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ABSTRACT

BACKGROUND
Lixisenatide, a glucagon-like peptide-1 receptor agonist used for the treatment of dia-
betes, has shown neuroprotective properties in a mouse model of Parkinson’s disease.

METHODS

In this phase 2, double-blind, randomized, placebo-controlled trial, we assessed
the effect of lixisenatide on the progression of motor disability in persons with
Parkinson’s disease. Participants in whom Parkinson’s disease was diagnosed less
than 3 years earlier, who were receiving a stable dose of medications to treat
symptoms, and who did not have motor complications were randomly assigned in
a 1:1 ratio to daily subcutaneous lixisenatide or placebo for 12 months, followed
by a 2-month washout period. The primary end point was the change from base-
line in scores on the Movement Disorder Society—Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS) part III (range, 0 to 132, with higher scores indicating
greater motor disability), which was assessed in patients in the on-medication
state at 12 months. Secondary end points included other MDS-UPDRS subscores
at 6, 12, and 14 months and doses of levodopa equivalent.

RESULTS

A total of 156 persons were enrolled, with 78 assigned to each group. MDS-UPDRS
part III scores at baseline were approximately 15 in both groups. At 12 months,
scores on the MDS-UPDRS part III had changed by —0.04 points (indicating improve-
ment) in the lixisenatide group and 3.04 points (indicating worsening disability) in
the placebo group (difference, 3.08; 95% confidence interval, 0.86 to 5.30; P=0.007).
At 14 months, after a 2-month washout period, the mean MDS-UPDRS motor scores
in the off-medication state were 17.7 (95% CI, 15.7 to 19.7) with lixisenatide and 20.6
(95% CI, 18.5 to 22.8) with placebo. Other results relative to the secondary end
points did not differ substantially between the groups. Nausea occurred in 46% of
participants receiving lixisenatide, and vomiting occurred in 13%.

CONCLUSIONS
In participants with early Parkinson’s disease, lixisenatide therapy resulted in less
progression of motor disability than placebo at 12 months in a phase 2 trial but
was associated with gastrointestinal side effects. Longer and larger trials are
needed to determine the effects and safety of lixisenatide in persons with Parkin-
son’s disease. (Funded by the French Ministry of Health and others; LIXIPARK
ClinicalTrials.gov number, NCT03439943.)
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URRENT TREATMENTS FOR PARKIN-
son’s disease are based primarily on dopa-
minergic replacement therapy to treat
symptoms and have not convincingly shown an
important effect on disease progression.! Some
epidemiologic studies have shown an increased
risk of Parkinson’s disease among persons with
type 2 diabetes mellitus as compared with per-
sons without diabetes,> and there has been an
association shown between a-synuclein aggre-
gates, the pathologic hallmark of Parkinson’s
disease, and insulin resistance in the brain.? In
addition, in some studies, the prevalence of Par-
kinson’s disease was lower among patients with
diabetes who were treated with glucagon-like
peptide-1 (GLP-1) receptor agonists or dipeptidyl
peptidase-4 inhibitors, which increase GLP-1
levels, than among patients who received other
diabetes medications.*> GLP-1 receptor agonists
increase glucose-level-dependent insulin secre-
tion by pancreatic beta cells and inhibit secretion
of glucagon from pancreatic alpha cells.® GLP-1
analogues reach measurable brain concentrations,
and some preclinical evidence suggests that ac-
tivation of GLP-1 receptors is protective against
cytokine-mediated apoptosis and may stimulate
neurogenesis.”®
At least six GLP-1 receptor agonists have been
or are being tested as potential treatments in
persons with Parkinson’s disease.” A small sin-
gle-center, randomized, controlled trial of the
GLP-1 receptor agonist exenatide showed posi-
tive effects on motor function during the period
participants were not receiving medication for
Parkinson’s disease (the off-medication state);
however, the positive effects on motor function,
as well as positive effects associated with other
end points, were not observed when participants
were receiving medication (the on-medication
state).’ A phase 2 trial of NLYO1, a pegylated
analogue of exenatide, did not show benefits in
participants with early Parkinson’s disease who
did not receive dopamine replacement therapy.!!
Lixisenatide is a 44-amino-acid peptide that
is used for the treatment of type 2 diabetes mel-
litus. Similar to exenatide, the formulation of
lixisenatide is based on the naturally occurring
GLP analogue exendin-4, and the affinity of
lixisenatide for the GLP-1 receptor is up to four
times greater than that of human GLP-1.> Neuro-
protective actions of lixisenatide have been shown
in animal models of Alzheimer’s disease.’* In
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one study that used the 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine mouse model of Parkinson’s
disease, lixisenatide (but not exendin-4) attenu-
ated motor impairment and prevented the loss
of dopamine neurons.”® We performed a trial to
assess the potential disease-modifying effect of
lixisenatide in persons with early Parkinson’s
disease who had already begun receiving stan-
dard therapy.

METHODS

TRIAL CONDUCT AND PARTICIPANTS

The LIXIPARK trial was an investigator-initiated,
phase 2, multicenter, double-blind, parallel-group,
randomized, placebo-controlled trial that was
conducted in France and was followed by a
2-month washout period. The trial was coordi-
nated by the Clinical Investigation Center of
Toulouse University Hospital. Funding was pro-
vided by the French Ministry of Health and Pre-
vention and Cure Parkinson’s. Sanofi provided
the drug and placebo and advised investigators
on the expected characteristics of the drug and
potential safety issues associated with it but had
no other role in the conduct of the trial, analysis
of the data, or writing of the manuscript. Toulouse
University Hospital provided medical-writing sup-
port for an earlier version of the manuscript.

A steering committee designed the trial. The
first and last authors were primarily responsible
for writing the initial manuscript. Statistical
analyses were independently performed by mem-
bers of the European Clinical Trials Platform
and Development (EUCLID)-F-CRIN clinical tri-
als platform (https://euclid-ctu.fr). All the authors
vouch for the completeness and accuracy of the
data, the fidelity of the trial to the protocol
(available with the full text of this article at
NEJM.org), and the full and accurate reporting
of adverse events.

The trial was conducted in accordance with
the Good Clinical Practice guidelines of the In-
ternational Council for Harmonisation, the prin-
ciples of the Declaration of Helsinki, and French
law. The protocol was approved by the ethics
committee of Ile de France VIIL. All the trial par-
ticipants provided written informed consent.

Persons who were 40 to 75 years of age and
had received a diagnosis of Parkinson’s disease
according to U.K. Brain Bank Criteria'® within
the past 3 years were recruited from 21 of 25
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centers included in the French Clinical Research
Network for Parkinson’s Disease and Movement
Disorders (NS-Park—F-CRIN)."” Eligible partici-
pants were treated with an optimized stable dopa-
minergic medication regimen (dopamine agonist,
levodopa, or monoamine oxidase B [MAO-B] in-
hibitor, or a combination of these), as determined
by the site investigator, for at least 1 month
before the baseline initiation of trial agents,
with the expectation that the participants could
continue the regimen for at least an additional
6 months.

Key exclusion criteria were a score of at least
3 on the Hoehn and Yahr scale (range, 1 to 5,
with higher scores indicating worse disability),
signifying at least mild-to-moderate bilateral
motor involvement due to Parkinson’s disease and
some postural instability; the presence of motor
fluctuations or dyskinesia (or both); atypical or
secondary parkinsonism; a Montreal Cognitive
Assessment (MoCA)™® score of less than 26 (range,
0 to 30, with a score of 26 or higher indicating
normal cognitive function), suggesting at least
mild cognitive impairment; diabetes mellitus
(types 1 and 2); and previous treatment with a
GLP-1 receptor agonist. Persons with hyperthy-
roidism or uncontrolled hypothyroidism, severe
renal insufficiency (creatinine clearance <30 ml
per minute), active liver disease, severe depres-
sion, a history of drug or alcohol abuse, or a
history of unexplained pancreatitis, chronic pan-
creatitis, or pancreatectomy were excluded, as
were persons with a body-mass index (the weight
in kilograms divided by the square of the height
in meters) of less than 18.5, with malnutrition,
or with a weight change of more than 5 kg
within the 3 months before screening.

TRIAL DESIGN

Participants were randomly assigned in a 1:1
ratio to receive either subcutaneous lixisenatide
or placebo as an add-on to their current Parkin-
son’s disease medications for 12 months. Ran-
domization, performed with the use of a Web-
based system, was in unstratified blocks of 4
and 6. All the participants were trained in using
pens for injecting themselves subcutaneously,
and the trial drug or placebo was administered
by the participants 15 minutes before dinner
each night. Lixisenatide or an equivalent volume
of placebo was administered at an initial dose of
10 pg per day for 14 days, after which the dose
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was increased to 20 ug per day for the remain-
der of the 12-month period.

Adherence to the assigned regimen was as-
sessed by means of a participant diary and veri-
fied by the pharmacies at the trial sites. Partici-
pants in whom the higher target dose had adverse
effects could continue to receive the assigned
lixisenatide or placebo at a dose of 10 ug per day
until the end of the trial. Participants continued
their current Parkinson’s disease medication
regimen for at least the first 6 months of the
trial and were encouraged to continue their
same regimen for the entire trial unless the in-
vestigator deemed that a dose adjustment was
appropriate.

Participants attended clinic visits at baseline,
on day 15, and at months 1, 3, 6, 9, 12, and 14.
Clinical assessments of Parkinson’s disease were
performed at baseline and at months 6 and 12;
during the assessment visits, participants in an
on-medication state (i.e., receiving a stable dose
of dopaminergic medication to treat symptoms)
were evaluated according to scores on the Move-
ment Disorder Society—sponsored revision of the
Unified Parkinson’s Disease Rating Scale (MDS-
UPDRS) parts I through IV,* the Parkinson’s
Disease Questionnaire summary index (PDQ-39;
range, 0 to 100, with higher scores indicating
worse health status),?® and MoCA. In addition, at
month 14, participants were assessed after a
2-month washout of the trial drug or placebo
and an overnight washout of dopaminergic medi-
cation to treat symptoms (the practically defined
off-medication state®!). Fasting blood glucose and
insulin concentrations were measured at baseline
and at months 6 and 12. Adverse events and vital
signs were recorded at each visit. The same in-
vestigator collected data regarding adverse events
and assessed the scores on the MDS-UPDRS part
III (motor subscale; range, 0 to 132, with higher
scores indicating greater severity of impairment
on a clinician-conducted motor examination) at
each site.

END POINTS

The primary efficacy end point was the change
from baseline to month 12 in scores on the
MDS-UPDRS part III as assessed in the on-
medication state. Secondary efficacy end points
that were based on MDS-UPDRS scores were the
change from baseline to month 6 and month 12 in
scores on MDS-UPDRS part I (nonmotor aspects

NEJM.ORG APRIL 4, 2024

The New England Journal of Medicine
Downloaded from nejm.org at UNIV OF NC/ACQ SRVCS on April 7, 2024. For personal use only.
No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.



TRIAL OF LIXISENATIDE IN

of daily living; range, 0 to 52, with higher scores
indicating greater severity of impairment), part
II (motor aspects of daily living; range, 0 to 52,
with higher scores indicating greater severity of
impairment), and part IV (motor complications;
range, 0 to 24, with higher scores indicating
more severe motor complications); change from
baseline to month 12 in the total MDS-UPDRS
scores (sum of scores on parts [, II, and III; range,
0 to 236, with higher totals indicating greater
severity of impairment); and change from base-
line to month 6 in part III scores. The effect of
lixisenatide therapy on motor symptoms in the
practically defined off-medication state®! was as-
sessed as the between-group difference in motor
scores as assessed in patients in the off-medication
state at month 14.

Although doses of Parkinson’s disease medi-
cation were prespecified to remain stable for the
first 6 months of the trial, dose changes were
permitted during the second 6-month period
and were considered to be an indicator of effi-
cacy. A dose change was defined as a change from
baseline to month 12 in the levodopa equivalent
daily dose that was calculated using published
conversion ratios.”? Changes from baseline to
month 12 in scores on the PDQ-39 summary
index and MoCA were assessed as exploratory
end points.

STATISTICAL ANALYSIS

On the basis of findings in a previous trial of
exenatide in Parkinson’s disease,”® we estimated
that a sample size of 158 participants (79 per
group) would provide the trial with 80% power to
detect a between-group difference of 4 in scores
on the MDS-UPDRS part III. These calculations
were based on a common standard deviation of
8, a dropout rate of 10%, and a two-sided type I
error of 5%.

Efficacy and safety end points were assessed
in the modified intention-to-treat population,
excluding participants with missing data. After
confirming a normal distribution and homoge-
neous variances, we assessed efficacy in the two
groups using Student’s t-test for quantitative vari-
ables. We planned to impute missing data with
the use of multiple imputation. However, given
the small number of patients with missing data,
analyses were conducted on available data. Be-
cause there was no prespecified plan for adjust-
ment of the widths of the confidence intervals of
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secondary end points for multiplicity, the inter-
vals may not be used in place of hypothesis test-
ing and no definite conclusions can be drawn
from these results.

To assess any potential effects of fasting
blood glucose levels and insulin concentrations
at baseline on the primary end point, we per-
formed linear regression analyses with the score
on the MDS-UPDRS part III as the dependent
variable, and glycemia or insulinemia and a term
of interaction between glycemia or insulinemia
and the trial group as explanatory variables. In
addition, because results from the phase 2 trial
of the GLP-1 receptor agonist NLYO1 showed
that age (<60 years vs. 260 years) may be a factor
in response,”! we performed post hoc subgroup
analyses of MDS-UPDRS motor scores with re-
spect to these ages.

RESULTS

TRIAL POPULATION

From February 2018 through March 2020, a total
of 177 patients were screened at NS-PARK-F-CRIN
sites. In March 2020, the steering committee
decided to halt the recruitment at 156 partici-
pants (instead of the planned 158) to avoid de-
lays caused by the coronavirus disease 2019
pandemic (see the Methods section in the Sup-
plementary Appendix, available at NEJM.org)
and owing to the low number of dropouts. A
total of 157 participants (out of the 177 initially
screened) were assessed for eligibility and 156
(78 per group) were enrolled; 1 participant did
not undergo randomization because he had
shingles. A total of 7 participants discontinued
lixisenatide or placebo across both groups with
no single reason as a common cause of early dis-
continuation; all but 4 of the participants who
discontinued were followed until month 12 and
their outcomes were included in the primary
analysis (Fig. 1).

Overall, 28 participants (36%) in the lixisena-
tide group had unacceptable side effects when
receiving the target dose of 20 ug per day and
switched to the reduced dose of 10 ug per day.
One participant in the lixisenatide group and 3
in the placebo group had missing data related to
scores on the MDS-UPDRS part III at month 12;
we did not perform imputation for the missing
data, and these results were not included in the
primary analysis. Three participants (4%) in the
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placebo group had a dose reduction. Adherence
to the administration of the assigned drug or
placebo was greater than 92.2% at all visits.

The demographic and clinical characteristics
of the participants at baseline were similar in
the two groups and were typical of early disease
(Table 1); the mean duration of disease from the
time of diagnosis was 1.4 years in both groups.
The mean (#SD) MDS-UPDRS motor score at
baseline was 14.8+7.3 in the lixisenatide group
and 15.5%7.8 in the placebo group. The represen-
tativeness of the trial population is shown in
Table S1 in the Supplementary Appendix.

EFFICACY

At month 12, the mean score on the MDS-UPDRS
part I1I in the on-medication state was 14.9 (95%
CI, 13.3 to 16.6) in the lixisenatide group and
18.8 (95% CI, 16.6 to 21.0) in the placebo group.
Scores in the lixisenatide group improved from

baseline by —0.04 points (95% confidence inter-
val [CI], —1.62 to 1.54) and in the placebo group
worsened by 3.04 points (95% CI, 1.46 to 4.62),
a difference of 3.08 (95% CI, 0.86 to 5.30;
P=0.007) (Table 2 and Fig. S1). At month 14,
after the 2-month washout period, the mean score
on the MDS-UPDRS part III, as measured in the
off-medication state, was 17.7 (95% CI, 15.7 to
19.7) in the lixisenatide group and 20.6 (95% CI,
18.5 to 22.8) in the placebo group.

Results for other secondary and exploratory
efficacy measures were generally similar in the
two groups at month 6 and month 12 (Table 2
and Table S2). Mean changes from baseline in
the levodopa equivalent daily dosage were 35.8
mg per day (95% CI, 8.3 to 63.2) with lixisena-
tide and 31.3 mg per day (95% CI, 9.2 to 53.5)
with placebo.

There were no apparent associations between
baseline fasting blood glucose and insulin con-

177 Persons with early Parkinson’s disease were
identified in the French NS-Park registry

\

157 Were assessed for eligibility

\

1 Was excluded owing to
having shingles

156 Underwent randomization

78 Were assigned to receive lixisenatide

78 Were assigned to receive placebo

4 Discontinued early

1 Had need for
another treatment

1 Entered another
clinical trial

1 Underwent radio-
therapy for breast
cancer

1 Withdrew

78 Were included in the
analysis at 12 mo

(1 had missing data for
primary end point)

78 Were included in the
analysis at 12 mo

(3 had missing data for
primary end point)

3 Discontinued early
1 Had adverse event
2 Were lost to
follow-up

74 Completed follow-up at 14 mo 75 Completed follow-up at 14 mo

Figure 1. Trial Recruitment and Follow-up.
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centrations and scores on the MDS-UPDRS part
III at month 12 (Tables S3 and S4). Post hoc
subgroup analysis, from which no conclusions
can be drawn, showed that at month 12, lixisena-
tide had a numerically larger treatment effect in
participants younger than 60 years of age than
in those 60 years of age or older (difference in
scores on the MDS-UPDRS part III, 5.22 [95%
CI, 1.95 to 8.48] vs. 1.00 [95% CI, —2.01 to 4.03])
(Fig. S2).

ADVERSE EVENTS

At least one adverse event was reported in a
majority of the participants (86% who received
lixisenatide and 71% who received placebo)
(Table 3). Gastrointestinal side effects were
more common with lixisenatide than with pla-
cebo and included nausea (46% vs. 12%), vomit-
ing (13% vs. 3%), and gastroesophageal reflux
(8% vs. 1%). The incidence of serious adverse
events was similar in the two groups (five par-
ticipants in each group); only one serious ad-
verse event in each group was considered by the
investigators to be treatment-related (pancreati-
tis in the lixisenatide group and syncope in the
placebo group). In the lixisenatide group, six
participants reported weight loss as an adverse
event; no such adverse events were reported in
the placebo group. No between-group difference
was observed in the mean weight at any visit
(Table S5). One case of hypoglycemia was re-
ported in the placebo group; there were no re-
ports of hypoglycemia with lixisenatide. Post
hoc analysis showed that the presence of nausea
apparently did not affect the magnitude of ef-
fect with respect to the primary end point in the
lixisenatide group, but no conclusions can be
drawn from these results (Table S6).

DISCUSSION

In this phase 2, randomized trial involving par-
ticipants with early, treated Parkinson’s disease
in the on-medication state, the GLP-1 receptor
agonist lixisenatide had a three-point beneficial
effect, as compared with placebo, in the change
over a 12-month period from a baseline value of
approximately 15 points on a 132-point scale
measuring motor disability. This difference was
apparently driven by the increase in scores (indi-
cating disease progression) in the placebo group,
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Table 1. Characteristics of the Participants at Baseline.*
Lixisenatide Placebo

Characteristic (N=78) (N=78)
Age —yr 59.5+8.1 59.9+8.4
Male sex — no. (%) 44 (56) 48 (62)
Body-mass index 25.6+3.9 25.8+4.2
Time since diagnosis — yr 1.4+0.8 1.4x0.7
MDS-UPDRS score

Part | nm-EDL 6.1+4.0 6.4+4.2

Part [l m-EDL 5.0+£3.5 5.4+4.3

Part Il motor 14.8+7.3 15.5+7.8

Total of parts I, I, and 111 25.6+11.7 27.0+12.4

Part IV motor complications 0.3+1.3 0.2+0.8
MoCA scorei: 27.8+1.4 28.1+1.4
PDQ-39 scoref 17.4£10.9 16.8+13.0
Levodopa equivalent daily dose — mg 317179 355+215
Parkinson’s disease medication — no.

(%)

Levodopa 78 (100) 76 (97)

MAO-B inhibitor 35 (45) 32 (41)

Dopamine agonist 54 (69) 61 (78)

3

Plus—minus values are means +SD unless otherwise noted. No information
on race or ethnic group was collected. MAO-B denotes monoamine oxidase
B, m-EDL motor aspects of daily living, and nm-EDL nonmotor aspects of
daily living.

i Scores on the Movement Disorder Society—sponsored revision of the Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS), part I, range from 0 to 52,
with higher scores indicating greater severity of impairment in nonmotor as-
pects of daily living; scores on part Il range from 0 to 52, with higher scores
indicating greater severity of impairment in motor aspects of daily living;
scores on part Il range from 0 to 132, with higher scores indicating greater
severity of impairment on a clinician-conducted motor examination; scores on
part IV range from 0 to 24, with higher scores indicating more severe motor
complications; and the total (sum of scores on parts |, Il, and Ill) range from
0 to 236, with higher sums indicating greater severity of impairment.

I Scores on the Montreal Cognitive Assessment (MoCA) range from 0 to 30,
with higher scores indicating better cognitive function.

§ Scores on the Parkinson’s Disease Questionnaire summary index (PDQ-39)

range from 0 to 100, with higher scores indicating worse health status.

which was below but close to the 3.25 threshold
on the motor scale that has been considered to
be clinically important to the participants in
other studies.”* Most secondary end points did
not support the primary analysis and had simi-
lar results in the two groups with regard to
Parkinson’s disease scales other than the pri-
mary end point. After a 2-month washout period
and with participants in the off-medication
state, there was a 3-point between-group differ-
ence in motor score favoring active treatment, a
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Table 2. Efficacy Measures.

Efficacy Measure

Primary end point — mean point estimate (95% Cl)

Change in score on MDS-UPDRS part I, on-medication
state, 12 mo*

Secondary end points — mean point estimate (95% Cl)

MDS-UPDRS part Il score, off-medication state after
2-month washout, 14 moi

Change from baseline in MDS-UPDRS score,
on-medication state

Part Ill, 6 mo

Total, 12 mo

Part | nm-EDL, 6 mo
Part | nm-EDL, 12 mo
Part Il m-EDL, 6 mo
Part Il m-EDL, 12 mo
Part IV, 6 mo

Part 1V, 12 mo

Placebo
(N=75)

3.04 (1.46 to 4.62)

20.6 (18.5 to 22.8)

1.66 (0.36 t0 2.97)

5.18 (2.90 to 7.45)

0.69 (-0.10 to 1.48)

0.61 (-0.11 to 1.33)

0.63 (0.03 to 1.23)

1.40 (0.65 to 2.15)
0.2 to 0.6)
0to 0.4)

Lixisenatide
(N=77)

-0.04 (-1.62 to 1.54)

17.7 (15.7 t0 19.7)

Difference

3.08 (0.86 to 5.30)

3.0 (0.1t0 5.8)

Change from baseline in levodopa equivalent daily dose

at12mo—mg

2 (-
2 (
31.3 (9.2t0 53.5)

0.54 (-0.93 to 2.00) 1.13 (-0.82 t0 3.07)
2.80 (0.29 to 5.31) 2.38 (-0.98 to 5.73)
0.55 (-0.18 to 1.28) 0.14 (-0.93 to 1.21)
1.25 (0.29 to 2.21) -0.64 (-1.83 t0 0.55)
0.67 (-0.18 to 1.52) -0.04 (~1.08 to 0.99)
1.45 (0.58 to 2.33) -0.05 (-1.19 to 1.09)

0.2 (0t0 0.5) -0.03 (~0.50 to 0.44)

0.2 (-0.1t0 0.6) -0.06 (-0.44 to 0.33)
35.8 (8.3 t0 63.2) ~4.4 (-39.5 to 30.6)

* At month 12, scores on the MDS-UPDRS part Il in the on-medication state were 14.9 (95% Cl, 13.3 to 16.6) in the lixisenatide group and
18.8 (95% Cl, 16.6 to 21.0) in the placebo group, with higher scores indicating greater motor disability. P=0.007 for the between-group

difference.

Analyses included 70 participants in the lixisenatide group and 74 participants in the placebo group.
Participants were considered to be in an off-medication state if they had not received antiparkinsonian medications for at least 12 hours
before evaluation.
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result that was not adjusted for multiplicity and
from which no conclusions can be drawn. Gas-
trointestinal side effects occurred in more than
half the participants receiving lixisenatide, which
frequently led to a decrease in dose from 20 ug
per day to 10 ug per day in some participants;
in a post hoc analysis, nausea did not appar-
ently affect the magnitude of effect with regard
to the primary end point. In addition to gastro-
intestinal side effects, weight loss was slightly
more common in the lixisenatide group.

The worsening in scores on the MDS-UPDRS
part III in the placebo group was smaller than
that reported in recent trials of the monoclonal
antibodies for Parkinson’s disease, cinpanemab
and prasinezumab, in persons with newly diag-
nosed Parkinson’s disease who had not previ-
ously received drug therapy.?>2® Participants in
the current trial were already receiving stable
dopaminergic therapy to treat symptoms, and
this may explain the difference, but the trials

N ENGL J MED 390;13

cannot be compared owing to differences in
design and patient populations.

Similar to trials of the GLP-1 receptor ago-
nists exenatide and NLY01'*" involving patients
with Parkinson’s disease, our trial did not show
improvements in nonmotor symptoms with lix-
isenatide, a result that is in contrast to prelimi-
nary reports from a trial of the GLP-1 receptor
agonist liraglutide.” Our results, similar to
those in the phase 2 trial of NLY01,!! show a
potentially larger treatment effect in partici-
pants younger than 60 years of age, but these are
post hoc analyses, and no conclusions can be
drawn from them.

Although our findings suggest an effect on
motor disability progression that is potentially
related to a neuroprotective mechanism, as sup-
ported by the findings of lower scores on the
MDS-UPDRS part III in patients in the off-med-
ication state after the 2-month washout period,
an effect of lixisenatide on symptoms cannot be
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ruled out. Preclinical and clinical studies assess-
ing the effect of the GLP-1 receptor agonist exena-
tide in addiction disorders suggested that the
drug may enhance synaptic dopamine levels that
could lead to benefit with respect to symptoms in
Parkinson’s disease.”®* Further studies are need-
ed to determine the mechanisms of action of
GLP-1 receptor agonists in Parkinson’s disease.
A strength of our trial is the inclusion of
participants with Parkinson’s disease who were
still early enough in the course of the disease to
potentially benefit from a neuroprotective agent,
were relatively easy to recruit, and already had
had a positive response to dopaminergic medi-
cations, which enhanced the reliability of the
Parkinson’s disease diagnosis, as compared with
patients with newly diagnosed Parkinson’s dis-
ease who have not received drug therapy. An-
other advantage is that the participants in our
trial were receiving stable doses of medications
to treat symptoms at the time of enrollment, and
dose adjustment was less likely to occur during
the 12-month trial period. In contrast, in clinical
trials that recruited patients with newly diag-
nosed Parkinson’s disease who had not received
drug therapy, approximately one third of the
participants began receiving treatment for symp-
toms within the first year of follow-up, which
introduced a confounding factor for interpreta-
tion of the results in those trials.??:3°
However, our trial has several limitations. It
was conducted over a period of 1 year and in-
volved participants with early Parkinson’s dis-
ease; it remains to be determined whether the
apparent effect of the drug on motor scores
persists with longer exposure and at other stages
of Parkinson’s disease. The secondary end points
provide no definite support for the primary end-
point results, and longer washout periods may be
necessary to determine whether lixisenatide ther-
apy has a long-lasting effect. No imaging bio-
markers (e.g., dopamine transporter imaging)
were used to monitor disease progression and
changes with drug administration. The trial was
conducted in France, where the collection of data
regarding race or ethnic group is prohibited by
law without specific justification. Finally, we
tested only one dose of lixisenatide, on the basis
of recommendations for the treatment of diabetes
mellitus, and other doses might have better or
worse effects in persons with Parkinson’s disease.

Table 3. Adverse Events.

Event

Any

to lixisenatide or placebo*

Serious adverse event

Common adverse events§
Nausea
Vomiting
Headache
Gastroesophageal reflux
Diarrhea
Fatigue
Weight loss
Urinary tract infection
Gastroenteritis
Dyspepsia
Pain in limb
Back pain

Sciatica

Adverse event related or possibly related

Serious adverse event related or possibly
related to lixisenatide or placebos:

Lixisenatide Placebo
(N=78) (N=78)

no. of participants (%)

67 (86) 55 (71)
55 (71) 25 (32)
5(6) 5(6)
1@ 1 (1)
36 (46) 9 (12)
10 (13) 203)
7(9) 5(6)
6 (8) 1(1)
6 (8) 5(6)
6 (8) 1 (1)

6 (8) 0

5 (6) 2(3)
4(5) 4 (5)
4(5) 2(3)
2(3) 5(6)
2(3) 5 (6)
1) 5(6)

* The relationship of an adverse event to a trial drug or placebo was assessed

by the investigator.

T Serious adverse events reported in the lixisenatide group were acute chole-
cystitis, spinal stenosis, peritonitis (in a participant with a history of gastric

ulcer), breast cancer, and pancreatitis.

I The relationship of an adverse event to a trial drug or placebo was assessed
by the investigator. The only serious adverse events considered by investiga-
tors to be treatment-related were one case of pancreatitis in the lixisenatide
group and one case of syncope in the placebo group.

§ Common adverse events were those that occurred in at least four participants

(=5%) in either group.

In a 12-month phase 2 trial, the subcutane-
ously administered GLP-1 receptor agonist lix-
isenatide modestly reduced motor disability
progression in patients with early Parkinson’s
disease as compared with placebo but had gas-
trointestinal side effects. Larger and longer tri-
als are needed to determine the effect and safety
of this agent in the treatment of Parkinson’s

disease.
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