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ABSTRACT

Background: The outcome of levodopa/carbidopa intestinal gel (LCIG) in Parkinson's disease carriers of GBAI mutations
(GBA-PD) remains uncertain.

Objective: To evaluate the safety and efficacy of LCIG in a large PD cohort, focusing on GBA1 variants.

Methods: This multicenter, retrospective, longitudinal “real-world” study included consecutive patients with advanced PD
treated with LCIG at 31 Italian centers; data were collected at baseline, 1-, 5-year, and last-available follow-up.

Results: Data from 512 PD patients (59% male, mean age and disease duration at LCIG initiation 67.0£8.0 and 12.9 + 5.0years,
respectively) were analyzed. GBAI genotyping was available for 306 patients (60%), of whom 40 (13%) had GBA1 mutations or
risk variants. Mean follow-up on LCIG was 3.9+ 2.9years; 5-year follow-up data were available for 159 subjects. At baseline,
GBA-PD had a younger age, shorter PD duration, worse cognition, and more hallucinations than noncarriers. At 1- and 5-year fol-
low-up, LCIG improved motor and non-motor symptoms, OFF-time, and dyskinesias in the entire population. In GBA-PD, MDS-
UPDRS parts I, IT, and III scores did not change, while part IV score improved significantly less than in noncarriers; cognition
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and orthostatic hypotension symptoms worsened more rapidly. Multivariate analysis of predictors for adverse events and LCIG

discontinuation found no significant contribution from GBA1 mutation status.

Conclusions: GBAI status does not increase the risk of adverse events or LCIG discontinuation. LCIG is a safe option for ad-
vanced GBA-PD, even in patients with cognitive impairment at baseline. However, GBA-PD experiences lower efficacy on motor
disability and complications and faster cognitive decline than noncarriers.

1 | Introduction

Parkinson's disease (PD) is a progressive neurodegenerative
disorder characterized by disabling motor and non-motor symp-
toms (NMS) [1]. Heterozygous mutations in the GBAI gene
represent the most frequent genetic risk factor for PD [2-4]. PD
carriers of GBAI mutations (GBA-PD) progress more rapidly,
with earlier cognitive dysfunction and psychosis, greater sub-
stantia nigra terminal loss, and reduced survival [5]. Given the
more rapid progression of both motor and non-motor disability
in GBA-PD [4-6], it remains debated whether GBAI mutation
carriers respond differently in terms of efficacy and safety to
device-aided therapies, such as deep brain stimulation of the
subthalamic nucleus (STN-DBS) and continuous levodopa infu-
sion strategies [7-10]. Levodopa/carbidopa intestinal gel (LCIG)
is a commonly chosen procedure in patients with advanced PD
not adequately compensated by medical therapy, as it allows
continuous levodopa delivery into the small intestine via per-
cutaneous endoscopic gastrojejunostomy (PEG-J) to maintain
more stable plasma levodopa concentration and therefore im-
prove motor and non-motor fluctuations [11-13]. GBA-PD pa-
tients may particularly benefit from LCIG due to its favorable
cognitive and psychiatric outcomes, especially for those with
cognitive impairment at baseline. To date, no studies have eval-
uated the safety and efficacy of LCIG in large GBA-PD cohorts
compared to noncarriers.

In this scenario, the EPIC (Effects of GBAI variants in patients
with Parkinson's dIsease and LCIG) study aims to evaluate the
safety and efficacy of LCIG in a large cohort of advanced PD
patients, focusing on the comparison between GBA-PD ver-
sus noncarriers. These results may assist neurologists in the
decision-making process determining the eligibility of GBA-PD
for subcutaneous levodopa infusion therapy, which promises
broader applicability than DBS or LCIG due to its simpler man-
agement in secondary and tertiary care settings.

2 | Methods
2.1 | Participants

This is a multicenter, retrospective, longitudinal “real-world”
study involving 31 secondary and tertiary movement disorders
referral centers throughout Italy, including and expanding the
PARKNET cohort (Figure S1) [10, 14]. We included patients with
clinically established PD [15], who consecutively initiated treat-
ment with LCIG for disabling motor fluctuations and/or dyski-
nesias, irrespective of genetic testing. We excluded patients with
(i) other device-aided therapies (DBS or continuous subcutane-
ous apomorphine infusion), (ii) atypical or secondary parkin-
sonism, and (iii) incomplete clinical data.

2.2 | Data Collected

Movement disorders specialists at each participating center re-
viewed demographic and clinical data from medical records of all
consecutive PD patients who initiated LCIG treatment between
2005 and 2023 and whose detailed clinical data were available at
baseline (from day —1 to day —90 prior to LCIG initiation) and at
least one follow-up visit (see Appendix S1). When available, effi-
cacy and safety data were additionally collected at 60+ 12months
after LCIG initiation and at the last available assessment (limited
to safety, last visit censored up to 10years; defined as “long term”).
In cases of early dropouts (<9 months after LCIG initiation), only
safety data were included in the analysis.

Safety data during LCIG were previously collected by neurologists
with expertise in device-aided therapies and documented in the
medical record. We documented all adverse events (AEs), which
were defined as all events with a reasonable possibility of being
caused by the device (related to tube or PEG-J, including any
perioperative complication) or treatment (subdivided into motor-
and non-motor-related) or other types, as recorded by the clinician.

2.3 | Objectives and Study Outcomes

We used a two-step approach: first, we investigated long-term
safety and efficacy in a large cohort of consecutive PD treated
with LCIG; then, we focused on the effects of GBA1 mutation
status in an unbiased subpopulation of PD patients who under-
went genetic testing. The primary objective was to investigate
the safety of LCIG treatment over 12months, focusing on the
rate and causes of discontinuation based on GBAI mutation sta-
tus. Secondary objectives were to: (i) assess the effectiveness at
1- and 5-year follow-up in controlling motor complications in
GBA-PD versus noncarriers; (ii) examine differences in clinical
history (age and disease duration at LCIG initiation) according
to GBAI status; (iii) determine the role of GBA1I status in pre-
dicting AEs at long-term follow-up; and (iv) evaluate the overall
safety and efficacy of LCIG in the entire PD cohort, irrespective
of genetic status.

2.4 | Ethics

The study was approved by the ethics committee of each par-
ticipating center (coordinating center Ethics Committee:
Neurological Institute Carlo Besta, Milan; CE n°32/2023).
Concerning the PARKNET consortium: Project code: PARK-Net
3-22033-ID 3951. This study was conducted in accordance with
the declaration of Helsinki, including written informed consent
to the use of patient anonymized clinical data for research pur-
poses according to local regulatory requirements.
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2.5 | Statistical Analysis

Given the nature of the study, no specific sample size calcula-
tion was conducted. However, given the prevalence of GBAI
variants in the overall PD population (approximately 10%-15%)
[16-18], we estimated that the inclusion of about 300 patients
would have enabled a reasonable comparison of safety data be-
tween GBA-PD and noncarriers. Specifically, choosing a non-
inferiority margin of 10% and supposing a LCIG discontinuation
rate for GBA-PD and PD noncarriers of 35% and 25% [19, 20],
respectively, for achieving an 80% power at the 5% level of sig-
nificance, the sample size for GBA-PD and noncarriers are 40
and 264, respectively. Patients who completed at least 24h on
LCIG infusion were included in the safety population. The oc-
currence of AEs was investigated by multivariable logistic re-
gression. Cox's multivariable regression models were used to
address treatment discontinuation. At the group level, a com-
parison of continuous and categorical data between time points
was conducted with the paired ¢ test or McNemar's test, respec-
tively. Changes in variables at 1 year and over multiple time
points were also analyzed using an adjusted mixed model for
repeated measures. Analyses were performed with the software
STATA 17 (StataCorp, College Station, TX, USA). Two-tailed p
values <0.05 indicated statistical significance. Further details
are available in Appendix S1.

3 | Results

We collected data on 634 PD patients, of whom 119 were ex-
cluded due to incomplete clinical data and 3 due to exclusion
criteria (see flowchart in Figure 1). A total of 512 PD subjects
were suitable for statistical analysis, distributed as follows: non-
carriers (N=306), GBA-PD (N=40), and GBAI mutation status
not available (genetic test not performed, N=206). Distribution
of GBA1 mutations and risk variants is reported in Table S1.
Demographic and clinical features of patients with undeter-
mined GBAI status were comparable to those of PD noncarriers
(data not shown), as expected by the predicted 85%-90% non-
carrier prevalence. This group was included in the analyses of
the entire population but excluded from those focusing on GBA1
mutation status.

Of the 512 individuals who initiated LCIG, 31 (6.1%) discontin-
ued LCIG before 9 months and were included in the safety anal-
ysis, but not in the efficacy analysis. Data at the 1- and 5-year
follow-up assessments were available for 481 and 159 patients,
respectively. The median daily duration of LCIG infusion was
16 h; only six patients were receiving 24-h therapy at their last
visit (1.2%, one GBA-PD and five noncarriers).

Baseline data are shown in Table 1 and are detailed in the
Supporting Information.

3.1 | Safety of LCIG

Frequencies and causes of discontinuation and AEs in the en-
tire PD population as well as in GBA-PD versus noncarriers
are provided in Table 2, while predictors of AEs are reported
in Table 3.

3.1.1 | Discontinuation Rate

A total of 191 out of 512 patients (37.3%) discontinued LCIG
after a median of 86 months (corresponding to 7.2years), of
whom 31 (6%) after <9months. LCIG was discontinued due to
device-related (5.7%), treatment-related (7.0%), and other (8.6%)
causes, including limited efficacy in 2.9% of patients or death
(Table 2). Eighty-two deaths (16%) were registered during LCIG
infusion, one of which was deemed probably related to the de-
vice. Concerning the primary endpoint, we found no difference
in frequency or causes of discontinuation between GBA-PD and
noncarriers. Multivariate analysis of predictors of LCIG discon-
tinuation during the follow-up (adjusted Cox regression model)
excluded an effect of GBAI status in the long-term (HR=1.30
[95% CI, 0.76-2.24], p=0.34; Figure 2A), including the effects
of severe versus mild/risk GBAI variants (HR=1.33 [95% CI,
0.63-2.81], p=0.45; HR=1.27 [95% CI, 0.63-2.58], p=0.49, re-
spectively; Figure 2B).

3.1.2 | Adverse Events

During the follow-up period, 259 (50.6%) patients experienced
at least one AE, of whom 17 had a serious AE (17/512, 3.3%)
requiring admission to hospital or leading to death. Overall,
a total of 316 AEs were reported, of which 216 were device-
related, 52 were treatment-related, and 47 had other causes.
Among device-related AEs, 23.2% of patients reported PEG-J-
related AEs and 18.9% reported tube complications. Concerning
treatment-related AEs, the rate of non-motor complications (ag-
itation, confusional states, hallucinations, OH symptoms) was
similar between GBA-PD and noncarriers. Logistic regression
analysis of predictors showed that any-type AEs were associ-
ated with older age and greater motor disability (according to
HY stage) at LCIG initiation and comorbidities; device-related
AEs were associated with age at LCIG initiation and comorbid-
ities; treatment-related AEs were associated with PD duration
at LCIG initiation. GBA1 status was not correlated to any AEs
(Table 3).

3.2 | Efficacy of LCIG

At 1-year follow-up, data were available for 481 patients, of
whom 252 were noncarriers and 38 were GBA-PD subjects, and
191 had undetermined GBAI mutation status (Table 4). Efficacy
data on the entire PD population are reported in the Supporting
Information.

3.2.1 | GBA-PD Versus Noncarriers

At 1-year follow-up, LCIG improved all MDS-UPDRS scores
from part I to part IV in noncarriers, where GBA-PD signifi-
cantly improved only on part IV score (including subscores on
dyskinesias and motor fluctuations; Table 4). Time-group inter-
action showed that the difference in MDS-UPDRS parts I and
IV scores (including dyskinesias and motor fluctuations sub-
scores) was significantly different between GBA-PD and noncar-
riers. Concerning NMS, cognitive functions and OH symptoms
worsened faster in GBA-PD than noncarriers (Table 4).
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Total data collected from referral centers
N = 634 patients with LCIG

l

Exclusion Criteria
(1) Other device-aided therapies
(i1) Atypical or secondary PKS

(ii1) Incomplete clinical data

!

PD eligible for statistical analysis
N=512
(Table 1, Table 2, Table 3)

I

Are data at

Total Excluded N=122

(i) N =1 due to concomitant STN-DBS

(ii) N =2 diagnosed with MSA

(iii) N =119 due to incomplete clinical data

Early dropout:

12 + 3 months
available?

Data at 1-year follow-up
N =481
(Table 4)

'

Are data at

> N=31 discontinued < 9 months
(data included in safety analysis)

~

motal discontinuation:

N=191
(N =31 discontinued < 9 months)
N = 160 discontinued > 9 months,

60 +12 months
available?

:

Data at 5-year follow-up
N =159
(Supplementary Table 2)

FIGURE1 | Study flowchart.

Data at 5-year follow-up are reported on Table S2. Group-time
interaction was significant for MDS-UPDRS part I (p =0.012),
part IT (p=0.020), and part IV (p<0.001) scores, consistent
with a faster decline in GBA-PD than noncarriers. Compared
to baseline, MDS-UPDRS part IV subscores for dyskinesias
worsened in GBA-PD after 1year, whereas it remained stable
in noncarriers. In GBA-PD, MDS-UPDRS part IV subscores
for motor fluctuations increased at the 5-year compared to
the 1-year follow-up, returning to baseline levels. In contrast,
noncarriers maintained significantly improved motor fluctua-
tions scores compared to baseline even after 5years from LCIG

\4

including deaths N = 82

Patients with follow-up between 15
months and 48 months:

Q=131

/

initiation (group-time interaction p<0.001 and p=0.003,
respectively). Although cognitive functions, hallucinations/
psychosis, depression/anxiety, RBD, and OH symptoms
worsened over time in both groups, RBD and OH progressed
more in GBA-PD than in noncarriers (group-time interac-
tion p=0.042 and p =0.048, respectively). Interestingly, prev-
alence of PNP increased more in noncarriers than GBA-PD
(group-time interaction p=0.020). Unadjusted prevalence of
cognitive impairment and selected motor outcome measures
at baseline, 1- and 5-year follow-up visits in GBA-PD versus
PD noncarriers are shown in Figure 3.
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TABLE 2 | Frequency and causes of discontinuation of LCIG infusion and adverse events according to GBA status.

Total
population Noncarriers p*? (GBA vs. Genetic status not
Safety variable (N=512) GBA-PD (N=40) (N=266) noncarriers) available (N=206)
Discontinuation of LCIG, 191 (37.3) 18 (45.0) 83 (31.2) 0.08 90 (43.7)
N (%)
Time to discontinuation 86 [78-95] 70 [40-70] 92 [67-106] 0.12 82 [66-95]
(months), median [95%
CIJ?
Early (< T1°), N (%) 31(6.1) 2(5.0) 14 (5.3) 0.62 15 (7.3)
At efficacy evaluation 34 (6.6) 2(5.0) 14 (5.3) 0.62 18 (8.7)
(T1%), N (%)

Causes of discontinuation, N (%)

Device-related 29 (5.7) 0(0.0) 12 (4.5) 0.83 17 (8.3)

Treatment-related 36 (7.0) 4(10.0) 13 (4.9) 0.17 19 (9.2)

Other causes 44 (8.6) 5(12.5) 24 (9.0) 0.34 15(7.3)

Limited/no efficacy 15(2.9) 0(0.0) 7(2.6) 0.68 8(3.9)

Deaths® 82 (16.0) 9(22.5) 34(12.8) 0.08 39 (18.9)

Total adverse event, N 316 21 141 — 154
Patients reporting at 259 (50.6) 19 (47.5) 116 (43.6) 0.38 124 (60.2)
least one event, N (%)
Patients reporting two 74 (14.5) 4(10.0) 33(12.4) 0.57 37 (18.0)
or more events, N (%)
Patients reporting 17 (3.3) 1(2.5) 5(1.9) 0.36 11 (5.3)
serious adverse events,
N (%)

Fatal, N (%) 1(0.2) 0(0.0) 0(0.0) 0.99 1(0.5)
Total AEs device- 216 7 111 — 92
related, N

Patients reporting 97 (18.9) 6 (15.0) 47 (17.7) 0.58 44 (21.4)

tube complications,

N (%)

Patients reporting 119 (23.2) 7 (17.5) 64 (24.1) 0.76 48 (23.3)

PEG-J-related, N (%)

Peri-operative (any- 46 (9.0) 1(2.5) 25(9.4) 0.87 20(9.7)
type device-related),
N (%)
Total AEs treatment- 53 5 18 — 30
related, N

Patients reporting 23(4.5) 2(5.0) 4(1.5) 0.19 17 (8.3)

motor-related, N (%)

Patients reporting 30(5.9) 3(7.5) 14 (5.3) 0.42 13(6.3)

non-motor-related,

N (%)

Total AEs other types, 47 3 12 — 32
N

aFor non-inferiority calculated using the Kaplan-Meier method (p-value according to Logrank test).

bFor non-inferiority calculated using the Fisher's exact test unless otherwise indicated.

Early discontinuation defined as LCIG discontinuation <9 months (before T1).

4T1 ranges between 9 and 15months.

°One (1.2%) death was deemed probably related to the device, while the others (98.8%) unrelated to the device or to LCIG treatment and were due to other causes.
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TABLE 3 | Associations (logistic regression analysis) between baseline characteristics and adverse events.
Treatment-
Any-type (N=135) Device-related (N=102) related (N=22)

Independent variables OR [95% CI] P OR [95% CI] P OR [95% CI] P
Male gender 0.61 [0.36-1. 20] 0.061 0.60 [0.35-1.02] 0.059 1.46 [0.54-3.94] 0.46
Age at LCIG initiation (years) 0.96 [0.93-0.99] 0.012 0.97 [0.94-0.99] 0.031 0.98 [0.94-1.03] 0.50
Disease duration at LCIG 0.99 [0.95-1.04] 0.80 1.03 [0.98-1.08] 0.28 0.87[0.93-0.98] 0.019
initiation (years)
Comorbidity (>1 vs. none) 4.36 [2.56-7.44] <0.001  3.36[1.92-5.88] <0.001  2.17[0.79-5.97] 0.13
Hoehn-Yahr stage >3 0.59 [0.35-0.98] 0.043 0.72[0.43-1.22] 0.22 0.80 [0.32-2.00] 0.64
Cognitive impairment (yes)? 1.40 [0.84-2.32] 0.19 1.45[0.86-2.44] 0.16 1.00 [0.40-2.51] 0.99
GBA status

Noncarrier 1.00 (reference) 1.00 (reference) 1.00 (reference)

Carrier 0.92 [0.44-1.95] 0.84 0.69 [0.32-1.51] 0.36 1.66 [0.54-5.13] 0.38

2Mild cognitive impairment (PD-MCI) or dementia (PDD) according to MDS criteria.

4 | Discussion

This multicenter study supports the long-term effectiveness
of LCIG in managing motor fluctuations, dyskinesia, and
motor and non-motor aspects of experiences of daily living in
alarge, “real-world” cohort of advanced PD patients. Focusing
on the effects of GBA1 mutation status, there are two main
findings to highlight. (1) Safety: GBAI status did not signifi-
cantly influence the rate or causes of AEs or the long-term
discontinuation rate over a follow-up period up to 10years. (2)
Efficacy: although LCIG significantly improved motor fluctu-
ations and dyskinesias in both GBA-PD and noncarriers, the
magnitude of such improvement was significantly smaller in
GBA-PD.

As precision medicine advances, integrating genotype and
phenotype into decision-making for device-aided therapies
has major implications for managing advanced PD. While
continuous levodopa infusion is a safe and feasible option
in GBA-PD, neurologists, patients, and caregivers should
be aware of the potential suboptimal therapeutic response
and faster disease progression, adjusting their expectations
accordingly.

The “real-world” design of this study minimizes the risk of sig-
nificant selection or inclusion bias, supporting the represen-
tativeness of the cohort. This is further reflected by the 13%
prevalence of pathogenic heterozygous GBAI variants, which
aligns with the global range of 10%-14% [16-18]. Our data con-
firm that GBA-PD present with an earlier age at onset, greater
burden of NMS, and develop disabling motor fluctuations and
dyskinesias earlier than noncarriers [3-5, 10]. Accordingly,
they are eligible to device-aided therapies more frequently [5],
at younger age and earlier during the course of disease than
noncarriers [3, 4, 10, 22]. Ultimately, the decision to triage and
refer GBA-PD patients for DBS or infusion therapies should be
tailored to individual clinical profiles [6, 7, 23].

4.1 | Safety of LCIG

4.1.1 | Discontinuation Rate

In our cohort, the discontinuation rate was 37.3% over a 10-year
observation period. These data overlap with the 34% of a pre-
vious study on 86 PD patients followed for 4.1years [19]. In a
study of 103 PD patients treated with LCIG for an average of
Syears, the discontinuation rate exceeded ours: 47.6% discon-
tinued due to death (including two related to LCIG), one-third
due to advanced dementia and/or neuropsychiatric issues, and
16% due to device dissatisfaction [24]. In another cohort of 98 PD
patients, a lower discontinuation rate of 18.4% (26% including
deaths) over a mean observation time of 2.6 years was reported,
identifying disease duration at baseline as the only significant
predictor of discontinuation [25]. We recorded 82 deaths (16%),
only one of which (0.2%) was considered “possibly related” to the
LCIG system. This estimate is in line with a previous integrated
safety investigation of LCIG prospective clinical trials [26, 27],
supporting the overall safety of this device-aided therapy. The
median rate of LCIG discontinuation varies considerably in
published literature according to whether deaths are included
[19, 20, 24, 28] or not [13, 25, 29], ranging from 7% [13] to 54.4%
[20]. The EPIC study had an average duration of observation
during LCIG infusion of nearly 4years and a follow-up ranging
up to 10years. We overcame this issue by using a robust safety
primary endpoint whose collection was reliable, such as the
discontinuation rate. Considering that death, neuropsychiatric
problems, and dementia are natural causes for discontinuation
when PD progresses, and the higher risk for all these features in
GBA-PD is largely established [3-5], it is of utmost importance to
establish that GBAI mutation status is not an independent fac-
tor of discontinuation and AEs per se. Therefore, the take-home
message of this study is that GBAI mutation status did neither
predict treatment discontinuation nor AEs, and this applied also
after stratifying the GBA-PD population according to the sever-
ity of GBAI mutation.
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FIGURE 2
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| Adjusted cumulative incidence for LCIG discontinuation. We used Kaplan-Meier method, reporting GBA-PD vs. PD noncarriers
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4.1.2 | Adverse Events

Then, 50.6% of patients reported at least one AE deemed prob-
ably related to LCIG treatment and worth being mentioned in
medical records. Previous studies on large cohorts of patients
on LCIG similarly reported 54% of AEs in a 2-year observation
period and 55.1% of AEs during a mean follow-up of 6years
[13, 30]. LCIG-related AEs may occur during the surgical pro-
cedure, although the most frequent causes of AEs were device-
related, consistent with the established safety profile of LCIG
and underlining the importance of careful patient monitoring
in the earliest post-LCIG initiation [13, 19, 26]. Taking as estab-
lished the procedure- and device-related causes of AEs, we fo-
cused our safety analysis on potential individual demographic,
genetic, and clinical predictors of AEs and found that age, dis-
ease duration, motor disability (assessed by HY stage), and co-
morbidities were independent predictors of AEs, whereas GBAI
status was not.

4.2 | Efficacy of LCIG
4.2.1 | Levodopa-Responsive Motor Features

In GBA-PD, LCIG led to significant improvement in motor fluc-
tuations and dyskinesias compared to baseline. However, the
magnitude of benefit was significantly lower than that observed
in PD noncarriers at the 1-year follow-up. These findings suggest
that while advanced GBA-PD patients with motor fluctuations
and dyskinesias not adequately controlled by oral dopaminergic

medications may still benefit from LCIG, their overall outcome
may be less satisfactory than that of noncarriers.

Our data from the entire PD cohort confirm that LCIG improves
all levodopa-responsive motor symptoms and signs of advanced
PD, including motor-related activities of daily living, the quality
of ON-state motor performance, motor fluctuations, and dyski-
nesias, in line with findings from previous open-label studies
with medium- and long-term follow-up [12, 13, 19, 20, 31-35].
This effectiveness is accompanied by a simplified therapeutic
regimen with oral medications, as reflected by the reduced use
of concomitant add-on medications—such as DAs, iMAO-B,
iCOMT, and amantadine—at the 1-year follow-up. We addition-
ally observed a reduced frequency of patients presenting with
complex/biphasic dyskinesias [36] supporting LCIG's role in
streamlining the management of motor complications and im-
proving overall patient outcome [12, 13, 19, 20, 31-35].

4.2.2 | Non-Levodopa-Responsive Motor Features

At the 1-year follow-up, no significant differences were observed
in axial symptoms and signs between GBA-PD and noncarriers.
Both groups showed similar worsening of the nondopaminergic
deficiency score and disease progression, as measured by the
HY stage. LCIG significantly improved posture abnormalities,
frequent falls, and FOG but provided no benefit on dysphagia
or postural instability. These data suggest that LCIG may re-
duce frequent falls in the short term by improving levodopa-
responsive features of gait (e.g., FOG) but has limited impact on
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levodopa-resistant axial complications. This aligns with the no-
tion that LCIG may benefit not only axial levodopa-responsive
gait and balance issues [13, 32, 37, 38], but also features usu-
ally considered unresponsive to optimized oral therapy, such
as posture abnormalities, falls, and FOG [38-42]. At the 5-year
follow-up, axial complications worsened in both groups without
major differences, except for a significant group-time interac-
tion for frequent falls, which were more frequent in GBA-PD
than in noncarriers. In a previous study, GBA-PD had a higher
risk of progressing to postural instability and reaching HY stage
3 within 15years of diagnosis compared to noncarriers [17].
This discrepancy is likely due to differences in disease duration
at baseline: Stoker et al. began their observation at the time of
first diagnosis in two community-based incident PD cohorts
[17], whereas our observation period started in patients with
advanced PD, with an average disease duration of 13years at
baseline.

4.2.3 | Non-Motor Symptoms

Global and frontal-lobe cognitive functions, along with MoCA
and FAB scores, declined in the entire cohort at both the 1- and
5-year follow-up visits. However, the rate of decline was signifi-
cantly faster in GBA-PD patients than in noncarriers. The worse
baseline cognitive scores of GBA-PD and their more rapid pro-
gression of cognitive decline over time compared to noncarriers
are consistent with the known GBA-related phenotype [4-6, 17,
22]. We emphasize that about 40% of patients already had cogni-
tive impairment-ranging from MCI to moderate dementia-at the
time of LCIG initiation. This supports the notion that levodopa
infusion is a suitable first-line therapeutic option in advanced
PD patients with signs of mild-to-moderate cognitive decline,
whereas STN-DBS is the preferred option in patients with pre-
served cognitive functions [4, 13]. In contrast, neuropsychiat-
ric symptoms (i.e., hallucinations, psychosis, ICDs, depression,
and anxiety) improved at 1year after LCIG initiation [13, 33].
This improvement is likely due to the reduction or discontin-
uation of add-on therapies, such as DAs and/or amantadine,
which are known to exacerbate these symptoms. Notably, this
improvement was more pronounced in GBA-PD than in non-
carriers, suggesting that levodopa infusion may be a safe option
for advanced GBA-PD with these neuropsychiatric issues [3, 5].
Finally, OH symptoms worsened more in GBA-PD patients than
in noncarriers at both the 1- and 5-year follow-up, reflecting the
greater burden of autonomic dysfunction in carriers of patho-
genic GBA1 gene variants [3, 5, 10, 43].

4.3 | Limitations and Strengths

There are limitations to acknowledge. This was not a prospective
controlled clinical trial, and the retrospective nature of the study
intrinsically resulted in missing data, particularly regarding
AEs reporting, which was likely limited to events deemed rea-
sonably related to treatment. Concerning efficacy, it is unlikely
that this design played a confounding effect on the results be-
cause all analyses were adjusted for several potential confound-
ers, such as sex, age, and disease duration at LCIG initiation,
duration of follow-up, and the baseline value of each parame-
ter. Prospective pragmatic real-world trials on large cohorts of

advanced PD patients treated with levodopa infusion therapies
are warranted to replicate our results, including objective cri-
teria for AE coding using validated tools, such as the Medical
Dictionary for Regulatory Activities.

On the other hand, this design may also be considered a major
strength of the study as it allowed us to collect “real-world” clin-
ical data on LCIG treatment over an observation period rang-
ing up to 10years on consecutive patients that is relatively less
biased than the data obtained from more homogeneous but se-
lected cohorts reported in randomized clinical trials. Our safety
analysis included all consecutive patients who initiated LCIG
treatment at both secondary and tertiary referral centers, mak-
ing our results representative of the broader LCIG-treated popu-
lation, with AE rates comparable to those reported in the largest
studies available so far [13, 19, 20]. The major strength of this
study is being the first to focus on GBAI mutation status as a
potential modifier of clinical outcome over both short- and long-
term follow-up. The large nationwide population of 512 patients
recruited by neurologists with heterogeneous prescription pat-
terns from most major movement disorders clinics throughout
Italy further supports the external validity of the findings.

5 | Conclusions

This long-term “real-world” study confirms the sustained effec-
tiveness of LCIG in reducing motor fluctuation and dyskinesias,
as well as improving both motor and non-motor experiences of
daily living in a large cohort of advanced PD patients. GBAI mu-
tations did not detrimentally impact the long-term safety profile
of LCIG. LCIG is a safe and effective treatment option in ad-
vanced GBA-PD patients, including those with cognitive decline
at baseline. Nonetheless, the magnitude of benefit on motor dis-
ability and complications was lower, and cognitive deterioration
progressed more rapidly in carriers than noncarriers.
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