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ABSTRACT: Motor complications in Parkinson’s
disease (PD) are associated with long-term oral levodopa
treatment and linked to pulsatile dopaminergic stimula-

tion. L-dopa-carbidopa intestinal gel (LCIG) is delivered
continuously by percutaneous endoscopic gastrojejunos-
tomy tube (PEG-J), which reduces L-dopa-plasma–level
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fluctuations and can translate to reduced motor compli-
cations. We present final results of the largest interna-
tional, prospective, 54-week, open-label LCIG study. PD
patients with severe motor fluctuations (>3 h/day “off”
time) despite optimized therapy received LCIG monother-
apy. Additional PD medications were allowed >28 days
post-LCIG initiation. Safety was the primary endpoint
measured through adverse events (AEs), device compli-
cations, and number of completers. Secondary endpoints
included diary-assessed off time, “on” time with/without
troublesome dyskinesia, UPDRS, and health-related qual-
ity-of-life (HRQoL) outcomes. Of 354 enrolled patients,
324 (91.5%) received PEG-J and 272 (76.8%) completed
the study. Most AEs were mild/moderate and transient;
complication of device insertion (34.9%) was the most
common. Twenty-seven (7.6%) patients withdrew
because of AEs. Serious AEs occurred in 105 (32.4%),
most commonly complication of device insertion (6.5%).
Mean daily off time decreased by 4.4 h/65.6% (P < 0.001).

On time without troublesome dyskinesia increased by
4.8 h/62.9% (P < 0.001); on time with troublesome dyski-
nesia decreased by 0.4 h/22.5% (P 5 0.023). Improve-
ments persisted from week 4 through study completion.
UPDRS and HRQoL outcomes were also improved
throughout. In the advanced PD population, LCIG’s safety
profile consisted primarily of AEs associated with the
device/procedure, L-dopa/carbidopa, and advanced PD.
LCIG was generally well tolerated and demonstrated clini-
cally significant improvements in motor function, daily
activities, and HRQoL sustained over 54 weeks. VC 2014
The Authors. Movement Disorders published by Wiley
Periodicals, Inc. on behalf of International Parkinson and
Movement Disorder Society.

Key Words: dyskinesia; infusion; levodopa-carbi-
dopa intestinal gel; “off” time; percutaneous endoscopic
gastrojejunostomy

Oral levodopa (L-dopa) is one of the most effective
therapies for Parkinson’s disease (PD).1-4 During early
disease stage, motor symptoms are well controlled with
3 to 4 daily doses. As PD progresses, however, oral L-
dopa’s effect may not be sustained between doses and
symptoms may re-emerge.3-6 Adjunctive therapies may
initially reduce the duration of motor complications
(i.e., decrease “off” time by approximately 1-2 hours
per day); however, dyskinesia and other adverse events
(AEs) increase.7-9 Oral L-dopa pharmacokinetic proper-
ties contribute to oscillations in plasma L-dopa levels,3-5

which may be compounded by variability of gastric
emptying and L-dopa absorption.10,11

Establishing stable plasma L-dopa levels may provide
more continuous dopaminergic stimulation, resulting
in decreased motor fluctuations.4,6

L-dopa-carbidopa
intestinal gel (LCIG) offers continuous drug delivery
and may provide a closer approximation of physiolog-
ical continuous dopaminergic stimulation through its
amelioration of plasma-level fluctuations, including
the depth and frequency of serum troughs.5 LCIG is
delivered continuously by portable pump through a
percutaneous endoscopic gastrojejunostomy (PEG-J)
tube,1,6,12 bypassing the stomach to eliminate variabil-
ity associated with gastric emptying,4,10 resulting in a
significant decrease in off time duration.5,12-15

The efficacy of LCIG as an adjunctive therapy was
evaluated in a double-blind, double-dummy, phase III
study, which showed a 4.0-hour reduction from baseline
in off time among patients randomized to LCIG and a
1.9-hour difference in off time reduction versus opti-
mized oral L-dopa (P 5 0.0015).15 Previous open-label
studies also showed statistically significant reductions in
off time and/or dyskinesia versus baseline.13,14,16-21

However, these studies were small by design, comprised

of 5 to 91 patients. This large study was designed to pro-
vide needed longer-term safety and efficacy results with
clinical applicability to an international patient popula-
tion with advanced PD. Furthermore, the study investi-
gated the initiation and maintenance of LCIG as
monotherapy, replacing adjunctive PD therapy.

Patients and Methods

The safety and efficacy of LCIG were evaluated in
patients with advanced PD experiencing motor fluctu-
ations despite optimized medical therapy in an open-
label, phase III, 12-month study (ClinicalTrials.gov:
NCT00335153). The study methodology has been
reported on22 and is summarized below. The study
protocol was approved by the institutional review
board/ethics committee at all 86 centers in 16 coun-
tries. All patients provided written informed consent.

Study Design

The study included a screening period (�28 days),
baseline assessments, a nasojejunal (NJ) titration
period (2-14 days), a PEG-J titration period (2-14
days), and a 54-week treatment period (Fig. 1A). The
starting infusion dose was based on each patient’s pre-
vious daily dose of oral L-dopa. Usage of other PD
medications that required tapering off was compen-
sated for at the investigator’s discretion. Patients were
hospitalized for NJ tube placement and initiation of
LCIG titration as well as PEG-J tube placement and
further dose optimization by PEG-J, if required. At the
end of titration, patients entered long-term PEG-J
treatment and assessments began on day 28. LCIG
was administered by a portable pump during waking
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hours; a morning dose/bolus was followed by continu-
ous infusion for approximately 16 hours with addi-
tional rescue doses during the day, if clinically
indicated. The use of oral immediate-release L-dopa-
carbidopa was permitted only when the pump was
turned off at night. Use of other PD medications was
permitted after 28 days post-LCIG initiation at the
investigator’s discretion. Apomorphine and controlled-
release L-dopa-carbidopa were not permitted.

Safety and tolerability provided the primary end-
point whereas efficacy assessments provided the sec-
ondary endpoints.

Patients

Eligible patients were �30 years old, L-dopa respon-
sive, met UK Parkinson’s Disease Society Brain Bank
diagnostic criteria, and had severe motor fluctuations
defined as �3 hours of daily off time at baseline (con-
firmed by the PD symptom diary), despite optimized
treatment with available PD medications.

Safety

Safety measures included AEs, infusion device com-
plications, and tolerability assessed by number of
patients completing the study. Laboratory results, vital
signs, and electrocardiogram (ECG) were monitored.

AEs were coded according to Medical Dictionary for
Regulatory Activities (MedDRA) version 14.0. Each event
could be coded to one or more terms descriptive of the
event. Planned hospitalization for baseline assessment and
treatment initiation was not considered a serious AE
(SAE) unless hospitalization was prolonged as a result of
complications. All AEs reported are treatment-emergent
AEs, which were defined as those that began or worsened
from the time of NJ tube insertion until 30 days after
PEG-J removal. AEs of special interest were monitored.
These were AEs associated with neuropathy, the proce-
dure and device (e.g., PEG-J placement), respiratory tract
aspiration, weight loss, and cardiovascular fatalities.

Efficacy

Efficacy outcomes included assessed mean change
from baseline to last visit in patient-diary off time,
“on” time with troublesome dyskinesia, and on time
without troublesome dyskinesia (on time without dys-
kinesia plus on time with nontroublesome dyskinesia,
i.e., does not interfere with function or cause meaning-
ful discomfort); the investigator-rated Clinical Global
Impression-Improvement (CGI-I) scale; the UPDRS23

Parts II, III, total score (Parts I–III), and the dyskinesia
items from Part IV (questions 32-34); the 39-item PD
Questionnaire (PDQ-39)24; the EuroQoL-5D (EQ-5D)
Summary Index25; and the EuroQoL visual analog
scale (EQ-VAS).26 Efficacy assessments were collected
during post-PEG-J weeks 4, 12, 24, and 54; PD diary
and CGI-I were also collected at post-PEG-J week 36.
PDQ-39 was administered during screening visit 1
rather than at baseline.

Patients were trained to record their motor states every
30 minutes throughout the waking day using a 24-hour
diary (Hauser diary)27 over the 3 consecutive days pre-
ceding baseline and each scheduled visit. PD diary varia-
bles were normalized to a 16-hour waking day and
averaged over the 3 consecutive days. At baseline, clini-
cians rated the severity of patients’ symptoms with the
Clinical Global Impression-Severity (CGI-S) scale. Dur-
ing treatment, clinicians used the CGI-I scale. The
UPDRS was administered by the investigator during the
best on state (usually 2-4 hours after the morning dose).

Statistical Analyses

Efficacy analyses included all patients who received
LCIG during the post-PEG-J period and completed �1
postbaseline efficacy assessment. Safety analysis included
all patients who had NJ placement and completed �1
postbaseline safety evaluation. The within-group

FIG. 1. (A) Study design. (B) Patient disposition.
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magnitude of change for all efficacy outcome measures
was tested using a one-sample t test. Multiple testing
procedures were not used to control for study-wise type I
error rate. Planned enrollment was 320 patients to pro-
vide a sufficient sample to satisfy regulatory require-
ments for exposure assessments at 6 and 12 months.

Results

Patient Disposition and Baseline Measures

Of 354 enrolled patients, 324 (91.5%) completed
the NJ phase and 272 completed the study (76.8% of
all patients enrolled, 84.0% of those who proceeded
to PEG-J treatment; Fig. 1B).

Eighty-two patients (23.2%) prematurely discontinued,
of whom 27 (7.6%) discontinued as the result of an AE.
Other reasons for withdrawal were administrative reasons
(4.0%; e.g., protocol-specified discontinuations for timely
study closure), major protocol violations (2.5%), lack of
efficacy (2.0%), and withdrawal of consent (7.1%; rea-
sons for withdrawal of consent were not collected).

At baseline, patients had a mean 6 standard devia-
tion (SD) age of 64.1 6 9.1 years, PD duration of
12.5 6 5.5 years, and off time of 6.75 6 2.35 hours
per day (Table 1). Ninety-four patients (26.6%) were
on L-dopa (or L-dopa derivative) monotherapy,
whereas 259 (73.2%) were receiving �2 PD medica-
tions (including L-dopa for all patients) in any combi-
nation (primarily dopamine agonists [55.4% of all
patients], amantadine [29.9%], and catechol-O-meth-
yltransferase (COMT) inhibitors [28.2%]), all of
which were discontinued before LCIG treatment.

Total Daily L-dopa Dose

All patients were converted to L-dopa-carbidopa
monotherapy based on the L-dopa component of their
previous PD therapy. On the last titration day (NJ or
PEG-J, whichever was a patient’s final titration
period), the mean total daily L-dopa dose was
1,547.4 mg, which included a mean of 1,537.0 mg
from LCIG; only 4.4% (15 of 338) of patients
received oral immediate-release L-dopa-carbidopa at
nighttime, with an average dose of 235 mg. Initial
titration during the NJ period was completed in a
mean of 4.5 6 2.2 days. The mean LCIG dose
remained relatively constant throughout the study,
ranging from 1,551.0 to 1,630.5 mg, depending on
time point, and was 1,572.4 mg at last visit (Support-
ing Fig. 1). In the post-PEG-J phase, 76.5% (n 5 248)
of patients received only L-dopa-carbidopa, as LCIG
with or without oral L-dopa-carbidopa, including
27.8% (n 5 90) who received LCIG monotherapy.
Among patients receiving adjunctive medications,
12.7% (n 5 41) received dopamine agonists, 9.6%
(n 5 31) amantadine, 3.7% (n 5 12) COMT inhibitors,
and 1.5% (n 5 5) monoamine oxidase (MAO)-B

TABLE 1. Baseline characteristics (n 5 354)

Characteristic Value

Age, years
Mean6 SD 64.16 9.1

Sex, males, n (%) 202 (57.1)
Race, n (%)
White 328 (92.7)
Asian 22 (6.2)
Black 4 (1.1)

Weight, kg
Mean6 SD 70.86 15.8
Median (range) 69.5 (39.7-123.0)

PD duration in years,
mean6 SD

12.56 5.5

L-dopa dose at screening,
mg/day, mean6 SD

1,082.96 582.1

PD medications, n (%)a

Number of PD medication classes received
One (all L-dopa or derivative alone) 94 (26.6)
Two 112 (31.6)
Three 87 (24.6)
More than three 60 (16.9)

Medication classes of those receiving �2
PD medications

L-dopa or derivatives 259 (73.2)
Dopamine agonists 196 (55.4)
COMT inhibitors 100 (28.2)
Amantadine 106 (29.9)
MAO-B inhibitors 45 (12.7)
Tertiary amines 11 (3.1)

Not recorded 1 (0.3)
Off time in hours/day,b

mean6 SD
6.756 2.35

On time without troublesome
dyskinesia in hours/day,b

mean6 SD

7.656 2.45

On time with troublesome
dyskinesia in hours/day,b

mean6 SD

1.616 2.03

CGI-S scale,b,c mean6 SD 4.856 0.84
UPDRS scores,d mean6 SD
Total (sum of Parts I, II and III)e 48.46 18.9
Part II (activities of daily living)f 17.46 6.6
Part III (motor symptoms)g 28.86 13.7
Part IV (dyskinesia items nos.
32, 33 and 34 only)e

3.76 2.4

PDQ-39 Summary Index score,h

mean6 SD
42.86 15.1

EQ-5D Summary Index score,i

mean6 SD
0.5886 0.195

EQ-VAS score,i mean6 SD 50.26 21.0

aSome patients’ medications were tapered and discontinued before base-
line; listed drug categories are those used by �3.0% of all patients.
bn 5 316.
cThe CGI-S is a 7-point Likert scale ranging from 1 (normal) to 7 (most ill).
dHigher UPDRS scores are associated with more disability.
en 5 292.
fn 5 293.
gn 5 291.
hn 5 320; Higher PDQ-39 scores are associated with more severe
symptoms.
in 5 318; Higher EQ scores are associated with better health.
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inhibitors (Supporting Table 1). At last visit, 27.8%
(n 5 88) of patients received immediate-release L-dopa-
carbidopa (mean total dosage: 174.6 mg/night).

Safety

AEs were reported in 166 (46.9%) patients during
the NJ period; the most common AEs were insomnia
(7.9%), complication of device insertion (7.3%), and
oropharyngeal pain (6.5%). During the post-PEG-J
period, 298 (92.0%) patients experienced AEs (Table
2). The most common were complication of device
insertion (34.9%), abdominal pain (31.2%), and pro-
cedural pain (20.7%). For the majority of subjects,
AEs were mild (18.5%) or moderate (43.8%) and
transient, with the highest incidence occurring during
week 1 post-PEG-J (Supporting Fig. 2), with 65.1% of
patients experiencing an AE at week 1 post-PEG-J,
compared with 24.4%, 15.4%, and 17.1% by weeks
2, 3, and 4, respectively. SAEs were reported in 105
(32.4%) patients; the most common included compli-
cation of device insertion (6.5%), abdominal pain
(3.1%), and peritonitis and polyneuropathy (each
2.8%; Table 2). There were no clinically meaningful
changes in laboratory values, vital signs, or ECG.

Among AEs of special interest, procedure-/device-
related AEs were reported for 68.5% of patients, primar-

ily complication of device insertion (33.6%), abdominal
pain (26.5%), procedural pain (20.4%), excessive granu-
lation tissue (15.4%), postoperative wound infection
(15.1%), incision-site erythema (12.7%), procedural-site
reaction (9.3%), postprocedural discharge (7.7%),
incision-site pain (6.2%), and pneumoperitoneum
(5.9%). There were no treatment-emergent cardiovascu-
lar fatalities. Aspiration-related AEs (14.8% of patients)
were primarily dyspnea (4.0%), pneumonia (3.1%), gas-
troesophageal reflux disease (2.2%), pyrexia (2.2%),
dysphagia (1.9%), and atelectasis (1.5%). Fourteen aspi-
ration events occurred within 7 days of initial PEG place-
ment and 3 within 7 days of tube replacement/
repositioning that required endoscopy. AEs related to
polyneuropathy (6.8% of patients) were coded to the fol-
lowing MedDRA preferred terms: polyneuropathy
(3.1% [which led to discontinuation for 1 patient]);
peripheral sensory neuropathy (0.9%); Guillain-Barr�e
syndrome-like neuropathy (coded as Guillain-Barr�e Syn-
drome; see Discussion; 0.6%); mononeuropathy (0.6%);
neuralgia (0.6%); neuropathy peripheral (0.6%); and
peripheral sensorimotor neuropathy (0.6%). Weight-
loss–related AEs occurred in 15.4% of patients.

Twenty-seven (7.6%) patients had an AE leading to
withdrawal, 5 during the NJ period, and 22 patients
post-PEG-J. Withdrawals during the NJ period were
the result of dysphagia, vomiting, and complication of
device insertion in 1 patient as well as pneumonia, QT
prolongation, anxiety, and hallucination (1 patient
each). In the post-PEG-J period, the most common
reasons were complication of device insertion (n 5 6),
abdominal pain (n 5 3), dyskinesia (n 5 2), death of
unknown etiology (n 5 2), and completed suicide
(n 5 2; both patients had a history of depression).
There were 8 subjects who had procedure-/device-
related AEs resulting in discontinuation.

A total of 8 deaths (2.3%) were reported; none were
considered treatment related. Seven of these deaths
occurred during the LCIG treatment period or within 30
days after PEG-J removal and included deaths attributed
to suicide (n 5 2), unknown etiology (n 5 2), multiple
complications (n 5 1), cerebrovascular accident (n 5 1),
and cachexia (n 5 1). One patient with a history of deep
vein thrombosis (DVT) died 93 days post-PEG-J removal
(i.e., not treatment emergent) as a result of DVT.

Device complications (i.e., related to device func-
tion, but not necessarily associated with an AE) were
reported for 87.0% of patients: intestinal tube compli-
cation (50.9%); pump or stoma complication (35.8%
each); and PEG-J or other complication (35.2% each).

Efficacy

Off time was significantly decreased from baseline
to last visit by 4.4 6 2.9 hours per day, or 65.6%
(P<0.001; Fig. 2 and Supporting Table 2). This
improvement was sustained throughout all post-PEG-J

TABLE 2. AEs and SAEs in the percutaneous endoscopic
gastrojejunostomy treatment period (n 5 324)

MedDRA Preferred Terma No. of Patients (%)

Any AE 298 (92.0)
AEs reported in �10%
Complication of device insertionb 113 (34.9)
Abdominal pain 101 (31.2)
Procedural pain 67 (20.7)
Nausea 54 (16.7)
Excessive granulation tissue 52 (16.0)
Postoperative wound infection 50 (15.4)
Fall 49 (15.1)
Constipation 47 (14.5)
Insomnia 44 (13.6)
Incision site erythema 42 (13.0)
Urinary tract infection 37 (11.4)

Any SAE 105 (32.4)
SAEs reported in �1%
Complication of device insertionb 21 (6.5)
Abdominal pain 10 (3.1)
Peritonitis 9 (2.8)
Polyneuropathy 9 (2.8)
PDc 8 (2.5)
Pneumoperitoneum 8 (2.5)
Hip fracture 6 (1.9)
Pneumonia 6 (1.9)
Device dislocation 5 (1.5)
Depression 4 (1.2)

aA single event could be coded to >1 preferred term.
bEvents with this term were most often additionally coded to abdominal
pain, abdominal discomfort, abdominal distension, flatulence, and
pneumoperitoneum.
cPatients requiring hospitalization or extended hospitalization resulting from PD.
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visits (weeks 4-54; P< 0.001). Similarly, on time with-
out troublesome dyskinesia increased by 4.8 6 3.4
hours per day, or 62.9% (P< 0.001), and on time
with troublesome dyskinesia decreased by 0.4 6 2.8
hours per day, or 22.5% (P 5 0.023). These improve-
ments were sustained at all visits (P<0.05).

On the CGI-I scale at end of treatment, 22.4% of
patients were “very much improved,” 55.5% “much
improved,” and 13.7% “minimally improved.” There
was no change for 3.1% of patients, whereas 2.8%
were “minimally worse,” 1.0% “much worse,” and
none were “very much worse.”

On the efficacy measures commonly associated with

function and health-related quality of life (HRQoL),
significant improvement (P< 0.001) was noted by week

4 of long-term treatment and was maintained through
the end of the study (Fig. 3). From baseline to last visit,

the mean change was 24.4 6 6.5 points for the UPDRS
Part II (activities of daily living), 10.064 60.203 points

for the EQ-5D Summary Index, and 114.0 6 24.8
points for the EQ-VAS. From screening to last visit, the

mean 6 SD change in the PDQ-39 Summary Index was
26.9 6 14.1 points. Seven of the eight PDQ-39

domains (except social support) showed statistically sig-
nificant mean improvements (Supporting Table 3).

Discussion

This prospective study provides long-term safety and
efficacy data for over 12 months in the largest cohort to
date of patients with advanced PD treated with LCIG.
Here, LCIG was initiated as monotherapy, replacing
both oral L-dopa and other adjunctive PD medications
in patients with PD who experienced severe motor com-
plications despite optimized pharmacological therapy.
Continuous infusion of LCIG throughout the day led to

significant improvements in off time of 24.4 hours per
day (65.6%), as assessed by patient-completed diary,
which were sustained throughout the 54-week trial.
This outcome is of a magnitude expected to be clinically
meaningful to patients, well beyond the 1-hour change
in off time deemed clinically important in the litera-
ture.28 Of note, the reduction in off time corresponded
to a significant increase in on time without troublesome
dyskinesia. Even with optimized LCIG, there was some
residual off time (approximately 2.5 hours in this
cohort), but both the physician- and patient-perceived
improvements were robust, with significant and endur-
ing improvements in motor function as assessed by the
UPDRS and CGI-I, as well as HRQoL as assessed by
the PDQ-39 and EuroQoL. In fact, HRQoL improve-
ments began as early as week 4 and were maintained
through the duration of the 54-week study period. Fur-
thermore, total daily dosing, after initial titration/opti-
mization, was stable throughout the study, suggesting
that patients do not develop tolerance to LCIG. More-
over, although adjunctive therapies were permitted
after 28 days, there was low use of these therapies and
76.5% of patients remained on L-dopa-carbidopa
monotherapy. This is valuable given that it simplifies
patient treatment regimens and could decrease AEs
resulting from multiple dopaminergic medications.

The most common AEs in this study were associated
with device insertion, were generally transient, and
decreased substantially after the first week post-PEG-J
tube placement. Device complications were most com-
mon in the first week after PEG-J placement. In the NJ
phase, insomnia may have been related to causes includ-
ing hospitalization itself and was deemed not related to
the system in the majority of cases. SAEs occurred in
105 (32.4%) patients; the most common included com-
plication of device insertion (6.5%), abdominal pain
(3.1%), and peritonitis and polyneuropathy (each
2.8%). There were 2 SAEs of suicide, both in subjects
under the age of 65 with a medical history of depres-
sion; neither reported suicidal ideation, but patients
with PD as a group are at increased risk of suicide (by
5.3-fold in one study),29 and clinically relevant depres-
sion has been reported in 35% of patients with PD.30 In
a study employing multivariable regression, the only
factor associated with suicidal ideation or behavior in
advanced PD was severity of depression,31 so physicians
should be vigilant about the emotional state of all
patients with advanced PD. Considering the patient
population in our study (mean 64.1 years old, mean PD
duration of 12.5 years; baseline CGI-S of “markedly
ill” or worse for approximately two thirds), the proce-
dure was generally well tolerated with few discontinua-
tions resulting from AEs (7.6%). Of the 272 subjects
who completed this study, 203 (74.6%) enrolled in the
extension study, 66 (24.3%) transitioned to commercial
LCIG, and 3 (1.1%) discontinued treatment.

FIG. 2. Mean 6 SD daily “off” and “on” times as assessed by a Parkin-
son’s disease diary. *P < 0.05; **P < 0.01; ***P<0.001 versus baseline.
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To further examine procedure-related AEs, an adju-
dication committee consisting of independent expert
gastroenterologists reviewed treatment-emergent AEs
and SAEs categorized as “procedure and device-
associated events” in the ongoing LCIG phase III pro-
gram, including this study. The committee found that
the rate of gastrointestinal AEs was generally consist-
ent with ranges reported in the literature32,33 for the
PEG-J procedure.34

Patients with PD are at increased risk of neuropa-
thy. The cause of this is uncertain, but it has been sug-
gested that it may be related to the metabolic effects
of long-term L-dopa therapy.35 The rate in our study
is consistent with reports in the literature for patients
with PD receiving L-dopa.36 In the LCIG phase III pro-
gram, an independent committee adjudicated cases
associated with polyneuropathy and determined that
the cases observed were predominantly subacute or
chronic, the severity mild to moderate, the phenotype
sensory or sensorimotor, and the neurophysiology was

typically consistent with axonal polyneuropathy.37 No
patients were deemed to fulfill the criteria for
Guillain-Barr�e syndrome despite 2 AEs being coded as
Guillain-Barr�e syndrome. Although neuropathy screen-
ing and monitoring was not standardized at the outset,
decreased vitamin B6, vitamin B12, folic acid, and
increased homocysteine and methylmalonic acid
appear to have emerged as risk factors for polyneurop-
athy,36,38 and measurements at baseline and every 3
months were added by amendment to the LCIG phase
III protocols. Future prospective studies examining the
incidence of neuropathy would be valuable.

The open-label design of this trial and lack of a con-
trol group are study limitations, in that the potential
contributions of placebo effect cannot be assessed.
However, the present trial is the largest sample of
LCIG-treated patients studied worldwide thus far,
which is a key strength. Moreover, these results dem-
onstrate the maintenance of LCIG effects over 12
months, which is consistent with the recently reported

FIG. 3. Mean 6 SD changes from baseline on other efficacy measures including function and health-related quality of life. aBaseline value from
screening. ***P < 0.001 versus baseline, one-sample t test.
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12-week, double-blind, double-dummy, phase III study
comparing LCIG with optimized oral immediate-
release L-dopa-carbidopa (both treatments concomi-
tant with unchanged adjunctive therapies).15 The
double-blind study showed that the difference in off
time decrease was significant at 21.91 hours
(P 5 0.0015; least squares [LS] mean of 24.04 hours
for LCIG [n 5 35] vs. 22.14 hours for oral L-dopa-
carbidopa [n 5 31] over an “optimized” baseline).
Also in line with our study, the median CGI-I end-
point score was “much improved” for LCIG versus
“minimally improved” for oral therapy, the mean
UPDRS Part II score changed by 21.8 points (LS
mean) in the LCIG arm (3.0-point improvement over
oral therapy; P 5 0.0086), and the PDQ-39 Summary
Index score changed by 210.9 points (LS mean) with
LCIG (7-point improvement over oral therapy;
P 5 0.0155).

Safety results in the double-blind study were consist-
ent with our study. The most common AEs were
related to the procedure, device, oral L-dopa, or under-
lying disease, most commonly abdominal pain (42%),
procedural pain (32%), and nausea (25%). AEs were
generally mild to moderate and declined within the
first 2 weeks following the PEG-J procedure. Gastroin-
testinal AEs were typical for a PEG-J procedure.

Continuous drug delivery is integral to the therapeu-
tic profile of LCIG. In countries where it is approved,
LCIG is indicated for the treatment of advanced L-
dopa-responsive PD with severe motor fluctuations
and dyskinesia when available combinations of oral
PD medications have not given satisfactory results.39

In this setting, the restricted mean duration of LCIG
treatment in Sweden was approximately 7.8 years;
60% of patients were ongoing, and the most common
reason for discontinuation was death (unrelated to
LCIG).40 Furthermore, when LCIG is initiated, the
large majority of patients do not require adjunctive
agents and can be maintained on L-dopa-carbidopa
monotherapy, facilitating dose adjustment for efficacy
or managing AEs14 and simplifying patients’ therapeu-
tic regimens. Overall, our safety and efficacy results
are further reinforced by results from these and other
LCIG studies that have been systematically compiled
and published.41

Apomorphine infusion and DBS are also associated
with significant reductions in off time and with
HRQoL improvements.13,42-50 LCIG will provide
another treatment option for patients with motor
complications despite optimized therapy, offering an
additional treatment option suiting patient-specific
needs and contraindications.50

In summary, in this long-term, open-label study,
LCIG demonstrated sustained, significant, and clini-
cally meaningful improvements not only in motor
complications, but also in HRQoL in advanced PD.

LCIG was associated with robust improvements in off
and on time, at a consistent mean daily dose through-
out the study period, and without worsening dyskine-
sia throughout 54 weeks. As assessed by the low rate
of study withdrawal resulting from AEs (7.6%), LCIG
was generally well tolerated. Nonetheless, 92% of the
patients reported �1 AE, most commonly associated
with PEG-J tube placement during the first week post-
PEG-J placement. LCIG provides an effective thera-
peutic option for advanced PD patients with severe
motor complications despite optimized oral pharmaco-
logic therapy.
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