurol 2008: 63: 295-301)
Study 2  (Stacy et al, Neurology 2008; 70: 2233-2240)

and two in Japan:
Study 3 (Mizuno et al, Mov Disord 2010; 25: 1437-1443)

Study 4 (Mizuno et al, Mov Disord 2013; 28: 1138-1141)

• For enrolled patients, mean PD duration: 7.7 - 9.9 years

• Enrolled patients needed to experience at least 2 hours/day of 
“off” time; mean duration was 6.3 - 6.6 hours/day



Mean levodopa intake (mg/day) 
and concomitant medications 

(% of enrollees receiving each drug)

Study 1 
(n=195)

Study 2 
(n=225)

Study 3 
(n=357)

Study 4 
(n=366)

Daily levodopa dose 
(mg/day)

785.1 775.1 416.2 429.1

Dopaminergic 
agonist (%)

76.9 76.0 92.4 86.9

COMT inhibitor (%) 41.0 44.9 14.8 50.0

Selegiline (%) 16.9 11.6 52.1 50.3

Amantadine (%) 28.2 31.1 35.6 36.6

Anticholinergic (%) 4.6 9.3 17.9 13.7

Primary end-point: change in “off” time
from baseline to Week 12 (home diary data)

Study 1 Study 2 Study 3 Study 4

Placebo
(n)

-0.60 hours
65

-0.85 hours
113

-0.66 hours
118

-0.23 hours
123

Istradefylline 
20mg/day

(n)
----------------

126
-1.58 hours

112
-1.33 hours

115

-
-0.99 hours

120

Istradefylline
40mg/day

(n)
-1.76 hours

126
---------------- -1.58 hours

124
-0.97 hours

123

Net difference
20mg
40mg

----------------
-1.16 hours

-0.73 hours
----------------

-0.67 hours
-0.92 hours

-0.76 hours
-0.74 hours

p value
20 mg
40 mg

---------------
0.05

0.025
---------------

0.028
0.002

0.006
0.008



Other pertinent clinical experience 
with adenosine A2a antagonists

Preladenant

 A 12-week randomized placebo-controlled Phase 2 clinical trial with 
666 subjects showed improvement of “off” time (-1.7 hours) versus 
baseline, as compared to placebo (0.5 hours)

Hauser RA, et al. Lancet Neurol 2011; 10:221-229)

 However, two subsequent Phase 3 studies failed to show efficacy
Hattori N, et al. Parkinsonism Relat Disord 2016; 32:273-479
Stocchi F, et al. Neurology 2017; 88:2198-2206

Tozadenant
 A 12-week randomized placebo-controlled trial with 420 subjects 

showed improvement of “off” time up to 1.9 hours versus baseline, as 
compared to placebo (0.76 hours)

Hauser RA, et al. Lancet Neurol 2014; 13:767-776

How to explain the lack of efficacy
shown by istradefylline in clinical trials?

Clinical trials with adjunctive istradefylline and negative results

 Pourcher E, et al. Parkinsonism Relat Disord 2012; 18:178-184
Randomized controlled 12-week clinical trial testing 10, 20, and 
40 mg per day versus placebo (n = 584 subjects)

 6002-EU-007 (unpublished clinical trial)
Randomized controlled 12-week clinical trial testing 10, 20, and 
40 mg per day versus placebo (n = 311 subjects)

 6002-014 (unpublished clinical trial)
Randomized controlled 12-week clinical trial testing 20 and 40 mg per 
day versus placebo (n = 609 subjects)



Key considerations regarding
istradefylline efficacy at improving “off” time

• Even through two of the clinical trials (Study 1 and 2) were originally 
classified as Phase 2b, their size, scope, and conduct qualified them to serve 
as pivotal studies for FDA approval (typically, at least two 12‐week Phase 3 
studies)

• The small improvements of “off” time need to be considered in the context 
of the polypharmacy most of the study patients were receiving

• The novel mechanism of action offered by istradefylline is similar to those of 
other non‐dopaminergic “downstream” (post‐striatal) PD treatments, deep 
brain stimulation and amantadine

• Istradefylline by itself has not been studied in the manner of study given to 
other levodopa adjunctive treatments



Hauser RA, et al. JAMA Neurol 2015; 72: 1491‐1500
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Recommendations for avoiding
ambiguity in PD clinical trials

adapted from Hauser RA, et al. JAMA Neurol 2015; 72: 1491-1500

 Some investigators (and some regions of the world) are 
associated with large placebo effect

 More patients enrolled is not always better for the study

 Pressuring enrollment may have undesirable consequences

 Avoid unnecessary exclusion for study enrollment

 Active control (treatment) arms for a study have pros and cons

 Understand methodological weaknesses and institute 
counter-measures proactively

Final considerations

In reviewing outcomes of clinical trials, meta-analysis or selectivity in choice of 
reviewed studies may obscure pharmacological and clinical “truths”

The metric of evaluating “off” time in a placebo-controlled trial with multiple anti-
Parkinsonian medications in use is challenging (and has potential artifacts)

Responder-rate analysis was not carried out


