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Abstract.
Background: ND0612 is a continuous, subcutaneous levodopa/carbidopa delivery system in development for patients with
Parkinson’s disease (PD) experiencing motor fluctuations
Objective: Evaluate the efficacy and safety of two ND0612 dosing regimens in patients with PD.
Methods: This was a 28-day open-label study (NCT02577523) in PD patients with ≥2.5 hours/day of OFF time despite opti-
mized treatment. Patients were randomized to treatment with either a 24-hour infusion (levodopa/carbidopa dose of 720/90 mg)
or a 14-hour ‘waking-day’ infusion (levodopa/carbidopa dose of 538/68 mg plus a morning oral dose of 150/15 mg). Sup-
plemental oral doses of levodopa were permitted for patients in both groups if required. In-clinic assessments of OFF time
(primary endpoint) and ON time with or without dyskinesia were determined by a blinded rater over 8 hours (normalized to
16 hours).
Results: A total of 38 patients were randomized and 33 (87%) completed the study. Compared to baseline, OFF time for
the overall population was reduced by a least squares (LS) mean[95%CI] of 2.0[–3.3, –0.7] hours (p = 0.003). ON time with
no/mild dyskinesia (no troublesome dyskinesia) was increased from baseline by a LS mean of 3.3[2.0, 4.6] hours (p < 0.0001),
and ON time with moderate/severe dyskinesia was reduced by a LS mean of 1.2[–1.8, –0.5] hours (p ≤ 0.001). Reduction
in OFF time was larger in the 24-hour group (–2.8[–4.6, –0.9] hours; p = 0.004) than in the 14-hour group (–1.3[–3.1, 0.5]
hours; p = 0.16). Complete resolution of OFF time was observed in 42% (n = 8) of patients in the 24-hour group. Infusion
site reactions were the most common adverse event.
Conclusion: This study demonstrates the feasibility and safety of continuous subcutaneous delivery of levodopa as a treatment
for PD and provides preliminary evidence of efficacy.

Keywords: Motor fluctuations, ND0612, Parkinson’s disease, subcutaneous levodopa infusion

∗Correspondence to: Professor C. Warren Olanow MD,
FRCPC, FRCP(hon), Professor and Chairman Emeritus, Depart-
ment Neurology, Mount Sinai School of Medicine, 1 Gustave Levy

Place, New York, NY 10029, USA. E-mail: warren.olanow@clin
trex.com.

ISSN 1877-7171/21/$35.00 © 2021 – The authors. Published by IOS Press. This is an Open Access article distributed under
the terms of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).

mailto:warren.olanow@clin{penalty -@M }trex.com
https://creativecommons.org/licenses/by-nc/4.0/


178 C.W. Olanow et al. / Continuous Subcutaneous Levodopa Delivery

INTRODUCTION

After more than 50 years, levodopa remains the
most effective therapy for Parkinson’s disease (PD).
However, chronic treatment is associated with motor
complications in the majority of patients [1–3], which
can significantly impact activities of daily living and
quality of life [4, 5]. Indeed, motor complications are
the key reason PD patients undergo surgical therapies
such as deep brain stimulation.

Increasing evidence indicates that motor compli-
cations are related to the non-physiologic restoration
of brain dopamine with intermittent doses of stan-
dard oral levodopa [6, 7]. Under normal conditions,
striatal dopamine concentrations are maintained at
a relatively continuous level [8, 9]. However, in the
dopamine-depleted state, intermittent levodopa doses
result in marked fluctuations in striatal dopamine
leading to molecular and neurophysiologic changes
and ultimately to motor complications [6, 7]. These
observations led to the hypothesis that continuous
delivery of levodopa might restore dopamine to the
brain in a more physiological manner and reduce the
risk of motor complications. This concept has been
supported by numerous animal studies [6, 7], and by
a double-blind study in PD patients showing that con-
tinuous intrajejunal infusion of Levodopa/Carbidopa
Intestinal Gel (LCIG) was associated with sig-
nificantly reduced motor fluctuations compared to
optimized oral levodopa [10]. However, continuous
intestinal levodopa fusion is associated with poten-
tially serious side effects related to the surgical
procedure and the need for a persistent indwelling
jejunal catheter [10, 11].

ND0612 (NeuroDerm, Rehovot Israel) is a drug-
device combination consisting of a liquid formulation
of levodopa/carbidopa continuously administered via
a subcutaneous pump that provides plasma levodopa
levels with less variability than standard oral lev-
odopa [12]. The novel formulation is a sterile solution
of levodopa and carbidopa with the addition of
excipients that increase solubility and control sta-
bility and permit delivery at a low infusion rate.
Here, we report the results of a proof-of-concept
study designed to assess the efficacy, safety and
tolerability of ND0612 in PD patients with motor
fluctuations. An exploratory objective of this trial
was to evaluate any potential benefits of a 14-
hour (waking day) infusion compared to 24-hour
(round the clock) infusion. No formal statistical
comparison was planned between these two dosing
regimens.

METHODS

Study design

The study was designed as a randomized, mul-
ticenter, 28-day trial with a blinded evaluator, and
was conducted between December 2015 and January
2017 in 11 specialist PD sites in Europe, Israel and
the United States. The study was registered in the
database of the US National Library of Medicine
(clinicaltrials.gov), record number NCT02577523,
and conducted in accordance with the Declaration
of Helsinki and the International Council for Harmo-
nization tripartite guideline on the ethical principles
of Good Clinical Practice (ICH E6) guidelines.
The study protocol, informed consent forms, and
other study-related documents were reviewed and
approved by the local independent ethics committees
and institutional review boards. Eligible participants
who met entry criteria and signed an IRB-approved
informed consent were enrolled into the study.

On study entry, patients slept in the clinic over-
night and anti-parkinsonian medications were with-
held after midnight. The following morning, they
were randomized (1:1) using a computer-generated
sequence (block size of 4) to ND0612 treatment
administered either as a 24-hour ‘round the clock’ SC
infusion delivering a total levodopa/carbidopa dose
of 720/90 mg or as a 14-hour ‘waking day’ SC infu-
sion delivering a levodopa/carbidopa dose of 537.6/
67.2 mg plus a morning oral dose of levodopa/
carbidopa 150/15 mg. Dose levels of ND0612 were
based on the maximal amount of LD/CD that
could be delivered with the current pump system
as determined in a previous phase 1 study [12].
It should be noted that levodopa, and to a greater
extent carbidopa have higher bioavailability when
delivered subcutaneously, and that the 8:1 ratio
of carbidopa:levodopa that is employed efficiently
inhibits the dopa-decarboxylase enzyme [13]. The
infusion was initiated on top of each patient’s anti-
parkinsonian medication, but, oral levodopa/carbi-
dopa could be rapidly downtitrated to account for
the additional levodopa/carbidopa. The dose could
not be changed once discharged from clinic. Other
anti-parkinsonian drugs were permitted but had to be
maintained at a constant dose throughout the study.
On the fourth clinic day, patients were discharged
to their homes on their assigned ND0612 dos-
ing regimen, plus any additional levodopa/carbidopa
required and other anti-parkinsonian medications as
taken before the study.
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Population

The trial enrolled male and female patients, aged
30–80 years, with a diagnosis of PD consistent with
the UK Brain Bank criteria [14], who were Hoehn &
Yahr ≤ 3 in the ON state, had ≥ 2.5 hours of OFF time
per day, had predictable and well-defined early morn-
ing OFF periods (patient report), and a ‘good’ early
morning response to levodopa. Patients had to be tak-
ing ≥ 4 levodopa doses per day (or ≥ 3 doses/day of
Rytary) and to have taken a therapeutic dose of ≥ 2
other classes of PD medications. PD medications had
to have been maintained at stable doses for ≥ 30 days
prior to the start of the study. Patients also had to have
a caregiver able to provide support during the study
period if required. Exclusion criteria included atyp-
ical parkinsonism, prior neurosurgical procedure for
PD, prior treatment with LCIG or DBS, Mini-Mental
State Examination score ≤ 26, psychosis or halluci-
nations during the prior 6 months, and any clinically
significant medical, surgical, or psychiatric condition
in the judgment of the investigator. Prior exposure to
SC apomorphine injection/infusion was permitted but
patients must have discontinued administration ≥ 4
weeks before the screening visit. Patients also had
to be approved for study entry by an independent
enrollment committee to confirm eligibility and that
patient understood and was capable of performing
all study-related activities. This methodology is now
commonly used in clinical trials to avoid error in
diagnosis, minimize variability, and avoid dropout.

Study treatment

A Home Nursing Service representative visited
patients each day to supervise the administration of
the infusion (administered via 2 cannulas inserted
into the SC layer of the skin) and operation of the
pump system. For this study, ND0612 was deliv-
ered using a modified Cane Crono Twin ambulatory
infusion pump. Patients randomized to the 24-hour
ND0612 treatment received the infusion at a rate of
0.64 mL/hour from 4AM to 10PM and 0.08 mL/hour
between 10PM and 4AM. Night-time flow rates
were kept at the lowest possible flow rate until
approximately 4AM to conserve infused levodopa
for daytime availability. The pump was then auto-
matically switched to the high rate with the intention
that plasma levodopa levels would be sufficiently
high to permit the patient to experience an ON
episode upon awakening. Patients randomized to the

14-hour ND0612 received the infusion at a rate of
0.64 mL/hour starting in the morning (when the nurse
arrived to start the infusion) and discontinued prior to
sleep. They also received a booster dose of oral lev-
odopa/carbidopa (150/15 mg) in the morning at the
time of the start of the infusion to facilitate reaching
plasma levels that permit patient to turn ON. The infu-
sion sites could be on the abdomen, flanks, or outer
thighs, and were changed every morning in a rotating
manner.

Evaluations

In-clinic assessments of OFF time, ON time with-
out dyskinesia or with mild, moderate or severe
dyskinesia were determined by a blinded rater at 30-
minute intervals for a total of 8 hours upon waking.
Evaluations were performed at Baseline, Day 3 (last
full in-patient day) and Day 28 (end of study). Addi-
tional evaluations performed at baseline and final
visit included patient and blinded-rater determination
of when a ‘full’ ON had taken place, Clinician and
Patient Global Impressions of improvement (CGI-
I and PGI-I), Unified Parkinson’s Disease Rating
Scale [15] motor score (UPDRS Part-III) assessed
just before taking the morning oral dose of levodopa
and/or the start/change of the infusion, UPDRS activ-
ities of daily living (UPDRS Part-II), Quality of
Life in Parkinson’s Disease (PDQ-39) scale [16] and
Parkinson’s Disease Sleep Scale (PDSS-2) [17].

Adverse events were recorded each day through-
out the study. Pain at infusion site was scored using a
Visual Analogue Scale (VAS) scale (0 mm=no pain;
100 mm=worst possible pain). Other safety assess-
ments included standard laboratory assessments and
vital signs, the Epworth Sleepiness Scale (ESS) [18],
the Questionnaire for Impulsive-Compulsive Disor-
ders in Parkinson’s Disease Rating Scale (QUIP-RS)
[19], and the Columbia Suicide Severity Rating Scale
(C-SSRS) [20].

Statistical analysis

A sample size of 15 completers per treatment group
was sufficient to detect a within-group change from
baseline to week 28 in daily OFF time of 0.78 hours
with 80% power assuming a standard deviation of 1.0
hours and a 2-sided significance level of 0.05.

The primary endpoint was the within group change
in OFF time between Baseline and Day 28 as assessed
by the blinded rater, normalized to the 16-hour wak-
ing day. This is a standard manner of reporting OFF
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Fig. 1. Study flow.

time in order to control for the numbers of hours
during the day that are available for reporting motor
state among different patients. Secondary endpoints
included change from baseline to Day 28 in ON
time with no or mild dyskinesia and in ON time
with moderate or severe dyskinesia (normalized to 16
hours), percentage of patients who were fully ON at
8:00 AM and 9:00 AM (24-hour group only), CGI-I,
PGI-I, UPDRS Part-III, UPDRS Part-II, PDQ-39 and
PDSS-2. Exploratory endpoints included percentage
of patients who achieved a 50% and 100% reduc-
tion in daily OFF time, and the amount of dyskinesia
reduction in patients who had ≥1 hour of moderate
to severe dyskinesia at baseline.

The primary endpoint was analyzed using a Mixed
Model for Repeated Measures (MMRM) with no
imputation for missing data. The MMRM assumed an
unstructured covariance and included baseline values
as a covariate and the randomized treatment regi-
men, scheduled study day, interaction between study
visit and treatment, and region as fixed factors. Con-
tinuous secondary efficacy outcome measures were
analyzed using MMRM with baseline value as covari-
ate and the randomized treatment regimen and region
as fixed factors, or an ANCOVA (for endpoints that
were assessed only at baseline and final visits). Cate-
gorical secondary endpoints were compared using the
Cochran-Mantel-Haenszel test. No corrections were
made for multiple endpoints; P values are provided
for descriptive purposes only.

RESULTS

Patient disposition and baseline characteristics

Between 29 December 2015 and 04 November
2016, 49 patients were screened, 38 met eligibility
criteria and were randomized (19 to each group),
and 33 patients (87%) completed the study (Fig. 1).
Two patients discontinued due to adverse events (one
due to an infusion site reaction with abscess; one
due to worsening of PD symptoms), two due to
lack of efficacy, and one withdrew consent. Patient
baseline characteristics are provided in Table 1. All
patients took supplemental oral levodopa therapy, and
baseline and final doses in the two groups were com-
parable (Table 3). The two dosing groups were also
reasonably well balanced for use of concomitant anti-
PD medications and these were not changed during
the study.

Efficacy results

Efficacy results are provided in Table 2. The change
from baseline to final visit (Day 28) in OFF time (pri-
mary endpoint) for the entire population was reduced
by a least squares (LS) mean of 2.0 hours [95% CI:
–3.3, –0.7; p = 0.003) (Fig. 2). The LS mean reduc-
tion in OFF time was larger in the 24-hour ND0612
infusion group (–2.8 hours [–4.6, –0.9]; p = 0.004)
than in the 14-hour infusion group (–1.3 hours [–3.1,
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Table 1
Baseline characteristics

24-hour infusion 14-hour infusion Overall
(N = 19) (N = 19) (N = 38)

Age (y); mean ± SD 63.0 ± 10.1 64.0 ± 8.5 63.5 ± 9.2
Sex; n (%) male 12 (63.2) 14 (73.7) 26 (68.4)
Modified Hoehn and Yahr Stage; n (%)

1 1 (5.3) – 1 (2.6)
1.5 – 1 (5.3) 1 (2.6)
2 13 (68.4) 11 (57.9) 24 (63.2)
2.5 4 (21.1) 5 (26.3) 9 (23.7)
3 1 (5.3) 2 (10.5) 3 (7.9)

Years since PD diagnosis; mean ± SD 10.7 ± 5.5 12.2 ± 5.0 11.5 ± 5.2
Years since motor fluctuation onset; mean ± SD 5.7 ± 6.9 5.5 ± 4.8 5.6 ± 5.9
Years since dyskinesia onset 3.1 ± 2.7 4.2 ± 3.4 3.7 ± 3.1
Patients with ≥ 1 h of moderate-severe dyskinesia at baseline; n (%) 6 (31.6) 8 (42.1) 14 (36.8)
Daily OFF time (h); mean ± SD 5.6 ± 2.1 5.0 ± 2.4 5.3 ± 2.2
Daily ON time with no or mild dyskinesia (h) 9.2 ± 3.3 8.5 ± 3.3 8.9 ± 3.2
Daily ON time with moderate or severe dyskinesia (h) 1.2 ± 2.8 2.5 ± 3.7 1.9 ± 3.3
Concomitant PD medications; n (%)

Levodopa 996 ± 552 948 ± 305
Dopamine agonists 9 (47.4) 13 (68.4) 22 (57.9)
Monoamine oxidase inhibitors 11 (57.9) 10 (52.6) 21 (55.3)
Amantadine 5 (26.3) 7 (36.8) 12 (31.6)
Entacapone 2 (10.5) 4 (21.1) 6 (15.8)
Trihexyphenidyl 1 (5.3) 0 1 (2.6)

0.5]; p = 0.16). At Day 28, 63% (n = 12) of patients
who received the 24-hour ND0612 infusion and 42%
(n = 8) in the 14-hour infusion group had a reduc-
tion of ≥ 50% in OFF time compared to baseline. A
reduction in OFF time to zero hours was observed in
42% (n = 8) of patients in the 24-hour infusion group.
However, this could not be expected in the 14-hour
infusion group since levodopa treatment was only
started when the home nurse representative arrived
(i.e. morning OFF time prior to start of oral and infu-
sion levodopa was unavoidable). For patients in the
24-hour infusion group, the proportion of patients
who achieved full ON by 8:00 AM increased from
15.8% on Day 1 (oral levodopa/carbidopa only) to
43.8% at Day 28, and the proportion of patients
achieving full ON by 9:00AM increased from 36.8%
at Day 1 to 81.3% at Day 28.

ON time with no or mild dyskinesia increased
from baseline for the entire cohort by a LS mean of
3.3 [2.0, 4.6] hours (p < 0.0001). LS mean increases
were 3.7 [1.9, 5.6] hours in the 24-hour infusion
group (p < 0.001) and 2.8 [1.0, 4.6] hours in the
14-hour infusion group (p = 0.003). ON time with
moderate or severe dyskinesia was reduced by a
LS mean of 1.2 [–1.8, –0.5] hours for the overall
cohort (p < 0.001) and was similar in both groups.
Fourteen patients had ≥ 1 hour of moderate to severe
dyskinesia at baseline; in this subgroup, treatment
with ND0612 reduced ON time with moderate-severe

dyskinesia from 5.1 hours at baseline to 1.8 hours at
Day 28 (LS mean reduction of 3.5 [–6.0, –1.0] hours;
p = 0.011).

Overall, half (n = 19) of the patients were improved
on CGI-I at Day 3, and this proportion increased
to 73% at Day 28. Similar benefits were seen with
the PGI-I. UPDRS assessments (UPDRS Part II
and III) showed nominally significant improvement
from baseline, particularly with 24-hour ND0612
infusion (Table 2). PDQ-39 measures of quality of
life improved in the overall group by least mean
square of –5.5 [–9.2, –1.8] (p = 0.005), with greater
improvements in the 24-hour infusion group and in
the items corresponding to activities in daily liv-
ing, bodily discomfort and mobility (Supplementary
Table 1).

Oral levodopa dosing frequency was reduced from
a mean of 6.9 times at baseline to 2.3 times per day
(including the required morning dose) at Day 28 and
mean total daily oral levodopa dose was reduced by
a mean of –615 ± 344 mg (–648 ± 314 mg in the 24-
hour group and –592 ± 371 mg in the 14-hour group).

Safety and tolerability

Adverse events are described in Table 3. Overall,
76.3% (n = 29) of patients experienced ≥ 1 AE, with
a similar incidence reported with: the two infusion
regimens. The most commonly reported AEs were
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Table 2
Efficacy endpoints

Outcome 24-hour infusion 14-hour infusion Overall
(N = 19) (N = 19) (N = 38)

OFF time (h)
Baseline; mean ± SD 5.6 ± 2.1 5.0 ± 2.4 5.3 ± 2.2
LS Mean [95% CI] change from baseline to Day 28 –2.8 [–4.6, –0.9] –1.3 [–3.1, 0.5] –2.0 [–3.3, –0.7]
p value vs. baseline 0.004 0.16 0.003

ON time with no or mild dyskinesia (h)
Baseline; mean ± SD 9.2 ± 3.3 8.5 ± 3.3 8.9 ± 3.2
LS Mean [95% CI] change from baseline to Day 28 3.7 [1.9, 5.6] 2.8 [1.0, 4.6] 3.3 [2.0, 4.6]
p value vs. baseline <0.001 0.003 <0.0001

ON time with moderate or severe dyskinesia (h)
Baseline; mean ± SD 1.2 ± 2.8 2.5 ± 3.7 1.9 ± 3.3
LS Mean [95% CI] change from baseline to Day 28 –1.2 [–2.1, –0.3] –1.2 [–2.1, –0.3] –1.2 [–1.8, –0.5]
p value vs. baseline 0.01 0.01 <0.001

Proportion of patients achieving ON at 8:00 AM; n (%)
Baseline 3 (15.8) NA NA
Day 28 7 (43.8) NA NA

Proportion of patients achieving ON at 9:00 AM; n (%)
Baseline 7 (36.8) NA NA
Day 28 13 (81.3) NA NA

Clinical Global Impression of Improvement
N (%) improved at Day 3 10 (52.6) 9 (47.4) 19 (50.0)
N (%) improved at Day 28 14 (77.8) 13 (68.4) 27 (73.0)

Patient Global Impression of Improvement
N (%) improved at Day 3 14 (73.7) 10 (52.6) 24 (55.2)
N (%) improved at Day 28 14 (77.8) 15 (78.9) 29 (80.6)

UPDRS Part III scores (8:00 AM)
Baseline; mean ± SD 37.4 ± 14.5 37.3 ± 13.3 37.3 ± 13.7
LS Mean [95% CI] change from baseline to Day 28 –19.1 [–25.6, –12.5] –10.7 [–16.8, –4.6] –14.6 [–19.4, –9.7]
p value vs. baseline <0.0001 0.001 <0.0001

UPDRS Part II scores
Baseline; mean ± SD 12.5 ± 6.4 14.5 ± 6.7 13.5 ± 6.6
LS Mean [95% CI] change from baseline to Day 28 –2.9 [–5.4, –0.5] –1.9 [–4.2, 0.4] –2.4 [–4.1, –0.7]
p value vs. baseline 0.02 0.11 0.008

PDSS-2 scores
Baseline; mean ± SD 20.6 ± 7.9 21.5 ± 7.8 21.1 ± 7.8
LS Mean [95% CI] change from baseline to Day 28 –4.1 [–8.0, –0.2] –0.8 [–4.4, 2.9] –2.3 [–5.1, 0.5]
p value vs. baseline 0.04 0.68 0.10

PDQ-39 Summary Index scores
Baseline; mean ± SD 24.8 ± 10.7 36.8 ± 14.6 30.8 ± 14.0
LS Mean [95% CI] change from baseline to Day 27 –7.5 [–12.9, –2.1] –3.7 [–8.9, 1.5] –5.5 [–9.2, –1.8]
p value vs. baseline 0.008 0.16 0.005

Oral levodopa dose (mg)
Baseline; mean ± SD 996 ± 552 948 ± 305 972 ± 441
Change from baseline to Day 28; mean ± SD –648 ± 314 –592 ± 371 –615 ± 344

Frequency oral levodopa dosing; mean ± SD
Baseline; mean ± SD 6.8 ± 3.2 6.9 ± 2.2 6.9 ± 2.7
Day 28; mean ± SD 2.3 ± 1.3 2.3 ± 2.1 2.3 ± 1.9

infusion site reactions (60.5% of all patients). These
included nodules (47.4%), bruising (18.4%), and ery-
thema (18.4%). Twenty-seven patients (71.1%) had
a skin nodule >1 cm (nine of these patients did not
report nodules as an AE). The mean ± SD VAS score
for pain [range 0–100] at Day 28 was 6.2 ± 10.9; six
patients reported no pain. Four patients had SAEs.
In the 24-hour group, one patient had an abscess at
the infusion site and orthostatic hypotension and one
patient had suspected panniculitis, which was even-

tually ruled out. In the 14-hour group, one patient fell
and fractured his nose and one patient had worsened
PD symptoms. There were no clinically signifi-
cant changes in laboratory values, suicidal ideation,
ESS, or QUIP scores. Ten patients receiving 24-
hour ND0612 infusion and five receiving 14-hour
infusion experienced a pump malfunction; of these
three patients required a replacement pump and the
remainder were resolved through a telephone helpline
system.
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Fig. 2. Changes in ON and OFF time after 28 days ND0612 infusion.

Table 3
Adverse Events

Patients, n (%) 24-hour infusion 14-hour infusion Overall
(N = 19) (N = 19) (N = 38)

Overall summary
≥1 adverse event 15 (78.9) 14 (73.7) 29 (76.3)
Treatment-related adverse event 13 (68.4) 12 (63.2) 25 (65.8)
Serious adverse event 2 (10.5) 2 (10.5) 4 (10.5)
Adverse event leading to study drug discontinuation 2 (10.5) 1 (5.3) 3 (7.9)
Adverse events occurring in ≥ 2 patients
Infusion site nodule 11 (57.9) 7 (36.8) 18 (47.4)
Infusion site bruising 4 (21.1) 3 (15.8) 7 (18.4)
Infusion site erythema 5 (26.3) 2 (10.5) 7 (18.4)
Infusion site hemorrhage 2 (10.5) 3 (15.8) 5 (13.2)
Infusion site hematoma 3 (15.8) 1 (5.3) 4 (10.5)
Infusion site pain 1 (5.3) 3 (15.8) 4 (10.5)
Parkinson’s disease (worsening) 1 (5.3) 2 (10.5) 3 (7.9)
Infusion site edema 1 (5.3) 1 (5.3) 2 (5.3)
Infusion site pruritus 2 (10.5) 0 2 (5.3)
Headache 2 (10.5) 0 2 (5.3)
Depression 0 2 (10.5) 2 (5.3)
Orthostatic hypotension 2 (10.5) 0 2 (5.3)

DISCUSSION

We present the results of the first clinical trial
examining the efficacy, safety and tolerability of con-
tinuous SC levodopa/carbidopa infusion with ND06
12 as a therapy for PD patients with motor fluctu-

ations. While this preliminary study was partially
unblinded, and lacked a placebo control, the
study demonstrates the feasibility of this treatment
approach and suggests that continuous SC delivery
of levodopa/carbidopa can safely reduce OFF time
and simultaneously improve dyskinesia.
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For the entire population, there was a 2-hour reduc-
tion in OFF time and a 3.3-hour improvement in
ON time with no/mild dyskinesia using an in-clinic
8-hour rating scale (normalized to 16 hours) based
on assessments performed by blinded investigators.
These changes were matched by a reduction from
baseline in moderate-severe dyskinesia by an aver-
age of 1.2 hours which was also nominally significant
versus baseline (p < 0.001). I Benefits were also noted
in patient and physician rated CGI-C, as well as the
UPDRS Part-III, UPDRS Part-II, and PDQ-39. The
findings with ND0612 are in line with those observed
with continuous intrajejunal infusion of LCIG [10],
while avoiding the need for, and the risks associated
with, a surgical procedure.

Although the study was not designed for a for-
mal statistical comparison between the two regimens,
benefits were nominally superior with the 24-hour
infusion. In the 24-hour group, 12 patients (63%)
had a 50% reduction in OFF time, and eight patients
(42%) noted a complete resolution of OFF time.
Reduction in early morning akinesia and improved
sleep quality were only observed with 24-hour infu-
sion. The study was, however, biased against the
14-hour infusion group as these patients received less
infused levodopa, and had to wait for the nurse to
arrive in the morning in order to set up the infusion
system and take the morning levodopa dose, and thus
may have remained in the OFF state for as many as
2 hours before initiating treatment. In contrast, those
in the 24-hour infusion group were already receiving
levodopa at the time of waking.

Local infusion site reactions were the most com-
mon AE. One patient in the 24-hour group developed
an abscess at an infusion site and withdrew from
the study. Infusion site reactions were otherwise not
bothersome to patients and tended to resolve sponta-
neously over time. More nodules were seen with the
24-hour infusion, but it remains to be determined if
duration of the infusion is a risk factor. It should be
noted that infusion site reactions, particularly nod-
ules, are commonly seen with subcutaneous infusion
of drugs [21–24]. The development of nodules can
generally be minimized with diligent hygiene, daily
rotation of sites, massage, and possibly the use of
therapeutic ultrasound [24]. Aside from the infusion
site reactions, AEs were consistent with the well-
established safety profile of levodopa and there were
no other clinically significant, unexpected AEs.

There are important limitations to this study. These
include the open label design, lack of a placebo-
control group, and the relatively small sample size. It

should be noted, however, that rather than using the
traditional patient-reported home diary, evaluations
of motor state were made in clinic over 8 hours by
a movement disorder specialist blinded to treatment
group. This approach has the advantage of motor
state being assessed by an expert, and avoids the
problems of delay in form completion, recall errors,
and diary fatigue associated with patient self-report
[25]. The current infusion formulation only permits a
limited amount of levodopa/carbidopa to be adminis-
tered subcutaneously per day (approximately 700 mg
which is bioequivalent to approximately 900 mg
of oral levodopa). Thus, patients frequently require
supplemental oral levodopa treatment. Greater ben-
efits were seen with the 24-hour treatment group,
but the study was not designed to formally compare
this approach with the 14-hour waking day infusion
as noted above. Potential advantages to a 24-hour
infusion include reduced morning OFF periods and
improved sleep, but it remains to be determined in a
larger sample if there is more nighttime discomfort,
more frequent infusion site reactions, or a greater risk
of developing tolerance with this approach. On the
other hand, a daytime infusion regimen allows more
levodopa to be administered subcutaneously during
the waking day, reduces infusion site exposure time,
and may be preferred by patients for comfort dur-
ing the night. Of note, most patients (n = 24) chose
to continue treatment and rolled over to the ongoing
long-term safety study.

In summary, this phase 2 study demonstrates
the feasibility of continuously delivering levodopa/
carbidopa via a subcutaneous infusion. The results
are promising, and a well-controlled, randomized,
double-blind, double-dummy study (NCT04006210)
comparing continuous subcutaneous administration
of levodopa/carbidopa with ND0612 versus opti-
mized oral levodopa therapy has been initiated.
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