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ABSTRACT

Introduction: We evaluated continuous sub-
cutaneously administered foslevodopa/foscaz-
bidopa (LDp/CDp) in younger patients earlier
within advanced Parkinson’s disease (aPD).

Methods: This phase 3 trial included patients
aged > 30 years with levodopa-responsive PD,
Mini-Mental State Examination score>24, and
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levodopa equivalent dose>400 mg/day. Patients
were considered by the investigator as inade-
quately controlled on current oral/transdermal
therapy and experienced >2.5 h/day “Oft” time,
with recognizable “On”/“Off” states. Patients
were randomized (1:1) to LDp/CDp plus pla-
cebo capsules or orally administered immediate-
release levodopa/carbidopa plus placebo infu-
sion. This post hoc exploratory analysis focused
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on younger patients (<65 years) earlier within
aPD (Hoehn and Yahr stage<2 [“On” state],
<5 years since motor fluctuations started). Out-
comes included change from baseline (CFB) to
week 12 in “Off” and “On” time, Movement
Disorder Society Unified PD Rating Scale (MDS-
UPDRS) II, 39-item PD Questionnaire (PDQ-39),
and PD Sleep Scale-2 (PDSS-2).

Results: Twenty-six patients met subgroup
criteria (LDp/CDp, n=13; orally administered
levodopa/carbidopa, n=13). Despite small sam-
ple sizes, at week 12, LDp/CDp was associated
with significantly greater improvements in
“Off” time (mean [SD] CFB -3.7 [3.1] vs-1.6
[2.9] h; P=0.0011), “On” time without trou-
blesome dyskinesia (+3.9 [3.3] vs +1.4 [3.8] h;
P=0.0011), and PDSS-2 (-6.4 [4.6] vs —1.8 [3.1];
P=0.0220) vs orally administered levodopa/car-
bidopa. Mean (SD) CFB to week 12 (LDp/CDp
vs orally administered levodopa/carbidopa) was
+4.2 (2.8) vs +1.9 (4.6) h for “On” time without
dyskinesia (P=0.0878), —3.0 (6.4) vs-0.9 (3.5)
for MDS-UPDRS 1II (P=0.3539), and -9.9 (7.4)
vs —1.9 (9.4) for PDQ-39 (P=0.0534). For most
assessments, treatment differences were numeri-
cally larger in the subgroup vs the overall popu-
lation. Safety findings were consistent with the
overall population.

Conclusions: LDp/CDp was associated with sig-
nificantly greater improvements in motor func-
tion and sleep vs orally administered levodopa/
carbidopa in younger patients earlier within aPD
whose symptoms were inadequately controlled
by oral/transdermal therapies. Larger real-world
studies are needed to confirm findings.

Trial Registration: ClinicalTrials.gov identifier,
NCT04380142.
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Why carry out this study?

Foslevodopa/foscarbidopa (LDp/CDp), a solu-
ble formulation of levodopa/carbidopa (LD/
CD) prodrugs delivered as a 24-h/day con-
tinuous subcutaneous infusion, is approved
to treat motor fluctuations in adults with
advanced Parkinson’s disease (aPD) and has
demonstrated superiority over oral immedi-
ate-release LD/CD in improving “On” and
“Off” time in a phase 3 randomized trial.

There is a need to better understand the
potential benefits of LDp/CDp therapy
among younger patients who are earlier in
the treatment journey for aPD.

This post hoc exploratory analysis of a

phase 3 randomized trial evaluated the effi-
cacy and safety of LDp/CDp vs oral immedi-
ate-release LD/CD in younger patients earlier
within aPD.

What was learned from the study?

Younger patients earlier within aPD treated
with LDp/CDp experienced significantly
greater improvements in motor function and
sleep quality compared with oral immediate-
release LD/CD (though sample sizes were
small); for most outcomes, findings were
consistent with and numerically better than
those observed in the overall study popula-
tion.

Given the progressive nature of PD, clinicians
should consider the potential therapeutic
benefits associated with earlier initiation of
LDp/CDp.

INTRODUCTION

The current standard pharmacological treatment
for managing Parkinson'’s disease (PD) is based
on orally administered levodopa (LD) and car-
bidopa (CD) [1]. However, the effectiveness of
oral LD/CD to control motor symptoms dimin-
ishes over time as PD progresses [2]. Results from
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previous studies show that continuous adminis-
tration of dopaminergic treatments better con-
trols motor symptoms in advanced PD (aPD)
compared with intermittent oral administration
[3, 4]. Foslevodopa/foscarbidopa (LDp/CDp) is
a soluble formulation of LD/CD prodrugs deliv-
ered as a 24-h/day continuous subcutaneous
infusion (CSCI) and is approved to treat motor
fluctuations that are uncontrolled by oral treat-
ments in adults with aPD [5]. The efficacy and
safety of LDp/CDp have been demonstrated
in two pivotal phase 3 clinical trials [4, 6]. In
a phase 3 randomized controlled trial, LDp/
CDp showed a positive benefit-risk profile and
superior control of motor fluctuations compared
with oral immediate-release LD/CD in patients
with aPD [4].

Real-world observational studies suggest that
device-aided therapies for PD are typically con-
sidered late in the disease course, with many
patients declining or requiring extended time
to consider such treatments [7, 8]. Delayed ini-
tiation of device-aided therapies may miss a
critical window during which patients still pos-
sess greater independence, cognitive ability, and
capacity to adapt to such treatments. Although
the invasive nature of surgical device-aided ther-
apies (e.g., deep brain stimulation and LD/CD
intestinal gel) traditionally relegates their use to
later stages of disease [9], potentially bypassing
this critical window, a nonsurgical device-aided
therapy, such as LDp/CDp, presents a signifi-
cantly lower barrier to initiation. This charac-
teristic may position LDp/CDp as a favorable
and accessible option for earlier consideration
by clinicians, patients, and care partners. To
determine whether earlier initiation of LDp/CDp
could provide meaningful clinical benefits, we
evaluated the efficacy and safety of LDp/CDp
in a subgroup of younger patients earlier within
aPD from a phase 3 randomized trial.

METHODS

Study Design and Patients

This study is a post hoc exploratory analy-
sis of a phase 3, randomized, double-blind,

active-controlled trial (NCT04380142) [4]. Eli-
gible patients were aged > 30 years, had a diag-
nosis of idiopathic and LD-responsive PD, had a
Mini-Mental State Examination score>24, and
were receiving an LD equivalent daily dose of
>400 mg. Patients also had to be considered by
the investigator as inadequately controlled on
current oral/transdermal therapy and experience
an average daily “Off” time of >22.5 h, with rec-
ognizable “On” and “Off” states. Patients were
randomly assigned (1:1) to receive CSCI of LDp/
CDp plus oral placebo capsules or oral encapsu-
lated immediate-release LD/CD tablets plus CSCI
of placebo solution. The double-blind treatment
period included a 4-week optimization phase fol-
lowed by an 8-week maintenance phase. During
the optimization phase, investigators adjusted
the LDp/CDp infusion rate to optimize clinical
response, after which a stable treatment regi-
men was maintained. Adjustments to concomi-
tant PD medications were not allowed during
the 12-week treatment period unless medically
necessary.

The study protocol, recruitment materials,
and informed consent forms were approved by
independent ethics committees or institutional
review boards at each study site before enroll-
ment. The study was conducted in accordance
with the International Council for Harmonisa-
tion guidelines, the Declaration of Helsinki, and
all applicable regional regulations. Patients and
their care partners (if applicable) provided writ-
ten informed consent before screening.

Assessments and Analysis

This analysis evaluated outcomes in a sub-
group of younger patients (aged <65 years)
earlier within aPD (Hoehn and Yahr stage
score<?2 [“On” state] and <5 years since start
of any motor fluctuations [e.g., dyskinesia,
wearing off, etc.]). These subgroup criteria
were selected as a pragmatic starting point to
identify patients who may be earlier in the aPD
treatment pathway. The Hoehn and Yahr stage
cutoff was selected because a score<2 excludes
patients with postural instability, a key mile-
stone of advancing disease that is associated
with substantial additional morbidity [10].

A\ Adis



312

Neurol Ther (2026) 15:309-324

Rather than overall disease duration, we used
time since onset of motor fluctuations, as
their emergence typically increases therapeu-
tic needs and often prompts consideration of
device-aided therapies [9]. The 5-year cutoff
was selected because the mean duration of
motor fluctuations was approximately 5 years
in the overall population of the randomized
trial [4]. Similarly, the age cutoff was selected
as the mean age in the overall population
was approximately 65 years, though age does
not directly reflect disease stage. However, by
selecting for patients below these means, we
aimed to enrich the subgroup with patients
who, in clinical practice, may have less of a
delay in initiating device-aided therapies. Fur-
ther details on eligibility criteria for the rand-
omized study are described in the study design
section and have been published previously
[4].

Assessments included change from baseline
to week 12 in “Off” time, “On” time without
troublesome dyskinesia, and “On” time with-
out dyskinesia. “Off” and “On” times were
normalized to a 16-h waking day. Additional
assessments included change from baseline to
week 12 in Movement Disorder Society Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS)
II score, 39-item Parkinson’s Disease Question-
naire (PDQ-39) summary index, and Parkinson's
Disease Sleep Scale-2 (PDSS-2) total score. Safety
was evaluated by the proportion of patients
experiencing treatment-emergent adverse events
(TEAEs).

Standard descriptive analyses are presented.
Continuous variables were summarized by mean
and SD, and categorical variables were summa-
rized using counts and percentages. Analysis
of covariance was used to evaluate differences
between groups with respect to change from
baseline in efficacy outcomes. The treatment
difference between LDp/CDp and oral LD/CD
is presented for each efficacy outcome, and for
contextualization, treatment differences are also
presented for the overall population (defined as
all randomized patients who received treatment
in the trial). Statistical significance was defined
as P<0.05. Safety was summarized by reporting
the number and percentage of patients with
TEAEs.

RESULTS

Patients

Of the 141 patients who were randomized
and received blinded study drug, 26 were
aged <65 years and considered earlier within aPD
(LDp/CDp, n=13; oral LD/CD, n=13). In the
LDp/CDp group, 11 of 13 patients completed
the study (1 discontinued because of TEAE and
1 discontinued because of the inconvenience of
wearing the pump and managing the tubing and
infusion site selection). All 13 patients in the
oral LD/CD group completed the study. Base-
line demographics and clinical characteristics
were comparable between the LDp/CDp and
oral LD/CD treatment groups (Table 1). In the
subgroup, the mean (SD) age was 56.7 (8.4) years
in the LDp/CDp group and 53.2 (5.6) years in
the oral LD/CD group, which was approximately
10 years younger than the mean age in the over-
all population. Most patients were male, White,
and had a PD duration of <10 years. A higher
proportion of patients in the subgroup had PD
duration of <10 years compared with the overall
population. At baseline, “Off” and “On” times,
MDS-UPDRS 1II score, PDQ-39 summary index,
and PDSS-2 total score were comparable to those
of the overall population. Table 2 summarizes
concomitant PD medications at baseline and
week 12 among younger patients earlier within
aPD. The most frequently co-administered
medications with study drug were dopamine
agonists, monoamine oxidase B inhibitors, and
amantadine.

EFFICACY

Figures 1 and 2 present the change from base-
line to week 12 in efficacy outcomes for the sub-
group of younger patients earlier within aPD.
At week 12, treatment with LDp/CDp was asso-
ciated with significantly greater improvements
from baseline in “Off” time vs oral LD/CD (mean
[SD] change from baseline, —3.7 [3.1] vs—1.6
[2.9] h; least squares mean [LSM] [SE] difference,
—2.4[1.0] h; P=0.0234; Fig. 1a). Treatment with
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Table 1 Bascline demographics and clinical characteristics

Characteristic Younger patients earlier within Overall population
aPD
LDp/CDp  OralLD/CD  LDp/CDp  Oral LD/CD
(n=13) (n=13) (n=74) (n=67)
Age, years, mean (SD) 56.7 (8.4) 532 (5.6) 66.3(9.2) 66.6(9.8)
Sex, n (%)
Male 11 (84.6) 10 (76.9) 50 (67.6) 49 (73.1)
Female 2(15.4) 3(23.1) 24 (32.4) 18 (26.9)
Race, 7 (%)
White 12 (92.3) 10 (76.9) 70 (94.6) 61 (91.0)
Other 1(7.7) 3(23.1) 4(54) 6(9.0)
Geographic region, 7 (%)
USA 11 (84.6) 10 (76.9) 62 (83.8) 58 (86.6)
Australia 2(15.4) 3(23.1) 12 (1622) 9 (13.4)
Duration of PD since diagnosis, 72 (%)
<10 years 11 (84.6) 13 (100) 51 (68.9) 44 (65.7)
> 10 years 2 (15.4) 0 23 (31.1) 23 (34.3)
“Off” time, hours, mean (SD) 6.3 (1.9) 6.6(2.1) 63 (23)" 5.9 (1.9)
“On” time without troublesome dyskinesia, hours, ~ 10.8 (2.7) 9.3(2.7) 9.2 (2.4)* 9.5(2.6)
mean (SD)
“On” time without dyskinesia, hours, mean (SD) 9.4 (2.5) 7.8 (3.8) 72 (3.1 7.5(3.7)
MDS-UPDRS II score, mean (SD) 12.7 (8.0) 11.6 (4.7) 153 (6.9) 133 (6.4)
PDQ-39 summary index, mean (SD) 26.8 (14.9) 252 (9.6)° 307 (161 262 (14.5)
PDSS-2 total score, mean (SD) 223 (9.4) 183 (6.1)° 21.2 (8.8)° 18.9 (9.3)¢

aPD advanced Parkinson’s disease, LD/CD levodopa/carbidopa, LDp/CDp foslevodopa/foscarbidopa, MDS-UPDRS
Movement Disorder Society Unified Parkinson’s Disease Rating Scale, PD Parkinson’s disease, PDQ-39 39-item Parkinson’s

Disease Questionnaire, PDSS-2 Parkinson’s Disease Sleep Scale-2
n=73,%=12,%2=72,%=66

LDp/CDp was also associated with significantly
greater improvements from baseline to week 12
in “On” time without troublesome dyskinesia vs
oral LD/CD (mean [SD] change from baseline,
+3.9 [3.3] vs+1.4 [3.8] h; LSM [SE] difference,
3.4 [1.3] h; P=0.0204; Fig. 1b). For “On” time
without dyskinesia, the mean (SD) change from
baseline to week 12 (LDp/CDp vs oral LD/CD)
was +4.2 (2.8) vs+1.9 (4.6) h; the between-group

difference did not reach significance (LSM [SE]
difference, 2.7 [1.5] h; P=0.0878; Fig. 1c). The
LSM (SE) treatment difference between LDp/
CDp and oral LD/CD was numerically greater
in the subgroup vs the overall population for
change in “Off” time (-2.4 [1.0] vs —1.8 [0.6] h),
“On” time without troublesome dyskinesia (3.4
[1.3] vs 1.8 [0.7] h), and “On” time without dys-
kinesia (2.7 [1.5] vs 1.8 [0.7] h).
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Table 2 Concomitant PD medications in younger patients earlier within aPD

Baseline, 7 (%) LDp/CDp Oral LD/CD
(n=13) (n=13)
None reported 2 (154) 4(30.8)
Any reported 11 (84.6) 9(69.2)
Dopamine agonist 8 (61.5) 5(38.5)
Pramipexole 3(23.1) 5 (38.5)
Ropinirole 3(23.1) 0
Rotigotine 3(23.1) 0
Monoamine oxidase B inhibitor 6(46.2) 5(38.5)
Rasagiline 4(30.8) 2(15.4)
Safinamide 1(7.7) 3(23.1)
Selegiline 1(7.7) 0
Amantadine 2 (154) 4(30.8)
Trihexyphenidyl 1(7.7) 1(7.7)
Istradefylline 1(7.7) 0
Week 12, 7 (%) LDp/CDp Oral LD/CD
(n=6) (n=10)
None reported 2(33.3) 3(30.0)
Any reported 4(66.7) 7 (70.0)
Dopamine agonist 2(33.3) 3(30.0)
Pramipexole 1(16.7) 3(30.0)
Rotigotine 1(16.7) 0
Monoamine oxidase B inhibitor 1(167) 4 (40.0)
Rasagiline 0 2 (20.0)
Safinamide 1(16.7) 2 (20.0)
Amantadine 1(16.7) 4 (40.0)
Istradefylline 1(16.7) 0

aPD advanced Parkinson’s disease, LD/CD levodopa/carbidopa, LDp/CDp foslevodopa/foscarbidopa, PD Parkinson’s dis-

case

The mean (SD) change from baseline to
week 12 in MDS-UPDRS II score was —3.0 (6.4)
in the LDp/CDp group and -0.9 (3.5) in the
oral LD/CD group; the LSM (SE) difference
was —1.6 (1.7) and did not reach significance
(P=0.3539; Fig. 2a). For PDQ-39 summary
index, the mean (SD) change from baseline to

week 12 was significant for LDp/CDp (-9.9 [7.4];
P=0.0023) but not for oral LD/CD (-1.9 [9.4];
P=0.5056); however, the between-group treat-
ment difference did not reach significance (LSM
[SE] difference, — 6.2 [3.0]; P=0.0534; Fig. 2b).
At week 12, treatment with LDp/CDp was asso-
ciated with significantly greater improvements
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from baseline in PDSS-2 total score vs oral LD/
CD (mean [SD] change from baseline, —6.4 [4.6]
vs—1.8 [3.1]; LSM [SE] difference, —4.5 [1.8];
P=0.0220; Fig. 2¢). The LSM (SE) treatment dif-
ference between LDp/CDp and oral LD/CD in
the subgroup was similar to that observed in the
overall population for change in MDS-UPDRS 11
score (-1.6 [1.7] vs—=1.6 [1.1]), numerically
higher for change in PDQ-39 summary index
(-6.2 [3.0] vs—4.1 [2.0]), and numerically lower
for change in PDSS-2 total score (-4.5 [1.8]
vs—5.4 [1.3]).

Safety

Among younger patients earlier within aPD,
TEAEs were reported in 92.3% (n=12) of patients
treated with LDp/CDp and 76.9% (n=10) of
those treated with oral LD/CD (Table 3). Most
patients experienced TEAEs that were mild or
moderate in severity. Treatment-related TEAEs
were more common with LDp/CDp (76.9%
[n=10]) than with oral LD/CD (30.8% [n=4]).
Only one patient experienced a TEAE that led to
treatment discontinuation (infusion site pain),
which occurred in the LDp/CDp group. The
most commonly reported TEAE (occurring in
>15% of patients) included infusion site TEAEs
(infusion site pain, erythema, papule, and nod-
ule). Infusion site TEAEs and infusion-related
TEAEs occurred more frequently with LDp/CDp
than with oral LD/CD. Hallucination/psycho-
sis occurred in 15.4% (n=2) of patients in the
LDp/CDp group and was not reported in the
oral LD/CD group. Falls were more common
in the oral LD/CD group (30.8% [n=4]) than in
the LDp/CDp group (15.4% [n=2]). There were
no events of polyneuropathy and weight loss.
Serious TEAEs occurred in 23.1% (n=3 [infusion
site cellulitis, psychotic disorders, and catheter
site cellulitis]) of patients in the LDp/CDp group
and 7.7% (n=1 [nephrolithiasis]) of patients in
the oral LD/CD group. Consistent with safety
findings in the subgroup, most patients in the
overall population experienced TEAEs that were
mild or moderate in severity, nonserious, and
did not require treatment discontinuation; the
most common TEAEs were also similar between
the two populations.

DISCUSSION

This post hoc exploratory analysis of a phase 3
randomized trial aimed to determine whether
the initiation of LDp/CDp in patients at a
younger age and earlier within their aPD course
is clinically beneficial. Study findings indicate
that younger patients earlier within aPD treated
with nonsurgical CSCI of LDp/CDp experienced
significantly greater improvements in motor
function and sleep quality compared with those
who received oral immediate-release LD/CD.
Improvements observed with LDp/CDp may
reflect the benefit of continuous dopaminergic
stimulation, which may minimize oscillations
in dopamine levels and reduce motor fluctua-
tions typically associated with intermittent oral
dosing and resulting pulsatile stimulation [11].

LDp/CDp was associated with significant
improvements from baseline to week 12 in “Oft”
time, “On” time without troublesome dyskine-
sia, “On” time without dyskinesia, PDQ-39 sum-
mary index, and PDSS-2 total score. In contrast,
there were no statistically significant improve-
ments over 12 weeks in the oral LD/CD group.
Improvements in “Oft” time, “On” time without
troublesome dyskinesia, and sleep were signifi-
cantly higher with LDp/CDp than with oral LD/
CD. Quality of life and sleep improvements with
LDp/CDp exceeded minimal clinically impoz-
tant difference (MCID) thresholds [12, 13], while
the mean change in MDS-UPDRS II was slightly
below the threshold (- 3.0 vs MCID of -3.05)
[14]. Considering the significant improvements
in “Off” and “On” time, clinically meaningful
improvements in MDS-UPDRS II might also have
been expected but may not have been observed
as a result of the small sample size. Similarly,
the treatment difference between LDp/CDp and
oral LD/CD for quality of life approached statis-
tical significance (P=0.0534), suggesting a trend
toward greater improvement with LDp/CDp that
may not have reached significance as a result of
the small sample size.

Importantly, treatment differences for most
assessed outcomes were numerically greater in
the subgroup than those observed in the over-
all population [4], suggesting a potential disease
stage-dependent benefit from earlier initiation of
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Improvement Improvement

Improvement

Mean (SD) Change
From Baseline, Hours

Mean (SD) Change

From Baseline, Hours

Mean (SD) Change
From Baseline, Hours

—2-

-4

—64

-84

"Off" Time

LDp/CDp
(n=13)

Oral LD/CD

(n=13)

-1.6

LSM (SE) treatment difference

Age = 65y and earlier within aPD: -2.4 (1.0)
Overall population: -1.8 (0.6)

—-10-

104

(within group)

P=.0234

*P=.0011 vs baseline

"On" Time Without
Troublesome Dyskinesia

*P = .0011 vs baseline

(within group)

P=.0204

LSM (SE) treatment difference

LDp/CDp
(n=13)

Age = 65 y and earlier within aPD: 3.4 (1.3)
Overall population: 1.8 (0.7)

14

Oral LD/CD

(n=13)

"On" Time Without Dyskinesia

104

*P=.0002 vs baseline

(within group)

P=.0878

LSM (SE) treatment difference

LDp/CDp
(n=13)

Age = 65 y and earlier within aPD: 2.7 (1.5)

Overall population: 1.8 (0.7)

1.9

Oral LD/CD
(n=13)
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«Fig.1 Change from baseline to week 12 in “Off” time
(a) and “On” time (b, ) in younger patients carlier within
aPD. aPD advanced Parkinson’s disease, LD/CD levodopa/
carbidopa, LDp/CDp foslevodopa/foscarbidopa, LSM

least squarcs mean, y ycar

LDp/CDp therapy. This finding may be driven
by the subgroup being younger than the over-
all study population and potentially exhibiting
greater functional independence and higher pre-
served dopaminergic function, which may allow
for a more pronounced symptomatic benefit.
Typically, device-aided therapies increase good
“On” time [6, 15], and younger, less advanced
patients are more likely to be symptom free
during these periods [16], which may further
explain the observed findings.

Findings from a 52-week open-label trial of
LDp/CDp, which included a similar population
(patients with aPD who were inadequately con-
trolled on current PD therapy and experiencing
an average daily “Off” time of 22.5 h, with rec-
ognizable “On” and “Off” states), showed similar
findings; younger patients (aged <65 years) and
patients with Hoehn and Yahr stage score<2 had
a higher likelihood of achieving clinically mean-
ingful improvements in outcomes compared
with older patients (=65 years) and those with
Hoehn and Yahr stage score>2 [17]. Earlier ini-
tiation of other device-aided therapies has also
been shown to improve patient outcomes. In a
prospective observational study, patients with
an earlier phase of aPD (aged<71 years and
aPD duration <3 years) treated with continu-
ous subcutaneous infusion of apomorphine
experienced marked improvements in motor
fluctuations [18]. Additionally, in a randomized
controlled trial of patients with PD and early
motor complications (aged 18-60 years; dis-
ease duration >4 years; Hoehn and Yahr stage
score<2 [“On” state]; motor symptom improve-
ment>50% with dopaminergic medication
based on the UPDRS III; presence of fluctuations
or dyskinesia for <3 years; and either a UPDRS II
score>6 in the worst condition despite medical
treatment or a Social and Occupational Func-
tioning Assessment Scale score of 51 to 80),
patients who received neurostimulation with
medical therapy had greater improvements in

motor complications and quality of life com-
pared with those who received medical therapy
alone [19]. In a post hoc analysis of the GLORIA
registry, younger patients and those with shorter
disease duration treated with LD/CD intestinal
gel showed similar quality of life benefits and
greater improvements in activities of daily living
when compared with older patients and patients
with longer PD duration [20]. Taken together,
these findings provide further evidence that
there may be a therapeutic advantage in initiat-
ing LDp/CDp earlier in the disease course.

The safety profile of LDp/CDp in this sub-
group analysis was generally consistent with the
overall study population and similar to that of
other medications administered via subcutane-
ous infusion [21, 22]. LDp/CDp was generally
well tolerated, and most TEAEs were reported to
be mild or moderate in severity and nonserious,
with only one patient experiencing a TEAE lead-
ing to treatment discontinuation. The observed
TEAEs of special interest were consistent with
those expected based on the patient population,
therapeutic class, and administration route.
Infusion site and infusion-related events were
the most frequently observed TEAEs in this anal-
ysis. Their occurrence raises important consider-
ations for treatment acceptability and long-term
adherence, particularly for younger patients. For
these individuals, such TEAEs could diminish
the acceptability of a therapy that may provide
better motor control, an issue of heightened
importance given their longer anticipated course
of disease management. However, a post hoc
analysis of multiple phase 3 trials of LDp/CDp
showed that most infusion site events were non-
serious and mild or moderate in severity, and the
majority of presumed infections were managed
with empirical oral antibiotics without lead-
ing to treatment discontinuation [23]. Careful
patient selection, setting treatment expecta-
tions, and educating patients and caregivers on
device handling, aseptic technique, and proper
skin care are essential to help prevent or mitigate
TEAEs, decrease discontinuations, and support
long-term adherence. Further clinical guidance
and considerations for the initiation and main-
tenance of LDp/CDp treatment and manage-
ment of associated TEAEs have been previously
reported in detail [24].
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«Fig.2 Change from baseline to week 12 in MDS-
UPDRS 1I score (a), PDQ-39 summary index (b), and
PDSS-2 total score (c) in younger patients carlier within
aPD. aPD advanced Parkinson’s disease, LD/CD levodopa/
carbidopa, LDp/CDp foslevodopa/foscarbidopa, LSM
least squares mean, MDS-UPDRS Movement Disorder
Society Unified Parkinson’s Disease Rating Scale, PDQ-39
39-item Parkinson’s Disease Questionnaire, PDSS-2 Par-
kinson’s Disease Sleep Scale-2, y year

Several limitations of this analysis should
be acknowledged. First, there is no universally
accepted definition of aPD, and there is even
less consensus for what constitutes being “ear-
lier within aPD.” However, we used Hoehn and
Yahr stage score<2 and <5 years since onset of
motor fluctuations as a pragmatic starting point
to define patients earlier in the treatment path-
way (full eligibility criteria for the phase 3 trial
are mentioned in the Methods). The Hoehn and
Yahr stage scale provides a way to gauge disease
progression; however, it is not solely determi-
nant of aPD and is often used in combination
with other assessments for a comprehensive
evaluation. Although other studies have used
disease duration to define patients earlier within
aPD [18, 20], we believe that time since start of
motor fluctuations may be a more valid crite-
rion than disease duration, as patients can have
widely different durations of their “honeymoon
period” (i.e., duration of initial stable responses
to treatment before start of disabling motor fluc-
tuations) [16]. Nonetheless, a previous analysis
of LDp/CDp studies has suggested that shorter
PD duration is associated with improved out-
comes [25].

The small sample size and the post hoc explor-
atory nature of this analysis limit the interpreta-
tion of our findings. Younger patients may be
expected to better tolerate treatment; however,
the limited number of patients in this subgroup
precluded meaningful comparisons of safety
outcomes with the overall population. Further,
comparisons with a subgroup of older patients
or those with more advanced disease may have
been more informative but were not feasible
as a result of sample size constraints and were

outside the scope of this exploratory analysis. In
addition, the duration of motor fluctuations was
reported by patients and may be subject to recall
bias. Another limitation of this analysis is that
sleep was the only non-motor symptom assessed
in the randomized trial; a detailed evaluation
of other non-motor symptoms (e.g., pain and
gastrointestinal dysfunction) in this subgroup
population would be clinically relevant. Lastly,
the impact of LDp/CDp on dyskinesia in this
subgroup remains unclear. This is an important
area for future investigation, particularly given
that dyskinesia tends to be more prominent in
patients with young-onset PD [26]. Several ongo-
ing and planned real-world prospective studies
[27-31] will evaluate LDp/CDp in routine clini-
cal practice, help validate findings from this
analysis, and address important research ques-
tions that could not be answered by the present
study.

CONCLUSION

Results from this post hoc exploratory analysis
indicated that younger patients earlier within
aPD treated with LDp/CDp experienced sig-
nificantly greater improvements in motor
symptoms and sleep compared with those
who received oral immediate-release LD/CD.
Improvements in motor symptoms and qual-
ity of life were potentially more pronounced
in this subgroup analysis than those observed
in the overall study population. LDp/CDp was
generally well tolerated and had a favorable
benefit-risk profile. These findings provide pre-
liminary evidence supporting the use of LDp/
CDp in younger patients earlier within the aPD
treatment journey as a potential first-line device-
aided therapy for those experiencing uncon-
trolled motor fluctuations despite optimized
oral therapy. Given the progressive nature of PD,
clinicians should consider the potential thera-
peutic benefits associated with earlier initiation
of LDp/CDp.
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Table 3 Overview of TEAEs

TEAE, (%) Younger patients earlier within aPD  Overall population
LDp/CDp  OralLD/CD  LDp/CDp  OralLD/CD
(n=13) (n=13) (n="74) (n=67)
Any TEAE 12 (92.3) 10 (76.9) 63 (85.1) 42 (62.7)
Mild 10 (76.9) 9(69.2) 52 (70.3) 37(55.2)
Moderate 9(69.2) 3(23.1) 42 (56.8) 12 (17.9)
Severe 2 (15.4) 0 7(9.5) 1(1.5)
Serious TEAE 3(23.1) 1(7.7) 6(8.1) 4(6.0)
TEAE considered associated with study drug® 10 (76.9) 4(30.8) 52 (70.3) 15 (22.4)
TEAE leading to treatment discontinuation 1(7.7) 0 16 (21.6) 1(1.5)
TEAE leading to death 0 0 0 1(15)
TEAE:s occurring in > 15% of patients receiving LDp/CDp
Infusion site pain 5(38.5) 0 19 (25.7) 1(1.5)
Infusion site erythema 4(30.8) 1(7.7) 20 (27.0) 1(1.5)
Infusion site papule 3(23.1) 0 3 (4.1) 0
Infusion site nodule 2 (15.4) 0 6(8.1) 0
Infusion site celluliis 1(7.7) 1(7.7) 14 (18.9) 0
TEAE: of special interest
Infusion-related reaction 8 (61.5) 2(15.4) 46 (62.2) 5(7.5)
Infusion-related infection 4(30.8) 1(7.7) 21 (28.4) 2 (3.0)
Hallucinations/psychosis 2 (15.4) 0 11 (14.9) 2 (3.0)
Falls and associated injuries 2 (15.4) 4(30.8) 13 (17.6) 17 (25.4)
Dyskinesia 1(7.7) 1077 8 (10.8) 4(6.0)
Somnolence 0 1(7.7) 1(14) 1(15)
Polyneuropathy 0 0 2(27) 2(3.0)
Weight loss 0 0 1(1.4) 1(15)
“On” and “Off” phenomenon 0 0 6(8.1) 0

aPD advanced Parkinson’s disease, LD/CD levodopa/carbidopa, LDp/CDp foslevodopa/foscarbidopa, TEAE treatment-

emergent adverse event

*As assessed by the investigator
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