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ABSTRACT: Background: Continuous, subcu-
taneous (SC) levodopa/carbidopa infusion with
ND0612 is under development as a treatment for
patients with Parkinson’s disease (PD) and motor
fluctuations.
Objective: Evaluate 1-year safety data.
Methods: BeyoND is an open-label study evaluating
the long-term safety of two ND0612 dosing regimens.
Results: Of the 214 enrolled patients (24-hour SC
infusion: n = 90; 16-hour SC infusion: n = 124),
120 (56%) completed 12 months of treatment. Lead-
ing causes for study discontinuation were consent
withdrawal (19.6%) and adverse events (17.3%).
Rates of discontinuation were reduced from 49% to
29% after a protocol revision and retraining. Systemic
safety was typical for PD patients treated with levo-
dopa/carbidopa. Most patients experienced infusion
site reactions, particularly nodules (30.8%) and hema-
toma (25.2%), which were judged mostly mild to mod-
erate and led to discontinuation in only 10.3% of the
participants.
Conclusions: Subcutaneous levodopa/carbidopa
continuous infusion with ND0612 is generally safe,
with typical infusion site reactions for SC delivery as
the main adverse event. © 2021 The Authors. Move-
ment Disorders published by Wiley Periodicals LLC on
behalf of International Parkinson and Movement Dis-
order Society
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ND0612 (NeuroDerm Ltd, Rehovot, Israel) is an
investigational subcutaneous (SC) delivery system pro-
viding minimally invasive, continuous infusion of liquid
levodopa/carbidopa for treating patients with Parkinson’s
disease (PD) who experience motor fluctuations. Previous
studies have shown that ND0612 provides stable plasma
levodopa concentrations,1 significantly reduces daily OFF
time,1,2 and increases ON time without significant dyski-
nesia.2 The primary aim of this study was to assess the
long-term safety and tolerability of ND0612 over

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
This is an open access article under the terms of the Creative
Commons Attribution License, which permits use, distribution and
reproduction in any medium, provided the original work is properly
cited.

*Correspondence to: Prof. Werner Poewe, Medical University
Innsbruck, Department of Neurology, Anichstrasse 35, Innsbruck, 6020
Austria; E-mail: werner.poewe@i-med.ac.at

Relevant conflicts of interest/financial disclosures: Werner Poewe,
Fabrizio Stocchi, David Arkadir, Georg Ebersbach, Aaron
L. Ellenbogen, Nir Giladi, Stuart H. Isaacson, Peter LeWitt, Tanya
Simuni, Astrid Thomas, and Alberto J. Espay are all investigators in the
BeyoND study and report fees for consultancy from NeuroDerm Ltd.
Abraham Zlotogorski reports fees for consultancy from NeuroDerm Ltd.
C. Warren Olanow and Karl Kieburtz have stock ownership in Clintrex
which was contracted by NeuroDerm Ltd to provide services for this
study. Liat Adar, Ryan Case, and Tami Yardeni are employed by
NeuroDerm Ltd. Nissim Sasson provides biostatistical services to
NeuroDerm Ltd. Sheila Oren, Shir Fuchs Orenbach, and Olivia
Rosenfeld were employed by NeuroDerm Ltd at the time of study.
Abraham Zlotogorski reports fees for consultancy from NeuroDerm Ltd.

Funding agency: This study was sponsored by NeuroDerm Ltd.

Members of the BeyoND study group are listed in the Appendix.

Received: 18 April 2021; Revised: 17 June 2021; Accepted: 26
July 2021

Published online in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/mds.28758

Movement Disorders, 2021 1

https://orcid.org/0000-0001-5471-1471
https://orcid.org/0000-0002-5922-2041
https://orcid.org/0000-0002-3389-136X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:werner.poewe@i-med.ac.at
http://wileyonlinelibrary.com
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fmds.28758&domain=pdf&date_stamp=2021-09-08


12 months of treatment, with a particular focus on infu-
sion site reactions (ISRs) that are often associated with
SC drug administration.

Methods
Study Design and Patient Population

The BeyoND study is an ongoing, international, mul-
ticenter, 102-month, open-label study evaluating the
long-term safety and tolerability of two ND0612 dos-
ing regimens in PD patients experiencing motor fluctua-
tions. The trial is conducted in accordance with the
Declaration of Helsinki; study protocols and amend-
ments were approved by the ethics committee at each
site and all patients provided written informed con-
sent. The study is registered at ClinicalTrials.gov
(NCT02726386).
The study population includes 21 patients who had

completed a prior randomized, open-label, 28-day
study2 and consented to roll-over into the long-term
safety study. Additional patients could be added who
were ≥30 years, had a Hoehn-Yahr score ≤3 during
ON, experienced OFF time ≥2 hours per day, and had
predictable early morning OFF periods. Patients had to
be receiving stable doses of standard oral levodopa (≥4
oral doses per day or ≥3 doses/day of extended-release
levodopa/carbidopa [Rytary, Impax Pharmaceuticals,
USA]) and at least one additional PD treatment. Full
inclusion and exclusion criteria are provided in
Table S1.
The study was initiated in May 2016 and patients

were assigned to the following regimens:

1. 24 hours infusion: fixed day rate of up to 0.64 mL/h
for 18 hours, followed by a night rate of 0.08 mL/h
for 6 hours to deliver a total daily dose of up to
720/90 mg of levodopa/carbidopa. All patients who
had been previously assigned to the 24-hour group
in the prior study2 continued on this dosing regimen;
patients who had previously been assigned to the
14-hour daytime regimen were switched to
the 24-hour regimen.

2. 16-hour “waking hours” regimen: fixed rate of
0.75 mL/h to deliver a total infusion dose of
720/90 mg of levodopa/carbidopa over 16 hours.
The device is removed at night and patients in this
group also receive a morning oral dose of levodopa/
carbidopa upon awakening.

Patients and their study partners were trained and
assisted in their homes on the proper operation of the
pump system during the first week of treatment by a
home nursing service. ND0612 was administered using
two SC infusion sites, with daily rotation of sites;
patients in the waking day regimens removed the pump

nightly after completing treatment for 16 hours or at
bedtime (whichever came first).
In March 2018, in response to a higher than expected

study dropout rate, a protocol amendment increased
enrollment to 210 patients, provided education on
expected treatment-emergent adverse events (TEAEs),
and increased home nursing support. Simultaneously,
additional investigator training was implemented to
emphasize patient selection, education, and strategies
to reduce ISRs.

Assessments
Clinic visits were scheduled at week 1, and months

1, 2, 3, 4, 6, 9, and 12. Safety outcomes were per-
formed at every visit and included recording of TEAEs,
with specific attention to ISRs including a visual analog
scale (VAS, 0–100 mm) for infusion site pain assess-
ment. Other safety measures included standard labora-
tory parameters, vital signs, physical and neurological
examination, the Columbia Suicide Severity Rating
Scale (C-SSRS),3 the Epworth Sleepiness Scale (ESS),4

and the Questionnaire for Impulsive-Compulsive Disor-
ders (ICDs) in PD-Rating Scale (QUIP-RS).5Home
diaries of motor function (at months 1, 3, 6, 9, and
12) were used to record “good” ON time (sum of ON
time without dyskinesia and ON time with non-
troublesome dyskinesia), OFF time normalized to
16 waking hours.6,7 Additionally, Unified Parkinson’s
Disease Rating Scale (UPDRS) Part 2 (activities of
daily living, ADL), UPDRS Part 3 (motor), and Clini-
cal Global Impression of Change (CGI-C) were
performed.8

Statistical Analyses
No formal sample size calculation for this safety

study was performed. However, a sample size of
210 treated patients was considered sufficient9 for
evaluating the 1-year safety and tolerability of
ND0612. All efficacy measures were considered
exploratory. A multivariate logistic regression (step-
wise selection algorithm) was performed to detect the
most important baseline factors explaining early dis-
continuation; variables with a P value <0.2 were
retained in the model.

Results
Patient Flow and Baseline Characteristics

Of the 276 patients screened, 214 patients were
enrolled (24-hour dosing regimen: n = 90; 16-hour dos-
ing regimen: n = 124) at 46 sites in eight countries
(Figure S1). One hundred and twenty patients (56.1%)
completed 12 months in the study and 94 (43.9%) ter-
minated early, with a similar proportion of early termi-
nations between the two regimens. Leading causes for
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premature discontinuation over the course of the study
were consent withdrawal (n = 42, 19.6%) and AEs
(n = 37, 17.3% most of which discontinued before day
150). Concomitant catechol-O-methyltransferase (COMT)
inhibitor use was associated with lower rates of discon-
tinuation (odds ratio [OR] 0.43, P = 0.01), and low
baseline body mass index (BMI) (<20) with higher
rates of discontinuation (OR 3.15, P = 0.03). Rates of
discontinuation decreased from 49% to 29% for
patients enrolled after the March 2018 protocol
amendment and increased site training on ISRs.
Patient characteristics for both dosing regimens are
shown in (Table 1).

Safety Analyses
Over 1 year, the median individual ND0612 expo-

sure was 337 days (range 2–387 days), without major
differences between the 24-hour and 16-hour dosing
regimens. Most patients (85.5% across dosing regi-
mens) reported ≥1 TEAE, mainly mild–moderate in
severity, and without differences in incidence rates
between the two dosing regimens (Table 2).
In the first year, 37 patients (17.3%) terminated

treatment prematurely due to TEAEs (most commonly
because of ISRs (n = 22, 10.3%) and 3 (1.4%) due to
dyskinesia. Approximately half of the patients terminat-
ing early due to TEAEs did so within the first 2 months

TABLE 1 Patient characteristics

Variable 24 h/d regimen (N = 90) 16 h/d regimen (N = 124) Total (N = 214)

Age (years); mean � SD 64.2 � 8.9 63.9 � 8.9 64.0 � 8.9

<65 y 43 (47.8) 63 (50.8) 106 (49.5)

≥65 y 47 (52.2) 61 (49.2) 108 (50.5)

Sex (female/male); n (%) 32 (35.6)/58 (64.4) 40 (32.3)/84 (67.7) 72 (33.6)/142 (66.4)

Ethnicity; n (%)

Caucasian 86 (95.6) 116 (93.5) 202 (94.4)

Other 4 (4.4) 8 (6.5) 12 (5.6)

BMI (kg/m2); mean � SD 27.0 � 5.5 27.2 � 5.9 27.1 � 5.7

<20 11 (12.2) 11 (8.9) 22 (10.3)

≥20 79 (87.8) 113 (91.1) 192 (89.7)

Modified Hoehn & Yahr; n (%)

<2 4 (4.4) 5 (4.0) 9 (4.2)

2 37 (41.1) 52 (41.9) 89 (41.6)

2.5 17 (18.9) 32 (25.8) 49 (22.9)

3 32 (35.6) 35 (28.2) 67 (31.3)

MMSE total score; mean � SD 28.8 � 1.2 28.8 � 1.2 28.8 � 1.2

Time since PD diagnosis (y); mean � SD 10.6 � 5.3 7.9 � 3.8 9.0 � 4.7

Time since onset of fluctuations (y); mean � SD 5.3 � 4.3 5.2 � 4.2 5.3 � 4.2

Total daily levodopa; mean � SD

Dose (mg) 1090 � 623 1004 � 540 1040 � 577

Frequency 5.9 � 2.2 5.1 � 1.7 5.5 � 2.0

Concomitant medications; n (%)

Dopamine agonists 52 (57.8) 58 (46.8) 110 (51.4)

MAO-B inhibitors 37 (41.1) 44 (35.5) 81 (37.9)

COMT inhibitors 28 (22.6) 24 (26.7) 52 (24.3)

Amantadine 25 (27.8) 30 (24.2) 55 (25.7)

Abbreviations: h, hour; d, day; y, year; SD, standard deviation; BMI, body mass index; MMSE, Mini-Mental State Examination; PD, Parkinson’s disease; MAO-B, monoamine
oxidase B; COMT, catechol-O-methyltransferase.
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of treatment (n = 8 in the 24-hour regimen and n = 10
in the 16-hour regimen).
The most frequent ISRs reported as a TEAE were

infusion site nodules (n = 66, 30.8%) and infusion site
hematoma (n = 54, 25.2%) (Figure S2), which were
generally mild and resolved without sequalae. Twenty-
five patients (11.7%) had an infusion site infection,
reported more commonly in the 24-hour than the
16-hour dosing regimen (16.7% vs. 8.1%,

respectively). Mean pain VAS scores were similar for
both regimens and did not exceed 20/100 mm at any
time during the study. Sixteen patients (7.5%)
reported increased dyskinesia as a TEAE, 8 patients
within the first week.
Thirty-one patients (14.5%) had at least one serious

TEAE, with a similar incidence rate across both regi-
mens. Serious TEAEs reported for more than one
patient were infusion site infection (n = 5), ON–OFF

TABLE 2 Treatment emergent adverse events

Adverse event
24 h/d regimen (N = 90)

n (%)
16 h/d regimen (N = 124)

n (%)
Total

(N = 214)

Any TEAE 78 (86.7) 105 (84.7) 183 (85.5)

Drug-related TEAEs 65 (72.2) 78 (62.9) 143 (66.8)

Infusion site TEAEs 55 (61.1) 66 (53.2) 121 (56.5)

Serious TEAEs 17 (18.9) 14 (11.3) 31 (14.5)

Death 0 1 (0.8) 1 (0.5)

TEAEs reported in ≥5% of patients in any group

Infusion site nodule 31 (34.4) 35 (28.2) 66 (30.8)

Infusion site hematoma 24 (26.7) 30 (24.2) 54 (25.2)

Infusion site infection 15 (16.7) 11 (8.9) 26 (12.1)

Fall 12 (13.3) 8 (6.5) 20 (9.3)

Infusion site pain 13 (14.4) 15 (12.1) 28 (13.1)

Dyskinesia 8 (8.9) 8 (6.5) 16 (7.5)

Infusion site erythema 9 (10.0) 7 (5.6) 16 (7.5)

Urinary tract infection 7 (7.8) 13 (10.5) 20 (9.3)

Back pain 5 (5.6) 3 (2.4) 8 (3.7)

Contusion 5 (5.6) 3 (2.4) 8 (3.7)

Infusion site edema 5 (5.6) 5 (4.0) 10 (4.7)

Nausea 3 (3.3) 15 (12.1) 18 (8.4)

Infusion site eschar 2 (2.2) 15 (12.1) 17 (7.9)

Anxiety 2 (2.2) 8 (6.5) 10 (4.7)

Depression 1 (1.1) 8 (6.5) 9 (4.2)

Fatigue 0 (0) 7 (5.6) 7 (3.3)

TEAEs leading to discontinuation

Any TEAE leading to
discontinuation

17 (18.9) 20 (16.1) 37 (17.3)

Infusion site reaction 11 (12.2) 11 (8.9) 22 (10.3)

Dyskinesia 2 (2.2) 1 (0.8) 3 (1.4)

Deatha 0 (0) 1 (0.8) 1 (0.5)

Otherb 4 (4.4) 8 (6.5) 12 (5.6)

aOne patient in the 16-hour regimen died due to an unrelated cardiac event.
bTEAEs affecting single patients only.
Abbreviation: TEAE, treatment emergent adverse effect.
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phenomenon (n = 3), and rib fracture secondary to fall
(n = 2 in the 24-hour regimen). One patient had an
impulsive compulsive disorder (ICD) (considered
related to concomitant dopaminergic agonist use) and
one patient in the 16-hour regimen died due to an
unrelated cardiac event. There were no observable
trends for change in daytime sleepiness, suicidality,
ICDs, laboratory safety measures, or electrocardiogram
changes.

Exploratory Efficacy Analyses
Adjusted means (LS-means) of daily “good” ON time

increased from baseline by 2.3 hours at month 3 in the
24-hour regimen (n = 55) and 2.6 hours in the 16-hour
regimen (n = 101), accompanied by corresponding
reductions in daily OFF time and maintained for at
least 12 months (Figure S3). UPDRS-motor and ADL
scores improved within the first month with both
ND0612 regimens and maintained thereafter. Investiga-
tors assessed the majority of patients as improved
throughout the duration of the study.

Discussion

Subcutaneous infusion of levodopa/carbidopa with
ND0612 was generally safe based on 135 patient-years
of exposure accumulated during the first year of this
long-term safety study. Although ISRs were common,
they were generally mild and typical for SC drug deliv-
ery10–14 – leading to discontinuation in 10% of the par-
ticipants. Exploratory efficacy data indicated clinically
relevant15,16 adjusted mean increases in good ON time
and reductions in OFF time. Overall, these results sug-
gest a favorable risk/benefit trade-off for most patients.
In general, we observed no major differences in safety

or exploratory efficacy between the “24-hour” and
“waking day” regimens and there was no evidence for
the development of pharmacological tolerance to either.
As previously reported for SC apomorphine infu-
sions10,11 we confirmed that continued training on
managing and minimizing ISRs is essential. Indeed, fol-
lowing improvements to the protocol and retraining of
sites, patient retention improved from 51% to 71%.
While the majority of patients developed skin nod-

ules, these were only reported as an AE in a third of
cases when designated as clinically significant by the
investigator. The higher rates of infusion site infection
with the 24-hour regimen predated protocol amend-
ments requiring ISR training. The association between
low baseline BMI (<20) (P = 0.03) with high rates of
discontinuation in this study illustrates an important
patient characteristic pertinent to selection of optimal
candidates for continuous SC infusion therapy.
We recognize several important limitations of this

study. This was an open-label safety study limiting

conclusions on efficacy. There was a higher than
expected dropout rate, which improved following
increased trial site training regarding appropriate
patient selection, setting of patient expectations, and
the practical management of ISRs. Consensus guidelines
such as those that have been developed for other infu-
sion therapies17 may be helpful if the ongoing Phase
3 data support ND0612 approval.
Additional safety data (beyond 12 months) is being

collected, with some patients already in their fifth year
of treatment. A double-blind, double-dummy pivotal
efficacy trial (NCT04006210) evaluating efficacy,
safety, and tolerability of ND0612 in a similar PD pop-
ulation is also currently ongoing.
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Appendix 

Supplementary Table e1. Inclusion and exclusion criteria 

Inclusion criteria Exclusion criteria 
For patients from 006 study (Olanow et al, 2021) 
• Completed the treatment period of study ND0612-006 not more 

than one month prior to enrolment. 
• Willing and able to administer the SC infusion alone or with the 

assistance of a study partner and able to comply with the study 
specific procedures. 

• Able to and has signed an Institutional Review Board/Ethics 
Committee - approved informed consent form. 

For patients from 006 study 
• Previously unable to tolerate ND0612 

and/or had experienced intolerable 
adverse drug reactions associated with 
its use, regardless of the dosing regimen 
administered. 

Male and female subjects with PD, of any race, aged ≥30 years who 
have provided written informed consent. 

Atypical or secondary parkinsonism. 
  

PD diagnosis consistent with the UK Brain Bank Criteria. Acute psychosis or hallucinations in the 6 
months preceding enrollment. 

Modified Hoehn & Yahr scale ≤3 during ON. Prior neurosurgical procedure for PD, or 
Duopa/Duodopa treatment. 

Taking ≥4 doses/day of LD/DDI (or ≥ 3 doses/day of Rytary) and taking, 
or have attempted to take, ≥1 other PD treatment for at least 30 days. 

Any malignancy in the 5 years prior to 
randomization (excluding basal cell carcinoma 
of the skin or cervical carcinoma in situ that 
had been successfully treated). 

Patients had to be stable on their anti-PD medications for ≥30 days 
before Day 1. 

Positive serum serology for Hepatitis B Virus 
(HBV), Hepatitis C Virus (HCV) or Human 
Immunodeficiency Virus (HIV) at the Screening 
visit. 

Patients could have had prior exposure to SC apomorphine 
injections/infusion but had to have stopped continuous apomorphine 
administration ≥4 weeks before the screening visit. Treatment with 
apomorphine was prohibited during the entire ND0612 treatment 
period. 

Any relevant medical, surgical, or psychiatric 
condition, laboratory value, or concomitant 
medication which, in the opinion of the 
Investigator made the subject unsuitable for 
study entry or potentially unable to complete 
all aspects of the study. 

Minimum of 2 hours of OFF time per day with predictable early 
morning OFF periods as estimated by the patient. 

Patients with a history of drug abuse or 
alcoholism within the past 12 months. 

Predictable and well-defined early morning OFF periods with a good 
response to LD for treatment of the early morning OFF in the 
judgment of the Investigator. 

Clinically significant ECG rhythm 
abnormalities. 
 

Mini-Mental State Examination (MMSE) score ≥26. Renal or liver dysfunction that could alter drug 
metabolism including: serum creatinine >1.3 
mg/dL, serum aspartate aminotransferase 
(AST) or alanine aminotransferase (ALT) >2 x 
upper limit of normal (ULN), total serum 
bilirubin >2.5 mg/dL. 

No clinically significant medical, psychiatric or laboratory 
abnormalities which the Investigator judged would be unsafe or non-
compliant in the study. 

Current participation in a clinical trial with an 
investigational product or past participation 
within the last 30 days before Day 1. 

Female patients had to be surgically sterile (hysterectomy, bilateral 
oophorectomy, or tubal ligation), postmenopausal (defined as 
cessation of menses for at least 1 year), or willing to practice a highly 
effective method of contraception. 

 

Willing and able to administer the SC infusion alone or with the 
assistance of a study partner after a screening period of up to 40 days 
and willing and able to comply with study requirements. 

 

Named study partner.  
 

  



Supplementary Figure e1. Disposition of Subjects by Dosing Regimen at 1 year 

 

Discontinuation rates improved during study conduct following a protocol amendment, from 49% to 

29%.  

 

 

  



Supplementary Figure e2. Examples of nodules and hematomas after 12 months infusion with 

ND0612. (A) Patient with a few nodules and hematomas (B) Patient with more nodules and 

hematomas.

 

 

Although infusion site reactions (ISRs) were common, they were generally mild and led to discontinuation in 
only 10%. ISRs are an expected feature of continuous drug delivery via the subcutaneous route, and especially 
in PD where skin disorders are already common. Experience with subcutaneous apomorphine delivery shows 
that it is vital to set expectations of treatment for the patient, caregiver, and physicians, such that they are not 
fazed by the appearance of nodules and other ISR and have an understanding of their practical management. 
In this study, while the majority of patients developed skin nodules, these were only reported as an AE in a third 
of cases when considered clinically significant by the investigator. 
 

 

 

 
  



Supplementary Figure e3. Exploratory efficacy measures (a) Good ON time and (b) OFF time (c) 

UPDRS scores and (d) Clinical Global Impression scores 

 

Exploratory efficacy measures were evaluated using a Mixed Model for Repeated Measures (MMRM), including 
treatment regimen, visit, and the interaction between treatment regimen and visit as fixed factors and the 
Baseline value as covariate. Changes in CGI scores were assessed using the last observation carried forward 
(LOCF). 
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