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Abstract.
Background: Despite the COVID-19 pandemic, there has been considerable activity in the clinical development of novel
and improved drug-based therapies for the neurodegenerative condition of Parkinson’s disease (PD) during 2020. The agents
that were investigated can be divided into “symptomatic” (alleviating the features of the condition) and “disease modifying”
(attempting to address the underlying biology of PD) treatments, ST and DMT respectively, with further categorisation
possible based on mechanism of action and class of therapy.
Objective: Our goal in this report was to provide an overview of the pharmacological therapies – both ST and DMT - in
clinical trials for PD during 2020–2021, with the aim of creating greater awareness and involvement in the clinical trial
process. We also hope to stimulate collaboration amongst commercial and academic researchers as well as between the
research and patient communities.
Methods: We conducted a review of clinical trials of drug therapies for PD using trial data obtained from the ClinicalTrials.gov
and World Health Organisation (WHO) registries, and performed a breakdown analysis of studies that were active as of
February 18th 2021. We also assessed active drug development projects that had completed one clinical phase but were yet
to start the next.
Results: We identified 142 trials on ClinicalTrials.gov and 14 studies on the WHO registries that met our analysis criteria.
Of these 156 trials, 91 were ST and 65 were DMT, Of the 145 trials registered on ClinicalTrials.gov in our 2020 analysis, 45
fell off the list and 42 were added. Despite this change, the balance of ST to DMT; the distribution across phases; the profile
of therapeutic categories; and the proportion of repurposed therapies (33.5%); all remained very similar. There are only two
DMTs in phase 3, and we identified 33 in-between-phase projects.
Conclusions: Despite the effects of the coronavirus pandemic, investment and effort in clinical trials for PD appears to remain
strong. There has been little change in the profile of the clinical trial landscape even though, over the past year, there has
been considerable change to the content of the list.
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ABBREVIATIONS

AAV-GAD – Adeno-associated virus encoding glutamic
acid decarboxylase

AMSC – Autologous Mesenchymal stem cells
APM-CT1 – Australian Parkinson’s Mission – Clinical

Trial 1
c-Abl – Abelson tyrosine kinase
CCR3 – C–C chemokine receptor 3
CDNF – Cerebral dopamine neurotrophic factor
COVID-19 – Coronavirus disease 2019
CNS – Central Nervous system
CSF – Cerebrospinal fluid
DIVE – Dopaminergic restoratIon by

intraVEntriculaire Administration
DMT – Disease Modifying Therapies
DPP-4 – Dipeptidyl peptidase-4
FDA – Food and Drug Administration
GBA – Glucocerebrosidase
GDNF – Glial cell-derived neurotrophic factor
GIT – Gastrointestinal Tract
GLP-1 – Glucagon-like peptide 1
hfVM – Human fetal ventral mesencephalic
ICD – Impulse control disorder
ICTRP – International Clinical Trials Registry

Platform
LID – Levodopa-induced dyskinesia
LRRK2 – Leucine-rich repeat kinase 2
MAMS – Multi-Arm Multi-Stage
MAO-B – Monoamine oxidase type B
MCFS – Metabolic Cofactor Supplementation
MCI – Mild Cognitive Impairment
MOA – Mechanisms of Action
MRI – Magnetic Resonance Imaging
NIH – National Institutes of Health
NINDS – National Institute of Neurological

Disorders and Stroke
NLRP3 – NLR family pyrin domain containing 3
NMDA – N-methyl-D-aspartate
NMS – Non-motor symptoms
NPC – Neuronal precursor cells
nOH – Neurogenic orthostatic hypotension
PD – Parkinson’s Disease
ST – Symptomatic Therapy
STEADY – PD Safety, Tolerability, and Efficacy

Assessment of Dynacirc® CR for PD
TOPAZ – Trial of Parkinson’s And Zoledronic Acid
TZ-PD – Terazosin for PD
UDCA – Ursodeoxycholic acid
WHO – World Health Organization

INTRODUCTION

Parkinson’s disease (PD) is the second most co-
mmon neurodegenerative disease affecting approx-
imately 6 million people worldwide with only
symptomatic treatments available that have limited
effect as the disease progresses [1, 2]. This devastat-
ing toll on human health also has a financial impact
with a recent report that the total cost of PD to

individuals, families and the U.S. government is
$51.9 billion annually [3]. This makes it of utmost
importance that clinical trials for PD are sufficiently
robust to increase the chances of effective therapies
reaching patients.

In 2020, the COVID-19 pandemic resulted in the
closure of academic research institutes and clinical
trial facilities around the world, and the postponement
or halting of many studies. Despite this, there was
considerable ongoing clinical development of symp-
tomatic agents that sought to improve the quality
of life of PD patients. In 2020 alone, three thera-
peutic approaches were approved by the U.S. FDA
- a levodopa inhaler, a thin film apomorphine slip
and a catechol-O-methyltransferase inhibitor were all
approved for the treatment of “off” time, a disruptive
period when PD symptoms return between medica-
tion doses. Although these treatments may improve
the quality of life of PD patients, the ultimate goal
to stop and/or reverse the progression of the disease
remains elusive.

Increasingly, there are clinical trials evaluating
agents that target the biological pathways related
to specific genetic variants that increase the risk of
PD [4, 5]. With higher throughput genetic screening
methods, lowered costs, and multiple initiatives from
non-profit organizations (such as the Michael J Fox
Foundation’s “FoxInsight” [6], the Parkinson’s Foun-
dation funded PD-GENEration [7], and the Cure
Parkinson’s supported PD-Frontline [8]), among oth-
ers, we are gradually witnessing more targeted
clinical trials focused on genetic subtypes of the con-
dition. By taking this more precision medicine-based
approach, we will hopefully increase our chances of
slowing or halting the progression of PD.

Patient participation in clinical research is crucial
and in a collaborative effort to provide the research
and patient communities with a better understand-
ing of the current landscape of drug-based trials, we
set up a team to deliver an annual report analysing
ongoing activity. Our 2020 report on the PD clini-
cal trial pipeline focused on the data contained in the
US National Institutes of Health website, Clinical-
Trials.gov, the most widely used clinical trial registry
[9]. It enabled the comparison of several parameters
related to clinical trials using a common dataset. This
2021 review updates that analysis but also extends the
search to other clinical trial registries that are collated
on the World Health Organization (WHO)’s Inter-
national Clinical Trials Registry Platform (ICTRP).
We have also gathered information on drug develop-
ment projects that are in between phases, i.e. a clinical
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trial has completed one phase and the next is being
planned, but there is currently no active registered
study.

The aim of this report is to help people living with
PD, caregivers, and researchers to navigate the grow-
ing number of clinical trials by providing an overview
and analysis of the current PD drug development
pipeline. Our hope is that this report will provide
some insights into the different approaches to target
PD and explore emerging novel treatment options.
We also aim to raise awareness regarding the shape of
the pipeline and the individual trials contained therein
with the ultimate aim of contributing to greater par-
ticipation and better trial outcomes.This paper also
incorporates the views of people with PD as two of
the authors have PD.

METHODS

Data collection

Data on active clinical trials of PD drug therap-
ies were obtained from the ClinicalTrials.gov (https:
//clinicaltrials.gov/) and the WHO ICTRP (https://
www.who.int/clinical-trials-registry-platform) web-
sites for analysis in this review. ClinicalTrials.gov
provides information on publicly and privately sup-
ported clinical studies conducted worldwide and is
the world’s most comprehensive clinical trial registry.
To date, over 2800 PD trials have been registered on
the database since it was launched in 2000. Data on
the registry are maintained directly by trial sponsors
and include information about each trial’s structure
and design, outcome measures, enrolment targets,
recruiting status, locations, expected start and end
dates, and more.

To generate our dataset for analysis of active PD
drug trials, data were downloaded from the Clinical-
Trials.gov website, on February 18th, 2021, based on
the following search criteria:

• Condition: Parkinson disease
• Study type: Interventional
• Phase: Early Phase 1, Phase 1, Phase 2, Phase 3
• Status parameter: “Recruiting”, “Not yet recruit-

ing”, “Active, not recruiting”, or “Enrolling by
invitation”.

Since our pipeline review is focused on PD drug
trials, we also included gene therapy and cell-based
approaches. We filtered out trials that were evaluating
devices, biomarkers, or behavioral interventions (for

example, exercise), as well as drug trials i) for which
no supporting information could be found online, ii)
that were already completed, though still listed as
active, or iii) applied to atypical Parkinson’s only.
The remaining trials were included in our dataset for
analysis of active phase 1, 2, and 3 PD drug trials.
Trials whose phase was classified “as early phase 1”
on ClinicalTrials.gov were grouped with phase 1 tri-
als in this report. If a trial was classified as phase 1/2
or phase 2/3 on ClinicalTrials.gov, we included the
study in the lower of the two phases in our analyses
(for example, a Phase 1/2 was considered as Phase
1).

The World Health Organisation’s International
Clinical Trials Registry Platform is a trial registry
network that is composed of ‘Primary’ and ‘Part-
ner’ registries, based on specific criteria. Only the
‘Primary’ registries were used in this analysis. For
the WHO registries, different search criteria were
required based on the varying search functionality
(the list of search terms is provided in Supplementary
File 1). The data used in this report were downloaded
between February 17-18th, 2021. A significant num-
ber of trials were registered on multiple registries,
and where this occurs we have used the larger reg-
istry with the most up to date data available. The full
‘master list’ of clinical trials included in our analysis
is provided in Supplementary File 2.

Trial categorization

Each trial in our dataset was first determined to
be ST or DMT, and then assigned to one of 15
categories in accordance with our previously used
methods [9]. The categories used in the current study
were expanded to include ‘anti-inflammatory’, which
was applied to agents seeking to reduce inflammatory
processes. We also removed the category of ‘botani-
cal’ as this was considered to be too undefined. There
is potential overlap between the immunotherapy and
targeting �-synuclein categories, but it was decided
to retain the distinction due to the scale of investment
in immunotherapies.

We further assessed the type of therapeutic app-
roach taken with each trial. Novel projects use active
agents new to the world; repurposed therapies use
molecules that are already in use in another disease
indication; reformulation employs therapeutics that
are already used in the treatment of PD in a different
dosage form; and new claims are trials to add to the
existing disease indications.

https://clinicaltrials.gov/
https://www.who.int/clinical-trials-registry-platform
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In-between-phase projects

Many drug development projects in the clinical
phase are not registered on trial registries for the
simple reason that they have completed one phase of
development but have not yet started the next. Whilst
the lack of trial information means that we are unable
to include them in our analysis, we believe it is impor-
tant to provide some details on these projects. We used
information available on company websites and other
online resources, including the Parkinson’s Hope List
[10]. In some cases, we made direct contact with
principal investigators, and finally used our collective
judgment on which projects should be included.

RESULTS

There is considerable variability in the information
provided across the different registries used in this
analysis. To ensure a consistent dataset, we decided
to only include trials that would enable the distinc-
tion between ST and DMT; allocation to therapeutic
category; and clinical phase. The analysis was done
at three levels, firstly those trials registered on clini-
caltrials.gov; secondly, trials in registries collated on
WHO ICTRP; and the sum of the two.

Using the criteria outlined in the Methods section
above, 208 interventional trials were found to be reg-
istered on clinicaltrials.gov. Following the exclusion
of trials that did not meet the criteria described in
the Methods section, we identified 142 trials on clin-
icaltrials.gov, and despite finding 63 trials with phase
information for Parkinson’s on the ICTRP’s search
portal, only 14 provided sufficient information to
enable comparable analysis to the clinicaltrials.gov
entries. A further 42 trials registered on ICTRP
did not indicate trial phase and were not included
(Supplementary File 4). This gave us 156 trials for
analysis. The full set of trials is in Supplementary
File 2, the “Master List”. The 127 agents involved
in these 156 trials are displayed in their respective
phases in Fig. 1.

Trials registered on clinicaltrials.gov

To allow for a comparison with our 2020 report,
we initially focused our analysis on just the trials
registered on clinicaltrials.gov. Table 1 displays the
classification of the clinicaltrials.gov trials by ST and
DMT compared to our analysis from 2020 [9]. There
has not been a major change in the numbers of tri-
als listed on clinicaltrials.gov, nor in the distribution

across phases. The 2021 review contains 83 ST tri-
als, compared to 88 in 2020 with a slightly higher
number of DMT trials (59), a total of 142 vs 145 in
2020. There has, however, been considerable change
in the mix of trials, with 45 studies (31%) dropping
off the list, of which 25 were completed, 4 terminated,
2 withdrawn and 14 moved to unknown status. While
these studies were removed, 42 new trials have been
added to the list.

Many of the studies that have come off the list
remain as active projects, waiting for the next trial in
the sequence to start. They have not been included
in our analysis as there are no current registry docu-
ments, but a list of the in-between-phase projects is
provided in Supplementary File 3.

In Table 2, we present the therapeutic categories
associated with the trials, and a comparison to that
from 2020 is provided. The botanicals category used
in 2020 was less useful than other categories so stud-
ies that were originally included here in 2020 have
been allocated elsewhere based on the claims and/or
properties of the medication. “Anti-inflammatories”
has been added as a category because, although there
is currently only one trial included on clinicaltri-
als.gov, there are a further two in the WHO dataset
and the pre-clinical pipeline is quite active with more
expected to move to the clinical stage in the next year
or two.

Therapy category analysis

Phase 1 - Of the active trials registered on the clin-
icaltrials.gov website, 34.5% (49 trials of 46 agents)
were listed as phase 1 or phase 1/2 (Fig. 2). Simi-
lar to the previous 2020 report, the phase 1 studies
represented a broad spectrum of different therapeu-
tic approaches. One quarter of the studies (26.5%)
focused on agents targeting dopaminergic symptom
relief, but cell and immunotherapies were the next
largest classes of trials (12.2% and 10.2% of the total,
respectively). While there were slightly fewer phase
1 trials in 2021 compared to 2020 (49 vs 51, respec-
tively), one encouraging observation is the percentage
of DMTs which was higher in 2021 (51%) compared
to 2020 (47%).

Phase 2 – As with 2020, phase 2 made up the
largest number of clinical trials in our dataset (45.8%
of the total number of trials, 65 studies involving
59 agents; Fig. 3). And similar to 2020, the largest
category of trials in phase 2 was non-dopaminergic
symptom relief (40% of the trials in phase 2).The
breadth of the approaches being applied to better
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Fig. 1. A schematic of all of the agents in active clinical trials for PD, registered on clinicaltrials.gov as of February 18th 2021.
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Table 1
Comparison of ST and DMT studies listed on Clinicaltrials.gov by phase and year

ST and DMT by Phase Clinicaltrials.gov

ST DMT #TRIALS

2020 2021 2020 2021 2020 2021

1 27 24 24 25 51 49
2 36 33 30 32 66 65
3 25 26 3 2 28 28
TOTAL 88 83 57 59 145 142

Table 2
Comparison of therapeutic categories by phase and year from clinicaltrials.gov data

Number of trials by therapeutic category

Therapeutic category Phase 1 Phase 2 Phase 3 Total

2020 2021 2020 2021 2020 2021 2020 2021

Anti-inflammatories∗ 0 0 0 1 0 0 0 1
Antioxidants 0 0 2 4 0 0 2 4
Botanicals∗∗ 0 0 3 0 1 0 4 0
Cell therapy 8 6 1 2 0 0 9 8
Dopaminergic symptom relief 12 13 6 4 16 19 34 37
Energy and mitochondria 1 2 3 2 0 0 4 4
GBA 1 1 3 2 0 0 4 3
GLP-1 agonists 1 1 4 6 1 1 6 8
Immunotherapy 5 5 2 2 0 0 7 7
Kinase inhibitors 3 3 1 2 0 0 4 5
Microbiome/GIT 3 3 3 2 0 0 6 5
Neurotrophic factors 3 2 0 0 0 0 3 2
Non-dopaminergic symptom relief 6 4 26 26 9 7 41 37
Targeting alpha synuclein 2 4 2 3 1 1 5 8
Other 6 5 10 9 0 0 16 13
TOTAL 51 49 66 65 28 28 145 142
∗new for 2021. ∗∗2020 only.

treating PD is displayed in phase 2 as the second
largest category of trials was ‘Other’ (13.8% of the
total), representing a group of agents which could
not be clearly pooled with similar therapies. As with
phase 1, the number of DMT studies increased in
2021 (32 vs 30 in 2020), while STs decreased (33 vs
36 in 2020), and this shift was apparent in our analy-
sis as the third largest category of phase 2 studies in
2021 was GLP-1 agonists (9.2% of the total).

Phase 3 – This stage of clinical development
represents the agents that were closest to potential
regulatory approval, and while it was encouraging to
see 3 new therapies approved by the U.S. FDA in
2020, there was no increase in the number of phase
3 studies in 2021 (28 studies in 2021 vs 28 in 2020;
Fig. 4). Dopaminergic symptomatic relief once again
represented the largest category of trials in phase 3
testing (67.9% of the total), with non-dopaminergic
symptom relief making up another 25% of the stud-
ies. Only 2 DMT trials were active at phase 3 in 2021
(7.1%).This is contrast to the clinical trial pipeline
for Alzheimer’s disease, where 17 of the 28 (60.1%)
agents in phase 3 trials are DMTs [11].

Trials registered on WHO ICTRP

A total of 14 trials registered on WHO ICTRP
reached the final criteria for inclusion, of which five
are in phase 1, eight in phase 2 and one in phase 3.
The breakdown of ST vs DMT and therapeutic cat-
egory for these trials are provided in Supplementary
File 2. The phase 1 group includes CST-2032 from
Curasen, another adrenoreceptor modulator aimed at
the relief of cognitive symptoms. PMX205 is an anti-
inflammatory inhibitor of the complement cascade,
currently in a phase 1 study in healthy volunteers, and
another anti-inflammatory, azathioprine, is in phase
2. NeuroEPO, a nasal form of recombinant human
erythropoietin with low sialic acid, is also in phase
2 in Cuba. Four of the trials are evaluating supple-
ments; cannabidiol, melatonin and probiotics are in
phase 2, and curcumin is in phase 3.

Summary of trials in the combined dataset

Combining the clinicaltrials.gov and WHO dat-
asets provides a list of 156 trials, of which 91 trials
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Fig. 2. A pie chart of the agents in active phase1 trials for PD, registered on clinicaltrials.govas of February 18th 2021.

Table 3
Combined breakdown of symptomatic and disease-modifying ther-

apies for the combined dataset

Clinicaltrials.gov + WHO
ST and DMT

Phase ST DMT # Trials % Trials

1 25 29 54 34.6%
2 39 34 73 46.8%
3 27 2 29 18.6%
TOTAL 91 65 156 100.0%

were ST with 65 classed as DMT. The trials in phase
1 numbered 54 (representing 34.6% of the total) and
more than half of them were DMTs (53.7%). Phase
2 was the largest portion of trials (73 trials, making
up 46.8% of the total), and there were slightly more
ST studies in this phase (53.4%). The combination
of the datasets at the phase 3 stage had little impact
on the data (with 29 trials, equivalent to 18.6% of the
total; Table 3). The number of trials in the combined
dataset by therapeutic category is shown in Table 4.
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Fig. 3. A schematic of the agents in active phase 2 trials for PD, registered on clinicaltrials.gov as of February 18th 2021.

The combination of the datasets did not significantly
impact any particular category.

As a final step in our analysis, we sought to provide
an indication of the origin of the agents being eval-
uated in our datasets. Table 5 shows the breakdown
of the type of therapeutic agent by novel, repurposed,
reformulation or new claim. Even in this combined
dataset, the proportions of novel and repurposed trials
are very similar to our 2020 analysis, while the per-
centage of reformulation projects has increased by
almost 5%, with a small decline in new claims.

DISCUSSION

Despite the catastrophic events of 2020, our 2021
review of the drug development pipeline for PD

reveals a similar number of trials in progress to
the year before on clinicaltrials.gov (142 trials were
active in 2021 compared to 145 in 2020). A change
in the content would be expected as trials finish and
others start, and indeed we found 45 studies had com-
pleted, been terminated or reached unknown status,
with 42 new entries to the registry. The registration of
this large number of new clinical trials in 2021 was
rather remarkable considering the circumstances with
the COVID-19 pandemic. Another encouraging fea-
ture in the clinicaltrials.gov data was the shift in the
DMT/ST ratio at the phase 1 and 2 stages of clinical
development, with more DMT studies at both of these
stages.The distribution of novel, repurposed, refor-
mulations and new claim therapies remained similar
to 2020, but it is interesting to note that repurposed
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Fig. 4. A schematic of the agents in active phase 3 trials for PD, registered on clinicaltrials.gov as of February 18th 2021.

Table 4
Combined breakdown of trials by therapeutic category for the combined dataset

Clinicaltrials.gov + WHO
Number of trials by therapeutic category

Category Phase 1 Phase 2 Phase 3 Total

Anti-inflammatories 1 2 0 3
Antioxidants 0 4 0 4
Cell therapy 6 2 0 8
Dopaminergic symptom relief 14 6 19 40
Energy and mitochondria 2 2 0 4
GBA 1 2 0 3
GLP-1 agonists 1 6 1 8
Immunotherapy 5 2 0 7
Kinase inhibitors 3 2 0 5
Microbiome/GIT 3 2 0 5
Neurotrophic factors 3 0 0 3
Non-dopaminergic symptom relief 4 27 8 39
Targeting alpha synuclein 4 3 1 8
Other 7 12 0 17
TOTAL 54 73 29 156
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Table 5
The type of therapeutic approach for the combined dataset

Clinicaltrials.gov + Who

Phase 1 2 3 Total % in 2021 % in 2020∗

Novel 35 26 7 68 43.6% 45.5%
Repurposed 13 35 5 53 34.0% 34.5%
Reformulation 7 7 15 29 18.6% 13.8%
New claim 0 4 2 6 3.8% 6.2%
TOTAL 55 72 29 156

∗clinicaltrials.gov numbers only.

therapies still represent approximately a third of all
the trials in our analysis, including the only two pha-
se 3 DMTs. The fact that there are only two DMT
phase 3 trials is, however, disappointing, as the
study of Lingzhi (Ganoderma) from Xuanwu Hos-
pital in Beijing reached unknown status, leaving
only the exenatide study at UCL (NCT04232969)
and a trial of memantine at Wayne State University
(NCT03858270).

Additional registries

The dataset employed in our 2020 report consisted
of active clinical trials registered only on the clin-
icaltrials.gov website. Upon review, we wondered
whether limiting our analysis to this sole registry
provided an accurate assessment of the landscape of
drug development for PD. To address this question,
and provide the reader with a more thorough review,
we explored the ICTRP database of clinical trial reg-
istries provided by the WHO. Disappointingly, there
were only 14 clinical trials in the ICTRP that we were
able to add to our analysis. In addition, there were a
further 42 studies that met the criteria for inclusion
apart from the lack of phase data (Supplementary
file 4). These 14 trials, albeit a relatively low num-
ber, showed a similar distribution of phases and
split between ST and DMT to the clinicaltrials.gov
dataset. The review of the WHO’s ICTRP trial reg-
istries revealed a large number of registered trials,
but a wide variation in the information/details pro-
vided. We encountered limited phase information,
retrospective registration of trials (where results had
already been published), and a lack of description of
trial details. It appears that the information requested
by the individual country registries drives the detail
entered by the sponsor, and we recommend trial spon-
sors to encourage the registry administrators in their
countries to adopt some universal standards simi-
lar to clinicaltrials.gov. We also urge clinical trial
sponsors to keep the information on trial registries
complete and up to date. A number of studies were

unable to be included due to their status reaching
“unknown”. If participant involvement in trials is
based on ‘informed’ consent, up to date information
is required.

Newly registered trials

Among the newly registered trials on the dataset
are numerous agents of interest, including an oral,
brain-penetrant inhibitor of �-synuclein aggregation
called anle138b which is being developed by the
German biotech firm MODAG. Encouraging preclin-
ical research in models of PD helped propel this
molecule into clinical trial [12]. Phase 1 testing of
anle138b is due to complete in 2021 (NCT04685265),
and the company is currently planning a phase 2
study. AstraZeneca registered an immunotherapy
agent called MEDI1341 (NCT04449484), which is
an antibody aimed at stopping the pathological spread
of �-synuclein aggregation. Immunotherapy agents
represent a sizable portion of the phase 1 trials
(10.2%).

In the new ST trials, Lundbeck’s Lu AF28996 is
a D1/D2 agonist focused on symptom relief (NCT
04291859). There is also the DIVE study (NCT
04332276), which will evaluate the administration of
aerobically-produced dopamine directly into cerebral
ventricles and targeted towards more advanced PD.
Work in non-human primates has shown symptom
relief without troublesome dyskinesia [13].

Newly registered phase 2 trials include the TEAL
study of Alkahest’s AKST4290, an inhibitor of
CCR3 (C-C chemokine receptor 3), which is an
immunomodulatory protein that blocks the action of
eotaxin (NCT04369430). Biotech company Curasen
has registered a phase 2 study investigating the
combination of CST-103 and CST-107 which aims to
assess the impact of restoring noradrenergic function
in key brain areas affected by neurodegenerative
disease on cognitive fluctuations (NCT04739423).
The effects of intranasal insulin administration on
motor and non-motor symptoms of PD are being
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investigated by Shahid Beheshti University of Med-
ical Sciences in Iran, and separately by Health Par-
tners Institute in the US (NCT04687878 and
NCT04251585, respectively). IRL’s mesdopetam
is targeted to the reduction of dyskinesia in PD
(NCT04435431). Peptron are investigating the
effects of sustained-release exenatide with PT320,
building on successful work with GLP-1 agonists,
with immediate release exenatide being the most
advanced (NCT04269642). Il-Yang Pharma is seek-
ing to repurpose the cancer drug radotinib, a c-Abl
tyrosine kinase inhibitor, for PD (NCT04691661).
Sage Therapeutics’ SAGE-718, a NMDA receptor
modulator, entered phase 2 for the treatment of
cognitive impairment in PD (NCT04476017).

One trial of note in the WHO registry is APM-
CT1, the first multi-arm, multi-stage (MAMS) study
for PD (ACTRN12620000560998;[14]). This is a
federally-funded collaboration between The Aus-
tralian Parkinson’s Mission, Cure Parkinson’s and
Shake It Up Australia, which studies drugs that have
been closely evaluated and prioritised as potentially
PD-neuroprotective by the International PD Linked
Clinical Trials Committee. Three active agents in sep-
arate treatment arms are being compared with a single
placebo arm in a MAMS-style double-blinded phase
2 study aiming to show DMT activity. The agents are
alogliptin, a DPP-4 inhibitor used for treating type 2
diabetes; albuterol, a beta2 adrenergic agonist used
in treating asthma (with evidence for an effect on
alpha-synuclein); and nilvadipine, a calcium channel
blocker used in treating hypertension (with evidence
of additional anti-inflammatory properties).

The “in-betweeners”

This year’s analysis includes a list of clinical stage
projects that did not have currently registered trials
at the time of our data download. Other sources of
information (such as company websites) enable the
inclusion of these projects in this paper, but as a sepa-
rate list. It may be argued that the lack of verification
renders such information less reliable than trial reg-
istries. However, given that the information provided
on such registries remains the responsibility of the
sponsor, and the registry managers do not perform an
editorial function, we believe it is entirely appropri-
ate to include the list of “in-between-phase” projects.
Many of the studies that have come off our master
list of trials remain as active projects, waiting for
the next trial in the sequence to start. They have not

been included in our analysis as there are no current
registry documents, but a list of these in-between-
phase projects is provided in Supplementary File 3.

One project of interest in the inbetweeners list is the
AFFiRiS sponsored alpha synuclein targeted vaccine
(PD01A). In January 2020, the company announced
that they were planning a phase 2 study which would
be initiated in the US and Europe in the second half
of 2020 [15]. At the time of writing, no study had
been registered (presumably due to COVID-19), and
as a result this project was placed on the inbetween-
ers list. Another ‘inbetweener’ project of interest
is the NLRP3 inhibitor Inzomelid which was being
developed by the biotech firm Inflazome, before the
company was acquired by the pharmaceutical com-
pany Roche last year [16]. PD is one of the indications
this brain penetrant agent was being aimed towards,
but no trials are currently registered. A third agent of
interest that is in between stages of clinical testing
is the alpha-blocker terazosin. The terazosin for PD
(TZ-PD; NCT03905811) study completed in Novem-
ber 2020, and the research team behind the study are
preparing to publish the results. They are also fur-
ther exploring this agent in a target engagement study
in healthy volunteers (NCT04551040). We look for-
ward to news of further progress in the development
of these and other agents.

There is also intriguing evidence to suggest that
the inbetweeners list may be broader than we have
presented here as some previously abandoned agents
are being re-assessed. One example of this is the
gene therapy approach, AAV-GAD, which was orig-
inally developed by Neurologix Ltd, but failed to
demonstrate robust results in Phase II studies ten
years ago [17]. More recent follow up research has
indicated a biological effect [18], which has led to
the resuscitation of this therapy by the biotech firm
MeiraGTx, which is seeking to re-start clinical tri-
als [19]. Another more recent example is the calcium
channel blocker isradipine. The phase 3 STEADY-PD
clinical trial results indicated that this treatment had
no impact on the progression of PD in newly diag-
nosed individuals [20], but recent post-hoc analysis
of the phase 3 clinical trial data has provided some
evidence to support a re-examination of this agent
[21]. Accordingly, a similar reanalysis is now being
conducted on the earlier Phase II clinical data.

Noteworthy DMTs

In addition to the announcement of the STEADY-
PD phase 3 results, other trials reported results
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in the timeframe covered by our paper. The
Roche prasinezumab phase 2 study (PASADENA,
NCT03100149) was the first of several such �-
synuclein antibody projects to report. The results
were unclear, but with sufficient promise to sup-
port the initiation of an expanded phase 2 program
(NCT04777331). The early months of 2021 produced
two further phase 2 trial readouts, firstly of Biogen’s
�-synuclein antibody, BIIB054 (NCT03318523), and
Sanofi’s venglustat (NCT02906020). Unfortunately,
both trials failed to meet their desired outcomes. In
addition, the Voyager Therapeutics/Neurocrine Bio-
sciences gene therapy phase 2 study of VY-AADC
(NCT03562494), was placed on clinical hold by the
FDA. Despite these setbacks, the phase 2 pipeline
remains healthy and we look forward to the progres-
sion of strong candidates to phase 3.

The impact of COVID-19

It may be too early to determine the full extent of
the damage to the PD clinical trial program caused
by the COVID-19 pandemic, but it has certainly had
a major impact. Heroic efforts were made by inves-
tigators and participants (and their families) in order
for assessments and data points to be achieved. It is
encouraging that only two PD trials on the Clinical-
Trials.gov were withdrawn due to COVID-19. The
situation has brought home the urgent need for better
remote methods of assessment that provide real world
measures of treatment efficacy with less requirement
for clinical research centre visits. It represents an
opportunity that the research community is actively
exploring in new clinical trials that are designed to
be conducted in a completely remote format (such as
the ‘Trial of Parkinson’s And Zoledronic Acid’ (or
TOPAZ) study - NCT03924414 [22]).

CONCLUSIONS

The clinical trial pipeline for PD has undergone
a significant change in content in the last year but
retained a similar profile of ST/DMT, therapeutic cat-
egory and therapeutic approach. Clinicaltrials.gov is
the predominant trial registry although some relevant
trials are registered on the WHO IRCTP. We have
also provided a list of in-between-phase projects.It
is clear that a very large investment continues not
just in financial terms and the dedication of health
professionals, but also in the contribution of trial par-
ticipants with PD, and healthy volunteers. We thank
them all.
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