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Summary
Background GLP-1 receptor agonists have neurotrophic properties in in-vitro and in-vivo models of Parkinson’s 
disease and results of epidemiological studies and small randomised trials have suggested possible benefits for risk 
and progression of Parkinson’s disease. We aimed to establish whether the GLP-1 receptor agonist, exenatide, could 
slow the rate of progression of Parkinson’s disease.

Methods We did a phase 3, multicentre, double-blind, parallel-group, randomised, placebo-controlled trial at 
six research hospitals in the UK. Participants were aged 25–80 years with a diagnosis of Parkinson’s disease, were at 
Hoehn and Yahr stage 2·5 or less when on dopaminergic treatment, and were on dopaminergic treatment for at least 
4 weeks before enrolment. Participants were randomly assigned (1:1) using a web-based system with minimisation 
according to Hoehn and Yahr stage and study site to receive extended-release exenatide 2 mg by subcutaneous pen 
injection once per week over 96 weeks, or visually identical placebo. All participants and all research team members 
at study sites were masked to randomisation allocation. The primary outcome was the Movement Disorder Society-
sponsored revision of the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) part III score, off dopaminergic 
medication at 96 weeks, analysed in the intention-to-treat population using a linear mixed modelling approach. This 
study is registered with ISRCTN (14552789), EudraCT (2018-003028-35), and ClinicalTrials.gov (NCT04232969).

Findings Between Jan 23, 2020, and April 23, 2022, 215 participants were screened for eligibility, of whom 194 were 
randomly assigned to exenatide (n=97) or placebo (n=97). 56 (29%) participants were female and 138 (71%) were 
male. 92 participants in the exenatide group and 96 in the placebo group had at least one follow-up visit and 
were included in analyses. At 96 weeks, MDS-UPDRS III OFF-medication scores had increased (worsened) by a 
mean of 5·7 points (SD 11·2) in the exenatide group, and by 4·5 points (SD 11·4) points in the placebo group 
(adjusted coefficient for the effect of exenatide 0·92 [95% CI –1·56 to 3·39]; p=0·47). Nine (9%) participants in the 
exenatide group had at least one serious adverse event compared with 11 (11%) in the placebo group.

Interpretation Our findings suggest that exenatide is safe and well tolerated. We found no evidence to support 
exenatide as a disease-modifying treatment for people with Parkinson’s disease. Studies with agents that show better 
target engagement or in specific subgroups of patients are needed to establish whether there is any support for the 
use of GLP-1 receptor agonists for Parkinson’s disease.
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Introduction
Parkinson’s disease is the second most common 
neurodegenerative disease and is predicted to lead to 
increasing demands on health-care resources over the next 
few decades.1 Symptomatic treatments are currently 
available,2 but have no effect on the underlying progression 
of the disease. Developing treatments that can slow the 
progression of the disease remains a priority.3

Exenatide (a synthetic exendin-4) is a licensed and 
effective treatment for type 2 diabetes. It is a GLP-1 receptor 

agonist and stimulates insulin release in the presence of 
elevated blood glucose. Preclinical studies have shown that 
exenatide has beneficial effects on neuronal survival and 
growth and has been shown to be neuroprotective in 
in-vitro neuronal models4,5 (Athauda and colleagues6 
published in preprint), as well as rescuing dopaminergic 
neurons in toxin and genetic animal models of Parkinson’s 
disease.7–9 GLP-1 receptor agonists used in people with 
type 2 diabetes reduce the subsequent development of 
Parkinson’s disease.10,11

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(24)02808-3&domain=pdf
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t.foltynie@ucl.ac.uk An open-label clinical trial of exenatide in 45 participants 
with moderately severe Parkinson’s disease showed that 
participants treated with exenatide had a mean Movement 
Disorder Society-sponsored revision of the Unified 
Parkinson’s Disease Rating Scale (MDS-UPDRS) part III 
(motor subscore) score that was 4·9 points lower 
(improved) than in randomly assigned, open-label control 
participants at 12 months, which persisted after a further 
12-month washout period.12,13 A subsequent double-blind, 
randomised controlled trial showed participants treated 
with exenatide for 48 weeks had a mean 3·5-point 
advantage in the MDS-UPDRS part III OFF-medication 
score compared with participants in the placebo group, 
and that this difference persisted after drug washout.14 
Biological specimens collected from trial participants 
confirmed changes according to treatment with exenatide 
in neuronal insulin pathways.15 A 1-year phase 2 trial of a 
similar GLP-1 receptor agonist, lixisenatide, reported an 
advantage in MDS-UPDRS part III scores compared with 
placebo,16 although findings from a study exploring a 
pegylated form of exenatide found no overall benefit 
compared with placebo (although a benefit was seen in 
people younger than 60 years).17

We aimed to confirm if previous positive results 
relating to participants with Parkinson’s disease treated 
with exenatide could be reproduced in a multicentre trial 
design, including a larger number of participants 
evaluated over a longer treatment period (96 weeks).

Methods
Study design
This investigator-initiated, phase 3, multicentre, double-
blind, parallel-group, randomised, placebo-controlled, trial 
with a 96-week exposure period was conducted in 

six research hospitals in the UK. The trial was sponsored 
by University College London (UCL) and coordinated by 
the UCL Comprehensive Clinical Trials Unit. An 
independent data monitoring committee and trial steering 
committee had oversight of the trial, which was conducted 
in accordance with Good Clinical Practice. The trial 
received research ethics committee (initial date of approval 
Oct 15, 2019, research ethics committee reference number 
19/SC/0447) and regulatory approvals (Medicines and 
Healthcare products Regulatory Agency clinical trial 
authorisation 20363/0406/001-0001), and is registered with 
ISRCTN (14552789), EudraCT (2018-003028-35), and 
ClinicalTrials.gov (NCT04232969). The protocol is in the 
appendix (pp 5–11).

Participants
Participants aged 25–80 years with a diagnosis of 
Parkinson’s disease meeting Queen Square Brain Bank 
criteria18 were recruited. Detailed eligibility criteria have 
previously been published.19 Participants were at Hoehn 
and Yahr stage 2·5 or less when on dopaminergic 
treatment, on dopaminergic treatment for at least 4 weeks 
before enrolment, and able to self-administer the 
investigational medicinal product. Key exclusion criteria 
included a suspicion of another cause for parkinsonism, 
being unable to attend the clinic visits in the practically 
defined OFF-medication state, a BMI of less than 
18·5 kg/m², clinically significant cognitive impairment 
defined by a score of less than 21 on the Montreal Cognitive 
Assessment (MoCA), and concurrent severe depression 
defined by a score of 16 or more on the Patient Health 
Questionnaire (PHQ-9). The OFF-medication state refers 
to the patient assessment conducted in the absence of 
their regular medication with the aim of exposing the 

Research in context
Evidence before this study
We searched PubMed using the terms “Parkinson’s disease”, 
“Exenatide”, “Glucagon-like peptide-1”, “GLP-1”, 
“Neuroprotection”, and “Disease modification” for all articles 
published in English before Sept 1, 2024. Multiple laboratories 
have confirmed neuroprotective properties of GLP-1 receptor 
agonists, including exenatide, using a variety of in-vitro cell 
models or in-vivo rodent models of Parkinson’s disease. There 
have been two large epidemiology studies showing that the risk 
of subsequently developing Parkinson’s disease among people 
with type 2 diabetes is reduced following treatment with GLP-1 
receptor agonists. Two small trials conducted over 1 year have 
shown an advantage in motor progression among people treated 
with exenatide, and a larger trial with 1-year follow-up showed an 
advantage in motor progression among people treated with a 
similar drug, lixisenatide. A trial of a modified (pegylated) form of 
exenatide (NLY-01) conducted over 36 weeks did not show any 
benefits, although a subgroup analysis raised the possibility of 
motor benefits in participants younger than 60 years. 

Added value of this study
This trial evaluated the effect of extended-release exenatide in 
the largest number of patients to date and is the longest trial of 
any GLP-1 agonist in people with Parkinson’s disease, assessing 
effects of exenatide over a period of 96 weeks.

Implications of all the available evidence
We found no advantage of using exenatide compared with 
placebo among the general population of people with 
moderate-severity Parkinson’s disease using conventional 
measures of motor and non-motor symptom progression. We 
also did not find evidence to support any advantage in younger 
participants. Further analyses of biofluids from participants will 
assess the extent of target engagement of exenatide, and post-
hoc testing of subgroups of participants according to baseline 
biochemical characteristics is needed to identify whether there 
is a recognisable population that reliably respond to this 
intervention.
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severity of the underlying Parkinson’s disease. Patients 
attended the hospital in the morning having not taken any 
of their prescribed Parkinson’s disease medication for 8 h 
(overnight) in the case of levodopa, or 36 h or longer in the 
case of longer-acting agents such as ropinirole or 
pramipexole prolonged release. This is a practically defined 
OFF-medication state, although long duration responses 
of dopaminergic medications are likely to have persisted in 
some participants.20 Patients with previous exposure to 
exenatide, impaired renal function with creatinine 
clearance less than 50 mL/min, a history of pancreatitis, 
type 1 or type 2 diabetes, severe gastrointestinal disease, 
hyperlipidaemia, medullary thyroid cancer (or family 
history), and multiple endocrine neoplasia 2 syndrome, a 
known brain abnormality likely to compromise compliance 
with the trial protocol, previous intracerebral neurosurgical 
intervention for Parkinson’s disease, participation in 
another clinical trial within the preceding 30 days, or 
known hypersensitivity to exenatide were also excluded. 
Female participants who were pregnant or breastfeeding, 
or those who were of child-bearing potential and unwilling 
to use an acceptable method to avoid pregnancy were 
excluded. All trial participants provided written informed 
consent. Participant sex data were self-reported as either 
male or female. Ethnicity was self-reported according to 
the following categories: White, mixed, Black or Black 
British, Asian or Asian British, other, or prefer not to say.

Randomisation and masking
Eligible participants were randomly assigned (1:1) to 
self-administer either exenatide or placebo. Randomi
sation was performed using a web-based system with 
minimisation according to Hoehn and Yahr stage and 
study site. Placebo was visually identical to the exenatide. 
An unblinded statistician generated unique five-digit 
identifiers for every active or placebo drug kit, which were 
then allocated to participants by the web-based system 
according to their randomisation outcome. The statistician 
had no involvement in the randomisation allocation. All 
participants and all research team members at study sites 
were masked regarding randomisation allocation. 
Separate team members were used to collect efficacy data 
from those collecting adverse event data.

The degree to which masking remained successful 
throughout the duration of the trial was not objectively 
assessed. 

Procedures
Participants self-administered either extended-release 
exenatide 2 mg by subcutaneous pen injection once 
per week, or visually identical placebo by subcutaneous 
pen injection once per week for 96 weeks. The first dose 
was administered at the baseline assessment following 
injection teaching and subsequent injections were self-
administered at home. Adherence to exenatide was 
reviewed by the trial team at each visit. Adjustments to 
concomitant medications for Parkinson’s disease were 

permitted as required according to standard of care, at the 
judgement of their treating physician. All concomitant 
medication use was recorded at every trial visit.

Participants attended detailed evaluations at baseline 
and at 24, 48, 72, and 96 weeks and shorter assessments 
at weeks 12, 36, 60, and 84. Assessments at detailed 
evaluations included the MDS-UPDRS parts I to IV, 
Hoehn and Yahr status, MoCA, the Non-Motor Symptom 
Scale (NMSS), PHQ-9, the Parkinson’s Disease Quality 
of Life Questionnaire (PDQ-39), EQ-5D-5L, the Unified 
Dyskinesia Rating Scale (UDysRS), and the timed sit–
stand–walk test. The MDS-UPDRS part III and timed 
walk tests were done in the OFF-medication state, 
defined as the scores obtained after withholding all 
short-acting conventional Parkinson’s disease 
medications (levodopa-containing preparations) for at 
least 8 h and all long-acting conventional Parkinson’s 
disease medications (dopamine agonists and 
monoamine oxidase inhibitors) for at least 36 h. These 
assessments were repeated in the ON-medication state, 
which was performed 1 h after the patient had taken all 
their usual medication. Participants’ levodopa equivalent 
daily dose (LEDD) was calculated using published 
methodology21 at each detailed visit. Participants 
completed a 3-day Hauser diary before baseline and at 
weeks 48 and 96. Potential adverse events and safety 
blood tests were assessed during short and detailed 
assessments. Adverse events were recorded until 
10 weeks after participants’ last trial injections and were 
graded for severity according to International Conference 
on Harmonisation Good Clinical Practice guidelines.

Dopamine transporter–single-photon-emission CT 
(DaT–SPECT) imaging and cerebrospinal fluid (CSF) 
collection were performed at baseline and week 96 in 
consenting participants at the primary trial site (UCL). 
DaT imaging was performed 3 h after the injection of 
[¹²³I]ioflupane (DATSCAN, GE Healthcare, Chalfont St 
Giles, UK) using a SPECT scan of 40 min duration.

Seed amplification assay for α-synuclein was performed 
at the National Institutes of Health Rocky Mountain 
Laboratories (RML; Hamilton, MT, USA) using the 
baseline CSF samples as per an established protocol,22 
with each sample analysed as four separate replicate 
reactions within a plate of samples. Application of both 
the RML and commercial α-synuclein assay (Amprion, 
San Diego, CA, USA) to CSF samples from participants 
in the Parkinson’s Progressive Markers Initiative cohort, 
a large, long-standing cohort of patients with Parkinson’s 
disease, sponsored by the Michael J Fox Foundation, has 
yielded concordant results.23,24

Outcomes
The primary outcome was the MDS-UPDRS part III 
OFF-medication score at 96 weeks. Secondary outcomes 
were changes in MDS-UPDRS parts I–IV in the 
ON-medication state, the timed sit–stand–walk test in 
the OFF-medication and ON-medication states, the 

For the web-based system see 
https://www.sealedenvelope.
com/

https://www.sealedenvelope.com/
https://www.sealedenvelope.com/
https://www.sealedenvelope.com/
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NMSS, PDQ-39, PHQ-9, EQ-5D-5L, MoCA, UDysRS, 
LEDD, and 3-day Hauser diary, as well as adverse events. 
The change in DaT–SPECT striatal binding ratio between 
baseline and week 96 was also studied as an exploratory 
endpoint. Assessment of plasma and CSF concentrations 
of exenatide was done in a blinded manner in duplicate 
across all samples as an exploratory endpoint by 
fluorescent ELISA immunoassay (FEK-070-94; Phoenix 
Pharmaceuticals, Burlingame, CA, USA) at the National 
Institute on Aging (Baltimore, MD, USA). Serum 
samples from the previous exenatide trial14 were tested 
simultaneously to allow comparison between trials.

Statistical analysis
The statistical analysis plan was finalised and approved 
on May 30, 2024, before database lock on June 19, 2024, 

and is in the appendix (pp 112–142). The planned sample 
size of 200 participants divided equally between the 
two groups would provide 90% power to detect a 
difference of 5·0 MDS-UPDRS part III points in the 
OFF-medication state between the groups, adjusting for 
baseline MDS-UPDRS part III OFF-medication scores 
and assuming 20% attrition (withdrawal or loss to follow-
up). The required evaluable sample size was 160. This 
effect size was a reasonable expectation based on the 
previous exenatide trial.14 The calculations were based on 
a common SD of 13·5, a correlation of 0·70 between the 
baseline and follow-up MDS-UPDRS measurements, 
and an overall type 1 error rate of 5%.

The primary analysis was conducted following the 
intention-to-treat principle, in accordance with the 
randomly assigned intervention. All randomly assigned 
participants with an outcome measure at baseline and at 
one follow-up timepoint were included in the primary 
analysis. Safety was analysed in all participants who were 
randomly assigned.

A linear mixed-effects model was used to estimate the 
difference between the groups for the primary and 
secondary outcomes and included fixed effects for 
treatment, baseline MDS-UPDRS part III OFF-
medication scores, time (24, 48, 72, and 96 weeks) as 
a categorical variable, treatment and time interaction, 
and the minimisation factor Hoehn and Yahr status. 
A random site effect and patient effect was included to 
take account of clustering. Results are presented as an 
adjusted treatment effect and the associated 95% CI. 
Statistical tests were done using a two-sided significance 
level of 5%. A modified intention-to-treat analysis of the 
primary outcome was carried out, including all 
participants who completed 12 weeks on treatment and 
for whom outcome data were available.

A treatment adherence analysis was done using 
baseline characteristics (age, sex, ethnicity, BMI, Hoehn 
and Yahr status, LEDD, and MDS-UPDRS part III OFF-
medication score) to model patients in the placebo group 
who would have potentially adhered to treatment 
(≥80% of the 96 weeks of injections administered) if 
allocated to the exenatide group, based on their baseline 
characteristics. We also did a predefined subgroup 
analysis of the primary outcome by participants’ age at 
recruitment (<60 years), sex, age at diagnosis (<55 years), 
and Hoehn and Yahr stage. We did a preplanned 
sensitivity analysis to evaluate any potential impact on 
the primary outcome of differential changes in weight or 
BMI and LEDD.

After tomographic reconstruction, DaT–SPECT data 
analysis was performed by Datquant software 
(GE Healthcare) using a fully automated quantification 
method.25 Striatal binding ratios of the DaT 
radiopharmaceutical were determined in the striata and 
striatal substructures (anterior and posterior putamen 
and caudate) compared with the occipital lobe, which 
represented non-specific uptake. A mean score for the 

See Online for appendix

Figure 1: Trial profile
*Reasons for treatment discontinuation were adverse events (n=8), weight loss and worsening of Parkinson’s 
disease (n=1), potential product complaint, unsatisfactory response, and unwilling to continue (n=1), and 
increased anxiety regarding comorbid health issues (n=1). †Reasons for treatment discontinuation were adverse 
events (n=1) and serious adverse events (n=2). 

215 individuals screened

97 assigned to exenatide

21 ineligible
5 withdrew consent
5 multiple comorbidities
4 did not meet inclusion or or met 
    exclusion criteria
3 Hoehn and Yahr stage >2·5 in ON-medication

state
2 BMI <18·5 kg/m²
2 impaired renal function

5 withdrew from treatment and
follow-up before 24 weeks’ 
follow-up
3 unable to commit
2 adverse events

7 withdrew from treatment and
follow-up

4 unable to commit
1 adverse events
1 ongoing weight loss, nausea

impacting health
1 lost to follow-up

11 discontinued treatment*

194 randomised

92 in trial at 24-week follow-up visit

92 included in intention-to-treat 
primary analysis

97 assigned to placebo

1 withdrew from treatment and
follow-up before 24 weeks’ 
follow-up
1 unable to commit

3 withdrew from treatment and
follow-up
2 lost to follow-up
1 serious adverse event

3 discontinued treatment†

96 in trial at 24-week follow-up visit

96 included in intention-to-treat
primary analysis
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whole striatum and each subregion was determined by 
averaging right and left scores for further analysis. 
Wilcoxon paired sign rank tests were used to compare 
change in DaT–SPECT striatal binding ratio between 
baseline and 96 weeks in each group.

The number and severity of adverse events, as well 
as changes in vital signs, weight, BMI, and clinical 
laboratory measures, are summarised by treatment 
group throughout the trial period.

Statistical analyses were performed in Stata 18 
(release 18).

Role of the funding source
The funders of the study provided feedback on the study 
design, but had no role in data collection, data analysis, 
data interpretation, or writing of the report.

Results
Between Jan 23, 2020, and April 23, 2022, 215 participants 
were screened for eligibility, of whom 194 were recruited 
to the trial (figure 1). This was a shortfall of six participants 
compared with the planned recruitment total and 
occurred as a result of delays introduced by the 
COVID-19 pandemic and associated lockdowns, and the 
expiry date for exenatide that necessitated premature 
closure to recruitment. 97 participants were assigned to 
exenatide and 97 to placebo. 16 (8%) of 194 patients 
withdrew from the trial before 96 weeks and had missing 
MDS-UPDRS scores at the primary analysis timepoint 
(figure 1). 188 (97%) patients who had at least 
one follow-up visit were included in the mixed model for 
the primary outcome analysis. The power calculation 
required 160 evaluable patients to contribute to the 
primary outcome (allowing for 20% attrition).

Participants had a mean age of 60·7 years (SD 9·1), 
56 (29%) were female, and 138 (71%) were male (table 1). 
The two groups were balanced in regard to participants’ 
demographics and baseline measures of outcomes. The 
mean age at random assignment and at diagnosis of the 
16 patients who withdrew from the trial was similar to 
the mean of all those randomly assigned.

At 96 weeks, OFF-medication scores in MDS-UPDRS 
part III had worsened (increased) by a mean of 
5·7 points (SD 11·2) in the exenatide group and 
4·5 points (11·4) in the placebo group (adjusted 
coefficient for effect of exenatide 0·92 [95% CI 
–1·56 to 3·39]; p=0·47; figure 2 and table 2). The 
modified intention-to-treat analysis also showed no 
significant difference in primary outcome between the 
treatment groups (appendix p 1). Adherence data were 
available for 178 patients who completed the 96-week 
follow-up visit. 165 (93%) patients, 74 (87%) of 85 who 
continued follow-up in the exenatide group and 
91 (98%) of 93 in the placebo group, administered 
80% or more of the 96 weeks of injections. A treatment 
adherence analysis model did not have sufficient 
discriminatory ability to identify participants with 

80% or more adherence in the placebo group based on 
predefined baseline characteristics. The mean 
MDS-UPDRS part III OFF-medication score among 
patients in the exenatide group who adhered to 
treatment was similar to that of patients in the placebo 
group at all timepoints (appendix p 2).

In the analysis of secondary outcomes, there were no 
significant differences between the groups in any of the 
sub-items of the MDS-UPDRS in the ON-medication 
state at 96 weeks (table 2). There were no significant 
differences between the exenatide and placebo groups in 
scores on the MoCA, PHQ-9, UDysRS, NMSS, PDQ-39 
summary index, or EQ-5D-5L (table 3), nor in results on 
timed motor tests or Hauser diaries (appendix pp 3–4). 

Exenatide group 
(n=97)

Placebo group 
(n=97) 

Total 
(n=194) 

Age, years 61·02 (9·05) 60·35 (9·26) 60·68 (9·14)

Age at diagnosis, years 56·37 (9·60) 56·30 (9·53) 56·33 (9·54)

Weight, kg 79·57 (14·73) 78·39 (13·55) 78·98 (14·13)

Sex 

Female 28 (29%) 28 (29%) 56 (29%)

Male 69 (71%) 69 (71%) 138 (71%)

Ethnicity

White 92 (95%) 88 (91%) 180 (93%)

Mixed 1 (1%) 1 (1%) 2 (1%)

Black or Black British 1 (1%) 0 1 (1%)

Asian or Asian British 3 (3%) 5 (5%) 8 (4%)

Other or prefer not to say 0 3 (3%) 3 (2%)

Hoehn and Yahr stage at randomisation

≤2·0 83 (86%) 82 (85%) 165 (85%)

2·5 14 (14%) 15 (15%) 29 (15%)

BMI, kg/m² 25·80 (23·50–28·60) 25·20 (23·10–28·00) 25·60 (23·40–28·10)

Levodopa equivalent daily dose 475 (340–615) 475 (300–700) 475 (300–90)

Data are mean (SD), n (%), or median (IQR). All 194 randomly assigned participants were on Parkinson’s disease 
medication at baseline.    

Table 1: Baseline characteristics 

Number of participants
Exenatide

Placebo

Baseline 24 48 72 96

97
97

92
96

87
94

83
95

85
93

Time from randomisation (weeks)
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Figure 2: Mean MDS-UPDRS part III OFF-medication score by group over 
96 weeks
MDS-UPDRS=Movement Disorder Society-sponsored revision of the Unified 
Parkinson’s Disease Rating Scale. 
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The change in LEDD levels over the course of the trial 
was the same in the two groups (table 3).

Preplanned subgroup analyses did not show any 
difference between the two groups in participants 
younger than 60 years at recruitment, nor according to 
sex, age at diagnosis, Hoehn and Yahr stage 1·0–2·0, or 
site of recruitment. Of the 66 participants who 
contributed CSF at baseline, 63 (95%) met fully defined 
criteria for α-synuclein seed amplification assay 
positivity (31 [100%] of 31 in the exenatide group and 
32 [91%] of 35 in the placebo group). There was no 
difference between these subgroups who met criteria 
for the α-synuclein seed amplification assay positivity 
analysis of the primary outcome according to 
randomisation allocation, nor among people according 
to their BMI at baseline (appendix p 3).

77 participants underwent DaT–SPECT imaging at 
baseline, of whom 73 (36 in the exenatide group and 37 
in the placebo group) had repeat DaT–SPECT imaging 
at 96 weeks. There was no difference in the change in 
striatal binding ratios between the groups for whole 
striatum, anterior or posterior putamen, or caudate 
nucleus.

Exenatide was generally safe and well tolerated. There 
were ten serious adverse events in the exenatide group 
and 12 in the placebo group (table 4). Transient increases 
in serum amylase were seen in nine (9%) participants 
in the exenatide group and one (1%) in the placebo 
group, but no participants had clinically confirmed 
pancreatitis. An allergic reaction to an injection occurred 

in one (1%) participant on placebo. A further allergic 
reaction occurred in one (1%) participant in the 
exenatide group, but the timing of this serious adverse 
event made it considered to be unlikely to be related to 
trial injections. Gastrointestinal symptoms occurred 
more frequently in the exenatide group than in the 
placebo group. Participants in the exenatide group lost a 
mean of 1·8 kg (SD 4·9) over 96 weeks compared with 
1·3 kg (4·1) in the placebo group (appendix p 3).

The mean plasma exenatide concentration among 
participants fully compliant with treatment was 
1142 pg/mL (SD 409). The mean CSF exenatide 
concentration among participants fully compliant with 
treatment was 11·3 pg/mL (SD 3·7; approximately 1% of 
the plasma concentration). The mean serum exenatide 
concentration detected following repeat testing of 
samples from participants from the previous trial14 was 
1137 pg/mL (SD 558).

Discussion
In this double-blind, randomised, placebo-controlled 
trial, including participants with moderate-severity 
Parkinson’s disease, we found no advantage in the use of 
2 mg extended-release exenatide by pen injection once 
per week compared with placebo on any measures of 
Parkinson’s disease severity. This finding is in contrast to 
the positive results seen in a previous phase 2 trial of 
exenatide 2 mg once per week and a phase 2 trial of 
lixisenatide in participants with Parkinson’s disease.14 We 
chose to use a long-term simple trial design to help 

  Baseline 24 weeks 48 weeks Change 
from 0 to 
48 weeks

At 48 weeks 72 weeks 96 weeks Change 
from 0 to 
96 weeks

At 96 weeks

Adjusted coefficient* 
(95% CI)

p value Adjusted coefficient* 
(95% CI)

p value 

Primary outcome: MDS-UPDRS part III OFF-medication 

Exenatide 32·2 (12·5) 33·8 (13·8) 35·4 (15·3) 3·5 (11·1) 0·94 (–1·53 to 3·40) 0·46 35·0 (15·2) 37·6 (15·2) 5·7 (11·2) 0·92 (–1·56 to 3·39) 0·47

Placebo 32·3 (13·3) 32·5 (13·3) 34·1 (13·9) 2·0 (9·6) ·· ·· 33·9 (12·7) 36·6 (14·1) 4·5 (11·4) ·· ··

Secondary outcomes

MDS-UPDRS part I ON-medication 

Exenatide 7·9 (4·9) 8·2 (5·4) 8·8 (5·7) 1·0 (3·7) 1·57 (0·51 to 2·63) 0·0038 8·3 (5·0) 8·9 (5·6) 1·1 (3·8) 0·31 (–0·76 to 1·38) 0·57

Placebo 7·5 (4·8) 7·3 (4·6) 7·0 (4·3) –0·4 (4·2) ·· ·· 7·4 (4·4) 8·3 (5·1) 0·9 (4·4) ·· ··

MDS-UPDRS part II ON-medication 

Exenatide 7·4 (4·9) 8·9 (6·2) 9·0 (5·9) 1·7 (3·7) 1·25 (0·04 to 2·47) 0·044 9·3 (6·7) 10·0 (6·9) 2·7 (5·1) 0·69 (–0·54 to 1·92) 0·27

Placebo 7·5 (4·9) 8·1 (5·1) 7·9 (5·2) 0·4 (3·8) ·· ·· 8·0 (5·1) 9·4 (5·6) 2·0 (4·7) ·· ··

MDS-UPDRS part III ON-medication 

Exenatide 20·0 (10·2) 23·1 (13·0) 23·6 (13·2) 3·8 (10·3) 1·52 (–0·87 to 3·91) 0·21 24·5 (13·6) 25·5 (13·4) 5·7 (11·3) 0·74 (–1·66 to 3·14) 0·55

Placebo 20·8 (10·4) 22·1 (11·0) 22·5 (11·9) 1·8 (8·2) ·· ·· 23·1 (11·3) 25·2 (11·0) 4·6 (8·9) ·· ··

MDS-UPDRS part IV ON-medication

Exenatide 3·9 (3·3) 3·6 (3·2) 3·6 (3·1) –0·1 (2·7) –0·05 (–0·80 to 0·69) 0·89 3·4 (2·9) 3·8 (3·4) 0·1 (3·1) –0·22 (–0·97 to 0·53) 0·57

Placebo 3·8 (3·2) 3·8 (3·2) 3·8 (3·1) –0·1 (3·0) ·· ·· 3·8 (3·4) 4·1 (3·6) 0·3 (3·3) ·· ··

Data are mean (SD) except where otherwise stated. MDS-UPDRS=Movement Disorder Society-sponsored revision of the Unified Parkinson’s Disease Rating Scale. *A negative coefficient indicates an advantage in 
the exenatide group and a positive coefficient indicates an advantage in the placebo group.

Table 2: MDS-UPDRS subscores 
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disentangle any possible symptomatic effects from 
disease-modifying effects, but found no evidence for any 
clinical benefit on any outcome measure. Our chosen 
design was associated with high levels of patient 
retention and the data collected allow high levels of 
confidence in the results.

The population of participants with Parkinson’s disease 
recruited in this trial were of similar age and disease 
severity to those recruited in the previous positive 
exenatide trial.14 The high positivity rates for the 
α-synuclein seed amplification assay (among participants 
who had CSF collected) provide some reassurance 
regarding the precision of diagnoses. However, the 
majority of participants did not have CSF collected; 

therefore, the potential impact of Parkinson’s disease 
misdiagnosis rate remains uncertain. The absence of any 
signal of clinical effect across patient-reported and 
clinician-reported outcome measures was mirrored by 
the absence of effect on DaT–SPECT imaging. We did 
not find any evidence to suggest a participant subgroup 
defined by age or BMI was more likely to respond to 
exenatide than other groups. Despite our efforts to be 
inclusive during recruitment, the majority of participants 
in the current trial were White; therefore, we have limited 
ability to explore whether exenatide might have different 
effects across ethnic subgroups.

In the previous positive phase 2 trial, 2 mg extended-
release exenatide was self-administered over 48 weeks 

Baseline 24 weeks 48 weeks Change 
from 0 to 
48 weeks

At 48 weeks 72 weeks 96 weeks Change from 
0 to 96 weeks

At 96 weeks

Adjusted 
coefficient 
(95% CI)

p value Adjusted 
coefficient 
(95% CI)

p value 

MoCA*

Exenatide 27·8 (1·9) ·· 27·6 (2·0) –0·2 (1·7) –0·34 
(–0·84 to 0·16)

0·18 ·· 27·7 (2·4) –0·1 (2·0) –0·22 
(–0·73 to 0·28)

0·39

Placebo 27·8 (1·8) ·· 28·0 (1·8) 0·1 (1·8) ·· ·· ·· 27·9 (2·1) 0·1 (1·9) ·· ··

UDysRS†

Exenatide 4·6 (7·1) 4·1 (7·3) 4·9 (8·8) ·· ·· ·· 5·6 (8·4) 7·0 (11·0) 2·0 (8·9) 0·11 
(–1·78 to 2·00)

0·91

Placebo 5·3 (8·4) 4·9 (8·1) 5·3 (8·8) ·· ·· ·· 6·2 (9·6) 7·2 (11·0) 1·9 (7·6) ·· ··

NMSS†

Exenatide 30·5 (24·9) 32·5 (25·8) 33·2 (30·0) ·· ·· ·· 31·8 (25·7) 34·9 (26·0) 4·1 (20·4) 1·73 
(–3·35 to 6·80)

0·51

Placebo 28·2 (24·0) 29·1 (26·3) 25·3 (22·0) ·· ·· ·· 26·3 (21·9) 31·8 (25·2) 3·1 (19·6) ·· ··

PDQ-39†

Exenatide 11·9 (9·3) 12·7 (11·1) 12·2 (10·1) ·· ·· ·· 12·4 (10·2) 13·3 (10·9) 1·5 (8·5) 0·72 
(–1·35 to 2·79)

0·49

Placebo 10·6 (8·0) 10·1 (7·1) 9·9 (6·8) ·· ·· ·· 9·1 (6·2) 11·8 (8·5) 1·3 (8·9) ·· ··

EQ-5D-5L index*

Exenatide 0·80 (0·18) 0·80 (0·16) 0·79 (0·18) ·· ·· ·· 0·78 (0·17) 0·78 (0·17) –0·03 (0·18) –0·01 
(–0·04 to 0·03)

0·78

Placebo 0·83 (0·12) 0·83 (0·17) 0·84 (0·13) ·· ·· ·· 0·83 (0·14) 0·80 (0·18) –0·04 (0·15) ·· ··

EQ-5D-5L visual analogue scale*

Exenatide 76·9 (14·4) 75·3 (13·0) 75·2 (13·5) ·· ·· ·· 72·6 (16·1) 72·8 (16·8) –4·9 (16·1) –1·47 
(–5·25 to 2·31)

0·45

Placebo 76·6 (16·3) 77·0 (14·4) 77·6 (14·3) ·· ·· ·· 76·8 (13·7) 74·2 (16·7) –2·7 (17·4) ·· ··

PHQ-9†

Exenatide 3·3 (3·1) 3·7 (3·5) 3·6 (3·7) ·· ·· ·· 3·5 (3·4) 3·4 (3·4) 0·2 (3·1) 0·01 
(–0·81 to 0·82)

0·99

Placebo 3·5 (2·9) 2·8 (3·0) 2·7 (3·1) ·· ·· ·· 2·8 (3·2) 3·4 (3·4) 0·1 (3·5) ·· ··

Levodopa equivalent dose, mg†

Exenatide 97; 475 
(340–615)

93; 530 
(375–700)

86; 548 
(400–700)

0 (0–100) ·· ·· 85; 600 
(420–725)

85; 650 
(490–805)

100 (0–275) ·· ··

Placebo 97; 475 
(300–700)

95; 480 
(300–600)

94; 572 
(375–767)

50 (0–125) ·· ·· 96; 595 
(380–781)

93; 580 
(400–850)

100 (0–240) ·· ··

Data are mean (SD), n; median (IQR), or median (IQR), except where otherwise stated. MoCA=Montreal Cognitive Assessment. NMSS=Non-Motor Symptom Scale. PDQ-39=Parkinson’s Disease Quality of Life 
Questionnaire. PHQ-9=Patient Health Questionnaire. UDysRS=Unified Dyskinesia Rating Scale. *A positive coefficient indicates an advantage in the exenatide group and a negative coefficient indicates an 
advantage in the placebo group. †A negative coefficient indicates an advantage in the exenatide group and a positive coefficient indicates an advantage in the placebo group. 

Table 3: Secondary outcomes 
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using the tray preparation,14 whereas in the current trial, 
the pen device over 96 weeks was used. To ensure 
comparability between trials, we conducted plasma 
exenatide ELISA assays for the current trial samples 

alongside repeating the exenatide assays from serum 
samples remaining from the previous trial 
contemporaneously. There was no difference in the 
peripheral levels of exenatide as an explanation for the 
difference in the clinical results. We did not see any 
evidence of any difference between the exenatide group 
and the placebo group at 48 weeks in the current trial.

The mean weight loss in participants in the exenatide 
group was 1·8 kg compared with 1·3 kg in the placebo 
group (between-group difference in weight loss of 
0·5 kg), whereas in the previous phase 2 trial,14 participants 
in the exenatide group had a mean weight loss of 2·6 kg 
compared with 0·6 kg in the placebo group (between-
group difference in weight loss of 2·0 kg). In both trials, 
independent raters were used for all efficacy outcomes 
separately from individuals collecting adverse event data 
and providing clinical management advice, in an attempt 
to minimise rater bias. It is possible that the greater 
degree of weight loss seen in the phase 2 trial led to 
greater rates of unblinding of participants, which might 
have led to greater placebo effects among the active 
treatment group in that trial compared with this trial. 
Although we did not observe obvious placebo effects 
(manifesting as an improvement in scores on any 
measure) in either group, we cannot exclude that placebo 
effects contributed to a reduction in the rate of 
deterioration for individual participants.

Conversely, reduction in the extent of weight loss with 
exenatide might be indicative of insufficient target 
engagement in this trial. Although we cannot exclude 
a relationship between exenatide target engagement, 
magnitude of weight change, and clinical response for 
specific individuals, we did not identify any significant 
relationship between degree of weight loss and change in 
MDS-UPDRS part III scores, neither among all trial 
participants, nor when restricted to the exenatide group. 
Other peripheral side-effects of exenatide were similar 
between the two trials except that transient 
hyperamylasaemia was more frequently observed among 
participants in the exenatide group in the current trial 
than in the previous trial (n=9).

Although this trial did not detect therapeutic benefits of 
exenatide among people with Parkinson’s disease, the 
laboratory data supporting neuroprotective actions of this 
GLP-1 receptor agonist class of drugs remain very strong. 
We have previously established that exenatide can 
penetrate the human CNS, but only at very low 
concentrations compared with serum (approximately 2% 
of the serum level).14 In the current trial, only 1% of the 
plasma concentration of exenatide was detected in CSF; 
however, the difference between these percentages should 
be interpreted with caution for several reasons. Although 
the peripheral exenatide concentrations might differ due 
to differences in the sensitivity of the ELISA technique 
comparing plasma exenatide concentrations in the 
current trial with serum exenatide concentrations taken 
in the earlier trial, the mean absolute concentrations of 

Exenatide 
(n=97)

Placebo 
(n=97)

Total 
(n=194)

Number of patients with at least one serious adverse 
event or serious adverse reaction

9 (9%) 11 (11%) 20 (10%)

Number of serious adverse events 10 13* 23*

Orthopaedic procedures 5 4 9

Abdominal cyst 0 1 1

Elevated alanine aminotransferase 1 0 1

Allergic reaction 1 1 2

Atrial flutter 1 0 1

Epistaxis 0 1 1

Elevated amylase level 0 1 1

Haematuria 0 1 1

Headache 0 1 1

Hospitalised for suspected angina 0 1 1

Open colposuspension and paravaginal repair 1 0 1

Other psychiatric disorders (anxiety, depression, 
suicidal ideation, confusion)

0 1 1

Squamous cell carcinoma 1 0 1

Viraemia 0 1 1

Number of patients reporting at least one adverse 
event

96 (99%) 92 (95%) 188 (97%)

Number of adverse events 689 492 1181

Skin disorders or injection site reactions 100 100 200

Nervous system disorders 61 54 115

Nausea 51 20 71

Infections and infestations including upper 
respiratory tract infection and urinary tract infection

49 45 94

Weight loss 36 23 59

Anorexia 33 7 40

Musculoskeletal disorders 30 16 46

Gastrointestinal disorders 27 9 36

Constipation 23 9 32

Diarrhoea 19 11 30

Fall 13 9 22

Fatigue 13 6 19

Surgical and medical procedures 12 8 20

Lethargy 12 2 14

Hypotension or syncope 11 0 11

Abdominal pain 10 3 13

Serum amylase increased 9 1 10

Vomiting 8 3 11

Bloating 7 9 16

Insomnia 7 9 16

Injury poisoning and procedural complications 7 3 10

Anxiety 6 3 9

Cardiac disorders 6 0 6

Other categories 139 142 281

*Including one serious adverse reaction. 

Table 4: Adverse events
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exenatide detected in the CSF are similar in both trials 
(11·3 pg/mL vs 11·7 pg/mL). There is also some 
inconsistency introduced, as shown by our repeated 
testing of previously collected serum samples, which, on 
this occasion, showed a mean concentration of 
1137 pg/mL (thus ensuring exact contemporaneous 
comparison of exenatide using identical laboratory 
reagents), but this differed from the original serum 
exenatide results reported from the same samples as 
543 pg/mL. We did not have CSF still available from the 
earlier trial to allow contemporaneous comparisons of 
CSF concentrations. Therefore, we cannot rule out that 
the explanation for the negative results in this trial relates 
to insufficient CNS concentrations of exenatide. 
Accordingly, we believe further research regarding 
improving peripheral tolerability of higher doses 
of GLP-1 receptor agonists or enhancing the CNS 
penetration of GLP-1 receptor agonists to provide better 
target engagement is required. Previous attempts at 
achieving better target engagement using a pegylated 
formulation of exenatide (NLY01) have not yet led to 
clinical success.17 We cannot confirm whether benefits of 
NLY01 in analyses restricted to younger participants with 
NLY01 are indicative of a subgroup who might be more 
amenable to GLP-1 receptor agonist therapy.

There are further ongoing trials of semaglutide and 
liraglutide in populations with Parkinson’s disease 
(NCT03659682) and Alzheimer’s disease (NCT04777396 
and NCT01843075), and the results of these trials will 
inform further on the necessity for CNS penetration, as 
these agents have been shown to have reduced CNS 
penetration in rodent models.26,27 Tolerability in relation 
to weight loss will likely also remain an issue for 
participants with low baseline BMI, especially in the 
semaglutide trial, which has greater potency for weight 
loss. There are also clear differences between GLP-1 
receptor agonists on the basis of their signalling 
fingerprints in different subcellular compartments, 
which might differentially affect their potential efficacy 
in people with neurodegenerative diseases.28

There are strong epidemiological data supporting a 
protective effect of GLP-1 receptor agonists against the 
development of Parkinson’s disease among people with 
type 2 diabetes.10,11 Given the potential beneficial effects 
on improved glucose control against the complications of 
diabetes, such as cerebrovascular disease and peripheral 
neuropathy, we did not want to risk misinterpreting any 
impact of these mechanisms on balance, gait, limb tone, 
or cognition as being due to improvements in Parkinson’s 
disease pathophysiology. We therefore deliberately 
excluded participants with type 2 diabetes from this trial. 
We cannot exclude the possibility that specific beneficial 
effects of exenatide might exist among people with 
comorbid type 2 diabetes and Parkinson’s disease 
because of an impact of exenatide on accelerated 
neurodegeneration occurring as a result of peripheral or 
central insulin resistance (ie, whether there is a subgroup 

of participants with Parkinson’s disease with peripheral 
or central insulin resistance who might be more 
responsive to exenatide treatment). Both peripheral 
insulin resistance and hepatic insulin resistance (seen in 
association with non-alcoholic fatty liver disease) are 
associated with the production of peripheral neuro
inflammatory mediators that can access the CNS and 
exacerbate neuroinflammation and neurodegenera
tion.29,30 Therefore, it is possible that CNS penetration is 
not an essential prerequisite for efficacy of a GLP-1 
receptor agonist on neurodegeneration in a subgroup of 
individuals where peripheral insulin resistance is a 
contributing factor. It is also possible that earlier 
intervention with a GLP-1 receptor agonist, for example 
in a prodromal cohort, might be of benefit in preventing 
onset of Parkinson’s disease. However, there are as yet 
insufficient epidemiological data from non-diabetic 
patients using exenatide or other GLP-1 receptor agonists 
to support this.

The results of this trial are discordant with previous 
laboratory and epidemiology data and previous trial 
results. We aim to do further post-hoc analyses to try and 
explain the reasons for this inconsistency. We do not 
believe that the results of this trial completely discount 
the GLP-1 pathway as an important target for 
manipulation in neurodegenerative diseases, especially 
in view of further recent evidence from a study published 
in preprint6 supporting the neuroprotective potential of 
these drugs in the laboratory. Understanding target 
engagement within the trial will be crucial, and 
quantification of peripheral and central insulin resistance 
pathways, inflammation, and α-synuclein aggregates will 
provide information on whether exenatide at this dose 
modified central insulin resistance and downstream 
pathways. Future post-hoc analyses will also explore 
whether any subgroups defined according to biochemical 
assays, such as modestly elevated glycated haemoglobin 
A1c levels, might have differential clinical, target 
engagement, or biochemical responses to exenatide.
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