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ARTICLE INFO ABSTRACT

Keywords: Introduction: Parkinson’s disease (PD) non-motor symptom burden, including nocturia and sleep disturbances,
Parkinson’s disease worsens with disease progression. Continuous dopaminergic drug delivery with nocturnal infusion in PD
Nocturia

demonstrated improvements in sleep and nocturia. Foslevodopa/foscarbidopa (LDp/CDp) provides 24-hour
continuous drug delivery of levodopa/carbidopa (LD/CD) prodrugs via continuous subcutaneous infusion (CSCI).
Methods: Least-squares mean nocturia changes (measured via Parkinson’s Disease Sleep Scale-2 item 8) in pa-
tients with PD from a randomized 12-week phase 3 trial of LDp/CDp CSCI versus oral LD/CD (NCT04380142)
and a 52-week open-label LDp/CDp CSCI phase 3 trial (NCT03781167) were analyzed post hoc via mixed-effects
regression and analysis of covariance. Correlation coefficients at baseline (BL) and in change from BL to week 12
or week 52 (A BL-wk 12 or A BL-wk 52) for nocturia and quality of life (QoL, measured as Parkinson’s Disease
Questionnaire [PDQ-39] Summary Index score) were calculated via Spearman’s test.

Results: This exploratory analysis demonstrated significant and sustained improvement in nocturia symptoms
from BL with LDp/CDp treatment in both the randomized (to week 12; n = 44; nominal p < 0.01) and open-label
(to weeks 6, 13, 26, and 52; with n = 176, 149, 107, and 75, respectively; nominal p < 0.001 for all) trials.
Nocturia improvement was significantly greater in LDp/CDp- versus oral-treated patients (n = 59; nominal p <
0.05). A significant positive correlation between nocturia and QoL was shown at BL and between A BL-wk 12 in
the randomized trial (nominal p < 0.05 for both), while open-label results showed no significant correlations.
Conclusions: LDp/CDp-treated patients with PD demonstrated significantly improved nocturia with 24-hour
therapy, 12-week nocturia improvements were significantly greater than oral therapy, and patient-reported
nocturia may correlate with QoL.

Subcutaneous infusion
Foslevodopa
Foscarbidopa

1. Introduction quality of life (QoL) [1]. The PD Non-motor International Longitudinal
Study reported that baseline urinary domain scores (which assesses ur-

One of the most common non-motor symptoms (NMS) of Parkinson’s gency, frequency, and nocturia) were among the highest NMS Scale
disease (PD) is nocturia, which can increase falls risk at night and impair (NMSS) domain scores across all stages of PD, from drug-naive to
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advanced disease (disease duration > 5 years) [2]. As reviewed by Balta
et al. [1], nocturia rates in people with Parkinson’s (PwP) are consis-
tently high, generally ranging from 76 % to 86 % in questionnaire-based
studies and the NMS Questionnaire (NMSQ) pilot study reported 67 % of
PwP of various ages and disease stages experienced nocturia [3]. Evi-
dence indicates NMS such as nocturia or sleep disruption could be
influenced by dopaminergic receptor signaling, suggesting that contin-
uous dopaminergic drug delivery may improve these PD-associated
symptoms [1,4-6]. Continuous subcutaneous infusion (CSCI) of the
levodopa/carbidopa (LD/CD) prodrugs, foslevodopa/foscarbidopa
(LDp/CDp), can be delivered 24 h/day via a portable pump [7]. While
LDp/CDp therapy in patients with PD demonstrated improvements in
motor complications, sleep (via the PD Sleep Scale-2 [PDSS-2] total
score), and a favorable safety profile in a 12-week, double-blind, ran-
domized phase 3 trial versus oral LD/CD immediate-release (LD/CD-IR)
treatment [7], and in a 52-week, open-label, single-arm phase 3 trial [8],
the effect of LDp/CDp on nocturia is not yet established.

The objective of this post hoc analysis was to evaluate whether
patient-reported nocturia in PwP improved after 24-hour/day LDp/CDp
CSCI therapy and whether nocturia correlated with patient-experienced
QoL in 2 phase 3 clinical trials.

2. Methods

This post hoc analysis included data from a double-blind, random-
ized, active-controlled, 12-week phase 3 trial investigating LDp/CDp
CSCI therapy versus oral LD/CD-IR treatment as well as from an open-
label, single-arm, 52-week phase 3 trial assessing LDp/CDp safety. A
full description of each trial’s study design, participants, and outcomes
have been previously reported [7,8].

2.1. Study design and procedures

On day 1 of the active-controlled trial’s 12-week double-blind
treatment period, participants were randomized 1:1 to receive either
LDp/CDp CSCI plus oral placebo or oral LD/CD-IR plus placebo solution
CSCI for 24 h/day; with CSCI dosing optimized during the first 4 weeks,
and stable CSCI dosing maintained throughout the last 8 weeks [7]. The
open-label trial’s 52-week treatment period included 4 weeks of CSCI
optimization plus 48 weeks of CSCI maintenance [8]. In both trials, an
ambulatory pump supplied study drug solution into the single infusion
site subcutaneous space through a connected infusion cannula, with
rotation of the infusion site required every 3 days at minimum, and
individualized LDp/CDp dosing could range from approximately 600 to
4250 mg of LD equivalents/24 h as needed [7,8].

2.2. Participants

Participants were males or females > 30 years of age, having a
diagnosis of LD-responsive idiopathic PD with symptoms judged by in-
vestigators to be inadequately controlled via current therapy, exhibiting
investigator-observed identifiable “Off” and “On” states (motor fluctu-
ations), as well as experiencing an average “Off” time of > 2.5 h/day as
indicated by PD diary [7,8]. In both trials, “sex” referred to individuals
self-identified as either “male”/“female” via the electronic case report
form; and, while prespecified analyses evaluating “sex”-based differ-
ences were performed in certain overall trial efficacy/safety outcomes,
no “sex’-based differences were analyzed here.

As previously reported, both clinical trials were registered at
ClinicalTrials.gov (12-week trial, NCT04380142; 52-week trial,
NCT03781167) [7,8], and the Independent Ethics Committee or Insti-
tutional Review Board at each study site approved the study protocol,
informed consent forms, and recruitment materials before patient
enrollment for each trial. The studies were conducted in accordance
with their protocols and the International Council for Harmonisation
guidelines, applicable regulations, and the Declaration of Helsinki. All

Clinical Parkinsonism & Related Disorders 12 (2025) 100330

patients in both trials provided written informed consent before initi-
ating any study-specific procedures.

2.3. Outcomes

The active-controlled study’s primary objective was to assess LDp/
CDp CSCI versus oral LD/CD-IR efficacy in treating patients with PD
motor complications at 12 weeks, with secondary objectives evaluating
additional efficacy outcomes plus local and systemic safety/tolerability
[71; while the open-label study’s primary objective was to assess local
and systemic LDp/CDp CSCI safety/tolerability in PwP for 52 weeks,
with secondary objectives evaluating LDp/CDp efficacy in various
patient-reported outcomes [8]. Both trials included validated assess-
ments of sleep disruption using the PDSS-2 and of QoL using the 39-item
PD Questionnaire (PDQ-39). Item 8 of the PDSS-2 measures nocturia via
the question “Did you get up at night to pass urine?”; where patient an-
swers of “Never” (0 days/week), “Occasionally” (1), “Sometimes” (2-3),
“Often” (4-5), or “Very Often” (6-7) are based on their previous 7-days’
experience and are scored O to 4 (respectively), with a decreased score
on subsequent assessments indicating nocturia reduction/improvement
[5]. PDSS-2 has been previously used to assess nocturia effects, for
instance with rotigotine transdermal patch use [5,9,10]. The patient’s
overall QoL status is represented by the PDQ-39 Summary Index score,
derived from the 8 PDQ-39 health subdomain scores.

2.4. Statistical analyses

The least-squares (LS) mean and standard error of nocturia (PDSS-2
item 8) score change from baseline (BL) in the 12-week active-controlled
and 52-week open-label trials are reported, after checking normality
assumptions. Statistical significance at a level of p < 0.05 within and
between treatment groups in the active-controlled study (at week 12)
plus over time in the open-label study (at weeks 6, 13, 26, and 52,
respectively) was analyzed using mixed-effect model repeated measures
(MMRM) regression with a compound symmetry variance-covariance
matrix and analysis of covariance (ANCOVA) to estimate the LS mean of
difference (SE) and two-sided p values. This exploratory analysis
calculated non-confirmatory nominal p values. Spearman’s correlation
coefficients (rho) were calculated between baseline nocturia and the
PDQ-39 Summary Index score (QoL) as well as between nocturia and
QoL change from baseline to week 12 or to week 52 (A BL-wk 12 or A
BL-wk 52) in the active-controlled and open-label studies, respectively.
Trial results are presented in parallel here but were separately analyzed.

3. Results
3.1. Patients

The active-controlled and open-label trials patient’s baseline de-
mographics and disease characteristics, which have been previously
reported by Soileau et al. [7] and Aldred et al. [8] (respectively), are
summarized in Table 1. The active-controlled and open-label trial pa-
tient populations were similar in most parameters (Table 1), with both
oral LD/CD-IR- (n = 67) and LDp/CDp- (n = 74) treated patients in the
active-controlled trial also showing generally similar characteristics [7].
The baseline mean (SD) PDSS-2 item 8 score was approximately 3.0 in
the oral- and LDp/CDp-treated active-controlled trial groups, and in the
open-label LDp/CDp-treated patients (Table 1 and Fig. 1), indicating
nocturia caused patients in both trials to get up “often” at night to pass
urine at baseline [5].

3.2. Outcomes
3.2.1. Nocturia improvement

The LS mean PDSS-2 item 8 change from BL in the active-controlled
trial LDp/CDp-treated patients demonstrated significantly improved
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Table 1
Summary of the Baseline Characteristics and Demographics of the Two Phase 3
Trials.

Parameters, n (%) 12-Week 52-Week
unless otherwise indicated Active-Controlled Open-Label
Trial Trial
(Total N = 141)° (Total N =
244)°
Sex
Female 42 (30) 98 (40)
Male 99 (70) 146 (60)
Age, mean (SD), years 66.4 (9.5) 63.9 (9.2)
<65 years 51 (36) 119 (49)
>65 years 90 (64) 125 (51)
Duration since PD diagnosis, mean 8.6 (4.9) 10.7 (5.2)
(SD), years
<10 years 95 (67) 131 (54)
>10 years 46 (33) 113 (46)
Total daily LED, mg/day 1000 (800-1500)" 1065 (585)™¢
median (IQR) mean (SD)
PD diary outcomes, mean (SD),
normalized hours®
“Off” Time 6.1 (2.1)° 5.9 (2.2)"
“On” Time without TSD?® 9.3 (2.5)° 9.1 (2.5)
PDSS-2 total score, mean (SD) 20.1 (9.1)" 20.4 (9.6)
PDSS-2 item 8 score (nocturia), Oral LD/CD-IR: 3.0 (1.2)'
mean (SD) 3.0 (1.3Y
LDp/CDp: 2.9 (1.3)"
PDQ-39 summary index score, 28.5 (15.4)" 34.5 (15.0)'

mean (SD)

%, percent; CD, carbidopa; CDp, foscarbidopa; h, hour; IQR, interquartile range;
IR, immediate-release; LD, levodopa; LDp, foslevodopa; LED, levodopa equiva-
lent dose; N, total number of patients; n, number of patients in the individual
parameter; nTSD, non-troublesome dyskinesia; PD, Parkinson’s disease; PDQ-
39, 39-item Parkinson’s Disease Questionnaire (for quality-of-life assessment);
PDSS-2, Parkinson’s Disease Sleep Scale-2; SD, standard deviation; TSD, trou-
blesome dyskinesia.

@ Adapted from References [7] and [8], respectively.

b IR levodopa after conversion from levodopa-containing medications and
catechol-O-methyltransferase inhibitors and subsequent adjustments.

¢ n=241.

4 Assessed using a 24-h diary and normalized to a 16-h waking day.

¢ n=140.

fn=236.

8 “On” Time without TSD is the sum of “On” Time without dyskinesia and
“On” Time with nTSD.

hn=139.
in=243.
I n=66.
kK n =72
''n=222

nocturia at week 12 (nominal p < 0.01), going from a mean (SD)
baseline nocturia individual item score of 2.9 (1.25) to a final score of
2.3 (1.31) (Fig. 1, Panel A). In the oral-treated active-controlled trial
patients there was a reduction of the mean (SD) PDSS-2 item 8 score
from baseline to week 12 from 3.0 (1.34) to 2.8 (1.45), respectively,
which was not statistically significant (Fig. 1, Panel A). The nocturia
individual item LS mean score improvement from baseline to week 12
was significantly greater in LDp/CDp- versus oral-treated patients
(nominal p < 0.05), with a —0.5 LS mean of difference between the
treatment groups (Fig. 1, Panel A). Similarly, the LS mean PDSS-2 item 8
significantly decreased from baseline to all time points (weeks 6, 13, 26,
and 52) in the open-label trial LDp/CDp-treated patients (nominal p <
0.001), going from a mean (SD) baseline nocturia individual item score
of 3.0 (1.24) to time point scores of 2.5 (1.34), 2.5 (1.44), 2.4 (1.45), and
2.5 (1.41), respectively (Fig. 1, Panel B).

3.2.2. Nocturia correlation with QoL
Both the open-label and active-controlled trials’ primary results
suggested LDp/CDp treatment improved overall QoL in PwP, as
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indicated by a significant reduction in the PDQ-39 Summary Index score
from baseline to all time points in the open-label trial and a PDQ-39
Summary Index score improvement in LDp/CDp-treated patients
(which did not reach statistical significance due to the active-controlled
trial’s hierarchical testing procedure) [7,8]. The PDSS-2 item 8 and the
PDQ-39 Summary Index scores at baseline, as well as the A BL-wk 12
nocturia and QoL scores, demonstrated a statistically significant positive
correlation in the active-controlled trial (nominal p < 0.05, Fig. 1). The
open-label trial showed no significant correlation between baseline or A
BL-wk 52 nocturia and QoL scores (rho = 0.13, p = 0.06; rho = 0.04, p =
0.71, respectively).

3.3. Safety

As previously reported by Soileau et al. [7] and Aldred et al. [8], the
systemic safety profile of both trials was aligned with the expected
profile of LD/CD treatments. The infusion site events were also aligned
with the expected profile of subcutaneously delivered therapies, with
most adverse events observed being non-serious infusion site events of
mild to moderate severity [7,8].

4. Discussion
4.1. Summary

This post hoc analysis shows a significant reduction in nocturia at
various time points after treatment initiation and for up to 52 weeks in
patients with PD receiving LDp/CDp CSCI therapy (nominal p < 0.01 or
< 0.001), which was significantly greater than that seen with oral LD/
CD-IR treatment through 12 weeks (nominal p < 0.05). In addition,
this improvement in nocturia with LDp/CDp therapy may correlate with
QoL improvements in patients with PD.

4.2. Relevance with the literature

Nocturia has been reported as the most frequent NMS in PwP and
among the most bothersome symptoms for patients [11], as well as a
major cause of sleep disruption — which the recently described stepped
care paradigm for PD determined is a key aspect of “wellness” in PD
[12]. Multiple studies have confirmed a high prevalence of nocturia in
PwP, with 2 studies reporting 86 % [11,13] and another study reporting
93 % experienced 1 episode while 62 % experienced at least 2 episodes
of nocturia [14]. As suggested in a review by Poplawska-Domaszewicz
et al. [15], positive dopamine D1 receptor effect of levodopa on
bladder function could potentially be a partial explanation of this
beneficial effect. Previous studies also reported patients with nocturia
demonstrated significantly worse QoL and sleep as well as significant
correlations between nocturia and higher PDSS-2/PDQ-39 scores, with
patients experiencing bothersome nocturia demonstrating significantly
worse sleep versus patients with non-bothersome nocturia [13,14]. As
reviewed by Balta et al. [1]: (1) general lower urinary tract symptoms
substantially impact healthcare costs, early institutionalization, and QoL
measures; (2) nocturia is associated with fall and hip fracture risks —
which are critical concerns for mobility-impaired PwP, as they portend
potential hospitalization; and (3) increased nocturia-related awakening
of partners with PD could negatively impact caregiver sleep/burden.

To our best knowledge, this is the first analysis evaluating nocturia
improvement associated with continuous levodopa-based therapy infu-
sion, and specifically with LDp/CDp CSCI. Evidence of dopaminergic
receptor signaling underlying nocturia and sleep disruption in PwP
suggests these PD NMS could be improved by continuous dopaminergic
drug delivery [1,4-6]. Limited data from non-levodopa-based therapies,
such as rotigotine transdermal patch or 12- to 16-hour/day apomor-
phine subcutaneous infusion, have suggested significant sleep and
nocturia improvements in PwP, respectively [4,6]. CSCI of LD/CDp for
24 h/day resulted in statistically significant and clinically meaningful
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B. Open-Label Trial
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Fig. 1. Nocturia (PDSS-2 Item 8) Improvement and Correlation with PD-Associated QoL (PDQ-39) in Patients Treated with Oral LD/CD-IR or LDp/CDp CSCI
Therapy. ANCOVA, analysis of covariance; BL, baseline; CSCI, continuous subcutaneous infusion; LD/CD-IR, levodopa/carbidopa immediate-release; LDp/CDp,
foslevodopa/foscarbidopa; LS, least-squares; MMRM, mixed-effect model repeated measures; n, number of patients; NS, not significant; PD, Parkinson’s disease; PDQ-
39, 39-item PD Questionnaire; PDSS-2, PD Sleep Scale-2; QoL, quality of life; SE, standard error In (A) and (B), LS mean (SE) nocturia change from baseline was used
to assess statistical differences within (**p < 0.01, ***p < 0.001) and between treatment groups (*p < 0.05) via an MMRM regression model and ANCOVA with
nominal p values. In (C) and (D), coefficients of correlation are calculated using Spearman’s Correlation test, with the 95 % prediction ellipse indicated by the line.

an = 66. °n = 72. “n = 60. %n = 45. °n = 222.

improvements in the PDSS-2 total score versus baseline at all timepoints
in the 52-week open-label trial [8], and clinically meaningful numerical
improvement in the PDSS-2 total score was reported in the 12-week
active-controlled trial LDp/CDp-treated patients even though statisti-
cal significance versus oral treatment could not be claimed due to the
trial’s hierarchical testing procedure stopping at a higher-ranked
endpoint [7]. A subsequent post hoc analysis indicated that the LDp/
CDp-treated patients PDSS-2 total score within-group improvement
from baseline in the active-controlled trial was clinically meaningful and
nominally statistically significant, as well as showed the between-group
PDSS-2 total score was nominally significant versus oral-treated patients
[16]. A recent case study has reported improved PDSS-2 total score as
well as improved sleep architecture measured via a two-channel
portable biopotential sleep testing system in a single patient after 9
days of LDp/CDp CSCI treatment [17]. However, further research uti-
lizing objective measurements of sleep architecture via poly-
somnography or other methods [17] is warranted, as sleep architecture
data in multiple LDp/CDp-treated patients from prospective clinical
trials has not yet been collected. Urinary disturbances and nocturia may
also complicate non-motor fluctuations in PD, which can be potentially

helped by LDp/CDp, and would also be an important area for future
research [18]. The current results align with the above findings and
extend the options for nocturia and sleep disruption treatment in PwP to
include continuous levodopa-based therapy via LDp/CDp CSCI.

4.3. Limitations

One limitation of the current study is the post hoc design, as the
clinical trial data utilized was not powered to analyze treatment effects
based on a single PDSS-2 item. Another limitation is the 66 % reduction
in the open-label trial PDSS-2 item 8 patient sample size data from
baseline to final visit, which further limits the power of the results.
Despite having similar limitations, previous post hoc analyses of clinical
trial data report drug efficacy on individual PDSS-2 items, or identify
patient subpopulations using a single item from a PD rating scale and
assess drug efficacy on sleep outcomes [9,19]. In part due to the hier-
archical analysis structure of the active-controlled trial, it should be
noted that this post hoc analysis is exploratory and utilized statistical
calculations which generated non-confirmatory nominal p values.
Lastly, not disaggregating the data based on sex may limit the current
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results generalizability, as gender-related differences in PD NMS have
been reported, including in nocturia [1,13]. Therefore, the possibility of
sex influencing the current results cannot be excluded, given the prev-
alence of benign prostatic hyperplasia or menopause/post-menopause in
PD populations.

5. Conclusions

This post hoc analysis shows PwP treated with 24-hour/day LDp/
CDp continuous subcutaneous infusion exhibited improved patient-
reported nocturia, as indicated by nominally significant PDSS-2 item 8
reductions over time (p < 0.01 or p < 0.001), and this nocturia
improvement favored LDp/CDp therapy versus oral LD/CD-IR treatment
with a nominal p < 0.05. In addition, LDp/CDp-associated nocturia re-
ductions may be correlated with QoL improvements in PwP.
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