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ABSTRACT
Background: Many Parkinson's disease patients receiving oral levodopa/carbidopa experience a troublesome wearing off effect. 
Higher doses to mitigate OFF-time are limited by adverse effects occurring at peak dopamine levels, particularly dyskinesia. A 
novel strategy to reduce OFF-time without increasing peak dopamine levels is the continuous subcutaneous infusion of levo-
dopa/carbidopa, or their prodrug equivalents foslevodopa/foscarbidopa.
Objectives: Assess whether subcutaneous infusion therapies safely reduce OFF-time and improve quality of life scores com-
pared to oral levodopa/carbidopa.
Methods: We searched MEDLINE, Embase, CENTRAL and ICTRP up to 28th October 2024 for clinical trials comparing sub-
cutaneous infusions of levodopa or foslevodopa to oral levodopa in Parkinson's disease.
Results: Screening of 1114 records identified seven studies in which 725 patients received subcutaneous infusion regimens of 
levodopa/carbidopa (ND0612) (407 patients) or foslevodopa/foscarbidopa (318 patients). Moderate quality evidence indicated 
subcutaneous infusion reduced the daily duration of OFF-time by 1.98 h (p = 0.0004). Moderate quality evidence indicated im-
provements in health-related quality of life score PDQ-39 (p = 0.0003) and sleep score PDSS-2 (p = 0.02), but an increase in the 
rate of treatment-emergent adverse events, mostly related to the infusion site (p = 0.04).
Conclusions: Subcutaneous infusion therapies produce a clinically and statistically significant reduction in the duration of OFF-
time experienced by patients with Parkinson's disease, compared to oral levodopa/carbidopa. Patient experience is improved by a 
statistically, but not clinically, significant degree. There are increased adverse events, mostly related to the infusion site. Overall, 
subcutaneous infusion regimens could provide a meaningful alternative for Parkinson's disease patients who experience severe 
motor fluctuations with existing levodopa formulations.

1   |   Introduction

Current Parkinson's disease (PD) therapy aims to manage 
symptoms, as no disease-modifying treatments are available. 
Pharmacological therapies include levodopa (given with a decar-
boxylase inhibitor such as carbidopa or benserazide), dopamine 

receptor agonists, catechol-O-methyltransferase (COMT) in-
hibitors and monoamine oxidase-B (MAO-B) inhibitors, all of 
which increase dopaminergic signalling [1]. While these treat-
ments offer symptomatic relief, their use is accompanied by a 
range of side effects including dyskinesias, impulsive behaviour, 
hallucinations and motor fluctuations [2]. Complementary 
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non-pharmacological therapy such as deep brain stimulation, 
physiotherapy and speech therapy can contribute to holistic 
amelioration of PD symptoms [3].

The mainstay and prevailing first-line PD therapy is oral 
levodopa, a dopamine precursor converted to dopamine in 
the striatum [4]. It is given in combination with a peripheral 
DOPA-decarboxylase inhibitor such as carbidopa to minimise 
peripheral breakdown of levodopa. A major limitation to the 
efficacy of oral levodopa is the development of motor fluctua-
tions, thought to be a result of intermittent delivery. This en-
tails a combination of wearing off when dopamine levels are 
low, known as ‘OFF-time’, and dyskinesia when dopamine lev-
els are high. During ‘OFF-time’, when levodopa fails to control 
Parkinsonian symptoms, patients may experience exacerbated 
motor symptoms such as tremor, gait freezing and rigidity and 
neuropsychiatric fluctuations, significantly impairing quality 
of life. Prevalence of OFF-time is estimated to be 40% after 
4–6 years of therapy but can appear as early as 5 months [5, 6]. 
Dyskinesia, manifesting as involuntary movement typically 
when dopamine levels peak, is the most frequent adverse ef-
fect of levodopa, developing in around 80% of PD patients [7]. 
The burden of dyskinesia and OFF-time increases with disease 
progression and duration of levodopa treatment, reducing ON 
time without dyskinesia when parkinsonian symptoms are ef-
fectively managed.

Attempts to reduce OFF-time by increasing the oral levodopa 
dose are limited since this also leads to increased dyskinesia 
and other adverse effects. These effects mirror the plasma 
concentration of levodopa, which fluctuates with its short 
half-life. Steady plasma levels, achieved by constant intra-
venous infusion of levodopa, have been shown to eliminate 
motor fluctuations [8]. Levodopa/carbidopa intestinal gel 
(LCIG), as well as levodopa/entacapone/carbidopa intestinal 
gel (LECIG), are infusion strategies currently in clinical use 
to stabilise plasma levels by targeting a continuous levodopa 
infusion. Large-scale clinical data has shown LCIG to reduce 
OFF-time, dyskinesia duration and severity of PD symptoms. 
Subcutaneous infusions of levodopa or foslevodopa are an 
emerging alternative to avoid the need for surgical place-
ment and management of a percutaneous jejunostomy tube 
[9]. Continuous subcutaneous infusion by wearable pumps is 
a system familiar to users of subcutaneous apomorphine, an 
adjunct currently available for use in PD treatment. Whilst 
the poor solubility of existing levodopa formulations has pre-
cluded a subcutaneous approach in the past, multiple formu-
lations have been developed that are shown to achieve stable 
plasma concentrations [10].

Three formulations exist for subcutaneous levodopa delivery. 
ABBV-951, known as foslevodopa/foscarbidopa, is a phos-
phate prodrug with high solubility to allow delivery of full 
daily doses with a small volume infusion [11]. ND0612 is a liq-
uid formulation of levodopa/carbidopa, which differs in that it 
requires dual infusion sites and supplementary oral levodopa/
carbidopa to meet daily dose requirements above 720 mg 
[12]. We deem it appropriate to analyse these formulations 
together (albeit separated in subgroup analysis) as they act 
identically once in the bloodstream, can reach similar peak 

plasma concentrations and produce similar fluctuation indi-
ces, and the latter two pharmacokinetic properties we deem 
most likely to affect OFF-time. A third formulation, DIZ102, 
is a concentrated acidic levodopa/carbidopa solution designed 
to provide a monotherapy, also requiring two infusion sites 
[13]. No studies of DIZ102 meet the inclusion criteria of this 
review, as there are no published trials comparing it to oral 
levodopa/carbidopa.

This systematic review aims to be the first meta-analysis to 
examine whether subcutaneous infusion of levodopa or fos-
levodopa can reduce daily OFF-time as compared to oral 
levodopa in patients with Parkinson's disease. Further, this re-
view aims to assess effects on quality of life scores, safety, and 
provide the first exploratory analyses of differences between the 
two formulations.

2   |   Methods

2.1   |   Source of Data and Search Strategy

We conducted our review in accordance with PRISMA guidelines 
and with guidance from the Cochrane Handbook for Systematic 
Reviews of Interventions [14, 15]. We registered the protocol 
on Open Science Framework: https://​doi.​org/​10.​17605/​​OSF.​IO/​
MT652​.

We searched the following databases for clinical trials: Ovid 
MEDLINE from 01/01/1946, Embase from 01/01/1974, 
Cochrane Central Register of Controlled Trials and 
International Clinical Trials Registry Platform, to Oct 28 2024. 
We formulated a comprehensive search strategy (Appendix S1), 
in collaboration with an information specialist, using a popu-
lation, intervention, comparison, outcome (PICO) framework. 
Key search terms were ‘subcutaneous drug administration’ 
and ‘Parkinson*’.

2.2   |   Eligibility Criteria

We included randomised controlled trials and relevant clini-
cal trials with non-standard designs, such as pre-post trials and 
open-label trials. We included trials of any duration that compared 
subcutaneous infusions of any levodopa/carbidopa delivery for-
mulation to oral levodopa/carbidopa. We included human trials 
performed in Parkinson's disease patients of any age or gender. 
Our primary outcome was reduction in OFF-time experienced per 
day. Secondary outcomes included quality of life scales, adverse 
events and adherence. We included all studies with comparative 
data on at least one of our outcomes. We excluded studies not avail-
able in English due to a lack of resources for scientifically accurate 
translations.

2.3   |   Study Selection

After searching, two reviewers independently screened the ab-
stracts of identified studies for eligibility. All relevant abstracts 
proceeded to full-text screening by two reviewers. Any conflicts 
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were first discussed by the two reviewers and, if consensus was 
not reached, by all four reviewers.

2.4   |   Data Extraction

We used a pre-designed data extraction template. The data 
extracted included study setting, number of participants, pop-
ulation data, intervention and control details and relevant as-
sessment time points. Data relating to outcomes included: 
OFF-time per day, quality of life scales, adverse events and ad-
herence rates. Information regarding funding and declarations 
of interest was also collected. Where data was missing, we re-
quested it from the authors.

2.5   |   Data Synthesis

Where appropriate, we carried out meta-analyses using RevMan 
software [16]. Where there was insufficient data for meta-
analysis, we compiled tables and summarised the findings nar-
ratively. Adverse effects reported by each study were compiled 
into table form.

We used a random effects model for meta-analysis to mitigate 
the effects of heterogeneity in the study cohorts and methods. 
We calculated mean difference in our meta-analyses of OFF-
time, PDSS-2 and PDQ-39 and risk ratios in our meta-analyses 
of TEAEs and STEAEs. In all cases we calculated a 95% con-
fidence interval and a two-tailed p-value and assessed hetero-
geneity using the Thompson I2 statistic [14]. We anticipated a 
low number of TEAEs and STEAEs, so we used the Mantel–
Haenszel method in our meta-analyses.

For all outcomes, we conducted subgroup analysis separating 
trials using ND0612 from those using foslevodopa/foscarbidopa. 
We also conducted two sensitivity analyses on our primary out-
come, the duration of OFF-time per day. The first excluded long-
term trials > 26 weeks in duration. The second excluded trials 
lacking an independent control group. We did not use funnel 
plots to assess publication bias as there were fewer than ten 
studies included in our analysis.

We used the Cochrane GRADE framework [15] to estimate the 
overall certainty of evidence for our main findings.

2.6   |   Risk of Bias Assessments

We conducted risk of bias assessments for all included studies 
for all outcomes. This was performed independently by two re-
viewers. Any conflicts were first discussed by the two reviewers 
and, if consensus was not reached, by all four reviewers. We used 
Cochrane Risk of Bias 2 for randomised and crossover trials, 
and Risk of Bias in Non-Randomised Studies—of Interventions 
(ROBINS-I) tools as appropriate [17, 18].

2.7   |   Data Sharing and Accessibility

Research data are not shared in a public data repository.

3   |   Results

3.1   |   Description of Studies

3.1.1   |   Results of the Search

We screened 1114 records identified by our searches, assessed 
the full text of 61 articles for eligibility and included 34 eligible 
records from seven studies. Figure 1 shows the PRISMA study 
selection flow diagram.

3.1.2   |   Included Studies

Table 1 shows nine intervention groups from seven included 
trials published between 2021 and 2024. We included records 
from three randomised controlled trials [20–27, 34, 35], one 
cross-over trial [12], two dosing-regimen comparisons with-
out independent control groups [19, 29–32] and one single arm 
open-label study [33]. Both dosing-regimen comparison stud-
ies included two intervention groups which were analysed 
separately. Five trials were sponsored by NeuroDerm and 
two trials were sponsored by AbbVie. Studies were conducted 
across multiple centres in Europe, North America, Australia 
and Israel.

All intervention groups received subcutaneous infusion of ei-
ther ND0612 or foslevodopa/foscarbidopa. Intervention groups 
receiving foslevodopa received no oral levodopa (shown as 
‘Sole therapy’ in Table 1) whilst intervention groups receiving 
ND0612 received supplementary oral levodopa where daily 
levodopa requirements exceeded the maximum subcutaneous 
dose deliverable (shown as ‘Supplemented’ in Table 1). Two in-
tervention groups receiving ND0612 received only 270 mg of 
subcutaneous levodopa per day, with the majority of their daily 
levodopa being delivered orally (shown as ‘Adjunct’ in Table 1). 
Interventions differed in their daily duration of infusion, with 
foslevodopa generally administered over 24 h, and ND0612 ad-
ministered either over 14–16 h or 24 h. Some studies with 24 h/
day infusion duration employed a reduced overnight infusion 
rate. Total duration of treatment varied from 24 h to 52 weeks. 
In all studies apart from Olanow et al., OFF-time was measured 
subjectively through a patient-reported home diary. In Olanow 
et al., OFF-time was measured by a blinded clinician over 8 h in 
a clinic setting.

3.2   |   Risk of Bias

Risk of bias assessments for all outcomes are presented in 
Figures S1–S5 and those relating to primary outcomes are dis-
cussed below.

3.2.1   |   Randomised Controlled Trials

Espay et al. [27] and Soileau et al. [20–24, 35] were judged to 
be at low risk of bias. Giladi et al. [25, 26, 34] were judged to 
be of some concern, arising from missing detail on the ran-
domisation process. Risk of bias judgements are displayed in 
Figure S1.
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3.2.2   |   Non-Randomised Baseline-Controlled Studies

Aldred et al. [33] and Olanow et al. [29–32] were judged to be 
at serious risk of bias, due to lack of blinding. OFF-time was 
measured through a patient-reported PD diary in Aldred et al., 
meaning lack of blinding is unlikely to have introduced bias at 
the level of the investigators but may have impacted participants' 
perceptions of OFF-time. In Olanow, OFF-time was measured 
by blinded clinicians, minimising the effect of the study being 
otherwise unblinded. Aldred et al. [33] was judged to be at mod-
erate risk of bias from confounding since treatment efficacy was 
compared at 52 weeks versus baseline, and during this time it is 
likely some patients had a progression of their Parkinson's dis-
ease. We note that this bias would be likely to understate, rather 
than overstate, the true benefit of treatment. Olanow et  al. 
[29–32] was judged to be less at risk of this confounding since 
treatment efficacy was compared at 4 weeks versus baseline, 
leaving less opportunity for meaningful PD symptom progres-
sion. Overall and domain specific risk of bias judgements are 
displayed in Figure S2.

3.2.3   |   Other Potential Sources of Bias

All studies were funded by, and had authors affiliated with, 
the pharmaceutical company producing the product used. This 
should be taken into account when considering the risk of bias 
in all outcomes of these studies.

3.3   |   Synthesis

3.3.1   |   OFF-Time Per Day

We conducted a meta-analysis investigating the duration of OFF-
time experienced per day by patients receiving subcutaneous 
infusions of ND0612 or foslevodopa/foscarbidopa compared to 
those receiving oral levodopa. This meta-analysis included data 
from Soileau et al. [20–24, 35], Olanow et al. [29–32], Giladi et al. 
[25, 26, 34], Espay et al. [27] and Aldred et al. [33]. Two studies 
were excluded: LeWitt et  al. [12] contained no original data on 
OFF-time; Poewe et  al. [19] collected data on OFF-time but did 
not present it in sufficient detail. In all studies apart from Olanow 
et al., OFF-time was assessed through the use of a patient-reported 
home diary. In Olanow et al., OFF-time was measured by a blinded 
clinician over 8 h in a clinic setting. The data were combined to 
produce a mean difference of the change in OFF-time experienced 
per day, in hours. The included data are presented in 2A, with 
subgroup analysis separating studies which investigated ND0612 
from those which investigated foslevodopa/foscarbidopa.

Our meta-analysis showed that subcutaneous infusion ther-
apies achieved a mean reduction of 1.98 h in the duration of 
OFF-time experienced per day compared to oral levodopa/car-
bidopa. This represented a statistically significant difference 
(Figure 2A). For ND0612 alone, this reduction was 1.42 h per 
day, and for foslevodopa/foscarbidopa alone, this reduction 
was 2.76 h per day, both statistically significant. In the overall 

FIGURE 1    |    PRISMA flow diagram illustrating the results of the study selection process.



5 of 14European Journal of Neurology, 2026

T
A

B
L

E
 1

    
|    

C
ha

ra
ct

er
is

tic
s o

f i
nc

lu
de

d 
st

ud
ie

s.

St
ud

y 
ID

St
ud

y 
de

si
gn

C
on

tr
ol

 
ty

pe

To
ta

l 
nu

m
be

r 
of

 
pa

rt
ic

ip
an

ts

M
ea

n 
pa

rt
ic

ip
an

t 
ag

e,
 y

ea
rs

 
(S

D
)

P
er

ce
nt

ag
e 

fe
m

al
e

M
ea

n 
ti

m
e 

si
nc

e 
P

D
 

di
ag

no
si

s,
 

ye
ar

s 
(S

D
)

D
ai

ly
 

in
fu

si
on

 
du

ra
ti

on
, 

ho
u

rs
T

re
at

m
en

t 
du

ra
ti

on

So
le

 th
er

ap
y/

su
pp

le
m

en
te

d/
ad

ju
nc

t

M
ea

n 
to

ta
l 

le
vo

do
pa

 
do

se
 p

ri
or

 
to

 s
tu

dy
, m

g 
(S

D
) [

ra
n

ge
-

u
se

d 
w

he
re

 
SD

 n
ot

 g
iv

en
]

L
ev

od
op

a 
in

te
rv

en
ti

on
 

do
se

, m
g

St
ud

y 
st

ar
t 

m
on

th

Ye
ar

 o
f 

pr
im

ar
y 

re
su

lt
s 

pu
bl

ic
at

io
n

Sp
on

so
r

L
oc

at
io

n
Se

tt
in

g

E
sp

ay
 e

t a
l. 

[1
9]

R
C

T
O

ra
l 

Le
vo

do
pa

 
w

ith
 

du
m

m
y 

in
fu

si
on

25
9

63
.5

 (9
.0

)
36

.3
0%

9.
3 

(3
.8

)
24

 h
12

 w
ee

ks
Su

pp
le

m
en

te
d

12
37

 (4
47

)
≤

 72
0

A
ug

-1
9

20
24

N
eu

ro
de

rm
M

ul
tic

en
tr

e 
(E

ur
op

e,
 

Is
ra

el
, U

SA
, 

R
us

si
a)

A
ca

de
m

ic
 

an
d 

co
m

m
un

ity
 

ne
ur

ol
og

y 
si

te
s

So
ile

au
 e

t a
l. 

[2
0–

26
]

R
C

T
O

ra
l 

Le
vo

do
pa

 
w

ith
 

du
m

m
y 

in
fu

si
on

14
1

66
.4

 (9
.5

)
30

%
8.

58
 (4

.8
5)

24
 h

12
 w

ee
ks

So
le

 th
er

ap
y

10
50

 
[8

00
–1

50
0]

N
R

Ju
l-2

0
20

22
A

bb
vi

e
M

ul
tic

en
tr

e 
(U

SA
 a

nd
 

A
us

tr
al

ia
)

A
ca

de
m

ic
 

an
d 

co
m

m
un

ity
 

st
ud

y 
ce

nt
re

s

G
ila

di
 e

t a
l. 

[1
2,

 
16

, 2
7]

R
C

T
O

ra
l 

Le
vo

do
pa

 
w

ith
 

du
m

m
y 

in
fu

si
on

30
64

.1
 (7

.1
)

30
%

8.
6 

(4
.5

)
24

 h
 (1

6 h
 

hi
gh

 
ra

te
, 8

 h
 

re
du

ce
d 

ra
te

)

2 w
ee

ks
A

dj
un

ct
66

0 
(4

28
)

27
0

D
ec

-1
3

20
21

N
eu

ro
de

rm
M

ul
tic

en
tr

e 
(I

sr
ae

l)
Pa

rk
in

so
n'

s 
m

ed
ic

al
 

ce
nt

re
s

Le
W

itt
 e

t a
l. 

[2
7]

 
(N

D
06

12
-0

02
)

C
ro

ss
ov

er
O

ra
l 

Le
vo

do
pa

 
w

ith
 

du
m

m
y 

in
fu

si
on

8
66

.9
 (5

.3
)

50
%

N
R

24
 h

 (1
6 h

 
hi

gh
 

ra
te

, 8
 h

 
re

du
ce

d 
ra

te
)

24
 h

A
dj

un
ct

N
R

27
0

Fe
b-

13
20

22
N

eu
ro

de
rm

N
R

N
R

A
ld

re
d 

et
 a

l. 
[2

8]
Ba

se
lin

e 
co

nt
ro

lle
d

N
/A

24
4

63
.9

 (9
.2

)
40

%
10

.7
 (5

.2
)

24
 h

52
 w

ee
ks

So
le

 th
er

ap
y

10
65

 (5
85

)
18

60
, 7

17
A

pr
-2

01
9 

(e
st

im
at

ed
)

20
23

A
bb

vi
e

M
ul

tic
en

tr
e 

(E
ur

op
e,

 
U

SA
, J

ap
an

, 
A

us
tr

al
ia

)

N
R

Po
ew

e 
et

 a
l. 

[2
9]

 
(2

4 h
/d

ay
)

Ba
se

lin
e 

co
nt

ro
lle

d
N

/A
90

64
.2

 (8
.9

)
34

%
9 

(4
.7

)
24

 h
52

 w
ee

ks
Su

pp
le

m
en

te
d

10
90

 (6
23

)
≤

 72
0

M
ay

-1
6

20
21

N
eu

ro
de

rm
M

ul
tic

en
tr

e 
(E

ur
op

e,
 Is

ra
el

 
an

d 
U

SA
)

N
R

Po
ew

e 
et

 a
l. 

[2
9]

 
(1

6 h
/d

ay
)

Ba
se

lin
e 

co
nt

ro
lle

d
N

/A
12

4
63

.9
 (8

.9
)

34
%

9 
(4

.7
)

16
 h

52
 w

ee
ks

Su
pp

le
m

en
te

d
10

04
 (5

40
)

≤
 72

0
M

ay
-1

6
20

21
N

eu
ro

de
rm

M
ul

tic
en

tr
e 

(E
ur

op
e,

 Is
ra

el
 

an
d 

U
SA

)

N
R

O
la

no
w

 e
t a

l. 
[3

0–
33

] (
24

 h
/d

ay
)

Ba
se

lin
e 

co
nt

ro
lle

d
N

/A
19

63
 (1

0.
1)

33
%

11
.5

 (5
.2

)
24

 h
4 w

ee
ks

Su
pp

le
m

en
te

d
99

6 
(5

52
)

≤
 72

0
D

ec
-1

5
20

21
N

eu
ro

de
rm

M
ul

tic
en

tr
e 

(E
ur

op
e,

 Is
ra

el
 

an
d 

U
SA

)

Sp
ec

ia
lis

t 
PD

 si
te

s

O
la

no
w

 e
t a

l. 
[3

0–
33

] (
14

 h
/d

ay
)

Ba
se

lin
e 

co
nt

ro
lle

d
N

/A
19

64
 (8

.5
)

32
.6

0%
11

.5
 (5

.2
)

14
 h

4 w
ee

ks
Su

pp
le

m
en

te
d

94
8 

(3
05

)
≤

 72
0

D
ec

-1
5

20
21

N
eu

ro
de

rm
M

ul
tic

en
tr

e 
(E

ur
op

e,
 Is

ra
el

 
an

d 
U

SA
)

Sp
ec

ia
lis

t 
PD

 si
te

s

A
bb

re
vi

at
io

n:
 N

R
, n

ot
 re

po
rt

ed
.



6 of 14 European Journal of Neurology, 2026

analysis, we detected considerable heterogeneity of 82% using 
the Thompson I2 statistic. When we performed subgroup anal-
ysis, the heterogeneity in the ND0612 studies was measured to 
be 0%, whereas in the foslevodopa studies, the heterogeneity 
was measured as 80%. We proceeded to investigate this further.

We performed sensitivity analysis to identify the impact of study 
duration, excluding Aldred et  al., which followed patients for 
52 weeks, whereas the next longest studies followed patients 
for 12 weeks (Figure  2B). The overall reduction in OFF-time 
compared to oral levodopa was reduced to 1.47 h but remained 
statistically significant. For ND0612 the benefit was 1.42 h and 
for foslevodopa/foscarbidopa 1.79 h, both remaining statistically 
significant. Heterogeneity in the overall analysis was reduced 
to 0%, with no statistically significant difference between sub-
groups. We believe this likely reflects the impact of the long 

follow-up duration in Aldred et  al., although as only two fos-
levodopa/foscarbidopa studies were included in our original 
meta-analysis it is difficult to rule out other sources of heteroge-
neity between those two studies.

We conducted a sensitivity analysis including only studies with 
independent control groups (Figure  2C). This meant that all 
studies with a serious risk of bias were excluded. In this analy-
sis, the overall reduction in OFF-time compared to oral levodopa 
was lower, at 1.39 h, but was still statistically significant. For 
ND0612, the benefit was 1.32 h, whereas for foslevodopa/foscar-
bidopa the benefit remained 1.79 h, both statistically significant. 
Heterogeneity as detected by the Thompson I2 statistic was 0% 
in all analyses. This shows that the benefit found in our primary 
analysis is robust to the exclusion of studies without indepen-
dent controls and that are therefore at a serious risk of bias.

FIGURE 2    |    Forest plots comparing change in OFF-time per day (hours) between subcutaneous infusion regimens and oral levodopa/carbidopa. 
Subgroup analysis separates studies with the subcutaneous levodopa/carbidopa formulation ND0612 from those with the foslevodopa/foscarbidopa 
formulation. (A) Change in OFF-time per day (hours) between subcutaneous infusion regimens and oral levodopa/carbidopa. (B) Sensitivity analysis 
excluding studies greater than 26 weeks in duration. (C) Sensitivity analysis excluding studies without an independent control group.
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3.3.2   |   Quality of Life Scores

We conducted meta-analyses on the patient scoring systems 
PDSS-2 (for sleep symptoms) and PDQ-39 (a comprehensive 
health-related quality of life score), as shown in Figure  3. All 
studies where data was presented in sufficient detail were in-
cluded. We also extracted data on the UPDRS/MDS-UPDRS 
and EQ-5D-5L scales. Three studies reported UPDRS data 
(only one reporting all parts of UPDRS), two studies reported 
MDS-UPDRS data and two studies reported EQ-5D-5L data. We 
judged that this data was insufficient for a meta-analysis to be 
appropriate. All available data was presented in Table S1.

Meta-analysis of PDSS-2 data found a statistically significant 
improvement in scores with subcutaneous infusion therapy 
(Figure 3A). However, there was moderate heterogeneity and a 
statistically significant difference between subgroups. ND0612, 
analysed alone, was associated with an improvement of 1.62 in 
PDSS-2 score, with no statistical significance but no heterogene-
ity. Soileau et al., the sole foslevodopa/foscarbidopa study which 
could be included, was associated with a statistically significant 
improvement of 5.4 in PDSS-2 score. Meta-analysis of PDQ-39 
data found a statistically significant improvement associated 
with subcutaneous infusion therapy compared to oral levodopa 
(Figure 3B). Heterogeneity was 0%. We note that Soileau et al., 
the sole foslevodopa study with sufficient PDQ-39 reporting, 
showed a similar effect size to other studies but markedly 

increased standard deviation, so did not show a statistically sig-
nificant improvement when analysed alone.

3.3.3   |   Adverse Events

We conducted meta-analyses on the incidence of treatment-
emergent adverse events (TEAEs) and serious treatment-
emergent adverse events (STEAEs) with subcutaneous infusions 
of ND0612 or foslevodopa/foscarbidopa compared to oral 
levodopa (Figure  4). Data from Espay et  al. [27], Giladi et  al. 
[25, 26, 34], LeWitt et al. [12] and Soileau et al. [20–24, 35] were 
included. Aldred et al. [33], Poewe et al. [19] and Olanow et al. 
[29–32] could not be included as they lacked a control group for 
comparison. The Mantel–Haenszel method was used due to the 
small number of data points.

When the incidence of TEAEs and STEAEs was analysed across 
studies, the relative risk appeared to be increased by the subcu-
taneous infusions compared to oral levodopa; however, this was 
only statistically significant for TEAEs (Figure  4A), not for se-
rious TEAEs (Figure 4B). In the case of TEAEs, moderate het-
erogeneity was detected using the Thompson I2 statistic, whereas 
low levels of heterogeneity were detected in the case of STEAEs. 
Comparing ND0612 to foslevodopa/foscarbidopa, there was no 
statistically significant difference between subgroups. Across 
all studies, the majority of TEAEs reported in patients receiving 

FIGURE 3    |    Forest plot comparing changes in patient disease-rating scales compared to baseline between subcutaneous infusion regimens and 
oral levodopa/carbidopa. Subgroup analysis separates studies with the subcutaneous levodopa/carbidopa formulation ND0612 from those with the 
foslevodopa/foscarbidopa formulation. (A) Change in PDSS-2 scores compared to baseline. PDSS-2, Parkinson's Disease Sleep Scale-2. (B) Change in 
PDQ-39 scores compared to baseline. PDQ-39, Parkinson's Disease Questionnaire-39.
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subcutaneous infusions related to the infusion site, including er-
ythema, pain, oedema, bruising, nodule formation, infection and 
pruritus. The incidence of systemic side effects appears to be in 
line with expectations for Parkinson's disease patients receiving 
dopamine replacement therapy. Reported TEAEs meeting each 
study's respective reporting criteria are collated in Table  S2. 
Looking to the large, 52-week, single-arm studies, Aldred et al. 
and Poewe et al., systemic adverse events affecting over 10% of 
participants in either study were hallucination, fall, anxiety, 
dizziness, nausea and urinary tract infection. Looking to the 
two large RCTs, Soileau et al. and Espay et al., for comparative 
data, hallucination met reporting criteria in Soileau, occurring in 
1% and 7% (1 and 5 participants) of the control and study drug 
groups, respectively. 1 participant (1%) in the foslevodopa/foscar-
bidopa study drug group discontinued study drug treatment due 
to hallucination or psychosis. In Espay et  al., hallucination did 
not meet reporting criteria. This may be in part owing to an ex-
clusion criterion of acute psychosis or troublesome hallucinations 
in the previous 6 months. Incidence of falls was lower in study 
drug groups compared to control groups in both RCTs. Anxiety 
met reporting criteria in Espay et al. and had a lower incidence 
in the study drug group compared to the control group. Dizziness 
was not reported in either trial; however, the incidence of balance 

disorder met reporting criteria in Soileau with an incidence of 5% 
(4 participants). Neither nausea or urinary tract infection were re-
ported in Esapy et al. or Soileau et al. In summary, hallucination 
is the only frequently reported adverse effect that appears to have 
an increased incidence with subcutaneous delivery of levodopa. 
Dyskinesia is of particular interest as it is the adverse treatment 
effect of levodopa which typically limits oral dosing. In the two 
large RCTs, there was a greater incidence of dyskinesia with fos-
levodopa/foscarbidopa compared to oral levodopa/carbidopa in 
Soileau et al., with an incidence of 11% and 6% (8 and 4 partici-
pants), respectively. In Espay et al., there was a lower incidence 
of dyskinesia with ND0612 compared to oral levodopa/carbidopa, 
with an incidence of 2% and 4% (3 and 5 participants), respec-
tively. Despite the greater incidence of dyskinesia as an adverse 
event with foslevodopa in Soileau et al. [23, 24, 35], the study drug 
tends towards a reduction in median PKG dyskinesia score, treat-
ment difference −2.73 (95% CI −6.61 to 1.15).

3.3.4   |   Adherence and Withdrawals

Data on adherence and withdrawals from each study are pre-
sented in Table S3. There is notable variation in the completion 

FIGURE 4    |    Forest plots comparing incidence of (A) Treatment-emergent adverse events (TEAEs) and (B) Serious treatment-emergent adverse 
events (STEAEs) between subcutaneous infusion regimens and oral levodopa/carbidopa. Subgroup analysis separates studies with the subcutaneous 
levodopa/carbidopa formulation ND0612 from those with the foslevodopa/foscarbidopa formulation.
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rates across different studies, with particularly low rates in the 
studies with 52-week follow-up (Aldred et  al. [33] and Poewe 
et  al. [19]). In both, significant numbers withdrew due to ad-
verse events; however, both studies lacked control groups and so 
relative risks could not be calculated. We note that Aldred et al. 
[33] state 137 patients completed treatment, giving the comple-
tion rate of 56.1% presented in Table S3; however, data was only 
made available for 116 patients. This missing data has been con-
sidered in our risk of bias assessment.

3.4   |   Summary of Findings

We have presented a summary of our findings in Table  2. 
Where the certainty of evidence for a finding has been down-
graded, the explanation for this is presented below the table, 
alongside an explanation of the GRADE levels of certainty of 
evidence.

4   |   Conclusion

4.1   |   Summary of Main Results

After identifying 1114 records in our search strategy, seven stud-
ies were deemed eligible for inclusion in our analysis, with 483 
patients included in our primary outcome meta-analysis.

We found moderate certainty evidence that treating Parkinson's 
disease patients with subcutaneous infusions of ND0612 or fos-
levodopa/foscarbidopa results in a large reduction in the dura-
tion of OFF-time experienced by the patients per day, compared 
to oral levodopa/carbidopa [28]. This evidence is composed of 
both independently controlled trials and non-randomised clin-
ical trials. When we analysed only independently controlled 
trials, the magnitude of the benefit remained large (although 
somewhat reduced), and the evidence was found to be of high 
certainty. This provides strong evidence for the benefit of 
ND0612 and foslevodopa/foscarbidopa in reducing OFF-time.

In our overall analysis of OFF-time there was substantial 
Thompson I2 heterogeneity of 82%. We hypothesised that the 
source of this heterogeneity might have been our inclusion of 
Aldred et  al., a study with 52 weeks follow-up, alongside the 
other studies which had a maximum of 12 weeks follow-up. In 
a sensitivity analysis of study duration we excluded Aldred et al. 
and overall heterogeneity was reduced to 0%. This analysis con-
tinued to show a statistically significant reduction in daily OFF-
time with moderate certainty evidence. All studies, with either 
formulation, showed a similar benefit to daily OFF-time once 
Aldred et al. was excluded.

We note that in the long-term study Aldred et al., the benefit of 
foslecodopa/foscarbidopa was greater than any other study, but 
the withdrawal rate was also higher. We believe this may reflect 
self-selection bias, with a subgroup of patients who respond best 
to infusion therapy opting to continue treatment whereas oth-
ers withdraw. This clearly indicates subcutaneous infusions can 
provide a long-term symptomatic benefit in at least a subgroup 
of patients.

We found moderate quality evidence for a statistically signifi-
cant improvement in PDSS-2 and PDQ-39 quality of life scores 
in patients treated with subcutaneous ND0612 or foslevodopa/
foscarbidopa. While this effect was consistent across subgroups 
on the PDQ-39 scale, subgroup analysis on the PDSS-2 scale 
revealed a statistically significant difference between ND0612 
and foslevodopa/foscarbidopa, the latter being associated with a 
greater benefit. This may reflect that the pharmacodynamics of 
foslevodopa/foscarbidopa permit a greater plasma concentration 
of levodopa to be maintained overnight, reducing sleep symp-
toms. In general, our analysis of quality of life scales was limited 
by the variable selection and reporting of scales across studies, 
and we note this conclusion is limited as only Soileau et al. re-
ported data on PDSS-2 with foslevodopa/foscarbidopa.

Analysis of adverse events found evidence of moderate certainty 
that subcutaneous infusion of ND0612 or foslevodopa/foscarbi-
dopa was associated with a 23% increased incidence of TEAEs, 
but no evidence to suggest an increased rate of STEAEs. We found 
that there was no statistically significant difference in the rates of 
TEAEs or STEAEs between the subgroup infused with ND0612 
and the subgroup infused with foslevodopa/foscarbidopa. The 
majority of the adverse events were swelling, bruising, inflamma-
tion, infection or pain at the infusion site. Systematic reviews of 
levodopa/carbidopa intestinal gel (LCIG) report comparable rates 
of adverse events, with local infusion site reactions common [9]. In 
the two 52-week studies we analysed, 23% (Aldred et al.) and 17.3% 
(Poewe et al.) discontinued due to adverse events.

Frequently reported systemic adverse events did not appear to 
have increased incidence in the treatment groups of the large RCTs 
when compared to the control groups, besides hallucination, which 
was responsible for one discontinuation. It is possible that contin-
uous subcutaneous infusion of foslevodopa/Kumafoscarbidopa 
is associated with a greater incidence of hallucination than oral 
levodopa/carbidopa; this should be assessed with larger scale data.

Dyskinesia was reported to occur in > 10% of participants in one 
study of foslevodopa/foscarbidopa (Soileau et  al. [23, 24, 35]); 
however, the same study found a non-significant decrease in 
median wearable device dyskinesia score associated with fos-
levodopa treatment compared to control. Importantly, both of 
the larger RCTs included in this review found an increase in ‘on 
time without troublesome dyskinesia’. This suggests that the de-
crease we observe in OFF-time does not come at the expense of 
increased time with troublesome dyskinesia.

4.2   |   Strengths and Limitations of the Review 
Process

This review was based on a protocol published in advance of the 
review. The protocol was written in accordance with PRISMA 
guidelines and with guidance from the Cochrane Handbook for 
Systematic Reviews of Interventions [14, 36].

We tried to identify all relevant studies through a comprehen-
sive search strategy of publication databases and trial registries, 
designed in consultation with an information specialist, with no 
restrictions by date.
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Screening and data extraction were performed independently 
and in duplicate. Disagreements were resolved by consensus 
discussion among the team.

All studies were assessed for risk of bias using the appropriate 
Cochrane tool, either RoB2.0 or ROBINS-I, and this was also 
performed independently in duplicate [17, 18].

4.3   |   Overall Completeness and Applicability 
of Evidence

The patients included in this review followed a sex distribution 
typical of the wider population with Parkinson's disease [37]. 
Their ages and the time that had elapsed since their diagnosis 
were closely representative of the population believed to experi-
ence OFF-time most commonly: younger patients who have had 
their diagnosis for a longer time [38].

The included studies were conducted in high-resource settings. 
No conclusions can be drawn on the feasibility of the interven-
tion in medium- and low-resource settings.

In all studies apart from Olanow et al., OFF-time was measured 
subjectively through a patient-reported home diary. In Olanow 
et al., OFF-time was measured by a blinded clinician over 8 h 
in a clinic setting. Home diaries have the benefit of reflecting 
a patient's own experiences of OFF-time well but are of course 
subject to recall bias. Confirmatory data provided by Olanow 
et al. using blinded clinicians to score symptoms of OFF-time 
are valuable in limiting this risk of bias. Although a range of dis-
ease rating and quality of life scales were used, some based on 
clinical assessment and others on questionnaires, the two most 
widely reported scales, PDQ-39 and PDSS-2, are both based on 
subjective questionnaires. Similarly, these methods produce re-
sults which are highly applicable to patients' own experiences of 
their disease and quality of life, but are also subject to recall bias.

We note that oral levodopa/carbidopa is not the only treatment 
currently available or undergoing research for use in Parkinson's 
disease. Due to a lack of studies comparing subcutaneous infu-
sion therapies with novel therapies, we were restricted to com-
paring infusion therapies with the current oral standard of care. 
An important next step will be to compare subcutaneous infu-
sion therapies with LCIG and LECIG.

4.4   |   Implications for Practice and Research

To contextualise our findings, we compared the observed re-
duction in OFF-time with the mean daily OFF-time at baseline. 
We found a mean reduction of 1.98 h, 34% of the mean daily 
OFF-time of 5.81 h at baseline in the studies in this analysis 
(Figure 2A).

To establish clinical relevance, we looked to previous work to 
establish a minimum clinically important difference (MCID). 
A study investigating MCID for OFF-time in trials of extended 
and immediate release pramipexole established values of 1.0 
and 1.3 h respectively [39]. Our analysis found a mean reduc-
tion of 1.98 h, thus exceeding the MCID and suggesting clinical O
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significance. Crucially, this remains the case when the analysis 
is limited to independently controlled trials, in which we found 
a mean reduction of 1.39 h. It was also retained whether studies 
had a shorter (< 26 weeks) or longer (52 weeks) follow-up dura-
tion. We also note that these values represent a greater treatment 
difference than was found in a systematic review and meta-
analysis of LCIG [40].

We also found MCID values in the literature for PDSS-2 [41] and 
PDQ-39 [42] scores, of −3.44 and −4.72 respectively. Neither our 
finding of PDSS-2 change of −2.80 nor our finding of PDQ-39 
change of −3.33 surpasses its MCID. Notably, in subgroup anal-
ysis foslevodopa/foscabridopa produced a clinically significant 
benefit of −5.40 on the PDSS-2 scale; however, this reflects the 
result of a single RCT, Soileau et  al. Our analysis of effect on 
quality-of-life scores was limited by the use of different scales 
between studies, with only a subset reporting PDQ-39 and other 
scales not reported frequently enough to meta-analyse. It ap-
pears that patient report of the benefits of subcutaneous ND0612 
and foslevodopa/foscarbidopa may be limited, particularly in 
patient groups already established on oral treatment. Further 
evidence is needed to draw strong conclusions about the possible 
benefits of foslevodopa/foscarbidopa on sleep.

A qualitative report following up patients from Soileau et al. [20–
24, 35] study, which continued with subcutaneous foslevodopa/
foscarbidopa for 6 months, provides further insight into the 
impact of treatment-emergent adverse events on patients [43]. 
Common issues included skin site events and problems using 
the device. These seemed to be troublesome particularly in the 
initial period, and the introduction of set routines and more 
healthcare support minimised the incidence of such events. 
All patients reported high levels of satisfaction and a high like-
lihood of continuing the therapy after the trial. It is possible 
that improved training of patients, carers and healthcare staff 
might have reduced the incidence of adverse events and with-
drawals in some studies. As Parkinson's patients require lifelong 
dopamine therapy, trials with extended follow-up periods may 
provide further insights into how patient experiences with this 
therapy can be optimised.

4.5   |   Agreements and Disagreements With Other 
Studies or Reviews

To date we know of no other meta-analyses comparing ND0612 
and foslevodopa/foscarbidopa with oral levodopa. We have 
aimed to provide a broad report on the key outcomes pertaining 
to this new therapy.

4.6   |   Conclusion

This systematic review finds that subcutaneous infusion with 
levodopa/carbidopa (ND0612) or foslevodopa/foscarbidopa pro-
duces a clinically and statistically significant reduction in the dura-
tion of OFF-time experienced by patients with Parkinson's disease, 
compared to oral levodopa/carbidopa. This does not appear to be 
at the expense of increased dopamine-related adverse events. We 
find that this is accompanied by improvements in patient expe-
rience that are statistically but not clinically significant. We find 

this treatment is linked with a modest increase in treatment-
emergent adverse events, which primarily relate to the injection 
site. Although not designed to allow rigorous comparison of fos-
levodopa/foscarbidopa against ND0612, our exploratory analyses 
indicate the two formulations have similar effects on OFF-time, 
general patient experience and adverse events, with some lim-
ited evidence suggesting foslevodopa/foscarbidopa additionally 
reduces sleep symptoms. Further work, including in training pa-
tients, carers and healthcare professionals on the delivery of treat-
ment could be valuable in optimising safety and tolerability.
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