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Introduction: This registry evaluated the 24-month safety and efficacy of levodopa-carbidopa intestinal
gel (LCIG) treatment in advanced Parkinson's disease (PD) patients under routine clinical care.
Methods: Motor fluctuations, dyskinesia, non-motor symptoms, quality of life, and safety were evaluated.
Observations were fully prospective for treatment-naïve patients (60% of patients) and partially retro-
spective for patients with �12 months of pre-treatment with LCIG (40% of patients). Hours of “On” and
“Off” time were assessed with a modified version of the Unified Parkinson's Disease Rating Scale part IV
items 32 and 39.
Results: Overall, 375 patients were enrolled by 75 movement disorder centers in 18 countries and 258
patients completed the registry. At 24 months LCIG treatment led to significant reductions from baseline
in “Off” time (hours/day) (mean ± SD ¼ �4.1 ± 3.5, P < 0.001), “On” time with dyskinesia (hours/day)
(�1.1 ± 4.8, P ¼ 0.006), Non-Motor Symptom Scale total (�16.7 ± 43.2, P < 0.001) and individual domains
scores, and Parkinson's Disease Questionnaire-8 item total score (�7.1 ± 21.0, P < 0.001). Adverse events
deemed to have a possible/probable causal relationship to treatment drug/device were reported in 194
(54%) patients; the most frequently reported were decreased weight (6.7%), device related infections
(5.9%), device dislocations (4.8%), device issues (4.8%), and polyneuropathy (4.5%).
Conclusions: LCIG treatment led to sustained improvements in motor fluctuations, non-motor symptoms
particularly sleep/fatigue, mood/cognition and gastrointestinal domains, as well as quality of life in
advanced PD patients over 24 months. Safety events were consistent with the established safety profile
of LCIG.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Levodopa is the most efficacious drug for the treatment of Par-
kinson's disease (PD), but the long-term use of standard oral
administration is associated with the development of disabling
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motor complications in most patients. Fluctuations in motor
response are related to fluctuating peripheral levodopa plasma
levels and are often associated with a variety of non-motor symp-
toms [1e4]. These motor and non-motor complications are aggra-
vated by erratic gastric emptying, and substantially impact daily
activities, social interactions, and patient quality of life (QoL) [5,6].

Levodopa-carbidopa intestinal gel (LCIG, also carbidopa-
levodopa enteral suspension in the United States, CLES) is contin-
uously delivered to the upper intestine ensuring more stable
levodopa plasma levels than standard oral levodopa therapy [7,8].
This reduces motor response fluctuations and has also been shown
to improve non-motor complaints commonly associated with
chronic oral levodopa treatment [9e14].

To date only a few studies have assessed the long-term safety
and efficacy of LCIG treatment in routine clinical care and amajority
of these studies included a limited number of patients or lacked
systematic collection of efficacy data and adverse events [11,15e19].
The objective of the GLORIA registry (global long-term registry on
efficacy and safety of LCIG in patients with advanced Parkinson's
disease in routine care) was to prospectively evaluate the long-term
effectiveness of LCIG on motor and non-motor symptoms (NMS),
QoL, and safety in a large cohort of advanced PD patients.

2. Methods

2.1. Study design

In this 24-month (M), multi-national, non-interventional,
observational registry, advanced PD patients with persistent motor
complications received LCIG treatment at 75 movement disorder
centers across 18 countries (Australia, Austria, Belgium, Bulgaria,
Czech Republic, Denmark, France, Germany, Greece, Ireland, Italy,
Netherlands, Norway, Romania, Slovenia, Spain, Switzerland, and
United Kingdom). The study protocol was approved by national
and/or local independent ethics committees and health authorities
at each participating institution and country. All patients provided
written informed consent before enrollment in the registry.

LCIG treatment was initiated via a temporary nasojejunal (NJ)
tube to verify drug efficacy and optimize dose before being
administered through PEG-J (according to local label and reim-
bursement criteria). Concomitant medications were permitted at
the discretion of the treating physician.

2.2. Patients

Enrolled participants were male and female advanced PD pa-
tients with persistent severe motor complications that were
eligible for LCIG treatment according to European Commission
Summary Product Characteristics and national reimbursement
criteria. Clinical observations were recorded prospectively for up to
24M for LCIG-naïve patients. For patients who had received LCIG for
�12M before enrollment in the registry, clinical observations were
collected retrospectively up to the day of registry enrollment fol-
lowed by prospective documentation for a total observation period
of 24M. Efficacy and safety outcomes were comparable between
the retrospective and prospective cohorts (Supplemental Table 1).

2.3. Efficacy

Efficacy outcomes included the mean change from baseline to
study visit in the Unified Parkinson's Disease Rating Scale (UPDRS)
parts II, III, and IV; “Off” time and the dyskinesia items from UPDRS
part IV. UPDRS IV items 39 and 32 were modified by using the
rating instructions for the corresponding parts 4.3 and 4.1 of the
MDS-UPDRS to allow for calculation of actual hours of “Off” time
and “On” time with dyskinesias. UPDRS was conducted in the “On”
state. NMS were assessed using the NMS Scale (NMSS) and patient
reported QoL measures included the disease-specific 8-item Par-
kinson's Disease Questionnaire (PDQ-8) and the generic EuroQoL- 5
Dimensions (EQ-5D) descriptive score and visual analog scale
(VAS). Efficacy assessments were collected at baseline before LCIG
treatment initiation with temporary NJ (concomitant PD medica-
tions were administered at the discretion of threating physician), at
discharge from hospital following PEG-J placement (D1), 6M, 12M,
18M, and 24M.

Primary efficacy analyses included all patients who had a
baseline efficacy evaluation, received �1 dose of LCIG and �1
post-baseline safety and efficacy evaluation (N ¼ 329). Safety
analyses included all patients who received �1 dose of LCIG and
had �1 post-baseline safety evaluation (N ¼ 356). Last visit was
defined as a patient's last reported study visit. ANOVA over time
and paired t-tests were performed for the comparison of all effi-
cacy outcomes to baseline. The targeted enrollment for adequate
sample size was 400 patients. Missing data was accounted for
using survey methodology.

2.4. Safety

Adverse drug reactions (ADRs), which included all adverse
events with a reasonable possibility of being causally related to the
treatment drug or device as determined by the investigator, were
recorded for the duration of the registry and for 28 days following a
patient's last reported study visit. ADRs were coded according to
theMedical Dictionary for Regulatory Activities (MedDRA) [20] and
categorized by the study investigator as mild, moderate or severe
and as having an unlikely, possible or probable relationship to LCIG
treatment. Serious ADRs and product complaints were monitored
and recorded. Gastrointestinal (GI)-related ADRs reported by the
investigator were categorized post hoc by the authors as either
procedure-related, device-related, or “other” type of GI reaction not
directly related to the procedure or device (e.g. decreased weight,
nausea). Daily levodopa equivalent dose (LED) was calculated for
the reported administration of LCIG and concomitant oral PD
treatment for each study visit, according to published conversion
factors [21].

3. Results

Of the 375 patients enrolled, 258 (69%) completed the registry
(Supplemental Fig. 1). The mean ± SD exposure to PEG-J was
640.7 ± 198.3 days. Patient demographics, PD characteristics, and
baseline assessments of motor symptoms, NMS, and QoL are
summarized in Table 1. Over the course of the study, the percentage
of patients receiving LCIG as a monotherapy ranged between 36
and 40% (36%, n ¼ 98/273 at M18; 40%, n ¼ 126/316 at M6)
(Supplemental Table 2). The most common concomitant medica-
tions across all study visits were oral levodopa and dopamine ag-
onists. Among patients that received LCIG as a monotherapy, the
mean daily LED ranged from 1509 ± 719 mg at D1 (n ¼ 126) to a
maximum of 1795 ± 878 mg at M18 (n ¼ 98). The mean daily LED
for patients with LCIG combination therapy ranged from
1960 ± 873 mg at D1 (n ¼ 225) to a maximum of 2013 ± 880 mg at
M6 (n ¼ 189) (Supplemental Table 2).

3.1. Efficacy

At last visit, LCIG-treated patients showed significant reductions
in “Off” time compared to baseline (modified UPDRS IV item 39,
mean change from baseline ± SD ¼ �3.9 ± 3.5 h/day, 95% CI ¼ [-
4.4, �3.5], P < 0.001, n ¼ 207) (Fig. 1A). Significant and sustained



Table 1
Baseline demographics and disease characteristics.

Characteristic Value

Age, years, mean ± SD 66.4 ± 8.8
Sex, n (%)
Male 220 (58.7)
Female 155 (41.3)

LCIG History, n (%)
LCIG-naïve 225 (60)
LCIG � 12M before enrollment 150 (40)

Baseline LED, mg/day, mean ± SD 1319 ± 617
PD duration, years, mean ± SD 12.7 ± 6.3
Hoehn & Yahr, mean ± SD
During “On” 2.8 ± 0.8
During “Off” 4.0 ± 0.9

UPDRS Part IV, hours/day, mean ± SD
Modified item 39: “Off” time 6.0 ± 3.2
Modified item 32: Time with dyskinesia 4.3 ± 3.8

UPDRS Part II (activities of daily living), mean ± SD 16.5 ± 9.8
UPDRS Part III (motor examination), mean ± SD 24.6 ± 12.0
NMSS, total score, mean ± SD 69.2 ± 42.1
PDQ-8 Total Score (quality of life), mean ± SD 46.8 ± 18.6
EQ-5D score, mean ± SD 0.4 ± 0.32
EQ-VAS score, mean ± SD 48.0 ± 21.3
PD medications reported at baseline, n (%)
Levodopa 367 (97.9)
Dopamine agonists 253 (67.5)
COMT inhibitors 212 (56.5)
MAO-B inhibitors 133 (35.5)
Amantadine 102 (27.2)
Other oral 50 (13.3)

LCIG ¼ levodopa-carbidopa intestinal gel, LED ¼ levodopa equivalent dose, PD ¼
Parkinson's disease, UPDRS ¼ Unified Parkinson's Disease Rating Scale, NMSS ¼
Non-motor symptom scale,PDQ-8 ¼ Parkinson's Disease Questionnaire 8-item, EQ-
5D ¼ Euro Quality of Life 5 Dimensions, EQ-VAS ¼ Euro Quality of Life Visual Analog
Scale, COMT ¼ catechol-O-methyltransferase, MAO-B ¼ monoamine oxidase.

Fig. 1. Motor symptom efficacy. Mean change from baseline of daily hours of A. “Off”
time (modified UPDRS Part IV Items 39) and B. “On” time with dyskinesia (modified
UPDRS Part IV Item 32). Error bars indicate SD. Asterisks indicate statistical significance
compared to baseline in a paired t-test at the P < 0.01 (**) and P < 0.001 (***) levels.
UPDRS ¼ Unified Parkinson's Disease Rating Scale; BL ¼ baseline; D1 ¼ discharge from
hospital post-PEG-J placement; M ¼ month; LV ¼ patient's last reported study visit.
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reductions in “On” time with dyskinesia (modified UPDRS IV item
32) were also observed at last visit (�1.1 ± 4.7, 95% CI¼ [-1.8,�0.5],
P < 0.001, n ¼ 211) (Fig. 1B). Additional improvements observed at
last visit included UPDRS IV item 33 (dyskinesia severity,�0.9± 1.3,
95% CI ¼ [-1.1, �0.7], P < 0.001, n ¼ 188), UPDRS IV item 34
(dyskinesia-related pain,�0.6 ± 1.2, 95% CI¼ [-0.8,�0.4], P < 0.001,
n¼ 187), and UPDRS IV item 35 (earlymorning dystonia,�0.2 ± 0.6,
95% CI ¼ [-0.2, �0.1], P < 0.001, n ¼ 250). UPDRS II and III scores
(assessed when “On”, Supplemental Table 3) showed significant
reductions compared to baseline through 18M (�2.0 ± 9.1, 95%
CI ¼ [-3.4, �0.5], P ¼ 0.007) and 24M (�1.9 ± 11.8, 95% CI ¼ [-
3.6, �0.2], P ¼ 0.026), respectively.

The NMSS total score was significantly reduced from baseline at
all study visits with a mean change of �14.4 ± 44.8 at last visit (95%
CI ¼ [-20.3, �8.5], P < 0.001, n ¼ 227) (Fig. 2A). At last visit, 5/9
NMSS domain scores were significantly reduced compared to
baseline: cardiovascular (last visit: mean change from
baseline¼�0.6 ± 4.1, 95% CI¼ [-1.1,�0.0], P¼ 0.044), sleep/fatigue
(�4.5 ± 10.6, 95% CI ¼ [-5.9, �3.1], P < 0.001), mood/cognition
(�2.8 ± 14.7, 95% CI ¼ [-4.7, �0.9], P ¼ 0.004), gastrointestinal tract
(�2.2 ± 7.3, 95% CI ¼ [-3.1, �1.2], P < 0.001), and miscellaneous
(�1.5 ± 9.9, 95% CI ¼ [-2.8, �0.2], P ¼ 0.022) (Fig. 2B and
Supplemental Table 3).

Quality of life, as measured by the PDQ-8, was significantly
improved in LCIG-treated patients at every study visit (last
visit:�5.3 ± 20.7, 95% CI¼ [-8.2,�2.5], P < 0.001, n¼ 205) (Fig. 2C).
Significant improvements were maintained through last visit in
three PDQ-8 items: item 1 (difficulty getting around in public
places, �0.4 ± 1.4, 95% CI ¼ [-0.6, �0.2], P < 0.001), item 7 (had
painful muscle cramps and pain, �0.3 ± 1.4, 95% CI ¼ [-0.5, �0.1],
P ¼ 0.002), and item 8 (felt embarrassed by having PD, �0.5 ± 1.4,
95% CI ¼ [-0.7, �0.3], P < 0.001) (Supplemental Table 4). Significant
improvements were observed in the EQ-5D descriptive and VAS
scores compared to baseline (18M: EQ-5D, 0.06 ± 0.34, 95%
CI ¼ [0.0, 0.1], P ¼ 0.025; last visit: VAS, 11.9 ± 28.3, 95% CI ¼ [7.9,
15.9], P < 0.001) (Supplemental Table 4).
3.2. Safety

Overall, 194 (54.5%, N ¼ 356) patients experienced one or more
ADRs (Table 2). The most frequently reported ADRs during the PEG-
J treatment period were decreased weight (6.7%, n ¼ 24), device-
related infections (5.9%, n ¼ 21), device dislocations (4.8%,
n ¼ 17), device issues (4.8%, n ¼ 17), and polyneuropathy (4.5%,
n ¼ 16) (Table 2). Thirty-nine percent of patients (n ¼ 139/356)
reported � 1 GI-related ADR during the PEG-J treatment period, of
which procedure-related ADRs were reported in 35 patients (9.8%),
device-related in 93 (26%), and other GI ADRs in 63 (18%). These
ADRs were generally transient, with the highest prevalence of GI-
related ADRs (13.5%) and serious GI-related ADRs (4.5%) occurring
during the first 2 weeks of LCIG treatment post-PEG-J placement
(Supplemental Fig. 2).

Serious ADRs occurred in 109 (30.6%) patients and 55 (15.4%)
patients had a severe ADR (Table 2). Device dislocation was the
most frequently reported serious ADR during the PEG-J treatment



Fig. 2. Non-motor symptom efficacy. Mean change from baseline in A. NMSS total score, B. NMSS domain scores over 2-year follow-up, and C. PDQ-8 total score. Error bars indicate
SD. NMSS ¼ Non-Motor Symptom Scale, PDQ-8 ¼ Parkinson's Disease Questionnaire 8-item, BL ¼ baseline; D1 ¼ discharge from hospital post-PEG-J placement; M ¼ month;
LV ¼ patient's last reported study visit. P < 0.05 (*), P < 0.01 (**), and P < 0.001 (***).
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period (2.2%, n ¼ 8). Twenty-five (7.0%) patients experienced at
least one ADR that led to discontinuation of LCIG treatment and
device dislocation was the only ADR leading to discontinuation
reported by more than 1 patient (n ¼ 2, 0.6%).

Twenty-nine deaths (8%, N ¼ 356) occurred during the registry
period: 23 were deemed unrelated to treatment, 5 possibly related,
and 1 probably related (Table 2). Of the possibly related deaths, 2
were the result of pneumonia followed by septic shock and/or or-
gan failure on treatment days 463 and 452,1 occurred on treatment
day 511 and was the result of pneumonia followed by a stroke, 1



Table 2
Safety summary.a

Safety n (% of N ¼ 356)

Patients with at least one ADR 194 (55)
Patients with at least one GI-related ADR 139 (39)
Patients with at least one serious ADR 109 (31)
Patients with at least one severe ADR 55 (15)
Deaths 29 (8.1)
Unrelated to treatment 23 (6.5)
Possibly related to treatment 5 (1.4)
Probably related to treatment 1 (0.3)

ADRs occurring in �3% of patients
Weight decreased 24 (6.7)
Device related infection 21 (5.9)
Device dislocation 17 (4.8)
Device issue 17 (4.8)
Polyneuropathy 16 (4.5)
Device lead issue 14 (3.9)
Medical device complication 13 (3.7)
Abdominal pain 13 (3.7)
Hallucination 12 (3.4)

Serious ADRs occurring in �1% of patientsb

Device dislocation 8 (2.2)
Device issue 7 (2.0)
Parkinson's disease 7 (2.0)
Parkinsonism 7 (2.0)
Medical device complication 6 (1.7)
Device malfunction 5 (1.4)
Device occlusion 5 (1.4)
Abdominal pain 4 (1.1)
Hallucination 4 (1.1)
Pneumonia 4 (1.1)
Polyneuropathy 4 (1.1)

Gastrointestinal and gastrointestinal procedure-related ADRs are italicized.
ADR ¼ adverse drug reaction (adverse events with a possible/probable relationship
to the treatment drug or device), GI ¼ gastrointestinal, LCIG ¼ levodopa-carbidopa
intestinal gel, PEG-J ¼ percutaneous endoscopic gastrojejunostomy.

a Data indicates incidence of ADRs.
b During 24 months of LCIG infusion via PEG-J.
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occurred on treatment day 425 and was the result of a fatal seizure,
and 1 occurred on treatment day 645 and was the result of un-
known causes following a small bowel obstruction that occurred 3
weeks before patient death. The patient death deemed probably
related to treatment occurred after 646 days of treatment and was
the result of a small bowel perforation and peritonitis.
4. Discussion

This primary analysis of the GLORIA registry represents the
largest cohort of advanced PD patients treated with LCIG and pro-
vides evidence for the long-term effectiveness in reducing motor
fluctuations and dyskinesia during routine clinical care. In addition,
there were improvements in QoL and a variety of non-motor
symptoms, and the safety profile was overall satisfactory.

LCIG led to sizable reductions in the amount of time patients
spent in the “Off” state. On average, patients maintained at least a
50% reduction in “Off” time at every study visit. This reduction in
“Off” time observed was well above the 1-h change that is deemed
clinically relevant [22] and was consistent with other published
open-label studies and randomized controlled trials on LCIG
[9e11].

“Off” time improvements occurred alongside reductions in the
proportion of “On” time spent with dyskinesia. The average “On”
time with dyskinesia was reduced by 25% at 24M. Importantly, this
was observed despite increased total levodopa equivalent dose
following the switch from oral levodopa to LCIG and increases in
LED over the 24M follow-up period. This is consistent with litera-
ture suggesting that switching to continuous levodopa delivery
improves not only motor fluctuations but also reduces pre-existing
dyskinesia [2,6,9,23,24]. Increases in the daily levodopa dose are
common in clinical practice when switching from oral PD medi-
cations to LCIG and similar magnitudes of LED increase have been
previously reported [17]. The continuous nature of levodopa de-
livery with LCIG often allows for an increase in LED for optimal
motor symptom control while limiting many of the undesirable
side effects associated with high oral levodopa dose. Given that
GLORIAwas a registry and not a controlled, clinical trial, there were
no specific requirements for dose optimization prior to LCIG initi-
ation. Procedures in this registry reflected the 'real-world' routine
clinical setting, where treating physicians determined that all
oral treatment options had been exhausted and LCIG was now
indicated.

Improvements in UPDRS II and III scores were also observed
across the registry, however they were only significant through
M18 (UPDRS II) while change at M24 in the UPDRS III score falls
below the minimal clinically important difference threshold. These
data are similar to those reported in previous studies examining
LCIG treatment, including Palhagen et al. [17], and may reflect
worsening/progression of the disease. It is important to note that
QoL remained improved over all time points in a stable manner
which is consistent with other studies on LCIG [9,10,27].

Consistent with the interim analysis of this registry [12] and the
EuroInf study [25], LCIG led to a significant reduction in NMS
burden at 24M. NMS domains that showed persistent improvement
over the entire follow-up period included the cardiovascular, sleep/
fatigue, mood/cognition, gastrointestinal tract, and “miscellaneous”
domains. Notably, disturbances in sleep/fatigue, which have a
strong impact on QoL, showed the greatest magnitude of
improvement at 24M, arguing for improved sleep quality as motor
fluctuations improved [26].

Given the characteristics of this registry (which included some
retrospective data) the safety analyses cannot be directly compared
to previous studies, however the most frequently reported ADRs
were consistent with the established safety profile of LCIG
[9e11,28]. Device and procedure-related events were the most
frequently reported ADRs and were generally transient, occurring
at highest prevalence within the first 2 weeks post-PEG-J place-
ment. These data emphasize the need for close monitoring in the
immediate post-PEG-J placement period. Additionally, the GI-
related ADRs were consistent with the known long-term compli-
cations of the PEG-J procedure [29]. Given the demographics of the
registry population, LCIG procedure and treatment was generally
well tolerated, with a low rate of discontinuation due to ADR (7.0%)
that was consistent with previously published reports [10]. Of the
29 deaths that occurred during the registry, 5 were deemed
possibly related to treatment and 1 was probably related to treat-
ment. The determination of possibly related deaths was based upon
the investigator's judgment that there was reasonable support for
an association between the treatment and an event (e.g. pneu-
monia); however, a causal relationship between treatment and
death was undetermined. The 1 probably related death, resulting
from of a fatal small bowel perforation, occurred after 646 days of
treatment and underscores the invasiveness and inherent risks of
chronic PEG-J use in an elderly population. Timely investigations of
a patient's abdominal complaints and the involvement of GI spe-
cialists and interdisciplinary care and management teams may
reduce the inherent risks of chronic PEG-J use in the elderly.

This registry provides important clinical data related to the use
of LCIG to treat advanced PD patients, however there are some
limitations associated with the registry design. These limitations
include the registry's open-label design and the lack of a control
group, which does not allow for comparative efficacy and safety
assessments. This limitation is particularly relevant in evaluating
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the significance of LCIG on NMS as a recent double-blind ran-
domized study examining the effects of rotigotine and placebo on
NMS severity in PD patients with severe non-motor disability
demonstrated similar improvements (>30%) in both the treatment
and placebo study groups [30]. Additional limitations include the
statistical method employed for the efficacy analyses, which did not
carry the last observation forward, and the partially retrospective
nature of data collection for 40% of the enrolled patients, which
resulted in some missing data during the documentation period.

In conclusion, LCIG treatment in advanced PD patients in routine
care led to significant and sustained reductions in motor fluctua-
tions and NMS burden and improvements in QoL, despite natural
PD progression over the 2-year follow-up. The safety results were
consistent with the previously established safety profile of LCIG.

Study funding

This study was sponsored by AbbVie Inc. (North Chicago, IL,
USA), which participated in the study design, research, data
collection, analysis and interpretation of the data, writing,
reviewing, and approving the publication.

Author contributions and disclosures

Dr. Antonini was as a study investigator and has received
compensation for consultancy and speaker related activities from
Acadia, Sunovion, UCB, Boston Scientific, Angelini, Medtronic, GE,
Boehringer Ingelheim, AbbVie, Zambon. He also received research
support from Mundipharma. Dr. Antonini's contributions include
study concept and design, acquisition and interpretation of the
data, and review and critique of the manuscript.

Dr. Poewe was a study investigator and has received compen-
sation from AbbVie, Astra Zeneca, Teva, Novartis, GSK, Boehringer-
Ingelheim, UCB, Orion Pharma, Zambon and Merz Pharmaceuticals
(consultancy and lecture fees in relation to clinical drug develop-
ment programmes for PD) outside the submitted work. He has
received royalties from Thieme, Wiley Blackwell and Oxford Uni-
versity Press. Dr. Poewe's contributions include study concept and
design, acquisition and interpretation of the data, and review and
critique of the manuscript.

Dr. Chaudhuri was a study investigator and has received hono-
rarium from UCB, AbbVie, Britannia, Mundipharma, Boehringer
Ingelheim, and GSK Pharmaceuticals for lecturing at symposia. He
has acted as a consultant for UCB, AbbVie, Britannia, Neuronova and
Mundipharma. He has received research funding from Parkinson's
UK, NIHR, PDNMG, as well as educational grants from UCB, Bri-
tannia, AbbVie, GSK Pharmaceuticals, Boehringer Ingelheim, and
Neuronova. Dr. Chaudhuri receives royalties fromOxford University
Press and holds intellectual property rights for the Kings Parkin-
son's Pain Scale and Parkinson's Disease Sleep Scale 2. Dr. Chaud-
huri's contributions include acquisition and interpretation of the
data, and review and critique of the manuscript.

Dr. Jech was a study investigator and received honoraria from
AbbVie, Medtronic, Ipsen, Allergan, Cardion for consultancies and
lectures. Dr. Jech's contributions include acquisition and interpre-
tation of the data, and review and critique of the manuscript.

Dr. Pickut was a study investigator and has received compen-
sation from AbbVie, GSK, St. Jude Medical, and Teva for advisory
boards, consultancy and speaker-related activities, and research
support from Novartis. Dr. Pickut's contributions include acquisi-
tion of the data, and review and critique of the manuscript.

Dr. Pirtosek was a study investigator and has received
compensation from AbbVie for speaker related activities. Dr. Pir-
tosek's contributions include acquisition and interpretation of the
data, and review and critique of the manuscript.
Dr. Szasz was a study investigator and received compensation
from AbbVie, Novartis, UCB, Boehringer-Ingelheim, GSK, Ever,
Lundbeck, Teva, Pfizer for speaker activities. Dr. Szasz's contribu-
tions include acquisition and interpretation of the data, and review
and critique of the manuscript.

Dr. Valldeoriola was a study investigator and received honoraria
from AbbVie, Medtronic, Boston Scientific, UCB Pharma and
Italf�armaco for professional advice and lectures. Dr. Valldeoriola's
contributions include acquisition and interpretation of the data,
and review and critique of the manuscript.

Dr. Winkler was a study investigator and has participated in
advisory boards for AbbVie, UCB, and BIAL, and has received lecture
fees from AbbVie, LicherMT, and BIAL. Dr. Winkler's contributions
include acquisition and interpretation of the data, and review and
critique of the manuscript.

Dr. Bergmann is an employee of AbbVie and holds AbbVie stock
and/or stock options. Dr. Bergmann's contributions include acqui-
sition and interpretation of the data, and review and critique of the
manuscript.

Dr. Yegin is a former employee of AbbVie. Dr. Yegin's contribu-
tions include acquisition and interpretation of the data, and review
and critique of the manuscript.

Dr. Onuk is an employee of AbbVie and holds AbbVie stock
and/or stock options. Dr. Onuk's contributions include acquisition
and interpretation of the data, and review and critique of the
manuscript.

Dr. Barch is an employee of AbbVie and holds AbbVie stock and/
or stock options. Dr. Barch's contributions include interpretation of
the data and review and critique of the manuscript.

Dr. Odin was a study investigator and has received compen-
sations for consultancy and speaker related activities from Abb-
Vie, Britannia, Boehringer-Ingelheim, Nordic Infucare, UCB and
Zambon. PO has received royalties from Uni-Med Verlag. Dr.
Odin's contributions include study concept and design, acquisi-
tion and interpretation of the data, and review and critique of the
manuscript.

Co-investigator appendix

The authors would like to acknowledge the following non-
author, GLORIA study investigators for their contributions: Ene
Amalia, University Emergency Hospital, Bucharest, Romania; Guy
Arnold, Sindelfingen Hospital, Department of Neurology, Sindel-
fingen, Germany; Ovidiu Bajenaru, University Department of Clin-
ical Neurosciences, University of Medicine and Pharmacy “Carol
Davila”, Bucharest, Romania; Bruno Bergmans, AZ St-Jan Brugge-
Oostende AV, Brugge, Belgium; Kari Anne Bjornara, Drammen
Hospital, Drammen, Norway; Jeff Blackie, John Hunter Hospital,
Newcastle, Australia; Matthias Bode, Odense University Hospital,
Odense, Denmark; Paul Bourgeois, Department of Neurology AZ
Groeninge, Kortrijk, Belgium; Stephan Bohlhalter, Neurology and
Neurorehabilitation Centre, Luzern, Switzerland; Ioan Buraga,
Colentina Hospital, Bucharest, Romania; Pierre R. Burkhard, Geneva
University Hospitals, Geneva, Switzerland; Philippe Busson, Centre
Hospitalier Avranches Granvilles, Avranches, France; Matilde Cal-
opa, Neurology Service. Hospital Universitari de Bellvitge, L'Hos-
pitalet de Llobregat, Catalonia, Spain; Jesper Clausen,
Rigshospitalet/Glostup, Denmark; Erik Hvid Danielsen, Dept of
Neurology, Aarhus University Hospital, Aarhus, Denmark; Luc
Defebvre, Movement Disorder Department, Parkinson's disease
Expert Centre, Universit�e of Lille, Lille, France; Valerie Delvaux,
University of Liege, Belgium; Sophie Dethy, chu-Tivoli, La Louviere,
Belgium; Espen Dietrichs, Dept of Neurology, Oslo University Hos-
pital and University of Oslo, Oslo, Norway; Oriol De Fabregues, Vall
d'Hebron University Hospital, Autonomous University of Barcelona,



A. Antonini et al. / Parkinsonism and Related Disorders 45 (2017) 13e20 19
Neurodegenerative Diseases (CIBERNED), Barcelona, Spain; Rans-
mayr Gerhard, Dept. of Neurology 2, Kepler University Hospital,
Linz, Austria; Graziano Gusmaroli, SC Neurologia - Ospedale degli
Infermi di Biella, Biella, Italy; Kirsten Hahn, Practice Dr. Hahn,
Berlin, Germany; Bj€orn Hauptmann, Neurologisches Zentrum, Bad
Segeberg, Germany; Tove Henriksen, University Hospital of Bis-
pebjerg, Copenhagen, Denmark; Jorge Hernandez-Vara, Neurology
Department, Hospital Universitari Vall D'Hebron, Barcelona, Spain;
A. Jeanjean, Universit�e catholique de Louvain, Louvain-la-Neuve,
Belgium; Michaela Kaiserova, Department of Neurology, Faculty
of Medicine and Dentistry, Palacky University and University Hos-
pital, Olomouc, Czech Republic; Jan Kassubek, Department of
Neurology, University of Ulm, Ulm, Germany; Thomas Kimber,
Royal Adelaide Hospital and University of Adelaide, Adelaide,
Australia; Spyridon Konitsiotis, Department of Neurology, Faculty
of Medicine, University of Ioannina, Greece; Rejko Krüger,
Luxembourg Centre for Systems Biomedicine, University of
Luxembourg, and Centre Hospitalier de Luxembourg, Luxembourg;
and Centre for Neurology, University of Tübingen, Germany, Esch-
sur-Alzette, Luxembourg and Tübingen, Germany; Jaime Kulisev-
sky, Sant Pau Hospital, Barcelona, Spain; Jo Leenders, Sint-Dimpa
Ziekenhuis, Geel, Belgium; Christofer Lundqvist, Akershus Univer-
sity Hospital and University of Oslo, Oslo, Norway; F. Ory Magne,
Toulouse University hospital, France; Pietro Marano, Nuova Casa di
Cura D'Anna, Palemro, Italy; Ivan Milanov, University Neurological
Hospital “St. Naum”, Sofia, Bulgaria; Nicola Modugno, IRCCS Neu-
romed, Pozzilli (IS), Italy; Anjum Misbahuddin, Essex Centre for
Neurological Sciences, Romford, UK; Martin Nevrly, Department of
Neurology, University Hospital and Faculty of Medicine and
Dentistry of Palacky University, Olomouc, Czech Republic; Zikos
Panayiotis, 251 Hellenic Air Force Hospital, Athens Greece; Kenn
Freddy Pedersen, Neurology department, Stavanger University
Hospital, Stavanger, Norway; Stephen W. Pedersen, Department of
neurology Glostrup hospital University of Copenhagen, Glostrup,
Denmark; Lacramioara Perju-Dumbrava, University of Medicine
and Pharmacy “Iuliu Hatieganu” Cluj-Napoca, Cluj-Napoca,
Romania; M.M. Ponsen, Meander Medical Centre, Amersfoort,
Netherlands; Bogdan O. Popescu, Carol Davila University of Medi-
cine and Pharmacy, Bucharest, Romania; Michel Rijntjes, Depart-
ment of Neurology, University Clinic Freiburg, Freiburg, Germany;
V. Puente, Neurology Department, Institut Hospital del Mar d’In-
vestigacions Mediques, Universitat Autonoma de Barcelona, Hos-
pital del Mar, Barcelona, Spain; Christoph Redecker, Department of
Neurology, Jena University Hospital, Jena, Germany; Christoph
Schrader, Hannover Medical School, Hannover, Germany; Maria-
chiara Sensi, Neurology Department Arcispedale S. Anna, Ferrara,
Italy; Mihaela Simu, UMF00Victor Babes”, Timisoara, Romania;
Cleanthe Spanaki, University Of Crete, School Of Medicine,
Neurology Department, Iraklio, Greece; Alexander Storch, Univer-
sity of Rostock, Rostock, Germany; Anette Storstein, Haukeland
University Hospital, Bergen, Norway; Volker Tomantschger, Gailtal-
Klinik Hermagor, Hermagor, Austria; Chris van der Linden,
Department of Neurology, St. Lucas Hospital Ghent, Ghent,
Belgium; T. van Laar, University Medical Centre Groningen, Gro-
ningen, Netherlands; F. Viallet, Service de Neurologie, CH du pays
d'Aix, Aix en Provence, France; Tatiana Witjas, University Hospital
Timone, Marseille, France; Martin Wolz, Elblandklinikum Meissen,
Meissen, Germany; Maurizio Zibetti, Department of Neuroscience,
University of Torino, Torino, Italy; Michel Van Zandijcke, AZ Sint-Jan
Brugge, Brugge, Belgium.

Acknowledgements

This work was funded by AbbVie Inc. AbbVie participated in the
study design, research, data collection, analysis, and interpretation
of data, writing, reviewing, and approving the publication. Medical
writing support was provided by AmyM. Spiegel of AbbVie, Inc. The
EDC system used to collect clinical data was provided by Koehler
eClinical Ltd., Freiburg, Germany. The statistical analysis was per-
formed by Koehler eClinical, funded by AbbVie.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.parkreldis.2017.09.018.

References

[1] J.A. Obeso, C.W. Olanow, J.G. Nutt, Levodopa motor complications in Parkin-
son's disease, Trends Neurosci. 23 (2000) S2.

[2] A. Antonini, K. Ray Chaudhuri, P. Martinez-Martin, P. Odin, Oral and infusion
levodopa- based strategies for managing motor complications in patients with
Parkinson's disease, CNS Drugs 24 (2010) 119e129.

[3] M. Contin, P. Martinelli, Pharmacokinetics of levodopa, J. Neurol. 257 (2010)
253e261.

[4] J.G. Nutt, Pharmacokinetics and pharmacodynamics of levodopa, Mov. Disord.
23 (2008) S580eS584.

[5] S. Chapuis, L. Ouchchane, O. Metz, L. Gerbaud, F. Durif, Impact of the motor
complications of Parkinson's disease on the quality of life, Mov. Disord. 20
(2005) 224e230.

[6] K.R. Chaudhuri, A. Rizos, K.D. Sethi, Motor and nonmotor complications in
Parkinson's disease: an argument for continuous drug delivery? J. Neural
Transm. 120 (2013) 1305e1320.

[7] D. Nyholm, H. Askmark, C. Gomes-Trolin, T. Knutson, H. Lennern€as,
C. Nystr€om, S.-M. Aquilonius, Optimizing levodopa pharmacokinetics: intes-
tinal infusion versus oral sustained- release tablets, Clin. Neuropharmacol. 26
(2003) 156.

[8] D. Nyholm, P. Odin, A. Johansson, K. Chatamra, C. Locke, S. Dutta, A. Othman,
Pharmacokinetics of Levodopa, Carbidopa, and 3- O -Methyldopa Following
16-hour Jejunal Infusion of Levodopa-Carbidopa Intestinal Gel in Advanced
Parkinson's Disease Patients, Pharmacokinetics of Levodopa, Carbidopa, and
3- O -Methyldopa Following 16-hour Jejunal Infusion of Levodopa-Carbidopa
Intestinal Gel in Advanced Parkinson's Disease Patients, vol. 15, 2013,
pp. 316e323.

[9] C.W. Olanow, K. Kieburtz, P. Odin, A.J. Espay, D.G. Standaert, H.H. Fernandez,
A. Vanagunas, A.A. Othman, K.L. Widnell, W.Z. Robieson, Y. Pritchett,
K. Chatamra, J. Benesh, R.A. Lenz, A. Antonini, Continuous intrajejunal infusion
of levodopa- carbidopa intestinal gel for patients with advanced Parkinson's
disease: a randomised, controlled, double- blind, double- dummy study,
Lancet Neurol. 13 (2014) 141e149.

[10] H.H. Fernandez, D.G. Standaert, R.A. Hauser, A.E. Lang, V.S.C. Fung,
F. Klostermann, M.F. Lew, P. Odin, M. Steiger, E.Z. Yakupov, S. Chouinard,
O. Suchowersky, J. Dubow, C.M. Hall, K. Chatamra, W.Z. Robieson, J.A. Benesh,
A.J. Espay, Levodopa-carbidopa intestinal gel in advanced Parkinson's disease:
final 12-month, open-label results, Mov. Disord. 30 (2015) 500e509.

[11] J.T. Slevin, H.H. Fernandez, C. Zadikoff, C. Hall, S. Eaton, J. Dubow, K. Chatamra,
J. Benesh, Long-term safety and maintenance of efficacy of levodopa-
carbidopa intestinal gel: an open-label extension of the double-blind pivotal
study in advanced Parkinson's disease patients, J. Park. Dis. 5 (2015) 165e174.

[12] A. Antonini, A. Yegin, C. Preda, L. Bergmann, W. Poewe, Global Long- Term
Study on Motor and Non- Motor Symptoms and Safety of Levodopa- Carbi-
dopa Intestinal Gel in Routine Care of Advanced Parkinson's Disease Patients:
12- Month Interim Outcomes, vol. 21, 2015, pp. 231e235.

[13] S.E. Palhagen, N. Dizdar, T. Hauge, B. Holmberg, R. Jansson, J. Linder,
D. Nyholm, O. Sydow, M. Wainwright, H. Widner, A. Johansson, Interim
analysis of long-term intraduodenal levodopa infusion in advanced Parkinson
disease, Acta Neurol. Scand. 126 (2012) e29e33.

[14] A. Antonini, P. Odin, L. Lopiano, V. Tomantschger, C. Pacchetti, B. Pickut,
U. Gasser, D. Calandrella, F. Mancini, M. Zibetti, B. Minafra, I. Bertaina, P. Deyn,
C. Cras, E. Wolf, S. Spielberger, W. Poewe, Effect and safety of duodenal
levodopa infusion in advanced Parkinson's disease: a retrospective multi-
center outcome assessment in patient routine care, J. Neural Transm. 120
(2013) 1553e1558.

[15] O. Bajenaru, A. Ene, B.O. Popescu, J.A. Szasz, M. Sabau, D.F. Muresan, L. Perju-
Dumbrava, C.D. Popescu, A. Constantinescu, I. Buraga, M. Simu, The effect of
levodopa-carbidopa intestinal gel infusion long-term therapy on motor
complications in advanced Parkinson's disease: a multicenter Romanian
experience, J. Neural Transm. (Vienna) 123 (2016) 407e414.

[16] M. Buongiorno, F. Antonelli, A. Camara, V. Puente, O. de Fabregues-Nebot,
J. Hernandez-Vara, M. Calopa, B. Pascual-Sedano, A. Campolongo,
F. Valldeoriola, E. Tolosa, J. Kulisevsky, M.J. Marti, Long-term response to
continuous duodenal infusion of levodopa/carbidopa gel in patients with
advanced Parkinson disease: the Barcelona registry, Park. Relat. Disord. 21
(2015) 871e876.

[17] S.E. Palhagen, O. Sydow, A. Johansson, D. Nyholm, B. Holmberg, H. Widner,
N. Dizdar, J. Linder, T. Hauge, R. Jansson, L. Bergmann, S. Kjellander,

https://doi.org/10.1016/j.parkreldis.2017.09.018
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref1
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref1
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref2
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref2
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref2
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref2
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref3
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref3
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref3
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref4
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref4
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref4
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref5
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref5
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref5
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref5
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref6
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref6
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref6
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref6
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref7
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref7
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref7
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref7
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref7
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref7
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref8
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref8
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref8
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref8
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref8
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref8
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref8
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref8
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref9
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref9
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref9
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref9
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref9
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref9
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref9
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref10
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref10
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref10
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref10
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref10
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref10
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref11
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref11
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref11
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref11
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref11
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref12
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref12
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref12
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref12
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref12
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref13
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref13
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref13
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref13
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref13
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref14
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref14
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref14
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref14
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref14
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref14
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref14
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref15
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref15
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref15
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref15
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref15
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref15
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref16
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref16
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref16
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref16
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref16
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref16
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref16
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref17
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref17


A. Antonini et al. / Parkinsonism and Related Disorders 45 (2017) 13e2020
T.S. Marshall, Levodopa-carbidopa intestinal gel (LCIG) treatment in routine
care of patients with advanced Parkinson's disease: an open-label prospective
observational study of effectiveness, tolerability and healthcare costs, Park.
Relat. Disord. 29 (2016) 17e23.

[18] F. Valldeoriola, F. Grandas, D. Santos-Garcia, I. Regidor, M.J. Catalan,
J.M. Arbelo, V. Puente, P. Mir, J.C. Parra, Long-term effectiveness of levodopa-
carbidopa intestinal gel in 177 Spanish patients with advanced Parkinson's
disease, Neurodegener. Dis. Manag. 6 (2016) 289e298.

[19] M. Zibetti, A. Merola, C.A. Artusi, L. Rizzi, S. Angrisano, D. Reggio, C. De Angelis,
M. Rizzone, L. Lopiano, Levodopa/carbidopa intestinal gel infusion in
advanced Parkinson's disease: a 7-year experience, Eur. J. Neurol. 21 (2014)
312e318.

[20] O. MMaSS, Medical dictionary for regulatory activities (MedDRA), 2011.
Available at:, Version 14.0. https://med-dramsso.com.

[21] C.L. Tomlinson, R. Stowe, S. Patel, C. Rick, R. Gray, C.E. Clarke, Systematic re-
view of levodopa dose equivalency reporting in Parkinson's disease, Mov.
Disord. 25 (2010) 2649e2653.

[22] R.A. Hauser, P. Auinger, Determination of minimal clinically important change
in early and advanced Parkinson's disease, Mov. Disord. official J. Mov. Disord.
Soc. 26 (2011) 813.

[23] A. Antonini, V.S. Fung, J.T. Boyd, J.T. Slevin, C. Hall, K. Chatamra, S. Eaton,
J.A. Benesh, Effect of levodopa-carbidopa intestinal gel on dyskinesia in
advanced Parkinson's disease patients, Mov. Disord. 31 (2016) 530e537.

[24] J. Timpka, T. Fox, K. Fox, H. Honig, P. Odin, P. Martinez-Martin, A. Antonini,
K. Ray Chaudhuri, Improvement of dyskinesias with l-dopa infusion in
advanced Parkinson's disease, Acta Neurol. Scand. 133 (2016) 451e458.

[25] P. Martinez-Martin, P. Reddy, R. Katzenschlager, A. Antonini, A. Todorova,
P. Odin, T. Henriksen, A. Martin, D. Calandrella, A. Rizos, N. Bryndum, A. Glad,
H.S. Dafsari, L. Timmermann, G. Ebersbach, M.G. Kramberger, M. Samuel,
K. Wenzel, V. Tomantschger, A. Storch, H. Reichmann, Z. Pirtosek, M. Trost,
P. Svenningsson, S. Palhagen, J. Volkmann, K.R. Chaudhuri, EuroInf: a multi-
center comparative observational study of apomorphine and levodopa infu-
sion in Parkinson's disease, Mov. Disord. 30 (2015) 510e516.

[26] H. Honig, A. Antonini, P. Martinez-Martin, I. Forgacs, G.C. Faye, T. Fox, K. Fox,
F. Mancini, M. Canesi, P. Odin, K.R. Chaudhuri, Intrajejunal levodopa infusion
in Parkinson's disease: a pilot multicenter study of effects on nonmotor
symptoms and quality of life, Mov. Disord. 24 (2009) 1468e1474.

[27] A. Antonini, F. Mancini, M. Canesi, R. Zangaglia, I.U. Isaias, L. Manfredi,
C. Pacchetti, M. Zibetti, F. Natuzzi, L. Lopiano, G. Nappi, G. Pezzoli, Duodenal
levodopa infusion improves quality of life in advanced Parkinson's disease,
Neurodegener. Dis. 5 (2008) 244e246.

[28] A.E. Lang, R.L. Rodriguez, J.T. Boyd, S. Chouinard, C. Zadikoff, A.J. Espay,
J.T. Slevin, H.H. Fernandez, M.F. Lew, D.A. Stein, P. Odin, V.S.C. Fung,
F. Klostermann, A. Fasano, P.V. Draganov, N. Schmulewitz, W.Z. Robieson,
S. Eaton, K. Chatamra, J.A. Benesh, J. Dubow, Integrated safety of levodopa-
carbidopa intestinal gel from prospective clinical trials, Mov. Disord. 31 (2016)
538e546.

[29] M. Epstein, D.A. Johnson, R. Hawes, N. Schmulewitz, A.D. Vanagunas,
E.R. Gossen, W.Z. Robieson, S. Eaton, J. Dubow, K. Chatamra, J. Benesh, Long-
term PEG-j tube safety in patients with advanced Parkinson's disease, Clin.
Transl. Gastroenterol. 7 (2016) e159.

[30] A. Antonini, L. Bauer, E. Dohin, W.H. Oertel, O. Rascol, H. Reichmann,
M. Schmid, P. Singh, E. Tolosa, K.R. Chaudhuri, Effects of rotigotine trans-
dermal patch in patients with Parkinson's disease presenting with non-motor
symptoms - results of a double-blind, randomized, placebo-controlled trial,
Eur. J. Neurol. 22 (2015) 1400e1407.

http://refhub.elsevier.com/S1353-8020(17)30350-4/sref17
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref17
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref17
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref17
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref17
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref18
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref18
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref18
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref18
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref18
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref19
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref19
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref19
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref19
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref19
https://med-dramsso.com
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref21
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref21
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref21
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref21
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref22
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref22
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref22
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref23
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref23
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref23
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref23
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref24
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref24
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref24
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref24
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref25
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref25
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref25
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref25
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref25
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref25
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref25
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref25
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref26
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref26
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref26
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref26
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref26
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref27
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref27
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref27
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref27
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref27
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref28
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref28
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref28
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref28
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref28
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref28
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref28
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref29
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref29
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref29
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref29
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref30
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref30
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref30
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref30
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref30
http://refhub.elsevier.com/S1353-8020(17)30350-4/sref30

	Levodopa-carbidopa intestinal gel in advanced Parkinson's: Final results of the GLORIA registry
	1. Introduction
	2. Methods
	2.1. Study design
	2.2. Patients
	2.3. Efficacy
	2.4. Safety

	3. Results
	3.1. Efficacy
	3.2. Safety

	4. Discussion
	Study funding
	Author contributions and disclosures
	Co-investigator appendix
	Acknowledgements
	Appendix A. Supplementary data
	References


