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Abstract.
Background: Levodopa-carbidopa intestinal gel (LCIG) improves motor and non-motor symptoms in patients with advanced
Parkinson’s disease (aPD).
Objective: To present the final 36-month efficacy and safety results from DUOGLOBE (DUOdopa/Duopa in Patients with
Advanced Parkinson’s Disease – a GLobal OBservational Study Evaluating Long-Term Effectiveness; NCT02611713).
Methods: DUOGLOBE was an international, prospective, long-term, real-world, observational study of patients with aPD
initiating LCIG in routine clinical care. The primary endpoint was change in patient-reported “Off” time to Month 36. Safety
was assessed by monitoring serious adverse events (SAEs).
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Results: Significant improvements in “Off” time were maintained over 3 years (mean [SD]: –3.3 hours [3.7]; p < 0.001).
There were significant improvements to Month 36 in total scores of the Unified Dyskinesia Rating Scale (–5.9 [23.7];
p = 0.044), Non-Motor Symptoms Scale (–14.3 [40.5]; p = 0.002), Parkinson’s Disease Sleep Scale-2 (–5.8 [12.9]; p < 0.001),
and Epworth Sleepiness Scale (–1.8 [6.0]; p = 0.008). Health-related quality of life and caregiver burden significantly improved
through Months 24 and 30, respectively (Month 24, 8-item Parkinson’s Disease Questionnaire Summary Index, –6.0 [22.5];
p = 0.006; Month 30, Modified Caregiver Strain Index, –2.3 [7.6]; p = 0.026). Safety was consistent with the well-established
LCIG profile (SAEs: 54.9% of patients; discontinuations: 54.4%; discontinuations due to an adverse event: 27.2%). Of 106
study discontinuations, 32 patients (30.2%) continued LCIG outside the study.
Conclusion: DUOGLOBE demonstrates real-world, long-term, reductions in motor and non-motor symptoms in patients
with aPD treated with LCIG.

Keywords: DUOGLOBE, Parkinson’s disease, levodopa-carbidopa intestinal gel, dyskinesia, real-world data

INTRODUCTION

Levodopa is considered the “gold standard” for
the treatment of Parkinson’s disease (PD) [1]. With
disease progression, the benefit of oral levodopa
diminishes as the therapeutic window narrows due
to the short half-life of levodopa and progressive
denervation of the striatum and subsequent post-
synaptic plasticity [2]. In addition, erratic gastric
emptying (a common symptom with advancing PD)
leads to irregular gastrointestinal absorption of oral
levodopa and unstable plasma levodopa concentra-
tions, collectively resulting in pulsatile stimulation
[2, 3]. Thus, motor and non-motor symptoms become
increasingly difficult to manage with oral levodopa,
which can cause patients to experience predictable
and unpredictable fluctuations between “On” peri-
ods with potentially disabling dyskinesias and “Off”
periods when the patient experiences a return of their
parkinsonian symptoms and may even be “frozen”
and akinetic [2, 4, 5]. These symptoms progres-
sively worsen over time and greatly impact patients’
functional capacity and health-related quality of life
(HRQoL) [6, 7].

Levodopa carbidopa intestinal gel (LCIG; also
known as carbidopa-levodopa enteral suspension
[CLES]) is a stable gel suspension of levodopa-
carbidopa (20 mg/mL and 5 mg/mL, respectively)
for continuous daytime infusion in patients with
advanced PD (aPD) [8, 9]. Continuous infusion
enables levodopa concentrations to be kept at a con-
stant level within the individual’s optimal therapeutic
window, making LCIG a meaningful option for man-
aging aPD [3, 10]. Results from controlled clinical
trials have demonstrated beneficial effects of LCIG
therapy on motor symptoms, including reductions in
“Off” time, increases in “On” time without trouble-
some dyskinesia, and improvements in HRQoL and

activities of daily living [11–14]. Notably, results
from a recent randomized clinical trial demonstrated
an improved reduction in dyskinesia as measured by
the Unified Dyskinesia Rating Scale (UDysRS) fol-
lowing treatment with LCIG vs. optimized medical
treatment [15]. LCIG has also demonstrated bene-
ficial effects on motor and non-motor symptoms in
observational studies [16–21], and systematic litera-
ture reviews and meta-analyses [22, 23].

DUOdopa/Duopa in Patients with Advanced
Parkinson’s Disease, a GLobal OBservational
Study Evaluating Long-Term Effectiveness
(DUOGLOBE), was the first international, fully
prospective, long-term, non-interventional, post-
marketing, observational study of patients with
aPD treated with LCIG in a routine clinical set-
ting. One-year interim results indicated significant
improvements in motor symptoms (including “Off”
time and dyskinesia), non-motor symptoms (includ-
ing sleep), HRQoL, and caregiver burden, with
safety events consistent with those noted in previous
controlled clinical trials and observational studies
[24]. This report presents the final 36-month results
from the DUOGLOBE study.

METHODS

Study design and treatment

DUOGLOBE was a global multicenter, single-
arm, non-interventional, post-marketing, observa-
tional study (NCT02611713) conducted in 55 sites
across 10 countries (Australia, Belgium, Hungary,
Israel, Italy, Romania, Slovenia, Spain, United King-
dom, and the United States) [24].

Detailed methods for this study have been pub-
lished [24]. In brief, patients enrolled in this 36-month
real-world study had aPD for whom their physi-
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cians decided to start LCIG treatment according to
the local product label and specific reimbursement
criteria. LCIG dosage was individually optimized
for clinical response and concomitant PD med-
ications were permitted at the discretion of the
treating physician. National and/or local indepen-
dent ethics committees, institutional review boards,
and/or health authorities in all countries approved the
protocol, patient information, and informed consent
requirements according to the applicable national
regulatory requirements.

Patients

In addition to patient inclusion being based on
local LCIG label and reimbursement criteria, key
eligibility criteria included patients having no prior
exposure to LCIG; a Mini-Mental State Examina-
tion score ≥ 24; no prior surgery for PD including,
but not limited to, deep brain stimulation or cell
transplantation (for non-US centers); and no cur-
rent subcutaneous apomorphine infusion (with ≥ 4
weeks required between drug discontinuation and
study inclusion). All patients and caregivers provided
informed consent.

Assessments

Assessment occurred before starting LCIG (base-
line) therapy; at Day 1 (start of LCIG treatment via
percutaneous endoscopic gastrostomy with jejunal
extension for those patients who participated in the
preceding nasojejunal test phase only); and at rou-
tinely scheduled visits, which were closest to Months
3, 6, 12, 18, 24, 30, and 36 (±14 days each), or at the
time of premature discontinuation.

The primary endpoint was the change in the num-
ber of hours of “Off” time as reported by the patient
for the day before the clinical visit (baseline) com-
pared with the same measure at Month 36. Secondary
endpoints included mean change from baseline to
the end of the study in the Unified Parkinson’s Dis-
ease Rating Scale (UPDRS) Part II (activities of
daily living); Part III (motor examination performed
in the “On” state); and the following items in Part
IV: item 33 (dyskinesia-related disability), item 34
(dyskinesia-related pain), and item 35 (early morn-
ing dystonia). Secondary endpoints also included
the UDysRS total score (signs/symptoms of dyski-
nesia) and subdomain scores, Non-motor Symptom
Scale (NMSS) total and subdomain scores, Parkin-
son’s Disease Sleep Scale-2 (PDSS-2) total score

(sleep quality), Epworth Sleepiness Scale (ESS)
total score (daytime somnolence), 8-item PD Ques-
tionnaire (PDQ-8) summary index (HRQoL), and
caregiver burden (Modified Caregiver Strain Index).

Only serious adverse events (SAEs) and adverse
events (AEs) leading to premature discontinuation
were reported as part of this observational study from
initiation of LCIG treatment to 30 days after the last
study visit.

Statistical analysis

Planned enrollment was approximately 200
patients. It was assumed that 60% of patients would
complete the 36-month follow-up period and that the
mean (SD) decrease from baseline to Month 36 in
the number of hours in “Off” time would be 4 hours.
Therefore, the distance from the lower limit of the
95% confidence interval (CI) to the mean decrease
would be 0.72 hours (i.e., the lower limit of the 95%
CI of the mean decrease from baseline to Month
36 would be 3.28 hours). Significance for all effi-
cacy measures was determined using a one-sample
t test compared with baseline efficacy assessments.
Safety assessments were performed with the safety
population, which included all patients who had
nasojejunal and/or percutaneous endoscopic gastros-
tomy with jejunal extension placement, irrespective
of whether patients withdrew prematurely or not.
Efficacy assessments were performed with the full
analysis population, which included all patients in the
safety population who had at least one post-baseline
effectiveness assessment after undergoing percuta-
neous endoscopic gastrostomy with jejunal extension
placement.

Data sharing

Clinical trial data can be requested by any
qualified researchers who engage in rigorous, inde-
pendent scientific research, and will be provided
following review and approval of a research pro-
posal and statistical analysis plan and execution
of a data sharing agreement. Data requests can
be submitted at any time and the data will be
accessible for 12 months, with possible exten-
sions considered. For more information on the
process, or to submit a request, visit the following
link: https://www.abbvieclinicaltrials.com/hcp/data-
sharing/.

https://www.abbvieclinicaltrials.com/hcp/data-sharing/
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RESULTS

Patients

Patient demographics and baseline characteristics
of the 195 patients included in the analysis have been
reported previously [24]. Most patients were male
(61.5%), mean (SD) age was 70.2 (8.2) years, and
mean duration of PD was 11.2 (4.8) years (Table 1).
Two patients previously underwent deep brain stim-
ulation. Mean (SD) LCIG treatment duration was
923.5 (367.2) days, with a median daily duration of
LCIG infusion of 16 hours from Day 1 through Month
36. At each timepoint, between nine and 12 patients
were receiving 24-hour LCIG therapy.

Of note, mean (SD) daily dose of LCIG
remained fairly stable from Day 1 (1241.2 [501.6]
mg/day) through Month 36 (1365.4 [499.1] mg/day)
(Fig. 1A). Within the first 6 months of LCIG
use, there were decreases in concomitant use
of oral levodopa derivatives; monoamine oxidase
B inhibitors; and, most prominently, catechol-O-
methyltransferase inhibitors that remained steady
throughout the next 2.5 years (Fig. 1B). At Month 3,
18.1% of patients were receiving LCIG monotherapy
and 13.3% were receiving LCIG in combination with
oral levodopa only (“levodopa monotherapy”); these
percentages remained relatively stable throughout
the study (Month 36 : 15.5% and 17.9%, respec-
tively) (Fig. 1C). Total levodopa equivalent dose also
remained stable throughout the study, regardless of
whether patients were receiving LCIG as a monother-
apy or in combination with other PD medications
(Fig. 1D).

Of 195 enrolled patients, 106 (54.4%) discontin-
ued the study prematurely with AEs being the primary
reason (patients could have multiple reasons for dis-
continuation) in 48 of these patients (Supplementary
Figures 1 and 2). Importantly, of the 106 patients who
discontinued the study, 32 (30.2%) continued treat-
ment with LCIG outside the study (Supplementary
Figure 2).

Motor complications

Mean (SD) daily hours spent in the “Off” state
significantly decreased from baseline to Day 1 and
remained decreased through Month 36 (Month 36
[primary endpoint]: –3.3 [3.7]; p < 0.001) (Fig. 2A).
Changes from baseline at Month 36 were statistically
significant in all age groups (Fig. 2B).

Table 1
Baseline demographics and clinical characteristics

Characteristic Total
N = 195

Sex, n (%)
Male 120 (61.5)
Female 75 (38.5)

Age (y); mean ± SD 70.2 ± 8.2
<65 y, n (%) 44 (22.6)
65–75 y, n (%) 95 (48.7)
>75 y, n (%) 56 (28.7)

BMI; mean ± SD BMI, kg/m2 25.9 ± 4.1a

PD duration, y: mean ± SD 11.2 ± 4.8
<10 y, n (%) 94 (48.5)
≥10 y, n (%) 100 (51.5)

Time to LCIG initiation, y; mean ± SD from:
PD symptoms 12.2 ± 5.0
Start of motor fluctuations 5.6 ± 4.7

MMSE total scoreb; mean ± SD 27.7 ± 2.2
Hoehn and Yahr stage; n (%)
During “On”

1 4 (2.1)
1.5 0
2 33 (17.6)
2.5 21 (11.2)
3 80 (42.6)
4 43 (22.9)
5 7 (3.7)
Missing 7

During “Off”
1 0
1.5 2 (1.1)
2 6 (3.2)
2.5 15 (8.1)
3 59 (31.7)
4 82 (44.1)
5 22 (11.8)
Missing 9

Daily “Off” time (h); mean ± SD 6.0 ± 3.4
UPDRS Part II (ADL); mean ± SD 14.8 ± 7.8
UPDRS Part III (motor function); mean ± SD 27.6 ± 13.2
UDysRS total score; mean ± SD 33.7 ± 21.1
NMSS total score; mean ± SD 88.2 ± 51.1
PDSS-2 total score (sleep quality); mean ± SD 26.6 ± 11.7
ESS total score (daytime sleepiness); mean ± SD 9.8 ± 5.3
PDQ-8 summary index (HRQoL); mean ± SD 45.1 ± 18.1
MCSI total score (caregiver burden); mean ± SD 10.9 ± 6.4

an=182. bPatient MMSE total score at baseline must be ≥ 24
for inclusion. ADL, activities of daily living; BMI, body mass
index; ESS, Epworth Sleepiness Scale; HRQoL, health-related
quality of life; LCIG, levodopa-carbidopa intestinal gel; MCSI,
Modified Caregiver Strain Index; MMSE, Mini-Mental State
Examination; NMSS, Non-Motor Symptoms Scale; PD, Parkin-
son’s disease; PDSS-2, Parkinson’s Disease Sleep Scale-2; PDQ-8,
8-item Parkinson’s Disease Questionnaire; SD, standard devia-
tion; UDysRS, Unified Dyskinesia Rating Scale, UPDRS, Unified
Parkinson’s Disease Rating Scale.

For UDysRS total scores, significant reductions
from baseline were observed at all time points
through Month 36 (Month 36 mean [SD]: –5.9
[23.7]; p = 0.044) (Fig. 2C). Exploratory analysis
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Fig. 1. Stability of therapy over time. (A) LCIG dose, (B) anti-PD comedications, (C) monotherapy vs. combination therapy, and (D)
total levodopa equivalent dose. aOnly patients who participated in the preceding nasojejunal test phase were assessed at D1. BL, baseline;
COMT, catechol-O-methyltransferase; D, day; LCIG, levodopa-carbidopa intestinal gel; LED, levodopa equivalent dose; M, month; MAO-B,
monoamine oxidase-B; PD, Parkinson’s disease; SD, standard deviation.

was conducted to evaluate the effect of LCIG on
UDysRS at Month 36 based on age; there was no
significant difference at any of the ages evaluated
(Fig. 2D). The composite historical score was sig-
nificantly reduced from baseline through Month 36
(Month 36 p = 0.012). The subdomain of “On” dyski-
nesia (Part I) was significantly reduced from baseline
until Month 24 (Month 24 p = 0.001), with “Off” dys-
tonia (Part II) significantly reduced through Month
36 (Month 36 p < 0.001); both these improvements
exceeded the level of clinical relevance [25]. Signif-
icant reductions from baseline during the study were
seen for other components of the UDysRS, includ-
ing the objective score through Month 18 (Month
18 p = 0.045), the impairment subdomain (Part III)
through Month 6 (Month 6 p < 0.001), and the disabil-
ity subdomain (Part IV) through Month 24 (Month
24 p = 0.033) (Supplementary Figure 3). Additional
support for the reduction of the presence and symp-

toms of dyskinesia and dystonia through Month 36
was seen in the UPDRS scale, including dyskinesia-
related disability (mean [SD], –0.4 [1.3]; p = 0.016),
dyskinesia-related pain (–0.4 [1.0]; p < 0.001), and
early morning dystonia (–0.2 [0.6]; p < 0.001) (Sup-
plementary Figure 4).

UPDRS Part II and III scores, after initial improve-
ments (significant for UPDRS III until Month 3),
demonstrated significant worsening from baseline to
Month 36 in the overall group (Supplementary Fig-
ure 4). Patients aged ≥ 65 years showed significant
worsening in UPDRS Part II and III scores at Month
36, while patients aged younger than 65 years had
nominal, but not statistically significant, improve-
ments in UPDRS Part III scores throughout the study
(Supplementary Figure 4).

A summary of baseline and change-from-baseline
values for patients with Month 36 data can be found
in Table 2.
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Fig. 2. Change from baseline to Month 36 in (A) patient reported “Off” time, (B) “Off” time by age subgroups, (C) dyskinesia as measured
by UDysRS total score, and (D) UDysRS total score by age subgroups. Significance level for change from baseline was determined using the
one-sample t test. *p<0.05; **p<0.01; ***p<0.001. aOnly patients who participated in the preceding nasojejunal test phase were assessed at
D1. bAs reported in Hauser et al [26]. BL, baseline; D, day; LCIG, levodopa-carbidopa intestinal gel; M, month; MCID, minimal clinically
important difference; SD, standard deviation; UDysRS, Unified Dyskinesia Rating Scale.

Table 2
Change from baseline to month 36 in motor and non-motor endpoints among patients with 36-month data

Endpoints n Baseline Change from baseline

Daily “Off” time (h) 80 5.8 (3.1) –3.3 (3.7)***
UDysRS total score 67 35.2 (21.4) –5.9 (23.7)*
UPDRS Part II (ADL) 85 13.4 (8.5) 4.3 (8.3)***a

UPDRS Part III (motor function) 83 24.9 (13.6) 5.8 (13.9)***a

NMSS total score 79 83.7 (46.5) –14.3 (40.5)**
PDSS-2 total score (sleep quality) 85 27.7 (12.3) –5.8 (12.9)***
ESS total score (daytime sleepiness) 84 9.6 (5.3) –1.8 (6.0)**
PDQ-8 summary index (HRQoL) 84 45.2 (18.6) –2.5 (19.6)
MCSI total score (caregiver burden) 52 12.3 (6.8) –1.3 (7.8)

Table includes patients with Month 36 data only. All data are presented as mean ± SD. aReflects worsening
from baseline. *p<0.05; **p<0.01; ***p<0.001. ADL, activities of daily living; ESS, Epworth Sleepiness Scale;
HRQoL, health-related quality of life; MCSI, Modified Caregiver Strain Index; NMSS, Non-Motor Symptoms
Scale; PDSS-2, Parkinson’s Disease Sleep Scale-2; PDQ-8, 8-item Parkinson’s Disease Questionnaire; SD,
standard deviation; UDysRS, Unified Dyskinesia Rating Scale, UPDRS, Unified Parkinson’s Disease Rating
Scale.
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Fig. 3. Change from baseline in (A) NMSS total score and (B) NMSS total score by age subgroups. Significance level for change from
baseline was determined using the one-sample t test. *p<0.05; **p<0.01; ***p<0.001. aOnly patients who participated in the preceding
nasojejunal test phase were assessed at D1. bAs reported in Martinez-Martin et al [31]. BL, baseline; D, day; M, month; MCID, minimal
clinically important difference; NMSS, Non-Motor Symptom Scale; SD, standard deviation.

Non-motor symptoms

NMSS total scores demonstrated significant and
sustained improvement from baseline at Month
36 (mean [SD], –14.3 [40.5]; p = 0.002) and all
time points (Fig. 3A,B). In addition, three of nine
NMSS subdomains were significantly improved
through Month 36: sleep/fatigue (mean [SD],
–3.7 [12.3]; p = 0.007), gastrointestinal tract (–2.5
[6.1]; p < 0.001), and miscellaneous (–3.9 [10.3];
p < 0.001) (Supplementary Figure 5). Of note, the
last statistically significant improvement was mea-
sured at Month 12 for one domain (cardiovascular,
including falls), and Month 24 for three domains
(mood/cognition, attention/memory, and sexual func-
tion) (Supplementary Figure 5).

In addition to improvement in the NMSS
sleep/fatigue subdomain, stable and significant
improvement in sleep quality (Fig. 4A,B) and day-
time sleepiness (Fig. 4C) was seen with LCIG.
Significant improvement from baseline at Month 36
was observed for PDSS-2 total scores (mean [SD],
–5.8 [12.9]; p < 0.001) and ESS total scores (mean
[SD], –1.8 [6.0]; p = 0.008). Significant improvement
was seen from Day 1 (PDSS-2) and Month 3 (ESS)
onward.

Patient HRQoL and caregiver burden

Patient HRQoL and caregiver burden improved
from baseline, with significant and consistent
improvement in PDQ-8 through Month 24 (mean
[SD]: –6.0 [22.5]; p = 0.006) (Fig. 5A,B) and Modi-

fied Caregiver Strain Index through Month 30 (–2.3
[7.6]; p = 0.026) (Fig. 5C,D). Both scales continued
to show numerical, but not statistically significant,
improvements at Month 36.

Safety

A total of 107 (54.9%) patients experienced SAEs
(Table 3), with 31 SAEs considered as having a
reasonable possibility of being related to LCIG treat-
ment. The most common SAEs were fall (n = 8),
(worsening of) PD (n = 8), and urinary tract infec-
tion (n = 7) (Table 3). One patient experienced an
SAE of polyneuropathy, and one experienced an SAE
of chronic inflammatory demyelinating polyradicu-
loneuropathy; both SAEs were adjudicated by the
investigator as having no reasonable possibility of
relationship to study drug. A total of 53 (27.2%)
patients discontinued the study owing to an SAE.
However, this includes 34/195 (17.4%) fatal AEs,
with all reported as having no reasonable possi-
bility of relationship to study treatment with the
exception of one patient with an intestinal obstruc-
tion and a medical history of diverticulitis that
was adjudicated as possibly related to treatment
(Supplementary Table 1). Most fatal AEs were
related to complications of aPD, cardiovascular dis-
ease, and complications from non-treatment-related
infections.

A total of six patients (3.1%) discontinued the
study due to COVID-related infections, restrictions,
or fears of infection. These discontinuations included
two patients (1.0%) who had an SAE of COVID-



776 K.R. Chaudhuri et al. / Final 3-year Results from the DUOGLOBE Study

Fig. 4. Change from baseline in (A) PDSS-2 total score, (B) PDSS-2 total score by age subgroups, and (C) ESS total score. Significance level
for change from baseline was determined using the one-sample t test. *p<0.05; **p<0.01; ***p<0.001. aOnly patients who participated in
the preceding nasojejunal test phase were assessed at D1. bAs reported in Horvath et al [32]. BL, baseline; D, day; ESS, Epworth Sleepiness
Scale; M, month; MCID, minimal clinically important difference; PDSS-2, Parkinson’s Disease Sleep Scale-2; SD, standard deviation.

19 and/or COVID-related pneumonia, both of which
resulted in death.

In general, body weight and body mass index
(BMI) remained relatively stable throughout the
study. At baseline, mean body weight was 73.2 kg
and mean BMI was 25.7 kg/m2; at Month 36, mean
weight and BMI were 71.2 kg and 24.9 kg/m2, respec-
tively, with both decreasing throughout the study
(Supplementary Figure 6A). Mean (SD) decrease
from baseline to Month 36 was –3.1 (8.0) kg for
weight and –1.2 (2.8) kg/m2 for BMI. At last visit,
8.2% of patients demonstrated an increase in base-
line weight ≥ 7%, while 22.1% demonstrated ≥ 7%
decrease. Most patients remained within the same
BMI category at the end of the study that they were
in at baseline (Supplementary Figure 6B).

Looking at safety findings across age, patients in
the 65- to 75-year age group experienced higher rates

of SAEs than did those in the younger than 65-year
age group and older than 75-year age groups (whose
rates were similar to each other), with rates of severe
AEs lowest in the younger than 65-year age group
and similar in the 65 to 75 year and older than 75-
year age groups (Table 3). Rates of severe AEs were
lowest in patients aged younger than 65 years and
were similar in patients aged 65 to 75 years and older
than 75 years.

DISCUSSION

We report the final results of DUOGLOBE, a 3-
year, fully prospective study designed to evaluate
LCIG use in routine clinical practice in a large real-
world population with aPD. Treatment with LCIG
demonstrated “Off” time improvements that were
maintained over 3 years and remained above the min-
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Fig. 5. Change from baseline in (A) PDQ-8 summary index, (B) PDQ-8 summary index by age subgroups, (C) MCSI total score, and
(D) MCSI total score by age subgroups. Significance level for change from baseline was determined using the one-sample t test. *p<0.05;
**p<0.01; ***p<0.001. aOnly patients who participated in the preceding nasojejunal test phase were assessed at D1. bAs reported in Horvath
et al [36]. BL, baseline; D, day; MCID, minimal clinically important difference; MCSI, Modified Caregiver Strain Index; PDQ-8, 8-item
Parkinson’s Disease Questionnaire; SD, standard deviation.

imal clinically important difference (MCID) of 1 hour
in this population, despite the progressive nature of
PD [26].

The beneficial effects of LCIG use were also
reflected in improvements in UDysRS scores and
subscores. Improvements in “On” dyskinesia (Part
I) were above the MCID of –2.1 through Month 24
and improvements in “Off” dystonia (Part II) were
above the MCID of –1.8 through Month 36 [25].
Reductions in UDysRS scores are particularly note-
worthy, as this scale (which includes both patient
subjective and clinician objective dyskinesia ratings)
has demonstrated a high sensitivity for detecting
treatment-related changes [27]. The current findings
of significant decreases in “Off” time coupled with
significant improvements in “On” dyskinesia with
LCIG treatment are consistent with those reported in
previous studies [15, 28, 29]. Parallel improvements

in “Off” time and “On” time with dyskinesia are pos-
sible with LCIG, likely due to continuous delivery of
stable plasma levodopa levels that can remain in the
therapeutic window [10, 15, 28].

Non-motor symptoms of PD are often unrecog-
nized and untreated [30]. Significant improvements
were observed in the NMSS total scores, which
remained above the 13.9-point MCID throughout
the 3 years [31]. Improvements in sleep and day-
time sleepiness (as measured by the PDSS-2 and
ESS, respectively) were also observed throughout the
study, with PDSS-2 changes exceeding the –3.4 point
MCID threshold at all timepoints [32]. These findings
are particularly relevant, as non-motor symptoms and
sleep disturbances have been directly linked to dete-
rioration of HRQoL [33–35]. This study supports
this relationship, with both non-motor symptoms and
HRQoL improving after LCIG treatment. Signifi-
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Table 3
Safety summary

Parameters n (% of N = 195)

Any SAE 107 (54.9)
Any SAE with reasonable possibility of causal relationship to LCIG 31 (15.9)
Any SAE leading to drug withdrawal 53 (27.2)

Any severe AE 69 (35.4)
Patients remaining on LCIG despite study discontinuation 32 of 106 discontinued

patients (30.2%)
Deaths 34 (17.4)
Deaths considered possibly related to LCIGa 1 (0.5)

Common
SAEs (≥4
patients)

Treatment-
emergent
SAEs
(reasonable
possibility)

MedDRA v23.1 Preferred Term n (% of
N = 195)

n (% of
N = 195)

Fall 8 (4.1) 2 (1.0)
PD 8 (4.1) 3 (1.5)
Urinary tract infection 7 (3.6) 1 (0.5)
Hip fracture 6 (3.1) 0
Pneumonia 6 (3.1) 0
Abdominal pain 6 (3.1) 4 (2.1)
Device dislocation 5 (2.6) 2 (1.0)
Femoral neck fracture 4 (2.1) 0
Hyponatremia 4 (2.1) 1 (0.5)
Sepsis 4 (2.1) 0

Treatment Emergent AEs, n (%) <65 y
(n = 44)

65–75 y
(n = 95)

>75 y
(n = 56)

Any severe AE 13 (29.5) 36 (37.9) 20 (35.7)
Any SAE 21 (47.7) 58 (61.1) 28 (50.0)
Any SAE with reasonable
possibility of causal relationship
to LCIG

4 (9.1) 16 (16.8) 11 (19.6)

Any SAE leading to drug
withdrawal

8 (18.2) 31 (32.6) 14 (25.0)

Deaths 7 (15.9) 19 (20.0) 8 (14.3)
Deaths considered possibly
related to LCIG

0 1 (1.1) 0

SAEs in ≥ 4 patients in total
group, n (%)

<65 y
(n = 44)

65–75 y
(n = 95)

>75 y
(n = 56)

Fall 2 (4.5) 2 (2.1) 4 (7.1)
PD 0 5 (5.3) 3 (5.4)
Urinary tract infection 1 (2.3) 4 (4.2) 2 (3.6)
Hip fracture 0 2 (2.1) 4 (7.1)
Pneumonia 1 (2.3) 4 (4.2) 1 (1.8)
Abdominal pain 1 (2.3) 3 (3.2) 2 (3.6)
Device dislocation 0 3 (3.2) 2 (3.6)
Femoral neck fracture 0 2 (2.1) 2 (3.6)
Hyponatremia 0 3 (3.2) 1 (1.8)
Sepsis 0 1 (1.1) 3 (5.4)

aIntestinal obstruction. AE, adverse event; LCIG, levodopa-carbidopa intestinal gel; MedDRA,
Medical Dictionary for Regulatory Activities; PD, Parkinson’s disease; SAE, serious adverse event.
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cant improvements in the PDQ-8 Summary Index
were observed at each time point, with changes
at most time points exceeding the MCID thresh-
old of –5.9 [36]. Importantly, while improvements
in the NMSS have been documented with LCIG
[18, 37], this is the first study to show that specific
non-motor symptoms (sleep, gastrointestinal, miscel-
laneous) continued to show sustained improvement
after 3 years of treatment, with cardiovascular symp-
toms showing significant improvement until Month
12 and mood/cognition, attention/memory, and sex-
ual function showing significant improvement until
Month 24.

Patient mood, in particular depression, and patient
quality of life are associated with caregiver bur-
den [38]. Previous investigations of the impact of
LCIG on caregiver strain have reported conflicting
results [12, 20, 39–42], likely as a result of differ-
ent measurements used and methodologic challenges
like different caregivers in longitudinal follow-up
studies. Findings from our study indicate that care-
giver burden is reduced by patient use of LCIG,
signifying that improvements in patient symptoms
observed with LCIG use and/or replacement of com-
plex oral dosing with LCIG may reduce strain on
caregivers.

Despite initial improvement, UPDRS Part II and
Part III scores significantly worsened by Month 36,
likely reflecting underlying disease progression and
worsening of motor function in daily living over the 3-
year study. This finding is consistent with the finding
in a phase 3 open-label trial of LCIG wherein UPDRS
total score, Part II, and Part III scores demonstrated
significant initial improvements that were not main-
tained over the course of the 4.1-year follow-up [43].
Interestingly, in the current trial, the dose of LCIG
remained relatively stable throughout its 3-year dura-
tion, indicating dose adjustments did not need to be
made for the progression of disease.

Overall, safety data are consistent with the well-
established safety profile of LCIG. Slightly more than
half the patients experienced an SAE, with event fre-
quency and type as expected in this 3-year study of a
patient population that is of advanced age with multi-
ple comorbidities. Because weight loss is often seen
in patients with PD, particularly in the later stages
of PD [44], the average weight loss of 2 kg over 3
years is not surprising. Because of the absence of a
control group, it is unclear from this study if LCIG
contributes to additional weight loss; however, most
patients in this study did not experience more than a
7% change in weight.

Although two patients reported a polyneuropa-
thy during the study, no conclusions can be made
owing to the observational character of the study as
no systematic assessment of blood parameters such
as vitamins B1/6/12, folate, or homocysteine and
no nerve conduction velocities were performed. Of
note, because only SAEs were reported, any report
of polyneuropathy that was not an SAE was not cap-
tured. Polyneuropathy has been reported in other 1- to
2-year studies of LCIG, as the risk of polyneuropathy
may increase with long-term exposure to levodopa
[45–47]. Clinical management of patients receiving
LCIG over several years may require careful moni-
toring for neuropathic symptoms.

Many patients who discontinued the study con-
tinued LCIG treatment outside the study, indicating
the rate of discontinuations over the 3-year study
was not necessarily due to an unfavorable bene-
fit/risk profile for LCIG. Approximately half the
patients who discontinued the study did so for
non-safety-related reasons. When evaluating those
discontinuations resulting from SAEs, more than half
were fatal AEs, with only one considered possibly
related to study drug. Given this is the first fully
prospective international study of LCIG with a 3-
year follow-up period, it is not surprising that the
rate of fatal AEs observed in this study (17.4%) is
higher than that reported in other observational stud-
ies of LCIG (3% over 1 year and 8–9% over 2 years)
[16, 20, 48]. The vast majority of fatal AEs observed
here were related to cardiac events, complications
from non-treatment-related infections (like pneumo-
nia, sepsis, etc.), neoplasms, and disease progression,
and were not considered related to the study drug by
investigators. When considered in conjunction with
the discontinuations due to non-safety reasons, it
appears reassuring that the number of patients who
truly discontinued because of an SAE, other than
expected age-related deaths, is relatively small. Of
note, a post hoc completer analysis, which compared
baseline demographics and disease characteristics of
patients who completed the first 12 months of study
vs. those who did not, found no clear differences
between the groups [24].

As the first fully prospective 3-year multinational,
real-world study of long-term LCIG treatment, these
findings contribute substantially to our understand-
ing of the long-term management of patients with
aPD. In addition, the stability in outcomes over
time (including robust improvements in dyskinesia)
demonstrates the long-term effectiveness of LCIG
in a real-world setting as PD progresses. The study
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also provides long-term safety data, including dis-
continuations and weight changes over time, as well
as the effects of COVID-19 on patient disposition
(the study was in its last phase during the first year
of the COVID-19 pandemic). However, with only
two COVID-19-related deaths and 3% of discon-
tinuations attributed to COVID-19 (both owing to
restrictions and fear of visiting study sites), the study
was affected by COVID-19 only to a minor degree.

The main limitation of this study is that it was an
open-label observational study, which lacked a treat-
ment comparator, so it is difficult to judge symptom
deterioration in the context of a progressive disease.
Our ability to reach definitive conclusions regard-
ing the causality of AEs such as polyneuropathy
was also limited by a lack of assessment of nerve
conduction velocities and regularly scheduled labo-
ratory evaluations, including vitamin B1/6/12, folate,
homocysteine, and methyl malonic acid. Also, this
study excluded patients with mild-to-severe cognitive
deficits or dementia (Mini-Mental State Examina-
tion score of less than 24) as well as patients who
had undergone deep brain stimulation (excluded only
in participating countries outside the United States).
Excluding these patient populations limits our under-
standing of LCIG in these groups. The fact that
approximately 50% of patients discontinued the study
at some point over the 36 months may limit interpre-
tation of the primary endpoint.

Findings from this study demonstrate the sig-
nificant and sustained clinical value of LCIG in
a practical real-world setting across motor fluctua-
tions, dyskinesia, and non-motor symptoms. Results
show improvements in HRQoL and reduction in
caregiver burden. Of particular interest is that
improvements above the MCID in “Off” time, dyski-
nesia, non-motor symptoms, sleep, and HRQoL were
maintained long-term in a population with an oth-
erwise progressive disease [26, 31, 32, 36]. Safety
events were consistent with those identified in pre-
vious studies of LCIG. Importantly, 30% of patients
who discontinued the study continued to use LCIG
outside the study, attesting to the benefits of long-term
LCIG use in aPD.
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Pécs, Medtronic, and Abbott.

F.E. Pontieri is a study investigator and a member
of the faculty at the Sapienza University of Rome and
is supported by university funds. He is also a mem-
ber of a joint scientific program between Sapienza
University of Rome and Santa Lucia Foundation,
IRCCS, Rome. He is an investigator in studies funded
by AbbVie, Lundbeck, Zambon, the Italian Min-
istry of Health, and the Italian Ministry of Scientific
Research. He has a clinical practice and is compen-
sated for his services by the Sant’Andrea Hospital
in Rome. In addition, since January 1, 2016, he has
served as consultant for or received honoraria from
AbbVie, Bial, FB Health, Lundbeck, and Zambon.

J. Aldred is a study investigator and has received
honoraria from AbbVie, Allergan, Teva, US World
Meds, Medtronic, and Abbot. He is an investiga-



K.R. Chaudhuri et al. / Final 3-year Results from the DUOGLOBE Study 781

tor in studies sponsored by AbbVie, AC Immune,
Annovis, Aptinyx, AstraZeneca, Atara, Athira, Bio-
gen, Biovie, Boston Scientific, Celgene, Cerevance,
Cerevel, Denali, EIP, Eli Lilly, Impax, Inhibikase,
IRL Therapeutics, Merz, Neuraly, Neurocrine, Neuo-
derm, Novartis, PD Gene/PSG, Praxis, Revance,
Roche/Genentech, Sage, Sanofi/Genzyme, Scion
Neurostem, Takeda, Theravance, Triplet/HSG, and
UCB. He is also a scientific advisor for AbbVie.

P. Bourgeois is a study investigator and has
received honoraria for consulting from AbbVie.

T.L. Davis is a study investigator and has received
grant/research support from the Parkinson Founda-
tion and the Peterson Foundation for Parkinson’s, and
honoraria for consulting from AbbVie.

E. Cubo is a study investigator and has received
honoraria for consulting from AbbVie, and travel
grants from Allergan.

M. Anca-Herschkovitsch is a study investigator
and consultant for AbbVie.

R. Iansek is a study investigator and has received
honoraria for consulting from AbbVie.

M.S. Siddiqui is a study investigator and
has received research support from Neuraly,
NIH, Michael J. Fox-Neuropoint Alliance, Sun
Pharma, AbbVie, Boston Scientific Neuromodu-
lation, Biogen, and Sunovion. He has received
honoraria/nonfinancial support as scientific advisor
from AbbVie and Boston Scientific Neuromodula-
tion.

M. Simu is a study investigator and has received
honoraria for lectures at symposia and consul-
tant fees from Teva, AbbVie, Merck, Servier
Pharma, AOP Orphan, Boehringer Ingelheim, Sanofi,
KRKA, UCB Pharma, Johnson and Johnson, and
Novartis.

L. Bergmann, P. Kukreja, O. Ladhani, J. Jia, and
M. Ballina are employees of AbbVie and may hold
AbbVie stock and/or stock options.

D.G. Standaert is a member of the faculty of
the University of Alabama at Birmingham and is
supported by endowment and University funds. He
is an investigator in studies funded by AbbVie
Inc., the American Parkinson Disease Associa-
tion, the Michael J. Fox Foundation for Parkinson
Research, The National Parkinson Foundation,
Alabama Department of Commerce, Alabama Inno-
vation Fund, Genetech, the Department of Defense,
and NIH grants P50NS108675 and R25NS079188.
He has a clinical practice and is compensated for
these activities through the University of Alabama
Health Services Foundation. He serves as Deputy

Editor for the journal Movement Disorders and
is compensated for this role by the International
Parkinson and Movement Disorders Society. In addi-
tion, since January 1, 2022 he has served as a
consultant for or received honoraria from AbbVie
Inc., Curium Pharma, Appello, Theravance, Sanofi-
Aventis, Alnylam Pharmaceutics, Coave Therapeu-
tics, BlueRock Therapeutics and F. Hoffman-La
Roche.

SUPPLEMENTARY MATERIAL

The supplementary material is available in the
electronic version of this article: https://dx.doi.org/
10.3233/JPD-225105.

REFERENCES

[1] Olanow CW, Stocchi F (2018) Levodopa: A new look at an
old friend. Mov Disord 33, 859-866.

[2] Olanow CW, Obeso JA, Stocchi F (2006) Continuous
dopamine-receptor treatment of Parkinson’s disease: Sci-
entific rationale and clinical implications. Lancet Neurol 5,
677-687.

[3] Antonini A, Chaudhuri KR, Martinez-Martin P, Odin P
(2010) Oral and infusion levodopa-based strategies for man-
aging motor complications in patients with Parkinson’s
disease. CNS Drugs 24, 119-129.

[4] Kulisevsky J, Luquin MR, Arbelo JM, Burguera JA, Car-
rillo F, Castro A, Chacón J, Garcı́a-Ruiz PJ, Lezcano E,
Mir P, Martinez-Castrillo JC, Martı́nez-Torres I, Puente V,
Sesar A, Valldeoriola-Serra F, Yañez R (2013) [Advanced
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Siddiqui MS, Simu M, Bergmann L, Kukreja P, Robieson
WZ, Chaudhuri KR (2021) DUOGLOBE: One-year out-
comes in a real-world study of levodopa carbidopa intestinal
gel for Parkinson’s disease. Mov Disord Clin Pract 8, 1061-
1074.

[25] Makkos A, Kovacs M, Pinter D, Janszky J, Kovacs N (2019)
Minimal clinically important difference for the historic parts
of the Unified Dyskinesia Rating Scale. Parkinsonism Relat
Disord 58, 79-82.

[26] Hauser RA, Auinger P, Parkinson Study Group (2011)
Determination of minimal clinically important change in
early and advanced Parkinson’s disease. Mov Disord 26,
813-818.

[27] Goetz CG, Stebbins GT, Chung KA, Hauser RA, Miyasaki
JM, Nicholas AP, Poewe W, Seppi K, Rascol O, Stacy MA,
Nutt JG, Tanner CM, Urkowitz A, Jaglin JA, Ge S (2013)
Which dyskinesia scale best detects treatment response?
Mov Disord 28, 341-346.

[28] Antonini A, Fung VS, Boyd JT, Slevin JT, Hall C, Chatamra
K, Eaton S, Benesh JA (2016) Effect of levodopa-carbidopa
intestinal gel on dyskinesia in advanced Parkinson’s disease
patients. Mov Disord 31, 530-537.

[29] Poewe W, Bergmann L, Kukreja P, Robieson WZ, Antonini
A (2019) Levodopa-carbidopa intestinal gel monotherapy:
GLORIA Registry demographics, efficacy, and safety. J
Parkinsons Dis 9, 531-541.

[30] Lyons KE, Pahwa R (2011) The impact and management of
nonmotor symptoms of Parkinson’s disease. Am J Manag
Care 17 Suppl 12, S308-314.

[31] Martinez-Martin P, Rodriguez-Blazquez C, Abe K, Bhat-
tacharyya KB, Bloem BR, Carod-Artal FJ, Prakash R,
Esselink RA, Falup-Pecurariu C, Gallardo M, Mir P, Naidu
Y, Nicoletti A, Sethi K, Tsuboi Y, van Hilten JJ, Visser M,
Zappia M, Chaudhuri KR (2009) International study on the
psychometric attributes of the non-motor symptoms scale
in Parkinson disease. Neurology 73, 1584-1591.

[32] Horvath K, Aschermann Z, Acs P, Deli G, Janszky J,
Komoly S, Karadi K, Kovacs M, Makkos A, Faludi B,
Kovacs N (2015) Minimal clinically important difference
on Parkinson’s Disease Sleep Scale 2nd Version. Parkinsons
Dis 2015, 970534.

[33] Barone P, Erro R, Picillo M (2017) Quality of life and non-
motor symptoms in Parkinson’s disease. Int Rev Neurobiol
133, 499-516.
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