
Clinical Parkinsonism & Related Disorders 2 (2020) 25–34

Contents lists available at ScienceDirect

Clinical Parkinsonism & Related Disorders

j ourna l homepage: www.e lsev ie r .com/ locate /prdoa
A post hoc comparison of levodopa-carbidopa intestinal gel daytime
monotherapy vs polytherapy safety and efficacy in patients with advanced
Parkinson's disease: Results from 6 phase 3/3b open-label studies
James T. Boyd a,⁎, Cindy Zadikoff b, Janet A. Benesh b,1, Jorge Zamudio b, Weining Z. Robieson b, Pavnit Kukreja b,
Masayuki Yokoyama c, Mustafa S. Siddiqui d
a Department of Neurological Sciences, University of Vermont Larner College of Medicine, 1 South Prospect Street, UHC – Arnold 2, Burlington, VT 05401, USA
b AbbVie, Inc., 1 Waukegan Rd, North Chicago, IL 60064, USA
c AbbVie, Inc., 3-1-21 Shibaura, Minato-ku, Tokyo 108-6302, Japan
d Department of Neurology, Wake Forest School of Medicine, 475 Vine Street, Winston-Salem, NC 27101, USA
⁎ Corresponding author at: Department of Neurological
Larner College of Medicine, 1 South Prospect Street, UHC –
USA.

E-mail addresses: James.Boyd@health.org, (J.T. Boyd), c
(C. Zadikoff), beneshja@outlook.com, (J.A. Benesh), jorge.z
(J. Zamudio), weining.z.robieson@abbvie.com, (W.Z. Robie
pavnit.kukreja@abbvie.com, (P. Kukreja), masayuki.yokoyam
, mssiddiq@wakehealth.edu. (M.S. Siddiqui).

1 JAB was an employee of AbbVie, Inc. at the time of the

http://dx.doi.org/10.1016/j.prdoa.2019.12.001
2590-1125/©2019 AbbVie Inc.. Published by Elsevier
under the CC BY-NC-ND license (http://creativecommo
A B S T R A C T
A R T I C L E I N F O
Article history:
Received 17 July 2019
Received in revised form 25 October 2019
Accepted 2 December 2019
Available online 11 December 2019
Introduction: As Parkinson's disease (PD) progresses, the number/frequency of PDmedications tend to increase, which
is correlatedwith decreased patient compliance and suboptimal control of PD symptoms. We investigated efficacy and
safety of levodopa-carbidopa intestinal gel (LCIG) daytime monotherapy (with or without nighttime oral levodopa-
carbidopa) compared with polytherapy (LCIG with≥1 adjunctive PD therapy) in advanced PD patients.
Methods: This post hoc descriptive study compared LCIG stable daytime monotherapy with LCIG stable polytherapy in
all six phase 3/3b open-label studies from both US and international sites; because of study design variability, pooling
data for comparison was not appropriate. Efficacy assessments included PD diary data (mean change from baseline in
“Off” time and “On” time with or without troublesome dyskinesia), mean Unified PD Rating Scale scores (Parts II and
III), and 39-item Parkinson's Disease Questionnaire (PDQ-39) summary index. Adverse events were also assessed.
Results: Overall, LCIG daytime monotherapy and polytherapy demonstrated similar efficacy/safety profiles in ad-
vanced PD patients, regardless of treatment duration or population. LCIG monotherapy vs. polytherapy groups expe-
rienced similar mean decreases in “Off” time (4.6 vs. 4.1 h/day) and similar increases in “On” time without
troublesome dyskinesia (4.6 vs. 4.1 h/day). Inmost studies, PDQ-39 summary index scores were reduced frombaseline
by≥5 points, regardless of patient population or study duration. Adverse events not related to the procedure/device
were similar in both groups.
Conclusion:Our data suggest that, for appropriate patients, LCIGmonotherapy can provide amore simplified treatment
option with similar efficacy and safety.
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1. Introduction

Levodopa therapy remains the gold standard formanagingmotor symp-
toms of earlier stages of Parkinson's disease (PD) [1–4]. However, long-
term use (4 to 10 years or longer) of intermittent oral levodopa is associated
with disabling motor fluctuations between “On” time (when medication is
providing benefit regarding mobility, slowness, and stiffness) and “Off”
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time (when medication has worn off and is no longer providing benefit
regarding mobility, slowness, and stiffness), and levodopa-induced dyski-
nesia [5–7]. Adjusting levodopa dose and administration frequency to opti-
mize treatment of levodopa-related motor symptoms can be challenging
because of the short half-life of levodopa and the pulsatile stimulation of
the dopaminergic system that occurs with oral administration [1]. In addi-
tion, treating motor complications in PD often requires using levodopa in
combination with multiple adjunctive therapies, including monoamine ox-
idase B inhibitors, dopamine agonists, and catechol-O-methyltransferase in-
hibitors [8]. Most adjunctive therapies initially reduce motor fluctuations,
providing modest benefit, but can be associated with increased dyskinesia
and risk of other adverse effects [9]. As PD progresses, the number and fre-
quency of PD medications tend to increase, which correlates with reduced
patient compliance and suboptimal control of PD symptoms [10,11].

Continuous dopamine receptor stimulation from stabilized levodopa
plasma levels can provide relief from Parkinsonian symptoms and reduce
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motor complications [12–15]. Levodopa-carbidopa intestinal gel (LCIG,
designated in the United States as carbidopa-levodopa enteral suspension
and in Japan as ABT-SLV187, referred to as LCIG from here on for the pur-
poses of this report) is continuously delivered via percutaneous endoscopic
gastrojejunostomy tube (PEG-J) and portable infusion pump. LCIG provides
physiologically continuous dopaminergic stimulation. Results from multi-
ple phase 3/3b studies demonstrate markedly reduced motor complica-
tions, including improvements from baseline in “Off” time by ≥3 h,
improved non-motor symptoms, and improved quality of life in patients
with advanced PD being treated with LCIG [8,16–19]. The clinically mean-
ingful benefits of LCIG were maintained in a long-term, open-label,
extended-access trial with a mean follow-up of 4.1 years, the longest pro-
spective, multinational study of LCIG safety and efficacy to date [17].
Patient populations in four of the six aforementioned studies were predom-
inantly white. However, similar efficacy and safety results have also been
reported in Asian patients with PD [20,21].

The use of LCIG as a daytime monotherapy (with or without nighttime
oral levodopa) has the potential to reduce pill burden. Using data from six
studies (five phase 3 studies including extension studies and one phase 3b
study), we investigated the efficacy and safety of stable LCIG daytime
monotherapy (with or without nighttime oral levodopa-carbidopa) com-
pared with stable polytherapy (LCIG with ≥1 adjunctive anti-PD therapy)
in patients with advanced PD.
Fig. 1. Schematic of patient groups in five phase 3 trials and one phase 3b trial. (A) Pati
then continued/began LCIG treatment in a 52-week open-label extension study; results
extended-access-to-treatment study. In the extended-access study, the change from initial
study) to the extended-access endpoint (average LCIG treatment of 4.1 years) or the chan
3 years) was assessed. (B) Results from a 60-week open-label study in patients treated w
and its open-label extension study. AOLE, ongoing, open-label extension study in patient
Asian patients; LCIG, levodopa-carbidopa intestinal gel; levodopa-carbidopa immediate-r
tended-access study in patients who completed participation in OLE or OLS; OLE, 52-we
ble-blind, double-dummy study in which patients continued to receive LCIG or switche
single-arm, open-label, 2-part, phase 3b study; SD, standard deviation. *study allowed s
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2. Methods

2.1. Study design

This post hoc descriptive comparison study was performed on data col-
lected from five phase 3 and one phase 3b studies that assessed the long-
term safety and tolerability of LCIG (Fig. 1). The studies include (1) a 52-
week open-label extension study (NCT00360568), herein referred to as
OLE [16], in patients who previously completed a 12-week double-blind,
double-dummy study (NCT00660387/NCT0357994) [8], inwhich patients
continued to receive LCIG or switched from oral levodopa-carbidopa imme-
diate-release (LC-IR) to LCIG [16]; (2) a 54-week open-label study of LCIG
(NCT00335153), herein referred to as OLS [18]; (3) an ongoing open-label
phase 3 extended-access study (NCT00660673), herein referred to as OLA,
in patients who completed participation in OLE or OLS (OLS patients in
Canada completed ≥6 months of LCIG treatment); (4) a 60-week, single-
arm, open-label, 2-part, phase 3b study (NCT01736176), herein referred
to as P3b; (5) a 12-week, open-label, single-arm study of LCIG in Asian pa-
tients (NCT01960842), herein referred to as AOLS; and (6) an ongoing,
open-label extension study (NCT02082249), herein referred to as AOLE,
in patients who participated in AOLS. AOLE comprised two periods: part
1 (52 weeks of LCIG treatment) and part 2 (after the initial 52 weeks;
data not discussed herein).
ents who began LCIG or oral levodopa-carbidopa treatment in a 12-week study and
from a 54-week open-label study for patients treated with LCIG; and results from an
LCIG treatment (in either the 12-week double-blind study or the 54-week open-label
ge from the extended-access study baseline to endpoint (average LCIG treatment of
ith LCIG. (C) Results from a 12-week open-label study in patients treated with LCIG
s who participated in AOLS; AOLS, 12-week, open-label, single-arm study of LCIG in
elease, immediate-release levodopa-carbidopa; OLA, ongoing open-label phase 3 ex-
ek open-label extension study in patients who previously completed a 12-week dou-
d from oral LC-IR to LCIG; OLS, 54-week open-label study of LCIG; Pb3, 60-week,
ome form of concomitant anti-Parkinson's disease medication.

Image of Fig. 1
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These studies were conducted in accord with the Good Clinical Practice
guidelines as defined by the International Council on Harmonisation, the
Declaration of Helsinki, and all applicable federal and local regulations, in-
cluding the European Union Clinical Trials Directive. Study protocols and
informed consent documents were approved by independent ethics com-
mittees and/or institutional review boards.
2.2. Patients

Eligible patients were adults aged 30 years or older who had levodopa-
responsive advanced PD who met United Kingdom Parkinson's Disease So-
ciety Brain Bank diagnostic criteria and whose daily “Off” time was uncon-
trolled by available PD medical therapy. Patients enrolled in OLS, P3b, and
AOLS were required to have≥3 h of “Off” time per day. In the initial stud-
ies (prior to enrolling in the OLE, OLA, or AOLE extension studies), patients
were required to have ≥3 h of “Off” time. Patients were excluded if they
had clinically significant issues (medical, laboratory, psychiatric, or surgi-
cal) at baseline that the investigator determined could interfere with partic-
ipation in the study or if patients had significant cognitive impairment or
dementia defined as Mini-Mental State Examination total score < 24 at
screening visit 1.
2.3. Treatment

2.3.1. LCIG dosing
LCIG is supplied as a homogenous suspension of 20 mg/mL levodopa

and 5 mg/mL carbidopa in an aqueous sodium carboxymethylcellulose
gel. All patients received LCIG daytime therapy for approximately
16 h/day. OLS, P3b, and AOLS starting LCIG dose was based on each
patient's oral levodopa dose before start of LCIG. OLE baseline LCIG dose
was based on each patient's optimized oral levodopa dose prior to the 12-
week double-blind study and re-titrated as needed before initiation of
OLE. Initial LCIG dose in OLA was based on each patient's dose at the end
of OLE or OLS. AOLS patients continued into AOLE part 1 at their current
LCIG dose. The total daily infusion dose included the individually adjusted
morning dose, continuous dose, and extra doses.
2.3.2. Adjunctive therapies
Use of oral levodopa-carbidopa immediate- or controlled-release

formulations was permitted when the pump was turned off at night or for
rescue therapy. Adjunctive PD therapies (e.g. dopamine agonists, catechol-
O-methyltransferase inhibitors, or monoamine oxidase B inhibitors) could
be tapered off after LCIG initiation in OLE; were only allowed after week 4
in OLS; were withheld in OLA unless deemed medically appropriate by the
investigator; were required to be discontinued prior to LCIG initiation in
P3b; and were required to be tapered and/or discontinued in AOLS, which
continued into AOLE. However, in AOLE, physicians were allowed to add
back concomitant PD medications if these were deemed medically
necessary.
2.4. Assessments

2.4.1. Efficacy assessments
In all studies, efficacy was assessed using the Parkinson's Disease Diary

(PD Diary), UPDRS, and PDQ-39. Efficacy outcomes included mean (SD)
change from baseline (before study treatment) to last visit in “Off” time;
“On” time without troublesome dyskinesia; “On” time with troublesome
dyskinesia; mean UPDRS scores for part II (activities of daily living), part
III (motor examination), and part IV (complications of therapy including
dyskinesia); and PDQ-39 summary index score (quality of life). In OLA,
both mean (SD) change from baseline before initial LCIG treatment and
mean (SD) change from OLA baseline were determined. UPDRS was com-
pleted during the “On” state (~2 to 4 h after morning LCIG dose).
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2.4.2. Safety assessments
Incidence of treatment-emergent adverse events (AEs), severity, and po-

tential relationshipwith treatment were recorded from the first day of LCIG
infusion to 30 days after PEG-J removal for patientswho did not continue in
an extension study or commercial LCIG, or until the first treatment dose in
the extension study. The Medical Dictionary for Regulatory Activities
(MedDRA) preferred term was used to code AEs.

2.5. Statistical analysis

Efficacy analysis included all patients who received LCIG and had a
baseline and≥1 post-baseline efficacy or quality-of-life assessment. Safety
analysis included all patients who received LCIG in OLE; all patients who
had nasojejunal (NJ) tube placement in OLS; all patients who had ≥1
LCIG dose inOLA; all patientswho had PEG-J placement in P3b; all patients
who had NJ placement in AOLS; and all patients who received≥1 LCIG in-
fusion in AOLE. In this post hoc analysis, patients were stratified into 2
groups: those who were on stable LCIG daytime monotherapy (with or
without nighttime oral levodopa-carbidopa) and those who were on stable
polytherapy (LCIG with≥1 or more adjunctive anti-PD therapy). Descrip-
tive statistics are presented for all data; because of the post hoc, non-
randomized nature of the 2 groups, more advanced statistical comparisons
were not performed. Because of the variability in study design (including
eligibility criteria, duration of therapy, and use of adjunctive therapy),
pooling the data for comparison was not appropriate.

3. Results

3.1. Patient baseline demographics

Demographics and baseline characteristics are summarized by therapy
status in Table 1. In OLE, 30 patients were on stable LCIG daytime mono-
therapy (15 patients who received LCIG in the double-blind study [LCIG/
LCIG] and 15 patients who received oral levodopa in the double-blind
study [Oral/LCIG]) and 32 patients were on stable LCIG polytherapy (18
patients in the LCIG/LCIG group and 14 patients in the Oral/LCIG group).
In OLS, of the 324 patients who had PEG-J placement, 248 (76%) were
on stable LCIG daytime monotherapy (90/248 [36%] received LCIG only
with no nighttime oral levodopa), and 76 (24%) were on stable LCIG
polytherapy. A total of 262 patients from OLE and OLS continued LCIG
treatment in OLA (164 [63%] on stable LCIG daytime monotherapy and
98 [37%] on stable LCIG polytherapy). Thirty-one of 39 patients in P3b
and 29 of 31 patients in AOLS were on stable LCIG daytime monotherapy.
In AOLE, 16 patients (53%) continued stable LCIG daytime monotherapy
and 14 patients (47%) were on stable LCIG polytherapy. Patient distribu-
tion by age, sex, and PD duration were similar between monotherapy and
polytherapy groups in OLE, OLS, OLA, P3b, and AOLE. Across all studies,
themajority of patients weremale, with the exception of AOLS; the average
age was between 59 and 78 years; and the average PD duration was be-
tween 9.5 and 16 years.

A variety of concomitant anti-PD medications were used across studies.
The most commonly used concomitant medications overall in each study
were dopamine agonist in OLE; amantadine, pramipexole, ropinirole, and
entacapone in OLS; amantadine, pramipexole, ropinirole, entacapone,
and rasagiline in OLA; entacapone in P3b; entacapone, amantadine,
ropinirole, zonisamide, rotigotine, and benserazide/levodopa in AOLS;
and rotigotine, amantadine, pramipexole, ropinirole, trihexyphenidyl,
cabergoline, istradefylline, and selegiline in AOLE.

3.2. Total daily levodopa dose

With LCIG treatment, the average total daily levodopa dose in-
creased to a similar degree in all studies and groups (Table 2). Across
the studies, the average increase in daily levodopa dose ranged from
−105.8 mg to 680.1 mg. The largest increase in average daily levodopa
dose occurred in the 60-week P3b study. Details regarding doses of non–



Table 1
Baseline demographics by therapy status (safety population).

Parameter Mean (SD)a

OLE OLS OLA P3b AOLS AOLE

LCIG/LCIG
Mono
(n = 15)

Oral/LCIG
Mono
(n = 15)

LCIG/LCIG
Poly
(n = 18)

Oral/LCIG
Poly
(n = 14)

LCIG
Mono
(n = 248)

LCIG
Poly
(n = 76)

LCIG Mono
(n = 164)

LCIG
Poly
(n = 98)

LCIG
Mono
(n = 31)

LCIG
Poly
(n = 8)

LCIG
Mono
(n = 29)

LCIG
Poly
(n = 2)

LCIG
Mono
(n = 16)

LCIG
Poly
(n = 14)

Age, years 64.2 (9.1) 66.3 (5.7) 62.5 (9.3) 62.6 (7.3) 64.8 (8.9) 62.6
(9.1)

64.5 (8.5) 63.5
(9.5)

64.7
(10.0)

62.6
(11.5)

60.5
(9.8)

78 (7.1) 61.6
(7.8)

59.1
(11.5)

PD
duration,
years

10.7 (4.9) 12.7 (6.3) 9.5 (4.9) 10.0 (4.8) 12.1 (5.2) 13.3
(6.4)

11.3 (5.2) 11.6
(5.6)

12.3
(5.2)

8.5 (5.2) 12.1
(5.1)

16 (2.3) 10.6
(4.0)

13.9
(5.5)

Sex, n (%)
Male 10 (66.7) 10 (66.7) 13 (72.2) 11 (78.6) 139 (56.0) 46

(60.5)
101 (61.6) 61

(62.2)
18
(58.1)

5 (62.5) 12
(41.4)

0 7 (43.8) 6 (42.9)

Female 5 (33.3) 5 (33.3) 5 (27.8) 3 (21.4) 109 (44.0) 30
(39.5)

63 (38.4) 37
(37.8)

13
(41.9)

3 (37.5) 17
(58.6)

2 (100) 9 (56.3) 8 (57.1)

AOLE ongoing, open-label extension study in patients who participated in AOLS, AOLS 12-week, open-label, single-arm study of LCIG in Asian patients, LCIG levodopa-
carbidopa intestinal gel, Mono monotherapy, OLA ongoing open-label phase 3 extended-access study in patients who completed participation in OLE or OLS, OLE 52-
week open-label extension study in patientswho previously completed a 12-week double-blind, double-dummy study inwhich patients continued to receive LCIGor switched
from oral levodopa-carbidopa immediate-release to LCIG,OLS 54-week open-label study of LCIG, Pb3 60-week, single-arm, open-label, 2-part, phase 3b study, PD Parkinson's
disease, Poly polytherapy, SD standard deviation.
a Data are presented as mean (SD), unless otherwise noted.

Table 2
Parkinson's disease medication profile by study.

OLE (52 weeks) Mean (SD) daily levodopa dose, mg

Baselinea (n = 62) Post titrationb (n = 62) Change

Patient groupc

LCIG/LCIG monotherapy (n = 15) 950.0 (316.8) 1331.7 (346.9) 381.7
Oral/LCIG monotherapy (n = 15) 1293.3 (571.3) 1706.5 (656.7) 413.2
LCIG/LCIG polytherapy (n = 18) 1091.7 (427.1) 1329.1 (530.9) 237.4
Oral/LCIG polytherapy (n = 14) 1035.7 (317.7) 1594.8 (689.5) 559.1

OLS (54 weeks) Baselined (n = 322) Post titration (n = 324) Change
Total levodopa dose, mg

LCIG monotherapy (n = 248) 1084.8 (578.3) 1523.8 (530.6) 439
LCIG polytherapy (n = 76) 1114.7 (594.7) 1510.4 (589.8) 395.7

OLA (average treatment 4.1 years) Initial titratione (n = 71) Endpoint (n = 71) Change
Total levodopa dose, mg

LCIG monotherapy (n = 40) 1578.6 (647.1) 1763.4 (617.6) 184.8
LCIG polytherapy (n = 31) 1599.4 (666.7) 1808.2 (937.1) 208.8

P3b (60 weeks) Screeningf (n = 39) Finalg (n = 37) Change
Total levodopa dose, mg

LCIG monotherapy (n = 31) 1028.8 (647.9) 1708.9 (705.9) 680.1
LCIG polytherapy (n = 8) 1184.4 (860.3) 1789.2 (729.2) 604.8

AOLS (12 weeks) Last titration dayh (n = 30) Last visit (n = 30) Change
Total levodopa dose, mg

LCIG monotherapy (n = 28) 1139.9 (597.15) 1217.9 (493.3) 78
LCIG polytherapy (n = 2) 789.4 (267.88) 1363.3 (387.5) 573.9

AOLE (52 weeks) Initial study dosei (n = 30) Last visit (n = 30) Change
Total levodopa dose, mg

LCIG monotherapy (n = 16) 1287.4 (713.3) 1181.6 (569.9) −105.8
LCIG polytherapy (n = 14) 984.3 (363.3) 1023.0 (342.2) 38.7

AOLE ongoing, open-label extension study in patients who participated in AOLS, AOLS 12-week, open-label, single-arm study of LCIG in Asian patients, LCIG levodopa-
carbidopa intestinal gel, NJ nasojejunal, OLA ongoing open-label phase 3 extended-access study in patients who completed participation in OLE or OLS, OLE 52-week
open-label extension study in patients who previously completed a 12-week double-blind, double-dummy study in which patients continued to receive LCIG or switched
from oral levodopa-carbidopa immediate-release to LCIG, OLS 54-week open-label study of LCIG; Pb3 60-week, single-arm, open-label, 2-part, phase 3b study, SD standard
deviation.
a Oral levodopa prior to 12-week double-blind study.
b Levodopa dose was captured after titration was complete. The final levodopa dose at the end of the study was not captured.
c In the initial 12-week double-blind study, patients either received LCIG (defined as LCIG/LCIG) or oral levodopa-carbidopa (Oral/LCIG); both groups received LCIG in the

open-label extension study. The number of patients in each group reflects the monotherapy/polytherapy status during the extension study.
d Oral levodopa prior to NJ placement. Two patients' baseline Parkinson's disease medications were not recorded because of a data-capturing issue.
e Indicates dose following titration in first study treated with LCIG. Dosing data were collected in 71 of 262 patients.
f Oral levodopa taken on the day before the first LCIG treatment.
g Only patient dosing diaries with≥12.8 h of pump operation after LCIG dose optimizationwere included in the analysis. LCIGmonotherapy n=30, LCIG polytherapy n=7.
h Oral levodopa taken on the day before LCIG initiation.
i AOLS patients continued into AOLE Part 1 at their current LCIG dose.
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levodopa-based PD therapies were not consistently available among the
various studies to allow comparison analysis of levodopa-equivalent
daily dosing between groups.

3.3. Efficacy

On average, regardless of study duration or patient population, both
LCIG monotherapy and polytherapy groups experienced a decrease in
“Off” time of ≥4 h per day and an increase in “On” time without trouble-
some dyskinesia of ≥4 h per day (Fig. 2). The average reduction in “Off”
time for LCIG daytime monotherapy across all studies was 4.6 h per day,
comparedwith polytherapy, whichwas 4.1 h per day. The average increase
in “On” time without troublesome dyskinesia for LCIG daytime monother-
apy vs. polytherapywas 4.6 and 4.1 h per day, respectively. The average de-
crease in “On” time with troublesome dyskinesia for LCIG daytime
monotherapy was 0.3 h per day, compared with polytherapy, which was
0.2 h per day.

Changes from baseline in Unified PD Rating Scale (UPDRS) part II (self-
evaluation of activities of daily living) and part III (clinician-scored motor
evaluation) scores were similar for patients on LCIG daytime monotherapy
comparedwith polytherapy (Table 3). In OLE, OLS, P3b, and AOLS, UPDRS
parts II and III scores decreased from baseline in both LCIG monotherapy
and polytherapy treatment groups. However, from before initial LCIG in
OLE/OLS to the last visit in OLA (average duration of 4.1 years), mean
± standard deviation (SD) change in UPDRS part II was 1.8 ± 7.7 and
4.7 ± 7.6 points for LCIG monotherapy and polytherapy, respectively;
part III scores increased similarly in both groups. Similarly, in AOLE,
mean change from baseline in UPDRS Part II and III scores was minimal
in the LCIG monotherapy group and scores worsened in the polytherapy
group, respectively.

Overall, the average improvements from baseline in quality of life were
similar in LCIGdaytimemonotherapy andpolytherapy groups in all studies,
with the exception of OLA (Table 3). The 39-item Parkinson's Disease Ques-
tionnaire (PDQ-39) summary index scores were reduced by ≥5 points, re-
gardless of patient population or study duration frombaseline to last visit in
OLE, OLS, P3b, AOLS, and AOLE. The only study that did not exhibit im-
provements in quality of life was OLA, with average treatment duration
of 4.1 years. However, from initial LCIG in OLE/OLS to the last visit in
OLA, mean (SD) change in the PDQ-39 summary index score was −3.2
(17.9) points in the LCIG monotherapy group compared with 5.4 (13.6)
points in the polytherapy group. Therefore, in the LCIG monotherapy
group, PDQ-39 scores remained improved but returned to near baseline
levels (prior to initial LCIG therapy).

3.4. Safety

Because the procedure/device is the same for both treatment regimens,
this report focused on AEs that were not related to the procedure/device.
Procedure-/device-related AEs have been reported previously across stud-
ies [22]. In all studies, AEs not related to the procedure or device were sim-
ilar for patients on LCIG daytime monotherapy and polytherapy (Table 4).
The most common non-procedure/device-related AEs across all studies
were falls, nausea, and decreased vitamin B6 levels. Most AEs were mild
to moderate in severity in both monotherapy and polytherapy groups in
all studies. The exception to this pattern was in OLA, in which approxi-
mately 50% of patients in both treatment groups reported severe AEs
(LCIG monotherapy: 80 patients, 49%; polytherapy: 49 patients, 50%).
Similarly, in all studies, most AEs were not serious, except in OLA, where
just over half of patients in both groups reported serious AEs (51.2% and
57.1% in the LCIG monotherapy and polytherapy groups, respectively).
Over an average treatment period of 4.1 years, the percentage of patients
in OLA who reported a severe or serious AE was numerically lower in the
LCIG monotherapy group compared with the polytherapy group. In OLA,
serious AEs occurring in ≥3% of LCIG monotherapy or polytherapy pa-
tients, respectively, were anemia (0.6% vs. 4.1%), abdominal pain (1.2%
vs. 3.1%), complication of device insertion (3.0% vs. 9.2%), death (1.8%
29
vs. 3.1%), pneumonia (4.9% vs. 9.2%), post-operative wound infection
(3.7% vs. 2.0%), fall (3.7% vs. 6.1%), weight decreased (1.2% vs. 6.1%),
PD (1.8% vs. 4.1%), mental status changes (0 vs. 3.1%), pleural effusion
(0.6% vs. 3.1%), and pneumonia aspiration (1.8% vs. 5.1%). In most stud-
ies, there were few or no fatal AEs. Though, in the long-term OLA, there
were numerically more fatal AEs in the LCIGmonotherapy group compared
with the polytherapy group,≥99% of fatal AEs were deemed unrelated to
investigational therapy. A detailed description of deaths in OLAwere previ-
ously reported [17].

4. Discussion

This post hoc analysis of data from five phase 3 and one phase 3b study
evaluated the long-term efficacy and safety of stable LCIG daytime mono-
therapy (with and without nighttime oral levodopa-carbidopa) compared
with stable polytherapy (LCIG with≥1 adjunctive anti-PD therapy) in pa-
tients with advanced PD. Overall, LCIG daytime monotherapy and LCIG
polytherapy demonstrated similar efficacy and safety profiles in patients
with advanced PD, regardless of treatment duration or population. As PD
progresses, the number of anti-PD medications and frequency of dosing
tend to increase [11]. Complicated treatment regimens with multiple med-
ications can lead to non-adherence and poor symptom management
[10,23–25]. The data presented here suggest that LCIG daytime monother-
apy can provide a more simplified treatment option with efficacy similar to
that of polytherapy in appropriate patients.

Various clinical studies have evaluated the use of LCIG in patients with
advanced PD, reporting LCIG daytimemonotherapy (with orwithout night-
time oral carbidopa/levodopa) use in 61% to 100% of patients
[16,20,26–34]. However, the safety and efficacy of daytime LCIG mono-
therapy compared with polytherapy were evaluated in only some of the
studies [20,27,29,34]. Overall, results from these studies demonstrated
that LCIG daytime monotherapy is efficacious (i.e. significantly improves
PD symptoms, activities of daily living, and quality of life) and is well-
tolerated with a safety profile consistent with polytherapy.

Due to the progressive nature of PD, it is important to take into consid-
eration the length of individual trials when making comparisons across
studies. The study by Puente et al. [29], an assessment of LCIG monother-
apy in patients with advanced PD, is of similar length to the 60-week P3b
we report on herein. Patients in both studies experienced similar improve-
ments in activities of daily living, motor examination, and complications of
therapy, including dyskinesia. However, compared with the current study,
Puente et al. reported greater mean quality-of-life benefits associated with
increases in daily “On” time and improvements in overall motor symptom
controlwith LCIGmonotherapy. A study by Caceres-Redondo et al. [26], in-
vestigating the impact of LCIGmonotherapy treatment onmotor and cogni-
tive outcomes in patients with advanced PD, is of similar duration to the
OLA, with an average treatment time of 4.1 years. Not surprisingly, both
studies reported similar moderate increases in UPDRS part II scores, pre-
sumably due to slowmotorworsening capturedwith longer duration obser-
vation. However, Caceres-Redondo et al. reported improvement in quality
of life, unlike the moderate increases in PDQ-39 symptom index scores re-
ported in OLA.

Patients in each study reported herein, regardless of monotherapy sta-
tus, experienced similar increases in total daily levodopa dose over the
course of the study. These results are similar to those of other studies that
documented increased levodopa dosing with continuous administration
of LCIG [2,17,26,31,35]. Continuous administration of LCIG may allow
for higher doses of levodopa while avoiding the pulsatile stimulation that
results in dyskinesia and reduced tolerability. Though AEs were reported
by the majority of patients, irrespective of treatment group, most were
mild or moderate in severity and related to procedure/device complica-
tions. In OLA, in general, a smaller proportion of patients in the LCIG day-
time monotherapy group reported serious AEs compared with the
polytherapy group, and the majority of serious AEs reported were
procedure- or device-related. Overall, non-procedure- or device-related
AEs reported in the studies described herein were associated with the
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Image of Fig. 2


Table 3
Mean (SD) change from baseline in UPDRS assessments and PDQ-39 Summary Index scores.

OLE (52 weeks)a UPDRS scores PDQ-39

Part II Part III Part IV Summary index score

LCIG/LCIG monotherapy (n = 14) −1.79 (3.93) 0.91 (7.04) −3.43 (2.56) −12.77 (12.76)
Oral/LCIG monotherapy (n = 12) 0.33 (6.23) −5.13 (10.51) −0.92 (3.32) −8.07 (12.65)
LCIG/LCIG polytherapy (n = 17) −2.24 (5.61) −1.88 (4.30) −3.59 (2.09) −5.89 (16.61)
Oral/LCIG polytherapy (n = 12) −1.68 (7.27) −3.66 (12.95) −3.25 (3.31) −13.81 (14.14)

OLS (54 weeks)b

LCIG monotherapyj −4.7 (6.43) −8.2 (13.21) −3.6 (3.49) −7.01 (14.33)
LCIG polytherapy (n = 66) −3.6 (6.52) −4.5 (12.85) −3.3 (3.43) −6.25 (13.19)

OLA (average treatment 4.1 years)c

Change from initial LCIG to study endpoint
LCIG monotherapy (n = 45) 1.78 (7.72) 4.71 (14.32) −2.84 (3.52) 7.53 (12.64)g

LCIG polytherapy (n = 34) 4.74 (7.59) 4.45 (15.36) −1.50 (3.85) 10 (14.12)h

Change from study baseline to endpoint
LCIG monotherapy (n = 47) 5.47 (5.58) 9.82 (9.37) 0.53 (2.78) −3.23 (17.88)i

LCIG polytherapy (n = 35) 7.00 (5.27) 8.52 (12.17) 1.09 (2.98) 5.4 (13.56)
P3b (60 weeks)d

LCIG monotherapy (n = 29) −4.4 (5.37) −3.9 (10.38) −3.4 (3.45) −7.5 (15.24)
LCIG polytherapy (n = 7) −4.4 (5.35) −5.1 (4.81) −1.4 (2.64) −7.3 (15.52)

AOLS (12 weeks)e

LCIG monotherapy (n = 28) −2.0 (5.88) −2.8 (7.57) −3.5 (3.20) −12.9 (11.04)
LCIG polytherapy (n = 2) 1.5 (4.95) 7.0 (19.80) 1.0 (2.38) 0.8 (13.79)

AOLE (52 weeks)f

LCIG monotherapy (n = 16) −0.5 (6.91) −0.8 (11.50) −4.2 (3.41) −10.1 (14.05)
LCIG polytherapy (n = 14) 2.6 (3.96) 3.9 (9.76) −1.3 (3.02) −6.6 (7.98)

AOLE ongoing, open-label extension study in patients who participated in AOLS, AOLS 12-week, open-label, single-arm study of LCIG in Asian patients, LCIG levodopa-
carbidopa intestinal gel, OLA ongoing open-label phase 3 extended-access study in patients who completed participation in OLE or OLS, OLE 52-week open-label extension
study in patients who previously completed a 12-week double-blind, double-dummy study in which patients continued to receive LCIG or switched from oral immediate-re-
lease levodopa-carbidopa to LCIG, OLS 54-week open-label study of LCIG, Pb3 60-week, single-arm, open-label, 2-part, phase 3b study, PDQ-39 39-item Parkinson's Disease
Questionnaire, SD standard deviation, UPDRS Unified Parkinson's Disease Rating Scale.

a Patients who began LCIG or oral levodopa-carbidopa treatment in a 12-week study and then continued/began LCIG treatment in a 52-week open-label extension study.
b Results from a 54-week open-label study in patients treated with LCIG.
c Results from an extended-access-to-treatment study. In the extended-access study, the change from initial LCIG treatment (in either the 12-week double-blind study or the

54-week open-label study) to the extended-access endpoint (average LCIG treatment of 4 years) or the change from the extended-access study baseline to endpoint (average
LCIG treatment of 3 years) was assessed.

d Results from a 60-week open-label study in patients treated with LCIG.
e Results from a 12-week open-label study in patients treated with LCIG.
f Results from an open-label extension study. LCIG = levodopa-carbidopa intestinal gel.
g n = 46.
h n = 35.
i n = 30.
j n = 222 (Part II), n = 220 (Part III), n = 221 (Part IV).

←

J.T. Boyd et al. Clinical Parkinsonism & Related Disorders 2 (2020) 25–34
gastrointestinal tract (e.g. nausea and constipation) or long-term levodopa
exposure (e.g. changes in homocysteine, B6, and dyskinesia) and underly-
ing PD in an elderly patient population (e.g. fall and dyskinesia), consistent
with the LCIG safety profile established in the literature [20,26,29,32–34].

This post hoc analysis is limited by the fact that each trial assessed had
slightly different study designs (e.g. outpatient vs. inpatient titration, use of
adjunctive therapy, patient selection, duration of therapy). In addition, the
efficacy and safety of LCIG daytime monotherapy compared with
polytherapy was not prospectively assessed in these studies, nor were
they planned as an a priori head-to-head comparison. As such, we did not
perform advanced statistical comparisons, nor was pooling the data an op-
tion. Further, individual patient disease characteristics may have limited
the ability of a patient to be treated with LCIG monotherapy, thus limiting
Fig. 2.Mean (SD) change frombaseline in “Off” and “On” times as assessed by a Parkinso
in a 12-week study and then continued/began LCIG treatment in a 52-week open-label ex
and results from an extended-access-to-treatment study. In the extended-access study, the
54-week open-label study) to the extended-access endpoint (average LCIG treatment of 4
LCIG treatment of 3 years) was assessed. (B) Results from a 60-week open-label study in
treatedwith LCIG and its open-label extension study. AOLE, ongoing, open-label extensio
study of LCIG in Asian patients; LCIG, levodopa-carbidopa intestinal gel; OLA, ongoing o
OLE or OLS; OLE, 52-week open-label extension study in patients who previously comp
receive LCIG or switched from oral levodopa-carbidopa immediate-release to LCIG; OL
phase 3b study; SD, standard deviation.
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the conclusions that can be drawn from the comparison between LCIG
monotherapy and polytherapy. Nevertheless, the studies reported herein
demonstrate that LCIG monotherapy may provide a more simplified
long-term treatment option with potentially similar efficacy to polytherapy
for appropriate patients in the advanced PD setting. Future prospective
studies assessing the safety and efficacy of LCIG monotherapy vs.
polytherapy are warranted.
Authors' roles

All authors agree to be accountable for all aspects of the work, ensuring
the accuracy and integrity of the publication.
n's disease diary. (A) Patients who began LCIG or oral levodopa-carbidopa treatment
tension study; results from a 54-week open-label study in patients treatedwith LCIG;
change from initial LCIG treatment (in either the 12-week double-blind study or the
years) or the change from the extended-access study baseline to endpoint (average
patients treated with LCIG. (C) Results from a 12-week open-label study in patients
n study in patientswho participated in AOLS; AOLS, 12-week, open-label, single-arm
pen-label phase 3 extended-access study in patients who completed participation in
leted a 12-week double-blind, double-dummy study in which patients continued to
S, 54-week open-label study of LCIG; Pb3, 60-week, single-arm, open-label, 2-part,



Table 4
Adverse events.

Patients, n (%)

OLE (52 weeks)

Preferred terma LCIG/LCIG or
oral/LCIG
daytime
monotherapy
(N = 30)

LCIG/LCIG
or
oral/LCIG
polytherapy
(N = 32)

Any AE 27 (90.0) 32 (100)
Serious AEs 6 (20.0) 8 (25.0)
AEs leading to discontinuation 2 (6.7) 1 (3.1)
Fatal AEs 0 0

Non-procedure/device-related AEs (>15% of
patients in any group)
Fall 7 (23.3) 6 (18.8)
Vitamin B6 decreased 6 (20.0) 7 (21.9)
Nausea 5 (16.7) 4 (12.5)
Freezing phenomenon 5 (16.7) 2 (6.3)
Constipation 3 (10.0) 6 (18.8)
Urinary tract infection 3 (10.0) 6 (18.8)
Parkinson's diseaseb 2 (6.7) 6 (18.8)
Blood homocysteine increased 2 (6.7) 5 (15.6)
Insomnia 1 (3.3) 8 (25.0)
Arthralgia 1 (3.3) 6 (18.8)
Orthostatic hypotension 1 (3.3) 5 (15.6)
Seborrhoeic keratosis 1 (3.3) 7 (21.9)
Back pain 1 (3.3) 5 (15.6)
Depression 0 5 (15.6)

Patients, n (%)

OLS (54 weeks)

Preferred terma Daytime monotherapy
(N = 248)

Polytherapy
(N = 76)

Any AE 225 (90.7) 73 (96.1)
Serious AEs 80 (32.3) 25 (32.9)
AEs leading to discontinuation 19 (7.7) 3 (3.9)
Fatal AEs 7 (2.8)c 0

Non-procedure/device-related AEs (>15% of
patients in any group)
Nausea 39 (15.7) 15 (19.7)
Fall 39 (15.7) 10 (13.2)
Insomnia 34 (13.7) 10 (13.2)
Constipation 32 (12.9) 15 (19.7)
Dyskinesia 16 (6.5) 15 (19.7)

Patients, n (%)

OLA (average treatment 4.1 years)

Preferred terma Daytime monotherapy
(N = 164)

Polytherapy
(N = 98)

Any AE 148 (90.2) 98 (100)
Serious AEs 84 (51.2) 56 (57.1)
AEs leading to discontinuation 37 (22.6) 25 (25.5)
Fatal AEs 27 (16.5)d 11 (11.2)e

Non-procedure/device-related AEs (>15% of
patients in any group)
Vitamin B6 decreased 37 (22.6) 21 (21.4)
Fall 33 (20.1) 22 (22.4)
Blood homocysteine increased 28 (17.1) 20 (20.4)
Urinary tract infection 25 (15.2) 25 (25.5)
Weight decreased 15 (9.1) 21 (21.4)
Depression 15 (9.1) 15 (15.3)
Insomnia 13 (7.9) 16 (16.3)
Parkinson's diseaseb 12 (7.3) 21 (21.4)
Nausea 12 (7.3) 20 (20.4)
Dyskinesia 11 (6.7) 16 (16.3)

Patients, n (%)

P3b (60 weeks)

Preferred term Daytime
monotherapy
(N = 31)

Polytherapy
(N = 8)

Any AE 30 (96.8) 7 (87.5)

Table 4 (continued)

Patients, n (%)

P3b (60 weeks)

Preferred term Daytime
monotherapy
(N = 31)

Polytherapy
(N = 8)

Serious AEs 3 (37.5) 5 (16.1)
AEs leading to discontinuation 1 (12.5) 4 (12.9)
Fatal AEs 1 (3.2)f 0

Non-procedure/device-related AEs (>15% of
patients in any group)
Anxiety 7 (22.6) 1 (12.5)
Fall 7 (22.6) 0
Weight decreased 5 (16.1) 2 (25.0)
Urinary tract infection 4 (12.9) 2 (25.0)

Patients, n (%)

AOLS (12 weeks)

Preferred term Daytime
monotherapy
(N = 29)

Polytherapy
(N = 2)

Any AE 29 (100) 2 (100)
Serious AEs 2 (6.9) 2 (100)
AEs leading to discontinuation 0 1 (50.0)
Fatal AEs 0 1 (50.0)f

Non-procedure/device-related AEs (>15% of
patients in any group)
Constipation 7 (24.1) 0
Diarrhea 5 (17.2) 1 (50)
Fall 5 (17.2) 1 (50)
Nasopharyngitis 6 (20.7) 0
Blood homocysteine increased 5 (17.2) 0
Dyskinesia 5 (17.2) 0

Patients, n (%)

AOLE (52 weeks)

Preferred terma Daytime
monotherapy
(N = 16)

Polytherapy
(N = 14)

Any AE 16 (100) 14 (100)
Serious AEs 3 (18.8) 3 (21.4)
AEs leading to discontinuation 0 1 (7.1)
Fatal AEs 0 0

Non-procedure/device-related AEs (>15% of
patients in any group)
Nasopharyngitis 6 (37.5) 5 (35.7)
Blood homocysteine increased 5 (31.3) 0 (0)
Constipation 5 (31.3) 4 (28.6)
Diarrhea 4 (25.0) 3 (21.4)
Contusion 0 (0) 3 (21.4)
Epistaxis 3 (18.8) 0 (0)
Fall 3 (18.8) 2 (14.3)
Vomiting 3 (18.8) 1 (7.1)

AE adverse event, AOLE ongoing, open-label extension study in patients who partic-
ipated in AOLS, AOLS 12-week, open-label, single-arm study of LCIG in Asian pa-
tients, LCIG levodopa-carbidopa intestinal gel, OLA ongoing open-label phase 3
extended-access study in patients who completed participation in OLE or OLS,
OLE 52-week open-label extension study in patients who previously completed a
12-week double-blind, double-dummy study in which patients continued to receive
LCIG or switched from oral levodopa-carbidopa immediate-release to LCIG,OLS 54-
week open-label study of LCIG, Pb3 60-week, single-arm, open-label, 2-part, phase
3b study, SD standard deviation.
a A single event could be coded to >1 preferred term.
b Refers to a reemergence of Parkinson's disease symptoms.
c All fatal AEs were deemed unrelated to study treatment.
d One (0.6%) fatal AE of intestinal dilation was deemed related to study

treatment.
e One (1.0%) fatal AE of cardiac arrest was deemed related to study treatment.
f Fatal AE had no reasonable possibility of being related to study treatment.
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