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Abstract
The TANDEM investigation was carried out in 17 Italian Movement Disorder centers on behalf of a joint initiative of neu-
rologist members of the Italian Academy for Parkinson’s disease and Movement Disorders (LIMPE-DISMOV Academy) 
and gastroenterologist members of the Italian Society of Digestive Endoscopy (SIED) to evaluate the efficacy and toler-
ability of levodopa-carbidopa intestinal gel (LCIG) in patients with advanced Parkinson’s disease (PD) in routine medical 
care. Motor scores in “ON” and OFF” state (UPDRS-III), complications of therapy (UPDRS-IV), activities of daily living, 
sleep disorders and quality of life were evaluated at baseline and at two follow-up assessments (FUV1 and FUV2) within 
the initial 12-month LCIG treatment. In 159 patients (55% males) with a mean age of 69.1 ± 6.6 years and a diagnosis of PD 
since 13.6 ± 5.5 years, the UPDRS-III total score (in “OFF”) decreased from baseline (45.8 ± 13.2) to FUV1 (41.0 ± 17.4; 
p < 0.001) and FUV2 (40.5 ± 15.5; p < 0.001), the UPDRS-IV total score decreased from baseline (8.8 ± 2.9) to FUV1 
(5.1 ± 3.4; p < 0.001) and FUV2 (5.5 ± 3.2; p < 0.001). The percentage of patients exhibiting freezing, dystonia, gait/walking 
disturbances, falls, pain and sleep disorders was significantly reduced. Twenty-eight device complications were reported and 
11 (6.9%) patients prematurely terminated the study. LCIG after 12-month treatment led to sustained improvement of time 
spent in “OFF”, complications of therapy, PD-associated symptoms and sleep disorders. LCIG tolerability was consistent 
with the established safety profile of LCIG.

Keywords  Parkinson’s disease · Levodopa-carbidopa intestinal gel · Motor symptoms · Quality of life · Routine patient 
follow-up

Introduction

Parkinson’s disease (PD) is a neurodegenerative disorder, 
characterized by resting tremor, rigidity and bradykinesia. 
These motor symptoms depend upon striatal dopamine 
denervation and are ameliorated by dopamine replacement 
therapy (Wirdefeldt et al. 2011).

Levodopa (LD) is still the most effective symptomatic 
drug for PD treatment (Wirdefeldt et al. 2011). Long-term 

oral LD administration, however, may be associated with 
the development of disabling motor complications (Wird-
efeldt et al. 2011; Antonini et al. 2018a, b, c; Fabbrini et al. 
2007) that negatively impact activities of daily living (ADL). 
Erratic gastric emptying, central pharmacodynamic mecha-
nisms and pulsatile levodopa plasma levels are among the 
key factors for motor fluctuations (Antonini et al 2010; Con-
tin and Martinelli 2010; Nutt 2008).

In recent years, PD has been increasingly associated 
with a variety of non-motor symptoms (NMS) (Kalia and 
Lang 2015; Chaudhuri et al. 2011) which contribute to an 
increasing overall morbidity, significantly impair quality of 
life (QoL) (Antonini et al. 2018a, b, c) and increase health 
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care costs, particularly in the advanced stages of the disease 
(Lundqvist et al. 2014; Palhagen et al. 2016).

Levodopa-carbidopa intestinal gel (LCIG) allows con-
tinuous drug delivery of levodopa-carbidopa directly to the 
upper intestine, thus providing more stable plasma levels 
than oral therapy (Nyholm et al 2003, 2013), reducing motor 
(Palhagen et al 2016, Antonini et al. 2013, Olanow et al 
2014, Slevin et al. 2015, Fernandez et al. 2015, Antonini 
et al. 2017) and non-motor complications (Antonini et al. 
2018a, b, c; Reddy et al. 2012; Chaudhuri et al. 2013) and 
improving QoL (Antonini et al. 2018a, b, c; Lundqvist et al. 
2014).

The TANDEM (MulTidisciplinary Approach in loNg-
term DEvice use for Medication infusion) investigation was 
a joint collaboration between neurologists and gastroenter-
ologists in 17 Italian PD care centres with the objective to 
evaluate the effectiveness of LCIG in advanced PD patients 
in routine medical care and to verify whether the LCIG drug/
device system was well-tolerated. Motor fluctuations, associ-
ated PD symptoms, ADL and QoL were assessed during a 
12-month treatment.

Patients and methods

Study design

The TANDEM investigation included 159 patients affected 
by advanced PD at 17 Movement Disorders centers already 
treated with LCIG based on clinician judgment and accord-
ing to SPC. The efficacy and safety of LCIG treatment in 
routine medical care were retrospectively collected at base-
line and prospectively assessed and two follow-up visits 
(FUV1 and FUV2) within the first 12 months following 
PEG-J placement.

Patients

Demographic and clinical features of consecutive patients 
treated with LCIG in a routine health care setting were ret-
rospectively collected in a database between November 
2014 and November 2017. This observational research was 
approved by local ECs and all patients provided written 
informed consent for recording and analysing their clinical 
data during routine medical care.

Effectiveness assessments

Motor scores were assessed by means of the UPDRS part-
III scale in “ON” and “OFF” condition. Complications of 
pharmacological therapy were obtained by the UPDRS-IV. 
Presence of dystonia, pain, gait and walking disturbances, 
falls, early morning and nocturnal akinesia were evaluated 

by the investigators, while ADL was assessed by the UPDRS 
part-II. Considering the observational nature of this inves-
tigation, the questionnaires related to the QoL, NMS and 
cognitive function were collected only if they were previ-
ously recorded in the patient’s hospital clinical chart, mainly 
the Parkinson’s Disease Questionnaire of 8 items (PDQ-8) 
or 39 items (PDQ-39) or by the Non-Motor Symptoms Scale 
(NMSS). Cognitive function was detected, if available, by 
means of the Mini-Mental State Examination (MMSE) and 
the Montreal Cognitive Assessment (MoCA), when rou-
tinely applied by the participating centers. A detailed listing 
of device complications reported by the gastroenterologists 
will be reported in a further publication.

Timing

For each subject, scales, if available, were retrospectively 
collected at baseline (BL), corresponding to the time of dis-
charge from hospital following PEG-J placement, and at two 
follow-up prospective assessments, performed 1–5 months 
(FUV1) and 6–12 months (FUV2) after BL, respectively. 
Previous PD treatments were considered as well.

Statistical analysis

Data were summarized using descriptive techniques such 
as measures of central tendency (i.e., median or mean) and 
measures of variability (i.e., standard deviation or interquar-
tile range) for continuous variables and absolute and relative 
frequencies for categorical variables.

Mean values of UPDRS part-III score in “OFF” and 
“ON” time, UPDRS part-IV, UPDRS part-II, and PDQ-8 
or PDQ-39 scores at the three time points were estimated 
using mixed linear regression models, including time points 
as covariates. A mixed logistic regression was applied to 
evaluate the percentage of patients affected by PD symptoms 
at different time points.

Mixed regression models are a subject-specific model and 
are a method of choice for analysing longitudinal data.

All analyses were performed using Stata version 13.0.

Results

Patients (N = 159; 55% males) had a mean age of 
69.1 ± 6.6 years and a PD duration of 13.6 ± 5.5 years. The 
previous oral PD treatments used before LCIG therapy were 
LD (98%), dopamine agonists (79%), catechol-O-methyl-
transferase (COMT) inhibitors (41%) and monoamine oxi-
dase B (MAO-B) inhibitors (54%) (Table 1).

Clinical baseline characteristics of patients are listed 
in Table 1. The mean baseline scores of the MMSE, the 
MoCA and the NMSS, available for a very small sample, 
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Table 1   Demographics, medical 
history, PD characteristics, 
symptoms, motor fluctuations, 
complications and quality 
of life (QoL) recorded at BL 
[mean ± SD, N = (%)]

Gender
 Male 88 (55%)
 Female 71 (45%)

Age (years) 69.1 ± 6.6
Weight (kg) 70.0 ± 12.5
BMI 25.3 ± 3.6
Medical history
 Cognitive decline (mild/moderate) 52 (33%)
 Psychosis 7 (5%)
 Depression 44 (28%)
 Compulsive disorder 7 (5%)
 Dementia 5 (3%)

Family history
 Parkinson disease 86 (54%)
 Parkinsonism 2 (1%)
 Tremor 8 (5%)
 Other Parkinson syndromes 8 (5%)
 Dementia 8 (5%)

PD characteristics
 Time since PD diagnosis (years) 13.6 ± 5.6
 Time since fluctuations (years) 8.4 ± 4.0

Previous PD treatment
 Levodopa 98%
 Dopamine agonist 79%
 COMT inhibitors 54%
 MAO-B inhibitors 41%
 Amantadine 21%
 Apomorphine Sc 5%
 DBS-STN 3%
 Other oral 5%

Severity stage
 Hoehn and Yahr “On” 2.6 ± 0.7
 Hoehn and Yahr “OFF” 3.6 ± 0.8

PD symptoms
 Tremor [unilateral/bilateral] 90 (57%) [83 (52%)/7 (4%)]
 Rigidity [unilateral/bilateral] 97 (61%) [83 (52%)/14 (9%)]
 Bradykinesia [unilateral/bilateral] 111 (70%) [80 (52%)/31(20%)]
 Postural instability 31 (20%)
 Hyposmia 11 (7%)
 Anxiety 13 (8%)
 Depression 31 (20%)
 Apathy 6 (4%)
 Othersa 15 (9%)

Complications
 Pain 63 (42%)
 Freezing 85 (5%)
 Dystonia 48 (32%)
 Fall 72 (47%)
 Gait and walking disturbances 96 (63%)

Motor fluctuations
 UDDRS Part III total score in “On” (N = 140) 28.0 ± 13.3
 UDDRS Part III total score in “OFF” (N = 131) 45.8 ± 13.2
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were 24.7 ± 3.0 (N = 24), 20.6 ± 3.3 (N = 5) and 70.0 ± 38.6 
(N = 18), respectively, and no changes were observed at the 
FUV1 and FUV2.

Reasons for switching from oral PD treatment to LCIG 
infusion were motor fluctuations in 143 (90%) patients, pro-
longed “OFF” time in 105 (66%) and dyskinesia in 86 (54%) 
(Table 1).

The LCIG infusion parameters (morning dose, infu-
sion duration and dosing, dose and number of extra doses) 
did not change at the FUV1 and FUV2 compared to BL 
(Table 2). Oral PD treatment administered concomitantly to 
LCIG was used only in a few patients at BL [oral night-time 
LD (N = 8), dopamine agonists (N = 6) and MAO-B inhibi-
tor (N = 6)] and remained unchanged at FUV1 and FUV2, 

Table 1   (continued)
Complications of therapy
 UPDRS part-IV total score (N = 133) 8.8 ± 2.9

Quality of life
 PDQ-8 total score (N = 61) 17.0 ± 8.0
 ADL (N = 62) 4.6 ± 3.4
 PDQ-39 total score (N = 39) 36.7 ± 20.2

Reason to start
 LCIG motor fluctuations 143 (90%)
 Dyskinesia 86 (54%)
 Prolonged OFF 105 (66%)
 Othersb 13 (8%)

TANDEM population (N = 159)
Number of observations in efficacy assessments: UPDRS part-III “On” (N = 140), UPDRS part-III “OFF” 
(N = 131), UPDRS part-IV (N = 133), PDQ-8 (N = 61), ADL (N = 62) and PDQ-38 (N = 39)
PD Parkinson’s disease, ADL activities of daily living, QoL quality of life, UPDRS Unified Parkinson’s 
Disease Rating Scale, PDQ-8 8-item Parkinson’s Disease Questionnaire, PDQ-39 39-item Parkinson’s Dis-
ease Questionnaire, DBS-STN deep brain stimulation of the subthalamic nucleus, Sc subcutaneous, COMT 
catechol-O-methyltransferase, MAO-B monoamine oxidase
a Asthenia, headache, pain, gait disturbances, visual disturbances, hypophonia
b Deep brain stimulation of the subthalamic nucleus, non-motor OFF, blepharospasm, dysphagia, dystonia, 
freezing, frequent falls

Table 2   LCIG dose 
(mean ± SD) and concomitant 
oral PD treatments (N=) 
recorded at BL and FUV1 and 
FUV2

TANDEM population (N = 159), number observations at BL (N = 150), FUV1 (N = 115) and FUV2 
(N = 92)
Night-time dose at BL (N = 1), at FUV1 (N = 1) at FUV2 (N = 3)
SD standard deviation

PD treatments BL
Mean ± SD

FUV 1
Mean ± SD

FUV 2
Mean ± SD

LCIG
 Morning dose (ml) 7.4 ± 2.5 7.1 ± 2.7 7.1 ± 2.4
 Infusion duration (h/day) 13.8 ± 2. 0 14.2 ± 1.8 14.2 ± 2.3
 Infusion dose (ml/h) 3.1 ± 1.1 3.3 ± 1.5 3. 4 ± 2.4
 Extra bolus (ml per boli) 2.1 ± 0.8 2.1 ± 0.8 2.2 ± 0.8
 Number of extra boli 1.1 ± 0.7 1.2 ± 0.7 1.3 ± 0.7
 Night-time dose (ml/h) 1.0 2.7 1.8 ± 1.1

Oral concomitant treatment (N=) (N =) (N =)
 Oral levodopa day time dose administration 0 4 3
 Oral levodopa night-time administration 8 22 15
 Dopamine agonist 6 9 7
 COMT inhibitors 1 2 2
 MAO-B inhibitors 6 4 4
 Amantadine 2 2 3
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except for oral night-time LD which was administered to 22 
and 15 patients at FUV1 and FUV2, respectively (Table 2).

Effectiveness

The mean UPDRS part-III score in “OFF” time sig-
nificantly decreased from BL (45.8 ± 13.2) to FUV1 
(41.0 ± 17.4; − 11%, p < 0.001) and to FUV2 (40.5 ± 15.5; 
− 12%, p < 0.001) (Fig.  1). The mean UPDRS part-IV 
score significantly decreased from BL (8.8 ± 2.9) to FUV1 
(5.1 ± 3.4; − 42%; p < 0.001) and to FUV2 (5.5 ± 3.2; − 38%; 
p < 0.001) (Fig. 1). The mean PDQ-39 score decreased from 
BL (36.7 ± 2 0.2; N = 34) to FUV1 (29.0 ± 21.5; N = 24; 
− 21%; ns) and to FUV2 (27.7 ± 18.4; N = 24; − 24%; ns). 
The mean PDQ-8 (N = 61 at BL) and the mean UPDRS-
II scores (N = 61 at BL) remained unchanged. The UPDRS 
part-III (“OFF” and “ON” time) and UPDRS part-IV were 
performed as routine assessments at all participating sites, 
while the UPDRS part-II scale, the PDQ-8, PDQ-39 ques-
tionnaires and NMSS were used at some sites but only in a 
limited number of patients (Table 1).

Similarly to the improvement of motor symptoms, the 
percentage of patients affected by associated PD non-motor 
symptoms significantly decreased at FUV1 and FUV2 vs. 
BL. In particular, pain (p = 0.035 and p = 0.002), freezing 
of gait (p < 0.001 and p < 0.001), dystonia (p = 0.02 and 
p = 0.001), falls (p < 0.001 and p = 0.005) and gait and walk-
ing disturbances (p < 0.001 and p < 0.001) were significantly 
reduced at FUV1 and FUV2. Early morning, nocturnal aki-
nesia and mood swings decreased significantly at FUV1 

(p = 0.002, p = 0.010 and p = 0.011, respectively), when 
compared to BL (Table 3).

The proportion of patients suffering from sleep disor-
ders was also markedly reduced at FUV1 (p = 0.017) and 
FUV2 (p = 0.007) compared to BL (Table 3). Changes of 
the incidence of different patterns of sleep disorders were 
not significant at each follow-up assessment compared to 
BL (Table 3).

Safety

During the data collection period, neurologists reported 
28 complications (Table 4). The most frequent were stoma 
granuloma (N = 6), occlusion of internal percutaneous endo-
scopic jejunal (PEJ) tubes due to kinking/knotting (N = 6) 
and other J-tube occlusions (N = 5). Out of 11 patients in 
whom premature termination of LCIG was reported, 9 were 
related to the decision of the patients or physicians to inter-
rupt treatment for poor compliance/efficacy, one was due to 
a device complication and one to an adverse event (Table 4). 
Seven deaths were reported due to sepsis (N = 1), acute 
meningoencephalitis (N = 1), and unknown reason (N = 5), 
all considered not related to treatment.

Discussion

The TANDEM investigation is the largest Italian joint 
initiative of neurologists and gastroenterologists for ret-
rospective and prospective data collection deriving from 

Fig. 1   Motor fluctuations 
and complication of therapy: 
UPDRS-III “On”, UPDRS-III 
“Off” and UPDRS-IV ADL 
total scores at baseline (start 
of LCIG treatment with PEG-J 
treatment) at FUV1 and FUV2. 
Asterisks represent statisti-
cal significance (**p ≤ 0.001) 
compared to baseline. Numbers 
indicated in brackets represent 
the number of observations at 
each visit. TANDEM popula-
tion (N = 159), number of obser-
vations indicated in brackets. 
UPDRS Unified Parkinson’s 
Disease Rating Scale
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routine clinical care assessing motor functions, specific 
PD-associated symptoms and sleep disorders in advanced 
PD patients treated with LCIG. The web-based electronic 
system allowed both, neurologists and gastroenterologists, 
to collect multidisciplinary, homogeneous data and to assess 
the effectiveness of LCIG and tolerability of the drug/device 
system in routine clinical practice (Fig. 2).

Here, we report the clinical outcomes assessed by the 
neurologists on motor fluctuations, PD-associated symp-
toms, ADL and QoL.

LCIG led to marked improvement of motor symptoms 
during the 12-month treatment period. Consistent with pre-
vious studies, we did not find a significant change in the 
UPDRS-III score in ON time (Sensi et al 2014; Zibetti et al. 
2014). Differently from previously published studies, a sig-
nificant improvement in both follow-up assessments was 
reported for UPDRS-III in OFF time. It is worth to note that 
in the recently published GLORIA study a significant change 
of UPDRS-III score in ON condition was observed after 18 
and 24 months of LCIG treatment (Antonini et al. 2017). 
Moreover, Zibetti et al. (2013a; b) showed that PD symp-
toms, particularly axial symptoms, deteriorated significantly 
over a 3-year LCIG treatment only in advanced PD patients 
with a diagnosis of probable dementia.

Table 3   PD-associated symptoms and sleep disorders recorded at BL, FUV1 and FUV2; N (%)

TANDEM population (N = 159), number of observations at BL (N = 159), FUV1 (N = 99) and FUV2 (N = 87)
RBD rapid eye movement sleep behaviour disorder, OSA obstructive sleep apnoea

PD symptoms Baseline FUV1 p value vs BL FUV 2 p value vs. BL

Pain 63 (41%) 28 (28%) 0.035 19 (22%) 0.002
Freezing 85 (56%) 25 (25%) < 0.001 22 (25%) < 0.001
Dystonia 48 (32%) 18 (18%) 0.020 10 (11%) 0.001
Falls 72 (47%) 20 (20%) < 0.001 25 (29%) 0.005
Urogenital disorders 30 (20%) 14 (14%) NS 14 (16%) NS
Gait and walking disturbances 96 (63%) 24 (24%) < 0.001 28 (32%) < 0.001
Morning akinesia 70 (46%) 26 (26%) 0.002 32 (37%) NS
Nocturnal akinesia 79 (52%) 35 (35%) 0.010 37 (43%) NS
Hyposmia 16 (11%) 10 (10%) NS 5 (6%) NS
Mood swings 50 (33%) 18 (18%) 0.011 19 (22%) NS
Excessive sweating 11 (7%) 7 (7%) NS 6 (7%) NS

Sleep disorders Baseline FUV1 p value vs BL FUV 2 p value vs. BL

Sleep disorders 97 (62%) 48 (47%) 0.017 19 (22%) 0.007
RBD 40 (41%) 13 (27%) NS 22 (25%) NS
Restless leg syndrome 15 (15%) 5 (10%) NS 10 (11%) NS
Vivid dreams 40 (41%) 15 (31%) NS 25 (29%) NS
Somnolence 27 (28%) 12 (25%) NS 14 (16%) NS
OSA 7 (7%) 4 (8%) NS 28 (32%) NS
Difficulty in sleep induction 31 (32%) 12 (25%) NS 32 (37%) NS
Fragmentation 61 (63%) 25 (52%) NS 37 (43%) NS
Nightmare 17 (18%) 4 (8%) NS 5 (6%) NS

Table 4   Number of device complication and reasons for treatment 
termination within 12-month LCIG treatment FU, N (%)

TANDEM population (N = 159), number of observations at BL 
(N = 150), FUV1 (N = 115) and FUV2 (N = 92)
PEG percutaneous endoscopic gastric tubes, PEJ internal percutane-
ous endoscopic jejnunal tubes

Total number of complications 28 (100%)
 Stoma granuloma 6 (21%)
 PEJ tube occlusion due to kinking/knotting 6 (21%)
 PEJ tube occlusion (other reasons) 5 (18%)
 PEJ tube dislocation 3 (11%)
 Accidental PEG removal 2 (7%)
 Buried bumper syndrome 2 (7%)
 PEG tube deterioration (tube breakage, leakage) 1 (4%)
 Pump-related problems 1 (4%)
 Accidental PEJ tube removal 1 (4%)

Treatment termination 11 (6.9%)
 Patient’s decision 7 (4.4%)
 Physician’s decision 2 (1.3%)
 Device complications 1 (0.6%)
 Adverse event 1 (0.6%)
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We found that the mean UPDRS-IV score was signifi-
cantly reduced by 42% and 38% at the first and second fol-
low-up visit, respectively. A similar magnitude of reduction 
was reported in a large recently published Italian observa-
tional GREENFIELD study (Lopiano et al. 2019).

In our investigation, a significant reduction in the fre-
quency of PD-associated symptoms such as freezing, dys-
tonia, falls, gait and walking disturbances and overall pain 
was reported at each FUV and enabled patients to increase 
their mobility. Moreover, the reduction of the frequency of 
axial symptoms is consistent with the recently published 
data from a retrospective study on 32 advanced PD patients, 
where it was shown that LCIG has a favourable effect on 
freezing of gait (FoG) and on freezing refractory to oral 
therapy (Rispoli et al 2018; Cossu et al. 2015; Zibetti et al. 
2018).

The assessment of sleep disorders at BL revealed that 
62% of the patients suffered from PD-associated symp-
toms and that sleep disorders were significantly reduced 
(p = 0.007) within the 12 months of LCIG treatment. Since 
sleep disorders had a high prevalence in PD patients with a 
significant impact on patient’s QoL (Ondo 2014), the marked 
reduction in the frequency of sleep disorders, observed in 
our investigation, represents an important finding. These 
findings are relevant if we consider that recently it has been 
shown that LCIG improves the quality of sleep, inducing a 
less fragmented sleep pattern, as assessed by polysomnog-
raphy after 6 months of treatment (Zibetti et al. 2013a, b; 
2017).

LCIG was administered in the majority of patients 
as monotherapy and the dose remained stable during the 
12 months of treatment period. Only few patients received 
concomitant additional oral anti-PD treatments such as 
dopamine agonists, COMT or MAO-B inhibitors. This is 
an important finding in line with a sub-analysis of the GLO-
RIA registry which showed that 57% of the patients start-
ing LCIG in monotherapy remain stable in monotherapy at 
24 months and they experienced the fewest discontinuations, 
adverse drug reactions (ADRs), and serious ADRs compared 
to patients in polytherapy (Poewe et al 2019). This issue is to 
be taken into account considering that it has been reported 
that a poorer compliance and reduced adherence to therapy 
was frequently associated with polypharmacy and drug regi-
men complexity with consequent worsening of symptoms 
control (Grosset et al 2005; Daley et al. 2012; Malek and 
Grosset 2015; Poewe et al 2019). In other studies, the pro-
portion of patients with LCIG monotherapy was substan-
tially similar (Zibetti et al. 2013a, b; 2014).

Oral night-time levodopa was administered to only few 
patients (5%) at baseline and was the only concomitant 
PD treatment administered at FUV1 and FUV2 to slightly 
more patients (14% and 9%, respectively). This percentage 
of nocturnal use of oral LD is substantially similar to that 
reported in the GREENFIELD study ranging from 23 to 
26% (Lopiano et al 2019), while in another study reporting 
marked improvement of nocturnal sleep, the proportion of 
patients using oral bed-time LD was substantially higher 
(64%) (Zibetti et al. 2017).

Fig. 2   Quality of life: PDQ-8, 
PDQ-39 and ADL total scores 
at baseline (start of LCIG treat-
ment with PEG-J treatment) 
at FUV1 and FUV2. Asterisks 
represent statistical significance 
(p ≤ 0.05) compared to baseline. 
Numbers indicated in brackets 
represent the number of obser-
vations at each visit. PDQ-8 
8-item Parkinson’s Disease 
Questionnaire, PDQ-39 39-item 
Parkinson’s Disease Question-
naire, BL baseline (discharge 
from hospital post-PEG-J place-
ment), FUV1 follow-up visit 1, 
FUV2 follow-up visit 2
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We showed no significant changes in ADL (UPDRS-II), 
in QoL (PDQ-8 and PDQ-39) and the NMSS. Likely, this 
was due to the very low number of observations at base-
line visit which further decreased at follow-up assessments. 
Investigations conducted in routine medical care may bear 
this bias, since participating centres assessments were rou-
tinely performed during medical care. In our investigation, 
some centres used PDQ-8 while others used PDQ-39 assess-
ment and only a few centres used NMSS.

Other limitations of this routine medical care investiga-
tion were the open-label design of the study, the lack of a 
control group, and the absence of a systematic collection 
and analysis of adverse events like in a clinical study setting.

The cooperation between neurologists and gastroenterolo-
gists is crucial for a sustained and well-managed LCIG treat-
ment, during the PEG-J positioning, throughout the short-
term post-positioning phase and the long-term maintenance 
period, to ensure optimal functioning, a low rate of compli-
cations and a good tolerability of the drug/device system.

In this investigation, the rate of premature discontinua-
tions was low (6.9%) compared to that reported in another 
multi-national LCIG investigation, where the dropout rate 
after the 12 months of follow-up was twice as high (14.5%) 
(Antonini et al. 2015). A slightly higher rate of discontin-
uation (9.5%) within the 1st year of LCIG treatment was 
reported in an Italian retrospective, multicentre survey con-
ducted by 60 PD specialists including 905 patients (Sensi 
et al. 2017). The high percentage of patients remaining 
on treatment in the short- and long-term follow-up was 
attributed to careful follow-up and appropriate patient and 
caregivers training as well as to the effectiveness of LCIG 
treatment. Therefore, LCIG infusion in Italy is managed in 
a uniform manner at a clinical, practical and organizational 
level.

Neurologists reported 28 device related complications 
during the observational period.

Our investigation provided important ’real-life’ clinical 
evidence on the use of LCIG drug/system for advanced PD 
patients and demonstrated continuous care and hand-to-hand 
collaboration between neurologists, gastroenterologists and 
care teams.

In conclusion, LCIG treatment in advanced PD patients 
led to significant and sustained reduction of time spent in 
“OFF” and a significant improvement in motor complica-
tions and sleep disorders. The safety results were consistent 
with the previously established safety profile.

Limitations and strengths

In this observational investigation, due to the retrospective 
assessment of subjects already in treatment with LCIG, 
many baseline observations were missing, particularly 
QoL or NMS questionnaires and scales. Therefore, the 

questionnaires with baseline assessment were available only 
in a very limited sample and this could have influenced the 
significance of the differences between baseline and follow-
up measurements. This suggests that a standard procedure 
for PD-associated symptoms collection has not yet been 
established among centers and that it would be important 
for the clinicians to always have wider diffusion and stand-
ardization in the usage of the tools and questionnaires for the 
clinical assessment of PD patients along the disease progres-
sion. Nevertheless, the common access of neurologists and 
gastroenterologists of the same center to the subjects’ clini-
cal data and nevertheless the increased cooperation between 
gastroenterologists and neurologists in each center, the 
involvement of other specialistic figures, like neuropsycholo-
gists or nutritionists, could have represented a real multidis-
ciplinary approach to patient management. Since this was 
an observational investigation and LCIG was implemented 
in routine care, the outcomes, even if in the absence of a 
true control group, may be considered representative of real-
world clinical practice for the holistic care of PD patients. 
The lack of instruments to detect the improvement related to 
the multidisciplinary intervention and the related patient’s 
satisfaction is another limitation of this investigation and this 
should be further assessed in the future.
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