
Motor and non motor effects of 
clinically available infusion

therapies in Parkinson’s disease
Karolina Poplawska-Domaszewicz

Institute of Neurological Disorders

Department of Neurology

Poznan University of Medical Sciences

Parkinson Foundation Centre of Excellence

Kings College Hospital London



Disclosures

2

Advisory boards Stada, AbbVie (Poland)

Honoraria AbbVie, AbbVie (Poland), Bial, Britannia, GKC, Stada

Grants 

(investigator 

initiated)

GKC, Altoida



Neurosurgery

Subcutaneous apomorphine infusion

Does not require surgery; reversible. 

Deep brain stimulation 

(DBS)

Requires stereotactic brain 

surgery

Levodopa/carbidopa intestinal gel 

(LCIG)

Continuous administration of levodopa/carbidopa 

by infusion into the jejunum 

Levodopa/carbidopa/ entacapone 

intestinal gel (LECIGON)
Continuous administration of 

levodopa/carbidopa/entacapone gel 

by infusion into the jejunum 

Subcutaneous

Device-aided therapy options –
what can we offer patients?

Abbvie 
Foslevodopa/Foscarbidopa 

subcutaneous infusion

Intestinal gel





Levodopa infusions story

LCIG, levodopa/carbidopa intestinal gel. 
1. Abbott A. Nature. 2010;466:S6–7; 2. Koller WC and Tse W. Neurology. 2004;13;62:S1–8; 3. EMA. EU/3/01/035: Orphan designation for the treatment of advanced idiopathic Parkinson's 
disease with severe motor fluctuations. Available at: https://www.ema.europa.eu/en/medicines/human/orphan-designations/eu301035. Accessed: April 2024; 4. Antonini A. J Mov Disord. 
2009;2:4–9; 5. Rosebraugh M, et al. Ann Neurol. 2021;90:52–61; 6. NICE. First NICE-recommended treatment for Parkinson’s set to benefit hundreds. Available at: 
https://www.nice.org.uk/news/article/first-nice-recommended-treatment-for-parkinson-s-set-to-benefit-hundreds. Accessed: April 2024.

The innovation and launch 
of LECIGON®

The need for a minimally 
invasive, levodopa-based 
infusion treatment remains4

1970 2000 2020

Oral levodopa is introduced into clinical 
practice, becoming the gold standard for 
Parkinson’s treatment1 

The unmet need for those with 
advanced Parkinson’s2 

2010 2024
The launch 
of Produodopa®6

Continuous delivery of Duodopa® via 
infusion pump is approved for advanced 
Parkinson’s3 The innovation 

of Produodopa®5



Produodopa we wlewie podskórnym 24/h1

6

BBB: blood–brain barrier; CD: Carbidopa; DA: Dopamine; LD: Levodopa; PD: Parkinson’s disease.

Based on: Rosebraugh M, Voight EA, Moussa EM, et al. Foslevodopa/Foscarbidopa: A New Subcutaneous Treatment for Parkinson’s Disease [published online ahead of print, 2021 Mar 26]. Ann Neurol. 2021;10.1002/ana.26073

Foslevodopa and 
foscarbidopa (20:1) 
convert in vivo into 
levodopa and 
carbidopa

CD does not cross the blood–
brain barrier and inhibits 
peripheral decarboxylation of 
LD to DA
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LD may 
improve:

– Motor 
fluctuations
– ON time 
in patients 
responding 
to LD

FOSLEVODOPA/FOSCARBIDOPA



24-hour continuous subcutaneous 
infusion of 

foslevodopa/foscarbidopa



Lancet Neurology 2022

Pivotal Licensing Study

➢ A 12-week randomised, double-blind, double-dummy, active-
controlled study 

➢ 65 academic and community study centres in the USA and Australia.



➢ 52-week, phase 3, open-label, single-arm, multicenter study to 
assess the safety, tolerability, and efficacy of
foslevodopa/foscarbidopa administered as a 24-hour/day CSCI 
in patients with aPD

➢ 60 sites across 13 countries (Australia, Belgium, Canada, 
Denmark, Germany, Italy, Japan, Netherlands, Russia, Spain, 
Sweden, United Kingdom, and United States)

➢ patient enrollment- June 2019- August 2021



Distribution of first morning state on awakening (assessed by 24-hour PD diary)

19.2%

1.0%

11.5%

68.3%

WEEK 26 (N = 104)

30.9%

1.7%

8.0%

59.4%

WEEK 6 (N = 175)

31.0%

6.3%
12.7%

50.0%

WEEK 1 (N = 158)

77.7%

1.8%
3.0%

17.5%
BASELINE (N = 166)

28.7%

1.1%
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62.8%

WEEK 13 (N = 94)

27.8%

2.2%

7.8%
62.2%

WEEK 52 (N = 90)

First morning non-sleep symptom:

”Off” time

“On” time without dyskinesia

“On” time with non-troublesome dyskinesia

“On” time with troublesome dyskinesia

• Permission granted from Neurology and Therapy to re-use images from Aldred J, et al. 
Neurol Ther 2023.

• Aldred J, et al. Neurol Ther 2023; doi: https://doi.org/10.1007/s40120-023-00533-1.
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Soileau MJ, et al. Lancet Neurol 2022; 21:1099–1109.



▪ Significant improvement in nocturia 
symptoms with
foslevodopa/foscarbidopa compared to 
oral levodopa at week 12 (p < 0.01)

▪ In the open label study, there were 
significant reductions in nocturia scores 
at weeks 6, 13, 26, and 52 compared to 
baseline (p < 0.001 for all comparisons)
Bladder function in PD may involve 

dopamine D1 receptor activity, and the D1 
effect of foslevodopa/foscarbidopa 
combined with sustained overnight 
stimulation may be the underlying 

mechanism, warranting further
investigation.

Chaudhuri KR et al. Clin Park Relat Disord. 2025 



Case study 1: 
Right-sided 
bradykinesia and 
dystonic gait

13

Severe right-sided bradykinesia Right-sided dystonic gait during best “On” state

The patient provided consent for the use of these videos within this presentation.

Diagnosed with 
EOPD 

with dystonia in 
2016

Age: 39 years

Male



Decision on further 

treatment

LDp/CDp, foslevodopa/foscarbidopa.
The patient provided consent for the use of these videos within this presentation.

Post LDp/CDp dose Post LDp/CDp 
after 1 month

Post LDp/CDp after a few 
hours

Improvement in writing



After 3 months

• Courtesy of Prof. R. Chaudhuri and Dr. K. Popławska-Domaszewicz. 
• The patient provided consent for the use of these videos within this presentation.



The patient provided consent for the use of these videos within this presentation.

After 1 year



The special burden of EOPD 
and need for specific  care

High NMS burden 
High risk of ICD 
Higher genetic cases

EOPD genetic 
basis

Specific genetic 
mutation

Clinical association

AD pattern SNCA Cognitive decline

AR pattern ATP13A2 (Kufor–
Rakeb Syndrome)

Rapid cognitive decline, 
dementia, and optic 
atrophy

AR pattern PRKN Specific pattern of ICD: 
compulsive shopping, 
binge eating, punding, 
increased hobbyism, and 
sleep benefit

AR pattern PINK1 Specific pattern of ICD: 
hypersexuality, 
compulsive shopping, 
and binge eating

AD pattern 
(GRIN2B)

GRIN2B, DRD1 and 
DRD2

Strong links with ICD. 
Racial variations noted

AD pattern 
(LRRK2)
AR pattern 
(GBA1)

LRRK2
GBA1 (pathogenic 
mutations)

Increased rates of ICD

AR pattern GBA1 (pathogenic 
mutations)

Cognitive decline, RBD, 
and dysautonomia

AR pattern PLA2G6 (PLAN) Rapid cognitive decline 
and optic atrophy

AR pattern (DJ-
1)
AR pattern 
(PINK1)

DJ-1
PINK1

Association with pain in 
PD. 
PINK1 lower back pain 
described in EOPD

NA DRD2 rs2283265 
polymorphism

Association with pain in 
EOPD



The patient provided consent for the use of these videos within this presentation.

Progress

Post initiation 2-week follow-up

Age: 59 years

Male

Self-employed 

businessman

Diagnosed 
with PD in 

2007

After 2 months
Fosldopa 
and gait



Effect of continuous subcutaneous LDp/CDp treatment on falls, posture, and
freezing of gait 

Post hoc analysis of single items from LDp/CDp registration trials 

• Significant improvements were observed from baseline in walking and 

balance and freezing at Weeks 13 and 52 

• Gait, postural stability, and posture worsened vs baseline at Week 52 

• Patients in the LDp/CDp arm achieved significant improvements from baseline 

to Week 12 in walking and balance, freezing, gait, and freezing of gait 

• There were no significant between-arm differences in changes from baseline 

in postural stability or posture at Week 12. • *P<0.05; ***P<0.001 vs baseline. 

• CSCI, continuous subcutaneous infusion; LD/CD, levodopa/carbidopa; LDp/CDp, foslevodopa/foscarbidopa; LSM, least squares mean; SE, standard error 28 

• Odin P, et al. EAN 2023. 





SAFETY PROFILE







”Levodopa/carbidopa	intesBnal	gel	infusions	
generate	a	stable	rise	in	striatal	dopamine	levels”	PoliAs	et	al.,	2017.		

Decreases in [11C]raclopride binding potential before (A-C) 

and after (D-F) LCIG infusions (PET). 

Duodopa infusion provides stable striatal 
dopamine levels

Levodopa-Carbidopa 
Intestinal Gel (LCIG)

Plasma concentrations of levodopa 
with oral tablets vs LCIG2
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1. Politis M, et al. (2017) Mov Disord, 235-240; 2. Othman AA, et al. (2015) Clin Pharmacokinet, 975-984.

Levodopa/carbiodopa intestinal gel



Antonini et al., 2021

Continuous dopaminergic stimulation 
provided by LCIG reduces OFF time and 
improves other motor complications that 
are not well controlled with oral levodopa. 
These improvements are sustained for more 
than 12 months and up to 5 years.



➢ global multicenter, single arm, non-interventional, post-
marketing, observational study

➢ 55 sites across 10 countries (Australia, Belgium, Hungary,
Israel, Italy, Romania, Slovenia, Spain, United Kingdom, and 
the United States)

➢ 195 patients



Off period

Dyskinesia

NMSS

PDSS

Chaudhuri et  al. 
JPD 2023





LCIG

• LCIG, levodopa/carbidopa intestinal gel. 
• Courtesy of Prof. R. Chaudhuri and Dr. K. Popławska-Domaszewicz.
• The patient provided consent for the use of these videos within this presentation.



PD-FOG

Before Duodopa Duodopa therapy





SAFETY PROFILE



MOVEMENT DISORDERS CLINICAL PRACTICE 2025. doi: 10.1002/mdc3.70046

Lecigon infusion shows strong effect on all
aspects of sleep dysfunction in PD 

Conclusions: Routine use of LECIG for up to 12 
months provided sustained control of motor 
symptoms, and was well tolerated with a 
positive impact on QoL and high patient 
satisfaction.





Apomorphine is the only dopamine agonist with equivalent efficacy to levodopa

• Broad spectrum dopamine agonist 
activating all dopamine D1-like (D1, D5) 
and D2-like (D2, D3, D4) receptors with a 
rapid and reliable effect1

• Supported by clinical evidence and 
experience of efficacy and safety over 30 
years1

• Despite advances in therapy 
apomorphine remains the only dopamine 
agonist with equivalent efficacy to 
levodopa2

• Subcutaneous apomorphine infusion 
provide continuous dopaminergic 
stimulation via continuous drug delivery 3 

• Apomorphine Pen

Apomorphine Pump

1. Jenner P, Katzenschlager R. Parkinsonism Relat Disord. 2016;33 Suppl 1:S13-

21.

2. Stibe CM, et al. Lancet. 1988;1(8582):403-6.

3. APO-go® POD 5 mg/ml solution for infusion in cartridge. Summary of Product 

Characteristics. 2022.



Subcutaneous apomorphine effective for the management of ON–OFF oscillations in 19 PD patients

Apomorphine equipotent to levodopa

Stibe CM et al. Lancet 1988;1(8582):403-6

Mean hours OFF per day (averaged over 1 
week)

Diary recording OFF periods before and after apomorphine.  
Shade=OFF

Convention
al treatment

Apomorphin
e added



APOMORPHINE

• intermittent 
apomorphine injection 
(penject)

• continuous
subcutaneous
apomorphine infusion
(pump)



Short half life
(lasts about an hour) 
–  no interference with 

basal drug regimen

Reliability for 
recovering the 

ON state

Rapid onset of 
action

(4-12 minutes)

So why APOMORPHINE PEN?
Fills gaps in the control of motor functioning with usual medication

1. Pfeiffer RF, et al. Parkinsonism Relat Disord. 2007;13(2):93-100. 



• „Rescue therapy‟ for motor and non-motor “off” periods inadequately 
controlled by oral/transdermal treatments

• patients with unpredictable and predictable ‘off’ periods

• off symptoms that may improve include: off-related dystonia, freezing,
non-motor symptoms, including pain, early morning ‘off’ states (early 
morning dystonia, akinesia, nonmotor fluctuations)

• when absorption of oral levodopa is impaired or the patient has gastric 

emptying problems (gastroparesis) to treat delayed "on"

intermittent apomorphine injection (penject)



Apomorphine Injection: Other actions 
Apomorphine can have tremorolytic action

Thanks Courtesy Prof Chaudhuri/Dr V Metta



Apomorhine can be useful for dystonic pain

Thanks Courtesy Prof Chaudhuri/Dr V Metta



• „off” periods not adequately controlled by oral 
treatment

• when rescue doses of apomorphine injection are 
effective but too frequent (for example, more than 
4-6 times per day)

• dyskinesias limit further therapy optimalization

• simplify complex PD dosing regimens to improve 
convenience and compliance with therapy

continuous subcutaneous apomorphine infusion (pump)



a significant decrease in off-time hours per day in 
the 12 week of treatment

62% of patients in the apomorphine arm 
experienced more than two hours of reduction of 
off time from baseline compared to 29% for 
placebo

the on-time troublesome dyskinesia free period 
was higher in the apomorphine group (2·77 ± 3·26 
hours) as compared to the placebo group (0·80 ± 
2·93 hours)



.
Methods:

All patients completing the 12-week DBP

The primary objective →evaluation of long-
term safety of APO.

Results: 

84 patients entered the OLP (40 previously on 
APO, 44 on placebo) and 59 patients (70.2%)
completed the study. 

Reduction in daily OFF time and improvement 
in ON time without troublesome dyskinesia 
were sustained for up to 64 weeks. 

Mean (±SD) daily levodopa-equivalent dose 
decreased from DBP baseline to week 64 by 
543 mg (±674) and levodopa dose by 273 mg 
(±515).

Conclusions: 

The safety and efficacy of APO infusion were 
demonstrated with long-term use for persistent 
motor fluctuations, allowing substantial 
reductions in oral PD medication.

TOLEDO 52-week OLP results: key efficacy outcomes confirmed those of the DBP

Pooled data for week 64 

(n=55)

Mean (±SD) change from 

DBP baseline in daily 

OFF time -3.66 (2.72) 

hours 

Pooled data for week 64 

(n=55)

Mean (±SD) change from 

DBP baseline in daily ON 

time without 

troublesome dyskinesia 

3.31 (3.12) hours 

Katzenschlager R, et al. Parkinsonism Rel Dis. 2021;83:79-85. APO, apomorphine infusion; DBP, double-blind phase; OLP, open-label phase.



InfusON: A US-based post-hoc analysis of open-label, 

long-term outpatient use of apomorphine infusion

Mean changes from baseline in daily OFF time (blue) and 

daily ON time without troublesome dyskinesia (green)

• Phase III study: confirmed long-term (1 year) safety 

profile and tolerability1 

• Aligned with the results of the TOLEDO study2,3

1. Isaacson SH, et al. J Parkinsons Dis. 2025;15(2):361-373.

2. Katzenschlager R, et al. Lancet Neurol. 2018;17(9):749-59.

3. Katzenschlager R, et al. Parkinsonism Relat Disord. 2021;83:79-85.



PDQ, Parkinson’s Disease Questionnaire; QOL, quality of life; 
SD, standard deviation; UPDRS, Unified Parkinson’s disease Rating Scale



•

Martinez-Martin P, Reddy P, Antonini A, Henriksen T, Katzenschlager R, Odin P, Todorova A, Naidu Y, Tluk S, Chandiramani C, Martin A, Chaudhuri KR. (2011) J Parkinsons 
Dis, 197-203.



APOMORPHEE is the first randomised, double-blind, placebo-

controlled trial to assess safety, tolerability and efficacy of a night-

time only apomorphine infusion

• 46 patients ( advanced PD  and moderate-severe insomnia )enrolled

• Sleep disturbances were improved according to difference in PDSS

• Acceptable safety profile

• Positive effects observed on motor symptoms on morning awakening

APOMORPHEE: 

night-time only 

apomorphine study
Mean change in PDSS score 
(N=46)

+15

+5

APO
(n=25)

Placebo 
(n=21)

P=0.04

Cochen de Cock V, et al. Lancet Neurol. 2022;21:428-37. APO, apomorphine; PDSS, Parkinson’s disease sleep scale.

subcutaneous night-time only apomorphine infusion might be 
useful to manage sleep disturbances in patients with advanced 

Parkinson's disease and moderate to severe insomnia



SAFETY PROFILE

OLP safety set (n=84) n (%)
Patients with at least one AE 83 (98.8)

AEs related to the study medication 77 (91.7)

Serious treatment-related AEs 8 (9.5)

AEs leading to study 

discontinuation:

• Infusion site reactions

• Fatigue

• Autoimmune haemolytic 

anaemia

• Delirium

• Dementia

• Disturbance in attention

• Lymphoma

• Nausea

• Panic attack 

• Somnolence

14 (16.7)

4 (4.8)

2 (2.4)

1 (1.2)

1 (1.2)

1 (1.2)

1 (1.2)

1 (1.2)

1 (1.2)

1 (1.2)

1 (1.2)

OLP safety set (n=84) n (%)

AEs with a local intolerability 

(skin changes at injection 

site)

60 (71.4)

Most common AEs (≥10% 

frequency)

• Infusion site nodules

• Nausea

• Somnolence

• Dyskinesia 

• Fall 

• Insomnia 

• Constipation 

• Dizziness 

• Infusion site erythema 

• Headache 

46 (54.8)

19 (22.6)

19 (22.6) 

14 (16.7) 

14 (16.7) 

13 (15.5) 

12 (14.3) 

11 (13.1) 

11 (13.1) 

9 (10.7)

• Safety profile of APO 

was consistent with 

extensive clinical 

experience 

• Common treatment-

related adverse events: 

• Mild or moderate 

infusion site nodules

• Somnolence

• Nausea

Katzenschlager R, et al. Parkinsonism Relat Disord. 2021;83:79-85. AE, adverse event; DBP, double-blind phase; OLP, open-label phase



Apomorphine is the emetic of choice in dogs

Preferably use
Domperidone 
10mg TID





52



Before- APO

DAT combinations & switches
1 mont after DBS+APO 3 months after DBS+APO



Case study : Apomorphine → Foslevodopa/Foscarbidopa

The patient provided consent for the use of these videos within this presentation.

Progress

Before Titration process

Age: 65 years
PD-2009

2019-2024- CSAI
2025-

fosldopa/foskarbiod
opa

After 3 months After 1 year



Thank you for 
your attention 
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