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ABSTRACT

The management of Parkinson’s disease (PD) 
continues to evolve with advancements in non‑
oral levodopa‑based therapies aiming to provide 
continuous drug delivery (CDD). Such therapies 
address the challenges posed by the emergence 
of motor fluctuations, dyskinesias, and non‑
motor fluctuations (NMF) associated with oral 
levodopa administration and contributing 

to define the advanced stage of PD. The key 
focus of this review is placed on subcutaneous 
foslevodopa/foscarbidopa (Foslevodopa/
foscarbidopa) infusion, showcasing its recent 
clinical availability and efficacy in providing 
continuous levodopa delivery. While providing 
an overview of the other non‑oral levodopa‑
based CDD systems, such as intrajejunal 
levodopa–carbidopa infusion and levodopa–
entacapone–carbidopa infusion, we highlight 
the current promising evidence for Foslevodopa/
foscarbidopa to improve, for example, “on 
time” without troublesome dyskinesia and 
reducing “off time” in people with advanced 
PD. Additionally, Foslevodopa/foscarbidopa 
demonstrates potential in managing early 
morning off periods, sleep quality and other 
motor and non‑motor symptoms. Moreover, 
other non‑oral CDD options such as ND0612 
and DIZ102/DIZ101 are discussed, with focus 
on their pharmacokinetics/pharmacodynamics, 
efficacy, and safety profiles. While these 
advancements present new therapeutic avenues, 
long‑term observational studies are warranted to 
elucidate their impact on existing PD therapies. 
Overall, this review provides insights into the 
evolving landscape of non‑oral CDD therapies 
and offers a pragmatic approach for their 
integration into clinical practice.

K. Poplawska‑Domaszewicz (*) 
Department of Neurology, Poznan University 
of Medical Sciences, Poznan, Poland
e‑mail: karolina.poplawska@usk.poznan.pl

K. Poplawska‑Domaszewicz · L. Batzu · 
C. Falup‑Pecurariu · K. R. Chaudhuri 
Parkinson’s Foundation Centre of Excellence, King’s 
College Hospital, London, UK

L. Batzu · K. R. Chaudhuri 
Department of Basic and Clinical Neuroscience, 
Institute of Psychiatry, Psychology 
and Neuroscience, The Maurice Wohl Clinical 
Neuroscience Institute, King’s College London, 
London, UK

C. Falup‑Pecurariu 
Department of Neurology, Faculty of Medicine, 
County Clinic Hospital, Transilvania University 
Brasov, Braşov, Romania

C. Falup‑Pecurariu 
Department of Neurology, Transilvania University 
Brasov, Braşov, Romania

http://crossmark.crossref.org/dialog/?doi=10.1007/s40120-024-00635-4&domain=pdf


1056 Neurol Ther (2024) 13:1055–1068

Keywords: Parkinson’s disease; Foslevodopa; 
Subcutaneous; Continuous drug delivery; Early 
morning off

Key Summary Points 

Subcutaneous delivery of levodopa providing 
continuous 24 h levodopa has been a huge 
clinical and pharmacological challenge to 
develop but is now available for clinical use.

Successful pivotal trial data of the novel 
subcutaneous foslevodopa/foscarbidpa, as 
well as subcutaneous levodopa/carbidopa 
using a different approach by Neuroderm 
(dual syringes and dual infusion sites) has 
been published.

A new form of intrajejunal infusion with 
levodopa–carbidopa–entacpaone gel is 
also now in clinical use in many European 
countries and globally.

Currently foslevdopa/foscarbidopa is 
registered by licensing authorities and post 
hoc analysis suggests significant benefit 
not only on motor function and motor 
complications of Parkinson’s disease (PD) but 
also early morning akinesia and sleep as well 
as nocturia. Monotherapy is also possible in 
over 30% of cases.

Skin reaction with subcutaneous 
foslevodopa/foscarbidoopa as well as 
levodopa/carbidopa remain a concern but 
with scrupulous hygiene, tolerability rates are 
reasonable.

INTRODUCTION

The Need for Non‑oral Levodopa‑Based 
Therapies

Levodopa remains the best symptomatic 
treatment for Parkinson’s disease (PD) since the 
1960s and has gained widespread use, enabling 
a significant reduction in dosing and peripheral 
side effects with concomitant use of peripheral 

decarboxylase inhibitors [1]. However, motor 
fluctuations, dyskinesias, and non‑motor 
fluctuations (NMF) emerge over time and pose 
significant clinical challenges [2].

Fluctuating plasma levels of levodopa led to 
pulsatile stimulation of basal ganglia pathways, 
resulting in dose‑dependent peak and patterns 
during the day as well as in hypo‑dopaminergic 
states at night [3, 4]. Symptomatic treatment 
typically begins with three doses per day but, as 
a result of levodopa’s short half‑life, more fre‑
quent dosing becomes necessary and attempts 
to reduce interdose intervals often prove inad‑
equate beyond 4–5 doses/day, due to compliance 
issues and advancing PD. This can lead to disa‑
bling “no on” or “delayed on” periods [5]. To 
address these challenges, oral therapies includ‑
ing monoamine oxidase inhibitors (MAO), 
third‑generation catechol‑O‑methyl transferase 
(COMT) inhibitors such as opicapone, and 
multi‑receptor‑active drugs like safinamide have 
been developed. Longer‑acting oral levodopa 
formulations have been developed to provide 
continuous drug delivery (CDD) [6]. However, 
these have not been widely adopted because 
of various issues, including ongoing blocks to 
oral delivery (Fig. 1). Non‑oral levodopa‑based 
CDD strategies have, therefore, been a major 
focus for research and clinical trials for effective 
symptomatic management of PD in moderate‑
to‑advanced stages [7, 8].

A key point for developing CDD, which is 
effective for 24 h, as opposed to daytime‑only 
therapies, is the fact that sleep dysfunction 
affects up to 90% of patients with PD, with issues 
like nocturnal akinesia and early morning off 
(EMO) periods posing significant challenges [9]. 
EMO periods, common in patients treated with 
conventional oral levodopa, are often overlooked 
and may be associated with disabling non‑motor 
symptoms [10]. Providing continuous, 24‑h 
delivery of levodopa in fluctuating patients with 
PD, therefore, remains appealing, as it mitigates 
the risk of dopamine agonist‑related side effects, 
it provides physiological continuous delivery of 
dopaminergic stimulation and, additionally, 
may effectively manage EMO period [7].
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Ethical Approval

This article is based on previously conducted 
studies and does not contain any new studies 
with human participants or animals performed 
by any of the authors.

NON‑ORAL LEVODOPA‑BASED 
CONTINUOUS DRUG DELIVERY 
SYSTEMS

In this review, we focus on the recent release 
and clinical availability of subcutaneous 
foslevodopa/foscarbidopa (Foslevodopa/
foscarbidopa) preparation for advanced PD, in 
addition to a short discussion on other similar 
available or soon‑to‑be available products. After 
the first trials in Sweden, levodopa infusion 
delivered through a gastrojejunostomy came 
into clinical practice in 2004 [11, 12]. Currently, 
several non‑oral levodopa‑based treatment 
options are in clinical use or in development as 
below:

• Intrajejunal levodopa–carbidopa infusion 
(IJLI, in clinical use globally)

• Intrajejunal levodopa–entacapone–carbidopa 
infusion (in clinical use in some European 
countries)

• Subcutaneous Foslevodopa/foscarbidopa 
infusion (in clinical use after recent release 
in Europe, UK and Japan)

• Subcutaneous levodopa–carbidopa infusion 
(ND0612, in development)

• Intravenous levodopa infusion ( in 
development)

While we will focus principally on 
Foslevodopa/foscarbidopa, we will also present 
data related to the other clinical options, either 
in development or available shortly.

Intrajejunal Levodopa/Carbidopa Infusion

Extensive literature is available about the 
use of a continuous infusion of levodopa/
carbidopa (20 + 5 mg/ml respectively) intestinal 
gel (LCIG) using a percutaneous endoscopic 
gastrojejunostomy (PEG‑J) for advanced 
PD. Controlled trials and open‑label studies 
consistently demonstrated LCIG’s ability 
to maintain stable levodopa plasma levels, 
reducing “off” periods and improving “on” time 
without troublesome dyskinesias in patients 
with advanced PD [13–16]. Multiple studies, 
following on from the findings of Honig et al., 
have consistently demonstrated a reduction 
in various non‑motor symptoms in advanced 
PD using the PD Non‑Motor Symptoms Scale 
(NMSS) as an outcome measure [15, 17, 18].

Up to 31.4% of patients can be maintained 
on LCIG and levodopa monotherapy in 
advanced PD at 12 months’ follow‑up, 33.4% 
at 36 months, offering a simplified treatment 
approach, especially for those with comorbidities 
[15]. However, side effects such as abdominal 
surgery‑related complications and device issues 
are common in the first 3 months, with long‑
term risks including weight loss and axonal 

Fig. 1  Novel oral sustained-release levodopa formulations: potential strengths and limitations are shown. NMS non-motor 
symptoms, NMF non-motor fluctuations



1058 Neurol Ther (2024) 13:1055–1068

polyneuropathy, requiring careful monitoring of 
certain vitamins (vitamin  B12,  B6 and folic acid) 
[19]. In terms of efficacy, open‑label multicentre 
comparative data (Euroinf studies) suggest 
equivalent motor and superior non‑motor effect 
with IJLI at 6 months’ follow‑up [20]. Cost‑
effectiveness analyses suggest LCIG may offer 
incremental benefits over standard care, with an 
estimated incremental cost‑effectiveness ratio of 
£23,649/quality‑adjusted life‑year [21].

Intrajejunal Levodopa–Carbidopa–
Entacapone Infusion

Levodopa/entacapone/carbidopa intestinal 
gel (LECIG), branded as Lecigon (other 
brand names  inc lude  Lec ig imon in 
Belgium), is a fixed‑dose combination of 
levodopa–carbidopa–entacapone (available in 
doses of 20 + 5  + 20 mg/ml respectively) in a 
gel form. Approved by the Swedish Medical 
Product Agency (MPA) in 2018 and now 
patented in the USA, LECIG is utilised in 
European countries (Sweden, Germany, and 
Finland) and awaits UK regulatory approval. 
The Crono LECIG pump, which is smaller 
and lighter than the IJLI CADD Legacy pump 
(230 vs 500 g), has shown increased patient 

preference [22], although some patients 
discontinued LECIG treatment, primarily as a 
result of diarrhoea, in the single‑centre study 
reported from Sweden [22–24] (Table 1). Studies 
demonstrate a comparable pharmacokinetics 
profile to LCIG with increased levodopa 
exposure [23]. Limited by small sample sizes, 
safety and efficacy conclusions are uncertain 
and long‑term studies with large multicentre 
sample sizes are needed. A retrospective study 
from Romania suggests LECIG significantly 
reduces off time and moderate to severe 
dyskinesias [25]. However, the interpretation 
of this study is limited by a retrospective 
design with lack of robust outcome measures, 
quality of life, and non‑motor measurements, 
as well as by the presence of patchy details 
of tolerability, length of follow‑up, and side 
effects [25]. Another single‑centre study 
by Viljaharju et  al. from Finland suggests a 
higher early discontinuation rate of LECIG 
(19 patients completed 6 months’ follow‑up 
from baseline cohort of 30) and the conclusion 
that the smaller size of the pump was the only 
advantage of the using LECIG [26]. Large‑
scale trials, including the planned multicentre 
ELEGANCE registry study, are needed to fully 
assess benefits and address gaps in data.

Table 1  Comparison of the pump characteristics of levodopa carbidopa infusion (LCIG) and levodopa–carbidopa–entaca-
pone (LECIG) infusion obtained from respective pump user manuals with expert inference

Smith Medical CADD 1400 
legacy LCIG pump

CRONO LECIG pump Comments

Size (container included) 197 × 100 mm 152 × 55 mm LECIG pump smaller

Weight (cartridge included) 500 g 230 g LECIG pump lighter

Cartridge vs syringe 100 ml cartridge (easy to 
attach)

47 ml pre-filled syringe Both acceptable

Flow rate 0–20 ml/h (0.1 ml/h 
increments)

0–20 ml/h (0.1 ml/h 
increments)

Similar flow rates and 
bolus. CRONO allows 
multi-rate programming

Battery life Two AA alkaline batteries 
(approximately 14 days at 
10 ml/day)

1.3 V lithium battery (90 × 
47 ml infusions)

Both acceptable
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Subcutaneous Foslevodopa/Foscarbidopa 
Infusion

Levodopa is the gold standard for treating 
PD and continuous 24‑h infusion of 
levodopa remains a key unmet need for 
patients and clinicians. This approach, 
from pharmacological, pathophysiological, 
and clinical perspectives appears to be a 
reasonable approach for addressing both motor 
symptoms and key levodopa‑responsive non‑
motor symptoms, ideally round the clock to 
provide daytime and night‑time cover [27]. 
Although attempted in the 1980s, logistical 
challenges and systemic volume overload 
led to the abandonment of this method [11]. 
Subsequently, Abbvie developed ABBV‑951, 
known as Foslevodopa/foscarbidopa, enabling 
continuous subcutaneous infusion of levodopa/
carbidopa prodrug which converts to levodopa 
and carbidopa in the body. The higher 
solubility of Foslevodopa/foscarbidopa allows 
the delivery of the amount of levodopa used 
by patients with advanced Parkinson’s in much 
smaller volumes compared to LCIG [27]. The 
system is specifically designed as a continuous 
infusion over 24 h via subcutaneous delivery, 
using a smaller and lighter pump compared to 
LCIG pump [25, 26, 28].

Pharmacokinetics

Pharmacok ine t i c s /pharmacodynamic s 
studies in healthy subjects having ABBV‑
951 administered subcutaneously showed 
the pharmacokinetic profile of Foslevodopa/
foscarbidopa to be similar to LCIG infusion 
data with steady levodopa levels achieved 2 h 
after administration [29]. Rosebraugh et  al. 
also showed that Foslevodopa/foscarbidopa 
subcutaneous infusion reduced fluctuations in 
plasma levodopa levels, provided equivalent 
levodopa levels to LCIG infusion over the 
16‑h interval and, additionally, maintained 
those levels throughout the night‑time period 
providing 24 h cover.

Clinical Trials

The pivotal licensing trial with Foslevodopa/
foscarbidopa was a 12‑week randomised, 
double‑blind, double‑dummy, active‑controlled 
study (NCT04380142) and enrolled 174 
patients, with 141 randomised to continuous 
subcutaneous infusion of Foslevodopa/
foscarbidopa plus oral placebo capsules (n = 74) 
or oral immediate‑release levodopa/carbidopa 
plus outcome measure with Foslevodopa/
foscarbidopa showing a significantly greater 
increase in on time without troublesome 
dyskinesia (“good on”) of 1.75 h (p = 0.0083) 
and a significantly greater reduction in “off 
time” (− 1.79 h, p = 0.0054) [30]. Key secondary 
efficacy measures also included MDS‑UPDRS 
part  2, although there were no significant 
differences between Foslevodopa/foscarbidopa 
and oral levodopa/carbidopa [30]. The authors 
note that there was a numerical improvement 
in MDS‑UPDRS  2 favouring Foslevodopa/
foscarbidopa and statistically the unadjusted 
magnitude of this trend was considered 
clinically meaningful for this patient group. 
The study also confirmed that the Foslevodopa/
foscarbidopa drug device is also able to adjust 
dosing and deliver a range of therapeutically 
relevant doses of foslevodopa (approximately 
600–4250  mg/day levodopa equivalents) 
for personalising treatment. Aldred et  al. 
reported a 52‑week, open‑label international 
phase  3 registrational trial (NCT03781167) 
evaluating safety/tolerability as well as long‑
term efficacy of 24‑h/day subcutaneous 
Foslevodopa/foscarbidopa in advanced PD [31]. 
Out of 244 enrolled subjects, 137 completed 
treatment and, at the 52‑week follow‑up, “on 
time” without troublesome dyskinesia and 
“off time” remained significantly improved 
from baseline. There was also a concomitant 
improvement in quality of life (QoL), while 
motor complications were noted at week 1 after 
initiation of Foslevodopa/foscarbidopa and 
sustained throughout the 52‑week treatment 
period. In the UK, the National Institute of 
Health and Care Excellence (NICE) has issued 
guidance [32] for the use of Foslevodopa/
foscarbidopa recommending it as an option 
for treating advanced levodopa‑responsive 
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Parkinson’s in adults whose symptoms include 
severe motor fluctuations and hyperkinesia 
or dyskinesia, when available medicines are 
not working well enough or if they cannot 
have apomorphine or deep brain stimulation, 
or these treatments no longer control 
symptoms effectively. Elsewhere in Europe, the 
indications vary. The warnings and precautions 
for use are generic for levodopa and therefore 
the same for Foslevodopa/foscarbidopa.

Early Morning Off and Sleep

As previously mentioned, EMO periods, often 
also termed “early morning akinesia”, pose a 
significant challenge in PD treatment, affecting 
over 60% of levodopa‑treated patients, with 
more than 80% experiencing severe non‑motor 
fluctuations [10]. Foslevodopa/foscarbidopa 
has shown promise in reducing EM akinesia, 
with Aldred et al. reporting a drop from 77.7% 
(129 patients) at baseline to 27.8% (25 patients) 
at week  52 in patients experiencing EMO, 
accompanied by improvements in sleep quality 
and QoL [31]. At week 12, patients who received 
Foslevodopa/foscarbidopa reached good “on 
time” after waking nearly three times faster 
(28.9 vs 82.9 min; p = 0.004) and more patients 
who received Foslevodopa/foscarbidopa woke up 
in good “on” state than patients who received 
oral immediate‑release levodopa/carbidopa 
(83.3% vs 39.7%). Temporal patterns showed 
that greatest improvements and differences 
were reported in the first hours after waking. 
Chaudhuri et  al. found that improved sleep 
with Foslevodopa/foscarbidopa correlated 
positively with reductions in “off” time and 
improvements in motor experiences of daily 
living and QoL, potentially due to successful 
management of EMO [33]. In addition, there was 
also a significant positive correlation between 
improvement in Parkinson’s Disease Sleep 
Scale 2 (PDSS‑2) scores and change to week 26 
in MDS‑UPDRS part  II scores [33]. This data, 
therefore, further suggests that improved sleep 
with Foslevodopa/foscarbidopa was associated 
with improved QoL and “off” time and could be 
consequent to successful management of EMO. 
Data also suggests that patients with advanced 
PD on Foslevodopa/foscarbidopa experience 

good “on time” within 30 min on waking in 
the morning [34].

Other benefits of Foslevodopa/foscarbidopa 
have also been reported mainly in abstracts so 
far, and are indicated in Fig. 2, where we have 
summarised the constellation of effects and 
other possible efficacy measures related to the 
clinical use of Foslevodopa/foscarbidopa. These 
include nocturia, freezing of gait, benefits in 
early advanced PD, cost–benefit analysis, mono‑
therapy and safety.

Nocturia

Nocturia is common in PD and often disrupts 
sleep. Chaudhuri et  al. conducted post hoc 
analyses of data from the 12‑week pivotal trial 
(NCT04380142) and the 52‑week open‑label 
safety study (NCT03781167) of Foslevodopa/
foscarbidopa in patients with PD, investigating 
changes in nocturia, measured with the PDSS‑
2, over time [33]. Results indicate a 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.

Freezing of Gait

Odin et  al. performed a post hoc analysis 
of single items related to gait and freezing 
[Movement Disorders  Society‑Unif ied 
Parkinson’s Disease Rating Scale (MDS‑UPDRS) 
items 2.12, 2.13. 3.10–3.13] from Foslevodopa/
foscarbidopa registration trials and showed 
that patients in the Foslevodopa/foscarbidopa 
arm achieved significant improvements from 
baseline to week 12 in single items for walking 
and balance, freezing, and gait compared to 
oral levodopa therapy in the double‑blind 
trials. In the open‑label analysis, significant 
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improvements were observed from baseline in 
walking and balance and freezing at weeks 13 
and 52 although gait, postural stability, and 
posture worsened vs baseline at week  52. 
Further work in relation to gait and freezing 
and use of Foslevodopa/foscarbidopa is 
therefore warranted [35].

Early Advanced PD

Antonini et al. reported post hoc analysis of 
efficacy of Foslevodopa/foscarbidopa in the 
earlier stage of advanced PD which they defined 
as age ≤ 65 years, Hohen and Yahr stage ≤ 2 (in 
“on” state) and time since motor fluctuations 
of ≤ 3 years [36]. Patients with an earlier stage of 
advanced PD and later stages reported similar 
improvements in motor fluctuations and 
QoL following treatment with Foslevodopa/
foscarbidopa.

Fig. 2  Summary of key effects of Foslevodopa/foscarbi-
dopa based on clinical data in peer-reviewed papers and 
abstracts (reviewed in the paper) presented in international 

congresses now in write-up phase. PD Parkinson’s disease, 
QOL quality of life



1062 Neurol Ther (2024) 13:1055–1068

Monotherapy with Foslevodopa/Foscarbidopa

Aldred et  al. reported data on concomitant 
dopaminergic medication use in 244 patients 
on Foslevodopa/foscarbidopa. In patients 
with advanced PD who were initiated on 
Foslevodopa/foscarbidopa treatment, over 30% 
could achieve monotherapy by week 52 [31]. 
During this period overall, there was a 10.3% 
reduction in the number of patients taking ≥ 3 PD 
medications and the levodopa equivalent daily 
dose of Foslevodopa/foscarbidopa remained 
stable over time (range 1621.9–1847.0 mg/day) 
[29].

Safety

In the pivotal study comparing Foslevodopa/
foscarbidopa with oral levodopa, adverse 
events were reported in 85% of Foslevodopa/
foscarbidopa participants and in 63% of oral 
levodopa–carbidopa participants [30]. Serious 
adverse events occurred at similar rates between 
the groups. The main side effects in the 
Foslevodopa/foscarbidopa group were related 
to infusion site issues, including erythema 
(27%), local site pain (26%), cellulitis (19%), and 
skin oedema (12%) [31]. It is also to be noted 
that there were no reports of polyneuropathy 
in this study. Most adverse events were mild 
or moderate in severity and non‑serious. 
Serious adverse events were noted in 9% 
of the Foslevodopa/foscarbidopa arm, with 
hallucinations and psychosis reported in 15%. 
The percentage of patient who discontinued 
Foslevodopa/foscarbidopa in the open‑label 
phase as a result of hallucinations was 4.1%. 
Notably, hallucinations and psychosis were 
observed in the 12‑week trial, and it is possible 
that this was related to the trial regime which 
did not allow any night‑time dose modifications 
[30]. In real‑life practice with commercially 
available pumps, dosing adjustments can be 
made, potentially alleviating these effects. 
Nurse support could also help prevent and 
manage side effects, which is crucial in the 
real‑world use of Foslevodopa/foscarbidopa. 
These issues have been discussed in a recent 
paper addressing practical tips on initiation and 
maintenance of Foslevodopa/foscarbidopa [37]. 

In the 12‑month, open‑label, phase 3 study, 
serious adverse events were reported in 25.8% 
of patients, including infusion site cellulitis 
(4.1%) and infusion site abscess (3.3%) [31]. 
The majority of adverse events were nonserious, 
mild, or moderate in severity and resolved with 
appropriate care over time [31].

ND0612 (Subcutaneous Levodopa/
Carbidopa)

ND0612, developed by NeuroDerm, is another 
subcutaneous form of levodopa but, unlike 
Foslevodopa/foscarbidopa, it is a liquid 
formulation of levodopa/carbidopa providing 
delivery through a continuous subcutaneous 
infusion pump system using dual syringes 
and dual infusion sites as opposed to one for 
Foslevodopa/foscarbidopa. The pivotal trial 
data has recently been published and ND0612 
remains under review by the US Food and Drug 
Administration (FDA).

Pharmacokinetics

In a series of six phase I and II studies involving 
healthy volunteers and fluctuating patients with 
PD, LeWitt et al. demonstrated that levodopa 
concentration of 60  mg/ml combined with 
carbidopa 7.5 mg/ml, complemented with oral 
levodopa/carbidopa, exhibited an acceptable 
profile for continuous 24‑h administration 
in patients with PD [38]. On the basis of this 
finding, NeuroDerm developed a drug‑device 
combination designed to continuously deliver 
liquid levodopa/carbidopa (60/7.5 mg/ml) via 
subcutaneous infusion in clinical studies.

Poewe et al. reported the BeyoND study, a 
12‑month open‑label safety study with ND0612, 
demonstrating significant improvement in on 
time without troublesome dyskinesias (− 1.3 (1.7) 
change from baseline) but no significant changes 
in “off” time or “good on” time [39]. No major 
differences in safety between the 16‑ and 24‑h 
regimens were noted [40].

Espay et al. recently reported the results of the 
BouNDless trial (NCT04006210), a randomised, 
active‑controlled, double‑blind, double‑dummy 



1063Neurol Ther (2024) 13:1055–1068 

trial designed to assess the efficacy, safety, 
and tolerability of ND0612 compared to oral 
levodopa/carbidopa in patients with PD with 
motor fluctuations [41]. Patients underwent a 
12‑week trial followed by two sequential open‑
label periods for optimization of treatment. 
Of 259 subjects with PD, 128 were randomly 
assigned to subcutaneous ND0612 and 131 to 
oral levodopa–carbidopa with a 94% completion 
rate [41]. ND0612 improved “on time” without 
troublesome dyskinesia compared to oral 
levodopa/carbidopa by 1.72 h (95% CI 1.08–2.36, 
p < 0.0001). There were nine prespecified 
hierarchical outcomes, and significant treatment 
differences favouring subcutaneous ND0612 were 
reported for four, namely daily “off time” [− 1.40 h 
(95% CI − 1.99 to − 0.80)], MDS‑UPDRS part II 
scores, PGIC, and Clinical Global Impression of 
Change (CGI‑C).

Safety

Initial studies revealed significant side effect 
issues, leading to protocol revisions and 
temporary trial suspensions in certain countries. 
Consent withdrawal (19.6%) and adverse 
events (17.3%) were the leading causes of study 
discontinuation. Following a protocol revision 
and retraining, the discontinuation rate decreased 
from 49% to 29%. In the trial by Espay et al., 7% 
of participants discontinued because of infusion‑
site reactions, and 9% reported infusion‑site 
infections (cellulitis) [41]. Notably, patients 
with severe PD (Hoehn and Yahr stage ≥ 4) or 
severe disabling dyskinesia were excluded from 
the study. PDSS‑2 data did not show significant 
changes, and there is a lack of overall non‑motor 
or early morning akinesia‑related data. A long‑
term, open‑label, follow‑up study is underway. 
Practical issues with ND0612 include the use of 
two syringes and needles, as well as a maximum 
daily dose limited to 720 mg.

Subcutaneous DIZ102 and Intravenous 
DIZ101

DIZ102, branded as Infudopa SubC™, is a 
concentrated acidic levodopa/carbidopa 
solution (8:1) developed in Sweden, intended 

for outpatient treatment via subcutaneous 
infusion using a portable twin pump for 
continuous mixing before infusion [42]. It 
is designed for use as monotherapy with 
levodopa, has a shelf life of 36 months in the 
refrigerator and at least 3  months at room 
temperature, requiring two subcutaneous 
infusion catheters. The intravenous DIZ101 has 
the same levodopa/carbidopa concentration, 
delivered intravenously through an indwelling 
vein catheter in the arm [42].

In a recent single‑centre pharmacokinetic 
crossover study involving 18 evaluable subjects 
with PD, DIZ101 demonstrated plasma levels of 
levodopa comparable to those obtained by LCIG, 
with 100% bioavailability with subcutaneous 
administration compared to 80% with IJLI 
[42]. DIZ102 displayed similar pharmacokinetic 
properties to DIZ101, with the fastest increase in 
plasma levodopa levels after infusion [42].

Skin‑related side effects were absent or mild, 
and DIZ101 compared favourably with high 
doses of oral/intestinal levodopa, providing 
rapid onset of action. DIZ101 can be stored 
for up to 1  year at room temperature, with 
potentially low rates of skin reactions/infections 
due to its low pH. However, the large volume of 
infusion raises concerns about volume overload, 
and there is no data on long‑term tolerability. 
The 16‑h infusions lack data on sleep or non‑
motor aspects of PD.

A POTENTIAL CLINICAL PATHWAY 
OF CARE

In Fig. 3 we propose a pragmatic evidence‑based 
and clinical experience‑based flowchart to aid 
how the different treatment strategies that 
are currently available (as such, Neuroderm, 
DIZ101 and DZ102 are not considered) can 
be used in the clinic. These options could be 
seen as an addition to the New European Acad‑
emy of Neurology/Movement Disorder Society 
European Section Guideline for Invasive Thera‑
pies in Parkinson’s Disease for further use [43]. 
In the flowchart of Fig. 3 we have considered 
several options, including the potential use of 
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Fig. 3  Potential algorithm for clinical use of available 
advanced therapies treatment options. PD Parkinson’s dis-
ease, APD advanced PD, PKG Personal KinetiGraph, HY 
Hohen & Yahr, NMF non-motor fluctuations, MRgFUS 
MRI-guided focused ultrasound, DBS deep brain stimula-

tion, STN subthalamic nucleus, GPi globus pallidus inter-
nus, RLS restless legs syndrome, IJLI intrajejunal levodopa 
infusion, LECIG levodopa–entacapone–carbidopa intesti-
nal gel, ? indicates possible consideration of the technique 
if locally available
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Foslevodopa/foscarbidopa therapy for non‑
motor fluctuations (NMF) as a whole, based 
on the current evidence and clinical experi‑
ence [43]. In the flowchart, we have suggested 
that NMF that accompany motor fluctuations, 
such as pain, anxiety and low mood, can also 
be effectively managed by using Foslevodopa/
foscarbidopa. This is also evident from clinical 
experience of using other levodopa‑based infu‑
sion therapies, although specific studies need to 
be performed. In this flowchart, we also consider 
the option of infusion therapy in older patients 
(> 75 years of age) with the option of home nurs‑
ing support, if needed.

CONCLUSIONS

For over a decade, advanced therapies for 
PD were limited to surgical and infusion 
therapies. The motor and non‑motor effects 
of these therapies have been well established 
and compared in studies like Euroinf 2 [20]. 
However, since the late 2010s, the landscape has 
changed with the introduction of intrajejunal 
LECIG delivered via a smaller pump system, 
as well as the recent approval of Foslevodopa/
foscarbidopa. This marks the first clinically 
approved use of subcutaneous levodopa, 
presenting new therapeutic challenges.

The emergence of new treatment options 
prompts questions about their impact on 
existing therapies. Definitive answers require 
long‑term observational studies comparing 
LCIG and Foslevodopa/foscarbidopa as well 
as LCIG versus LECIG trials as was done in 
the Euroinf studies. Skin hygiene is crucial 
for maintaining Foslevodopa/foscarbidopa 
therapy, while patient preference for smaller 
pump sizes may favour LECIG. Despite these 
advancements, there remains a role for IJLI and 
apomorphine infusion, especially for managing 
night‑time sleep dysfunction, as demonstrated 
in the APOMORPHEE trial [44] or as a rescue 
option for predictable off periods. Patients may 
not tolerate entacapone infusion contained in 
LECIG and IJLI may be the preferred option 
while dyskinesias may also favour use of LCIG. 
Data from the BouNDless trial for ND0612 show 

acceptable tolerability, but its long‑term efficacy, 
sleep benefits, and early morning effects remain 
uncertain, leaving its position in advanced PD 
care pathways unclear at present.
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