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Background. There is increasing interest in methods to more rapidly and cost-efficiently investigate drugs that are
approved for clinical use in the treatment of another condition. Exenatide is a type 2 diabetes treatment that has
been shown to have neuroprotective/neurorestorative properties in preclinical models of neurodegeneration.
Methods. As a proof of concept, using a single-blind trial design, we evaluated the progress of 45 patients with moderate Parkinson’s disease (PD), randomly assigned to receive subcutaneous exenatide injection for 12 months or to
act as controls. Their PD was compared after overnight withdrawal of conventional PD medication using blinded
video assessment of the Movement Disorders Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS),
together with several nonmotor tests, at baseline, 6 months, and 12 months and after a further 2-month washout
period (14 months).
Results. Exenatide was well tolerated, although weight loss was common and L-dopa dose failures occurred in a single
patient. Single-blinded rating of the exenatide group suggested clinically relevant improvements in PD across motor
and cognitive measures compared with the control group. Exenatide-treated patients had a mean improvement at 12
months on the MDS-UPDRS of 2.7 points, compared with mean decline of 2.2 points in control patients (P = 0.037).
Conclusion. These results demonstrate a potential cost-efficient approach through which preliminary clinical data
of possible biological effects are obtainable, prior to undertaking the major investment required for double-blind
trials of a potential disease-modifying drug in PD.
Trial registration. Clinicaltrials.gov NCT01174810.
Funding. Cure Parkinson’s Trust.
Introduction
The management of Parkinson’s disease (PD) consists of therapies
that aim to relieve the symptoms of the condition at its various stages.
There are no approaches universally accepted to modify the progressive course of the disease, despite major financial investment into
double-blind randomized trials of agents showing neuroprotective
effects in laboratory models (1). As a result, there is increased caution,
from both the commercial sector and governmental and charitable
funding agencies, when making decisions regarding further largescale investments into even the most promising novel drug therapies.
There has nevertheless been recent interest in the use of agonists
for the glucagon-like peptide–1 (GLP-1) receptor as therapeutic
agents in neurodegenerative diseases (2). The first of these, exendin-4, was discovered in the saliva of the Gila monster (3) and found
to have beneficial effects on glucose homeostasis through stimulation of glucose level–dependent insulin release, islet cell proliferation, reduction of islet cell apoptosis, and weight loss (4, 5). The
synthetic version of exendin-4, exenatide, was granted a license for
the treatment of type 2 diabetes mellitus (T2DM) in 2005.
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GLP-1 receptors have also been identified throughout the brain,
and in vitro work suggesting neurotrophic and neuroprotective
effects of exenatide (6, 7) has been extended to in vivo rodent models showing beneficial effects on learning and memory (8), as well
as neuroprotective and neurorestorative effects after administration of a wide range of toxins to the dopaminergic system (9–12).
However, the mechanism of any neuroprotective action of exenatide is uncertain, with suggestions that it may be neurotrophic
(7), may act as an antiinflammatory agent (12), may facilitate
neurogenesis (10), or may stimulate mitochondrial biogenesis
(13). Interest in the possible therapeutic effects of GLP-1 agonists
extends across medical disciplines, and several trials are currently
in progress, including an evaluation of its effects as a neuroprotective agent in Alzheimer’s disease (www.clinicaltrials.gov).
The current trial design was conceived following feedback from
both commercial and charitable organizations, which confirmed
the impression that the risks associated with investment into
potential neuroprotective agents need to be mitigated via the preliminary collection of cost-efficient (open-label) data in the first
instance. In this context, the current study was designed as a proof
of principle (14); i.e., with the aims of collecting rapid and cost-efficient data regarding the tolerability of exenatide in patients with
PD and providing preliminary indications whether the major neuroprotective and neurorestorative effects of exenatide seen in the
animal models might be replicable in human individuals with PD.
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decline of 2.8 points (SD, 6.7),
for a difference of 4.4 points
(95% CI, 0.2–8.7; P = 0.042).
These scores did not include any
changes detected in limb or neck
rigidity, which cannot be reliably
rated on video. Addition of openlabel rating of rigidity scores to
the blinded data equated to an
improvement of 1.8 points (SD,
8.7) in the exenatide group at 12
months, compared with a decline
of 5.3 points (SD, 8.3) in the control group (difference, 7.0 points;
95% CI, 1.8–12.2; P = 0.009), and
an improvement of 0.8 points
(SD, 8.7) in the exenatide group
at 14 months, compared with
a decline of 6.4 points (SD, 7.8)
in the control group (difference,
7.2 points; 95% CI, 2.1–12.2;
P = 0.006; Figure 2).
Secondary outcome measures.
Open-label rating of MDSUPDRS part 3 “on-medication”
showed a difference favoring
patients treated with exenatide compared with the control
group. The mean improvement
in “on-medication” scores in
the exenatide group (2.7 points)
Figure 1
was unchanged between the
Random assignments to treatment, completion of the trial, and reasons for not completing it. Patients with12- and 14-month visits. In
drawing from the trial prior to the 3-month visit were replaced, and new recruits were randomly allocated
contrast, individuals in the conto the 2 groups.
trol group deteriorated over the
total 14-month trial period by
7 points. There was a significant difference or nonsignificant trend
Results
favoring exenatide in MDS-UPDRS parts 1, 2, and 4 at both the
12- and 14-month time points (Table 2).
Patients
At both 12 and 14 months, a significant advantage in the MatOf the 45 patients recruited, 1 patient randomized to exenatide
dropped out before first follow-up, and was therefore replaced per tis dementia rating scale–2 (Mattis DRS-2) was seen in patients
the study protocol and not included in the final analysis (Figure 1). treated with exenatide, with a mean improvement of 2.8 points at
The baseline demographic data for the 44 participants included 14 months compared with deterioration by a mean of 3.5 points in
in the final analysis are presented in Table 1. Clinical data were control patients (difference, 6.3 points; 95% CI, 2.7–9.9; P = 0.001;
missing for 2 individuals (1 individual per group), both for their Figure 3 and Table 3). There were also general trends for improve14-month visits. The first 10 patients allocated to exenatide treat- ment in the timed tests and L-dopa equivalent dose (LED), but no
ment successfully had [123I]FP-CIT SPECT scans (DaTscan) at significant difference in Montogomery-Asberg depression rating
baseline and at 12 months. Based on the remaining doses of exena- scale (MADRS) scores or Parkinson Disease Questionnaire–39
tide remaining in each exenatide pen device at each visit, compli- (PDQ39) summary index scores between the 2 groups (Table 3).
Safety and tolerability. 4 patients withdrew/dropped out from
ance was judged to be very high for all participants.
the study, 3 from the group randomized to exenatide and 1 from
the conventional PD medication group. Of the 3 patients in the
Clinical outcomes
Blinded video rating of MDS-UPDRS part 3 in the practically defined “off- exenatide group, 1 withdrew due to worsening PD (recurrent
medication” condition. Patients allocated to the exenatide group had L-dopa dose failures) prior to the first follow-up visit. Exenatide is
a mean improvement at 12 months of 2.7 points (SD, 7.7) on the known to cause slowing of gastric emptying and is the most likely
Movement Disorders Society Unified Parkinson’s Disease Rating explanation for this observation in this patient. 2 further patients
Scale (MDS-UPDRS) part 3, while controls had a mean decline of withdrew from treatment: the first at 9 months due to dysgeu2.2 points (SD, 7.3), for a difference of 4.9 points (95% CI, 0.3–9.4; sia combined with subjective PD deterioration, and the second at
P = 0.037; Table 2). At 14 months, the exenatide group had a mean 10 months due to excessive weight loss (despite reduction to the
improvement of 1.7 points (SD, 7.4), while controls had a mean 5- g dose). 1 patient randomized to the conventional PD medicaThe Journal of Clinical Investigation
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Table 1
Baseline characteristics of the study subjects
Randomization group

n

Exenatide
Conventional PD medication

20
24

Age at study
enrollment, yr

Gender

Age at symptom
onset, yr

Duration of symptoms
at baseline, yr

LED, mg

Mean (SD)

Mean (SD)

Mean (SD)

51.6 (7.8)
48.4 (7.4)

9.6 (3.4)
11.0 (5.9)

973 (454)
977 (493)

Mean (SD)
61.4 (6.0)
59.4 (8.4)

15 M, 5 F
20 M, 4 F

tion group withdrew from the study at 12 months due to deteriorating PD and incapacity to attend the trial clinic in the “offmedication” state. All serious adverse events, together with adverse
events occurring in more than 1 subject, are listed in Table 4.
No clinically relevant changes in ECG, hematological, or biochemical indices were observed. Weight loss and nausea were more
common in the patient group treated with exenatide. Patients on
exenatide lost a mean of 3.2 kg (SD, 3.9; range, 3.5-kg increase
to 12.3-kg decrease) over 12 months, necessitating 2 patients to
reduce to the 5- g dose. Control group patients lost a mean of
0.8 kg (SD, 3.3; range, 5.5-kg increase to 7.8-kg decrease) over 12
months. There was a greater increase in the mean dyskinesia rating scale score in exenatide versus control patients at both 12 and
14 months. This necessitated lowering of LED in 5 exenatide
patients, whereas 8 exenatide patients had unchanged dopaminergic medication and 7 patients had increased dopaminergic medication over the period of study.
Substudy
All exenatide group patients had profoundly abnormal [123I]FPCIT SPECT scans at baseline, with some variation in severity of
presynaptic dopaminergic deficit. 2 patients with severe baseline presynaptic deficits had minor improvement in [123I]FP-CIT
uptake in all basal ganglia subregions at 12 months. 1 individual
had deterioration in all subregions. Mean values for absolute and

Hoehn and Yahr
stage 2:2.5
14:6
16:8

percent changes in [123I]FP-CIT activity showed minimal change in
all basal ganglia subregions in the exenatide group at 12 months.
Discussion
This is the first trial to report tolerability and pilot data of the
biological effects of exenatide in patients with a neurodegenerative disease. In view of the single-blind design, we cannot exclude
placebo effects being responsible for the observed differences
between patients treated with exenatide and controls, and these
data should not be interpreted as evidence of symptomatic efficacy or neuroprotection. Given the complex design of the exenatide
pen device, the cost of manufacture of a matched placebo, and the
absence of commercial sponsorship, this weakness was unavoidable, and these data should be considered as proof of principle/
proof of concept only. Nevertheless, the trial design allowed the
collection of data in a very cost-efficient manner, and the results
demonstrated that exenatide was generally well tolerated by PD
patients and that clinically relevant differences emerged between
the 2 groups that persisted beyond the 12-month exposure to the
study drug, which may potentially reflect biological activity.
In an attempt to improve the cost-efficiency of trials of potential
neuroprotective agents, previous investigators have used “futility” designs in order to compare disease progression in individuals assigned to experimental agents against the expected natural
history of the disease, based on either historical or contemporary

Table 2
Changes in MDS-UPDRS score between baseline and month 14
Baseline

6 months

12 months

Mean (SD)

Mean (SD)

Blinded MDS-UPDRS part 3 “off-medication”A
Exenatide
31.0 (11.2)
Conventional PD medication
34.0 (16.1)
MDS-UPDRS part 3 “on-medication”B
Exenatide
23.5 (6.3)
Conventional PD medication
25.3 (10.7)
MDS-UPDRS part 1
Exenatide
10.4 (4.1)
Conventional PD medication
11.6 (4.7)
MDS-UPDRS part 2
Exenatide
10.2 (5.2)
Conventional PD medication
12.9 (6.2)
MDS-UPDRS part 4
Exenatide
6.3 (2.4)
Conventional PD medication
6.3 (3.4)
ABlinded
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Mean (SD)

Difference,
baseline to 12 months
Mean (SD); 95% CI

14 months
Mean (SD)

Difference,
baseline to 14 months
Mean (SD); 95% CI

25.2 (9.0)
34.4 (15.0)

28.3 (9.9)
36.2 (15.4)

–2.7 (7.6); –6.3, 0.9
2.2 (7.3); –0.9, 5.3

29.3 (8.5)
36.8 (15.2)

–1.7 (7.4); –5.1, 1.8
2.8 (6.7); –0.0, 5.6

22.9 (7.4)
29.3 (11.8)

20.8 (6.8)
29.0 (11.0)

–2.7 (7.7); –6.3, 0.9
3.6 (6.7); –0.8, 6.5

20.7 (8.1)
32.3 (12.5)

–2.8 (7.0); –6.0, 0.5
7.0 (8.8); 3.3, 10.7

8.8 (2.8)
11.5 (6.3)

10.6 (3.8)
14.3 (6.0)

0.2 (4.4); –1.9, 2.3
2.8 (4.7); –0.8, 4.7

11.4 (6.7)
16.3 (7.0)

1.0 (7.6); –2.6, 4.6
4.7 (4.3); 2.9, 6.5

9.2 (6.1)
14.1 (6.6)

9.6 (6.0)
17.0 (7.4)

–0.6 (3.9); –2.4, 1.3
4.1 (4.4); 2.3, 6.0

12.3 (7.2)
17.9 (8.1)

2.1 (6.3); –0.8, 5.0
5.0 (5.4); 2.7, 7.3

5.4 (2.9)
7.6 (4.0)

5.8 (3.3)
7.4 (3.5)

–0.5 (2.5); –1.7, 0.7
1.1 (2.6); –0.0, 2.2

5.7 (3.7)
7.0 (3.2)

–0.6 (2.8); –1.9, 0.8
0.6 (2.7); –0.5, 1.8

rating does not include rigidity scoring. BOpen-label rating includes rigidity scoring.
The Journal of Clinical Investigation
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Figure 2
Change from baseline in the MDS-UPDRS part 3 score by study visit.
Data represent mean ± SEM.

control data (15, 16). These studies have highlighted the difficulties in selecting agents for major investment, given the presence
of highly variable rates of placebo responses that can occur. The
variable nature of the placebo response is a particularly important
issue for complex or invasive interventions in which placebo versions of the licensed product are not readily available/represent
additional significant expense, which can thus hinder the conduct
and interpretation of even small phase 2 double-blind trials. In the
current trial, we adopted a proof of principle approach to provide
preliminary data regarding the tolerability of exenatide in a small
number of patients with PD, as well as to collect pilot data with
respect to possible biological effects, in order to help justify the
larger investment required to initiate a larger double-blind, placebo-controlled study and assist in sample size calculations. We
chose not to set any futility threshold a priori, but instead chose to
use a contemporary group of PD controls and to continue followup for a sufficiently long period to allow inevitable placebo effects
to at least begin to diminish.
There are multiple issues in the optimal design of trials that
aim to identify agents with neuroprotective effects that have been
previously highlighted, including the prioritization of drugs for
study, the optimal trial design and duration, the ideal outcome
measures, and the optimal group of patients for study (1). In the
current study, the inclusion and exclusion criteria for patient
selection were chosen on a pragmatic basis to minimize the risk
of including patients with non-PD tremor or atypical Parkinsonism, with the understanding that patients with advanced disease
would be likely to have fewer salvageable dopaminergic neurons.
We also wished to determine whether this drug was tolerable in
moderate-stage PD patients on L-dopa, given that it is unlikely
that any neuroprotective agent will ever be able to entirely replace
the need for symptomatic therapy. Since exenatide is also being
evaluated as an agent to influence cognitive decline, our inclusion
criteria allowed us to evaluate the possible influence of exenatide
on cognition. Given that exenatide has not previously been given
to patients with PD, the design of this trial included a washout
period to also allow for preliminary distinctions between possible
symptomatic effects and possible disease-modifying effects. HowThe Journal of Clinical Investigation

ever, the inclusion of a 2-month washout period provided information on short-term symptomatic effects only. Long-duration
symptomatic effects may persist beyond this period and cannot
be excluded using the current study design. This is particularly
relevant given the increase in L-dopa–induced dyskinesia (LID)
seen in the exenatide-treated group, which necessitated reduction
in L-dopa doses in 5 patients. The possibility of an interaction
between exenatide and conventional dopaminergic replacement
must be considered in future study designs.
A further caveat must be made in the interpretation of these
data given the small sample size. Despite randomization, minor
differences in the baseline characteristics of the treated and
control groups can influence subsequent disease progression.
In a larger sample, randomization would be more likely to balance the treated and untreated groups. In the current trial, we
attempted to minimize this chance variation by stratified randomization according to baseline disease severity. While there
were no significant differences between the 2 groups at baseline,
the control group had slightly longer disease duration than that
of exenatide-treated patients.
Weight loss is an important concern and prevented trial completion in 1 individual. This was fully reversible on cessation of
the drug. Gastrointestinal symptoms are a common side effect
of exenatide and also in the PD population, but did not compromise trial participation in any individual. Patients generally
tolerated the pen injection device well, and none of the serious
adverse events observed were considered to be reactions to exenatide. The frequency of the adverse events in the exenatide group
was similar to that seen in the previous clinical trials of exenatide
in diabetes patients (4, 5).
Bearing in mind these limitations, our data provided preliminary
information about exenatide tolerability in PD and allowed consideration of the size of the biological effects seen in comparison
to previous trials of patients on placebo medications. The absolute size of the difference in PD severity between the exenatidetreated and untreated groups using blinded rating was modest
(4.9 points in MDS-UPDRS part 3), although this value excluded
the additional effects on rigidity scores, which were only evaluated

Figure 3
Change from baseline in the Mattis DRS-2 score by study visit. Data
represent mean ± SEM.
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Table 3
Changes in the score on LED, dyskinesia rating scale, Mattis DRS-2, MADRS, and PDQ39 summary index between baseline and month 14
Baseline

6 months

12 months

Mean (SD)

Mean (SD)

LED
Exenatide
973 (454)
Conventional PD medication
977 (493)
Dyskinesia rating scale, on medication
Exenatide
2.3 (2.8)
Conventional PD medication
2.6 (2.9)
MATTIS DRS-2
Exenatide
140.1 (7.7)
Conventional PD medication
139.5 (4.5)
MADRS
Exenatide
10.9 (5.1)
Conventional PD medication
11.0 (5.4)
PDQ39 summary index
Exenatide
19.2 (13.5)
Conventional PD medication
24.5 (12.8)

Mean (SD)

Difference,
baseline to 12 months
Mean (SD); 95% CI

Mean (SD)

Difference,
baseline to 14 months
Mean (SD); 95% CI

1011 (518)
1061 (613)

997 (446)
1121 (620)

24.3 (123.6); –37, 78
143.7 (223.6); 49, 238

1015 (467)
1125 (638)

42.3 (137); –22, 107
148.0 (232); 50, 246

2.5 (4.1)
3.5 (3.9)

3.3 (4.5)
2.5 (2.7)

1.0 (4.2); –1.0, 3.0
–0.04 (2.7); –1.2, 1.1

3.2 (4.0)
2.7 (3.5)

1.0 (3.8); –0.8, 2.7
0.1 (4.3); –1.7, 1.9

142.4 (2.3)
138.2 (5.1)

142.3 (2.5)
136.6 (6.1)

2.2 (6.4); –0.8, 5.2
–2.8 (5.3); –0.6, –5.0

142.9 (2.0)
135.9 (8.5)

2.8 (6.0); –0.1, 5.6
–3.5 (5.8); –1.1, –6.0

8.6 (4.2)
11.3 (6.5)

9.0 (4.5)
11.4 (5.6)

–1.9 (4.6); –4.1, 0.3
0.5 (4.5); –1.4, 2.4

10.2 (6.7)
12.4 (5.6)

–0.7 (5.9); –3.5, 2.1
1.5 (4.7); –0.5, 3.4

18.1 (13.4)
25.2 (15.8)

19.6 (13.0)
24.0 (15.3)

0.4 (11.4); –4.9, 5.7
–0.6 (11.2); –5.3, 4.2

21.5 (19.6)
23.4 (16.0)

2.3 (11.6); –3.1, 7.7
–1.2 (9.1); –5.0, 2.7

using open-label rating. Inclusion of the rigidity scoring made by
the unblinded investigator equated to a 7.0-point difference in
MDS-UPDRS score at 12 months and a 7.2-point difference at
14 months. Adding the blinded video rating of MDS-UPDRS part
3 to the differences seen in parts 1, 2, and 4 of the scale equated
to a 13.8-point advantage in favor of exenatide at 12 months and
a 12.3-point advantage at 14 months. The changes detected in
MDS-UPDRS scores were also largely reflected in the timed motor
tests. Aside from the changes in MDS-UPDRS scores, there was
also divergence in cognitive performance between the groups, with
a 5-point advantage in the Mattis DRS-2 at 12 months that persisted as a 6.3-point advantage at 14 months. However, there were
no significant changes detected in depression or subjective ratings
of quality of life (i.e., PDQ39 summary index).
There was no change in [123I]FP-CIT SPECT scan appearances
over a 12-month period. Given the quite advanced stage of disease
suggested by the baseline levels of [123I]FP-CIT uptake, this may
simply reflect a slower rate of decline of PD than occurs in the first
few years. The small mean improvements in [123I]FP-CIT uptake in
2 patients is out of keeping with the natural history of PD. These
patients both experienced LID during the course of the trial that
responded to lowering of LED.
The data presented herein demonstrated that clinically informative data can be obtained in a very cost-efficient manner as
part of the process of selecting drugs for future study as potential neuroprotective agents in PD. These data support further,
double-blind trials of exenatide as a potential disease-modifying
drug in PD, which will incur substantially greater costs than
were required for the current study. It is arguable that prevention of deterioration is more achievable in the earlier stages of
PD, when a greater number of dopaminergic neurons are still
viable. While the major cohort of interest for future trials may
be subjects with early PD, the data presented here indicate that
further investigation of exenatide as a treatment in later stages
of PD may also be warranted. The changes on the Mattis DRS-2
scale suggest that trials of the drug in the degenerative dementias would also be of interest.
2734
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Methods
Study design. This study was designed to collect preliminary safety and
efficacy data regarding the long-term biological effects of exenatide in
patients with treated PD. This was an investigator-led, charity-funded
project without commercial sponsorship. The licensed product of exenatide is manufactured as a pen device designed for self administration of
60 doses (i.e., sufficient for 1 month’s treatment). In view of the prohibitive
costs associated with manufacture of (QP released) placebo versions of the
exenatide pens, these were not available for the purposes of this trial, which
was necessarily configured to be open-label from the patient’s perspective.
Given the progressive nature of PD, a parallel-group, randomized, controlled design was chosen, with follow-up over a 12-month period. In the
absence of any previous evidence confirming or excluding possible shortterm symptomatic benefits of exenatide in PD, a 2-month washout period
was included beyond the end of study drug exposure. The overall aim was
to collect data from a range of outcome measures that, if positive, would
provide support/reassurance to underpin the investment needed to perform double-blind, placebo-controlled trials of exenatide in PD. See clinical protocol in the supplemental material (supplemental material available
online with this article; doi:10.1172/JCI68295DS1).
Patients. The patient group was chosen to represent typical, L-dopa–
responsive PD, in whom the severity of underlying PD could be assessed
during an early-morning “off-medication” examination. Patients were
eligible for enrollment if they had PD meeting Queen Square Brain bank
criteria at Hoehn and Yahr stage 2 to 2.5 in the “on-medication” state; they
had at least 5 years duration of symptoms; they were between 45 and 70
years of age; they were on L-dopa treatment with wearing-off phenomenon;
they were on stable PD medication regimes; they had “off-medication”
MDS-UPDRS part 3 scores greater than 15 points; and they had at least
33% improvement in response to L-dopa. Female participants had to be
free of child-bearing potential and were not pregnant or breast feeding.
Male participants had to use adequate contraception (given the absence
of long-term safety data regarding exenatide with respect to conception).
Participants were excluded if they had another suspected cause for
their parkinsonism; a known abnormality on structural brain imaging
that might compromise trial participation; concurrent dementia (judged
clinically using a cutoff score lower than 120 on the Mattis DRS-2); severe
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Table 4
Adverse events reported by trial participants

neous administration, exenatide reaches median peak
plasma concentrations in 2 hours. Similar exposure is
achieved with subcutaneous administration of exenatide in the abdomen, thigh, or arm (18). Exenatide
Adverse events
n
Serious adverse events
n
has the ability to cross the blood-brain barrier after
ExenatideA
peripheral administration (19).
Weight loss
19
Sciatica and epidural injection
1
Constipation
18
InsomniaB
1
Bioavailability of the 10- g dose compares favorably
Nausea
13
Possible transient ischemic attack
2
to the efficacious plasma levels in the rodent models
Diarrhea
7
(200 pg/ml) (20). Patients in both groups continued
Abdominal pain
6
any licensed PD medication after enrollment and
Back pain
5
throughout the trial according to the judgement of
Other pain
7
their treating neurologists. No adjustment of PD medLoss of appetite
5
ications was made at trial visits unless clinically urgent.
Increase off time
4
Clinical evaluation. All patients had evaluations at
Increase dyskinesia
4
baseline, 6 months, 12 months, and 14 months (i.e.,
Weight gain
3
allowing a 2-month washout phase of exenatide).
Hallucinations
2
Injection bruising
2
Assessments of PD severity using MDS-UPDRS part 3
Memory impairment
2
were made “off-medication” after an overnight period
Viral upper respiratory infection
2
and were video recorded to allow objective rating of
Urinary infection
2
PD disability by observers blinded to randomization
Miscellaneous
36
outcomes. Each patient video was rated by the same
Conventional PD medicationC
blinded clinician at each time point. All clinicians
Constipation
14
Prostatectomy for prostate cancer
1
were experienced at evaluating PD patients and had
Increased “off-medication” time
12
Lymph node dissection
1
successfully completed the official training module of
Weight gain
9
Anxiety requiring admission
1
the MDS-UPDRS. Sustained-release dopamine agoNausea
8
Fractured radius
1
nist medications were withdrawn for 24 hours, while
Weight loss
8
the withdrawal period for L-dopa was 12 hours.
Abdominal pain
6
All subscores of the MDS-UPDRS were completed,
Diarrhea
5
Memory impairment
5
with the part 3 motor subscore repeated during the
Back pain
4
“on-medication” state. Rush dyskinesia rating scale
Other pain
8
and timed motor tests were performed. Calculation
Impulsivity
4
of LED was performed using published formulae (21).
Falls
3
While “on-medication,” each subject was assessed
Prostate cancer
3
with the Mattis DRS-2, the MADRS, the PDQ39, the
Freezing
2
Non-Motor Symptoms (NMS) Questionnaire, the
Hallucinations
2
EuroQoL-5D (EQ-5D), and the SCOPA SLEEP and
Viral upper respiratory infection
2
SCOPA Autonomic (SCOPA AUT) questionnaires.
Sleep disorder
2
The Smell Identification test (Sensonics Inc.) was perMiscellaneous
46
formed at baseline and 12-month visits only. Safety
ATotal 137 adverse events; 4 serious adverse events in 4 individuals. BAdmitted for polysomassessments included measurements of vital signs and
C
nography. Total 143 adverse events; 4 serious adverse events in 3 individuals.
weight, electrocardiography, laboratory blood tests,
and recording of adverse events. All patients were
depression (defined by a score greater than 16 on the MADRS); neuroleptic also contacted at 1, 3, and 9 months to ensure comprehensive reporting
exposure in the preceding 6 months; diabetes mellitus; previous neuro- of adverse events. Patients were asked to return used pens at each visit, and
surgery; a history of severe renal disease, cardiac disease, gastrointestinal the remaining doses were counted as a measure of compliance.
disease, alcoholism, or pancreatitis.
Substudy. The first 10 patients randomized to receive exenatide had an
Randomization. Subjects were randomly assigned to 2 groups (Figure 1): [123I]FP-CIT SPECT scan performed at baseline and repeated at 12 months,
(a) exenatide added to conventional PD treatment group and (b) conven- with the aim of identifying whether this may serve as a biomarker of
tional PD treatment only (control) group. Randomization was stratified responsiveness to exenatide. [123I]FP-CIT uptake was quantified as a ratio
by Hoehn and Yahr stage (2, low; 2.5, high) to help ensure similar baseline of specific to nonspecific binding in 3 regions of interest in each hemidisability between the 2 groups. Recruitment ended when 20 subjects ran- sphere — the caudate, putamen and striatum as a whole — using validated
domized to each group had reached their 3-month follow-up stage. As a quantitative software (22). Absolute values of uptake ratio in each region
result, 21 patients were randomized to the exenatide group and 24 patients of interest were recorded at each time point, enabling the change in absowere randomized to conventional PD treatment only.
lute activity as well as the percent change in activity over the 12-month
Subjects in the exenatide group were supplied with a 5- g exenatide interval to be calculated.
pen device (Byetta 5 g) and taught how to self-administer twice-daily
Statistics. The data presentation and statistical tests performed in this
injections for 1 month, then supplied with 10- g exenatide pen device study have been provided to help guide planning of future placebo(Byetta 10 g) to self-administer twice-daily injections for the subsequent controlled trials and are thus restricted to the main outcomes of interest.
11 months. This schedule has been associated with lower rates of nausea PD patients on stable treatment regimens decline at a rate of approximately
than immediate introduction of the 10- g dose (17). Following subcuta- 3 UPDRS motor points per year (SD, 6.8) (23), although this can vary
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according to stage of disease (24). PD trials using change in “off-medication” motor UPDRS scores as an outcome measure have shown similar rates of decline (1.7 points after 6 months) among patients on “best
medical treatment” (25). The planned patient sample size (n = 40) in this
trial had 90% power to detect a difference of 7 UPDRS points between the
exenatide and control groups at a significance level of 5%. All individuals
completing a single follow-up were included in final analysis, as per protocol. “Last observation carried forward” was used for participants with
missing data. Data were tested for normality using the Shapiro-Wilk test.
Differences between treated and untreated groups with respect to change
in scores from baseline to follow-up were analyzed using 2-sided t tests. All
data were analyzed using Stata version 8.0.
Study approval. The trial was conducted at the National Hospital for
Neurology and Neurosurgery (London, United Kingdom), with trial sponsorship and monitoring by University College London. The protocol was
approved by a Research Ethics committee, the Administration of Radioactive Substances Advisory Committee (ARSAC), and the UK Medicines
Health Regulatory Agency, and all patients signed informed consent. A
trial management group reviewed trial conduct and all safety data. The
trial was registered at www.clinicaltrials.gov (trial ID NCT01174810).
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