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Abstract.

Background: Since 2020, annual reports on the clinical development of new drug-based therapies for the neurodegenerative
condition of Parkinson’s disease (PD) have been generated. These reviews have followed the progress of both “symptomatic
treatments” (ST — improves/reduces symptoms of the condition) and “disease modifying treatments” (DMT - attempts to
delay/slow progression by addressing the underlying biology of PD). Additional efforts have been made to further categorize
these experimental treatments based on their mechanisms of action and class of drug.

Methods: A dataset of clinical trials for drug therapies in PD was obtained using trial data downloaded from the Clin-
icalTrials.gov online registry. A breakdown analysis of all the studies that were active as of January 31st, 2023, was
conducted.

Results: There was a total of 139 clinical trials registered on the ClinicalTrials.gov website as active (with 35 trials newly
registered since our last report). Of these trials, 76 (55%) were considered ST and 63 (45%) were designated DMT. Similar
to previous years, approximately a third of the studies were in Phase 1 (n=47; 34%), half (n="72, 52%) were in Phase 2
and there were 20 (14%) studies in Phase 3. Novel therapies again represented the most dominant group of experimental
treatments in this year’s report with 58 (42%) trials testing new agents. Repurposed drugs are present in a third (n =49, 35%)
of trials, with reformulations and new claims representing 19% and 4% of studies, respectively.

Conclusions: Our fourth annual review of active clinical trials evaluating ST and DMT therapeutics for PD demonstrates
that the drug development pipeline is dynamic and evolving. The slow progress and lack of agents transitioning from Phase 2
to Phase 3 is concerning, but collective efforts by various stakeholders are being made to accelerate the clinical trial process,
with the aim of bringing new therapies to the PD community sooner.
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ABBREVIATIONS

AAV

Adeno-associated virus

DA-ST Dopaminergic symptomatic
therapy

DMT Disease Modifying Therapies

EJS-ACT PD The Edmond J. Safra
Accelerating
Clinical Treatments for
Parkinson’s Disease

GCase Glucocerebrosidase

GDNF Glial cell-derived neurotrophic
factor

GIT Gastrointestinal Tract

GLP-1R Glucagon-like peptide 1 receptor

LD/CD Levodopa and carbidopa

LID Levodopa-induced dyskinesia

LRRK2 Leucine-rich repeat kinase 2

MOA Mechanisms of Action

NMDA N-methyl-D-aspartate

NMS Non-motor symptoms

Non DA-ST Non-dopaminergic symptomatic
therapy

PD Parkinson’s Disease

ST Symptomatic Therapy

WHO World Health Organization

INTRODUCTION

In June 2022, the World Health Organization
released a technical brief entitled “Parkinson dis-
ease: a public health approach”, noting that the global
impact of Parkinson’s disease (PD) is “increasing
faster than for any other neurological disorder” [1].
The report highlighted a doubling of PD preva-
lence over the past 25 years, with over 5.8 million
disability-adjusted life years in 2019 - an increase of
81% since 2000. Importantly, the report states that “an
urgent public health response is necessary to meet the
health and social requirements of people with PD and
to improve functioning, quality of life and prevent
disability as global longevity increases. A pressing
need for effective preventive actions is also needed
to slow the rising incidence of PD before the bur-
den and costs of treatment overwhelm country health
services”.

To confront this future strain on society, the PD
research community is making significant efforts to

provide not only better treatments and quality of life
for PD patients and their families, but also to iden-
tify those at the earliest stages of the disease process,
even before symptoms manifest. Recent data from the
Parkinson’s Progression Markers Initiative, a large
longitudinal PD patient cohort supports the use of
so-called “seeding amplification assays” for the pro-
tein alpha-synuclein as a possible PD biochemical
biomarker and early biological diagnostic tool [2].
With the development of such tools, there is grow-
ing attention on attempts to treat PD prior to onset of
symptoms, as highlighted by community events like
the recent “Planning for Prevention of Parkinson: A
Trial Design Symposium and Workshop” [3]. In par-
allel, some groups are now actively planning early
“prevention” therapeutic trials, such as The Michael
J. Fox Foundation for Parkinson’s Research’s “Path
to Prevention” platform trial [4]. In addition, there
are ongoing projects seeking to accelerate clinical
development of new disease modifying therapeutics
for those already diagnosed with PD, such as The
Edmond]J. Safra Accelerating Clinical Treatments for
Parkinson’s Disease (EJS-ACT PD) initiative, which
is setting up a multi-arm, multi-stage platform [5].
With such efforts underway, we are now hopefully
looking at a future where PD will be relegated to the
medical history books.

A better understanding of subtypes of PD is also
allowing for improved patient stratification in clinical
trials, which will hopefully increase our chances of
clinical trial success [6]. Some of the initial attempts
at patient stratification have come from more than two
decades of research focused on genetic variations,
which have not only provided new insights into the
biology potentially underlying PD but also pointed
towards new classes of experimental therapies that
are now being clinically tested (and are discussed in
this report).

With encouraging progress being made in the clin-
ical development of new therapies for PD, it is a
useful process to regularly examine the landscape
of these efforts to better understand the broader
trends and provide the research and patient com-
munities with a useful resource. Similar to annual
reviews of experimental therapeutics in clinical trials
for Alzheimer’s [7], since 2020 we have gener-
ated a report on the drug development pipeline for
PD [8-10]. This current and fourth report adds to
that growing collection of data and is intended to
highlight areas of progress and hopefully stimulate
greater awareness and involvement in the clinical trial
process.
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METHODS

The methods employed in this analysis closely
resemble those used in our previous reports [10], with
some minor adjustments. A diagram of the workflow
is presented in Fig. 1.

Trial data sourcing

Clinical trial data was downloaded from Clini-
calTrials.gov on January 31, 2023, 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”.

To simplify the reporting, we grouped trials des-
ignated as “Early Phase 17 with Phase 1 trials.
Moreover, we grouped trials designated as ‘“Phase
1/Phase 2” trials with Phase 1 trials and “Phase
2/Phase 3” trials with Phase 2 trials. In previous
reports we have also analyzed data collected from
the World Health Organisation (WHO) International
Clinical Trials Registry Platform [11]. However, due
to lack of consistent and comparable data and our
experience that ClinicalTrials.gov contributed the
vast majority of available trial information (overlap-
ping with many other registries), we decided to not
include additional WHO registry data in our analyses
this year.

Trial and therapeutic categorization

As of January 31, 2023, we identified and down-
loaded records of 179 active interventional clinical
trials meeting our search criteria from the Clini-
calTrials.gov website. Given our focused interest
for this report is on pharmacological and biolog-
ical agents, we excluded trials evaluating medical
devices, biomarkers, or behavioral and other lifestyle
interventions. We also excluded trials that in our eval-
uation lacked reliable supporting public information
available online. This filtering process excluded 40
trials from the dataset, 30 of which were also excluded
in our 2022 report [10].

We next reviewed and classified trials as either
“symptomatic treatments” (ST - improves or reduces
symptoms of the condition) or “disease modify-
ing treatments” (DMT - attempts to delay or slow

progression by targeting the underlying biology of
PD). We then assigned trials to categories using an
iterative process that considered the mechanism of
action (MOA) and target of the therapeutic agents
being tested. Our approach to therapeutic categoriza-
tion has evolved over the four years of our pipeline
reporting as we aim to improve the analysis. With
increasing diversity now seen in the pipeline and
in order to provide a richer view of the clinical
trial landscape, we have created additional subcat-
egories as well as pulled out more specific target
clarity.

We classified the therapeutic agent in each trial
using a detailed coding framework (see Fig. 1). First,
we classified agents as either a novel (i.e., not yet
approved) or existing compound. We further clas-
sified existing compounds as either a “repurposed”
agent, a “reformulation”, or a “new claim”. Repur-
posed compounds are those already approved by
regulatory authorities for use in a different disease
or condition that are now being evaluated for use in
PD. Reformulated compounds involve drugs already
in use for PD that have the potential to be delivered
in alternate ways, such as subcutaneously or as an
inhalant. Compounds seeking a new claim involve
testing of drugs already approved for treating spe-
cific PD symptoms for use in treatment of additional
PD symptoms.

The categories used in this year’s analysis are:

e ‘Dopaminergic symptom relief therapies’
(MOA) applies to ST agents that either
restore, replace or mimic the neurotransmitter
dopamine, and include the following new
subcategories:

— DA agonist
— Levodopa (LD) reformulation
— Other DA-ST

e ‘Non-dopaminergic symptom relief therapies’
(MOA) applies to ST agents that target neu-
rotransmitter systems other than dopamine and
include:

— Adrenergic

Cholinergic

NMDA

— Serotonergic

Other non-DA-ST

e ‘Anti-inflammatory’ (MOA) applies to agents
seeking to reduce inflammatory processes.

e ‘Antioxidants’ (MOA) are agents primarily
focused on reducing oxidative stress.
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ClinicalTrials.gov Search terms:
Condition: Parkinson disease,
Study type: Interventional,

Phase: Early Phase 1, Phase 1, Phase 2, Phase 3,
Status parameter: Recruiting, Not yet recruiting,

Active, Not recruiting or Enrolling by invitation

}

Records identified
through ClinicalTrials.Gov

.

Records excluded:
® Excluded in the 2022 report

Records screened

® Device study

—P»{ o Imaging study
e Procedure study

!

® Lack of information
e Behavioral

Records included in final analysis

® Preclinical research study

KA

Symptomatic therapy Disease modifying treatment
ST Therapy categories DMT Therapy categories
e Dopaminergic symptom relief ®  Antiinflammatory
e Dopamine agonists ® Antioxidants
® Levodopa reformulation e Cell therapy
® Other DA-ST e DMT Other
® Non-dopaminergic symptom relief ®  Energy and mitochondria
® Adrenergic e GBA
® Cholinergic ®  GLP-1 agonists
o NMDA ® Kinase
e Serotonergic e LRRK2
e Other non-DA-ST e  Microbiome/GIT
Microbiome/GIT o Neurotrophic factors
Antioxidants e Targeting alpha synuclein
Cell therapy

Fig. 1. A schematic outlining the data collection and analysis.

‘Cell therapy’ (MOA) are trials including either
intracerebral cell transplantation or peripheral
delivery of cells.

‘Energy and mitochondria’ (MOA) includes
agents seeking to stimulate improvements in
mitochondrial function.

e ‘GBA’ (MOA) agents are

enhancing the activity of glucocerebrosidase

(GCase).

e ‘GLP-1 agonists’ (MOA) are a specific class
of drugs activating the glucagon-like peptide-1

receptor.
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Table 1
Trials categorized as ST or DMT and by phase
ST AND DMT
PHASE ST DMT TOTAL % OF TOTAL
NUMBER OF
TRIALS
1 22 25 47 33.8%
2 40 32 72 51.8%
3 14 6 20 14.4%
TOTAL 76 63 139 100.0%

‘Kinase inhibitors’ (MOA) includes agents
blocking specific kinase activity.

“LRRK2’ (target) are agents seeking to reduce
or inhibit the activity of LRRK2. In previous
reports LRRK2 was captured under ‘Kinase
inhibitors’.

‘Microbiome/GIT’ (target) are agents specifi-
cally targeting the activity of the gastrointestinal
tract.

‘Neurotrophic factors’ (MOA) is assigned to
therapies involving the delivery of growth fac-
tors such as GDNF or CDNF.

‘Targeting alpha-synuclein’ (target) covers
molecules specifically focused on preventing
alpha-synuclein aggregation, or disaggregation
of existing complexes. In previous reports,
‘Immunotherapy’ was a distinct category, but
it has now been folded into ‘Targeting alpha-
synuclein’.

‘Other DMT’ (MOA) is assigned to trials whose
therapy has a MOA that did not match another
category.

For ST trials, we sought to classify by specific
symptom, e.g., motor symptoms, dyskinesia, and
cognitive impairment. When not available in the trial
registration, the allocation of the symptom descriptor
was primarily based on sponsor-provided informa-
tion and, if ambiguity remained, the consensus of the
authors of this report.

RESULTS

Of the 139 trials in the dataset (Supplemental file),
103 (74%) were represented in our 2022 review [10].
The remaining 36 trials were new studies that have not
been tracked in prior reports. one of which had been
registered in time for our 2022 paper but was excluded
due to insufficient information available at the time
(UCB0022, NCT04867642). When the nature and
phase status of the 139 studies were reviewed, 76
(55%) were classified as ST trials and the other 63

(45%) were designated DMT (Table 1). Slightly more
than half (52%) of all trials were in Phase 2 testing
stages, followed by Phase 1 (34%) and Phase 3 (14%)
(Table 1). These trials represented a variety of unique
agents (Fig. 2).

While the total number of trials (139) is the lowest
since we started our annual analyses, and the pro-
portion of DMT (45.3%) the highest, both the total
number of trials and the proportions of ST and DMT
have been similar over the years (Table 2). The num-
ber of ST trials in Phase 3 has decreased from 25 to
14, although the 6 DMT trials in Phase 3 is the highest
number yet.

The agents being tested in each phase are presented
in Fig. 2. This figure shows the variety of thera-
pies and categories being tested, but not the number
of actual trials as there were many cases where the
named therapy was tested in more than one trial (for
example, there are six trials of Cerevel’s tavapadon
in the 2023 dataset).

Trials by therapeutic category

A breakdown of trials by therapeutic classification
(Table 3) revealed that dopaminergic symptom relief
therapies (including agonists, levodopa reformula-
tions and other dopaminergic therapies) represent
nearly 21% of active trials, although this was a
decrease from the proportion (26%) seen in our 2022
report [10]. Of the new subcategories used in the cur-
rent report for dopaminergic symptom relief therapies
(see Methods for details), ‘DA agonists’ represented
the largest category (10.1%) with ‘LD reformula-
tion’ (5.8%), and ‘Other DA-ST’ (5.0%) contributing
roughly equally to the remaining total. Dopamine
agonists thus represented half of dopaminergic symp-
tom relief trials.

‘Non-dopaminergic symptom relief’ trials now
represent the largest proportion of active trials in
our current tracking (39/139 active trials; 28%).
Using our new subcategories to characterize trials
by relevant targeted neurotransmitter system, we see
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Fig. 2. A schematic of all of the agents in active clinical trials for PD, registered on ClinicalTrials.gov as of the 31% January 2023

Table 2
Trials categorized by ST or DMT, 2020-2023
2020 2021 2022 2023
54.7%

88 60.7% 83 58.5% 92 62.6% 76
59 41.5% 55 37.4% 63 45.3%

139

ST
DMT 57 39.3%

TOTAL 145 142 147
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Table 3

Trials by therapeutic category

NUMBER OF TRIALS BY THERAPEUTIC CATEGORY

Category Phase 1 Phase 2 Phase 3 TOTAL
Anti-inflammatories 3 6.4% 0 0.0% 0 0.0% 3 2.2%
Antioxidants 1 2.1% 2 2.8% 1 5.0% 4 2.9%
Cell therapy 10 21.3% 2 2.8% 0 0.0% 12 8.6%
Dopaminergic symptom 7 14.9% 1 1.4% 6 30.0% 14 10.1%
relief - DA agonist

Dopaminergic symptom 3 6.4% 2 2.8% 3 15.0% 8 5.8%
relief - LD reformulation

Dopaminergic symptom 5 10.6% 1 1.4% 1 5.0% 7 5.0%
relief - other

Energy and mitochondria 0 0.0% 3 4.2% 0 0.0% 3 2.2%
GBA 1 2.1% 2 2.8% 0 0.0% 3 2.2%
GLP-1 agonists 0 0.0% 4 5.6% 1 5.0% 5 3.6%
Kinase inhibitors 1 2.1% 3 4.2% 0 0.0% 4 2.9%
LRRK2 1 2.1% 1 1.4% 1 5.0% 3 2.2%
Microbiome/GIT 4 8.5% 3 4.2% 1 5.0% 8 5.8%
Neurotrophic factors 2 4.3% 1 1.4% 0 0.0% 3 1.4%
Non-dopaminergic 0 2.1% 3 4.2% 1 5.0% 4 2.9%
symptom relief -

Adrenergic

Non-dopaminergic 0 0.0% 3 2.8% 2 10.0% 5 3.6%
symptom relief -

Cholinergic

Non-dopaminergic 0 0.0% 7 9.9% 0 0.0% 7 5.0%
symptom relief - NMDA

Non-dopaminergic 1 2.1% 8 11.3% 1 5.0% 10 7.2%
symptom relief -

Serotoninergic

Non-dopaminergic 1 2.1% 12 16.9% 0 0.0% 13 9.4%
symptom relief - other

Targeting alpha- 6 12.8% 6 8.5% 2 10.0% 14 10.1%
synuclein

Other DMT 1 2.1% 8 11.3% 0 0.0% 9 6.5%
TOTAL 47 100% 72 100% 20 100% 139 100%

trials testing agents targeting a range of systems
including ‘adrenergic’, ‘cholinergic’, ‘serotonergic’
and ‘glutamatergic’ signaling. In exploring DMT
active trials, those testing agents targeting alpha-
synuclein remain a large presence in the pipeline
(Table 3).

Newly registered trials

Of the 139 trials in the dataset, 35 were regis-
tered on ClinicalTrials.gov within the last year. They
include 18 ST and 17 DMT trials, with those target-
ing non-dopaminergic symptom relief representing
the largest therapeutic subcategory (Fig. 3). Most
new trials launched at Phase 1 (13/35) or Phase 2
(18/35) stages, although it was exciting to see four
trials entering Phase 3, including three DMT trials
(for Lactobacillus, BIIB122, and buntanetap).

Trials by therapeutic novelty

Next, we analysed the number of trials by the
novelty of the therapeutic agent being tested (novel,
repurposed, reformulation, and new claim). Similar to
our prior reporting, there was relatively little change
in the distribution with most (58/139; 42%) active
trials testing novel therapies (Table 4). Testing of
repurposed agents also continued to be an emphasis
within the PD pipeline, representing roughly a third
of trials (49/139; 35%).

Trials by symptom type

Of the 76 active trials currently evaluating symp-
tomatic therapies for PD, those addressing motor
symptoms represented the largest proportion (22/76;
29%; Fig. 4). A number of trials suggested potential
impact for a combination of “motor and non-motor
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Category breakout of NEW Phase 1-3 PD drug trials
on ClinicalTrials.gov (Jan. 2022-Jan. 2023)

Non-dopaminergic symptom relief
Targeting aSN

Dopaminergic symptom relief
Microbiome/GIT

Cell therapy

n=35 trials: 18 ST and 17 DMT

I — ] |
I
I

IEEs——— 3

IS 3

DMT Other

LRRK2

Neurotrophic factors
Kinase inhibitor

GBA

Energy and mitochondria

a—— )
—— )

T e

6
# trials

10 12

Fig. 3. Category breakout of new trials registered since the last report.

Table 4
Trials by therapeutic type and phase

NUMBER OF TRIALS BY PROJECT TYPE AND PHASE

PHASE NOVEL REPURPOSED

REFORMULATION

NEW CLAIM

10
33
6
49
35.3%

1

2

3
TOTAL
%

22
30
6
58
41.7%

1

4

1

6
4.3%

14
5
7
26
18.7%

symptoms (NMS)”. With that caveat in mind, it
is worth noting that some symptoms which feature
strongly in patient surveys as a source of concern
are poorly represented. One of the most frequently
reported symptoms of PD that survey respondents
wish to improve at earlier stages of disease duration
is tremor [12], but only one study (suvecaltamide) in
our database was specifically targeting this feature of
PD (Fig. 4).

Target enrollment for trials in the dataset

A trial’s target enrollment is provided by the
sponsor within the ClinicalTrials.gov registry entry.
Table 5 presents the total of the participants required
by phase and then further broken down by average per
trial and median, minimum and maximum (Table 5).

Completed DMT trials

In general, DMT trials have a longer duration than
ST studies due to the time required to observe any
effects. Of the 31 DMT trials in our 2022 analysis
that were due to complete by the end of 2022 [10],

39% of the Phase 1 trials (7/18) and 23% (3/13) of
the Phase 2 trials had completed by the time of the
current 2023 data download (Table 6). 18/33 (55%)
DMT trials listed as due to complete in 2023 in our
current dataset (Table 7) were expected to complete
by the end of 2022 in our previous report [10], indi-
cating that there have been delays to trials over the
last year. There were 3 DMT trials that were due to
complete in 2022 that have been delayed by more
than a year; radotinib (NCT04691661), carvedilol
(NCT04218968) and sargramostin (NCT05677633).

Trials due to complete in 2023

There are 89 trials (64%) in the dataset with a com-
pletion date before the end of 2023 (33 Phase 1 trials,
44 Phase 2 trials and 12 Phase 3 trials). Of these, 37%
are classified as disease modifying, of which 14 are in
Phase 1, 16 in Phase 2 and 3 are in Phase 3 (Table 7).
Therefore, it is not clear if some of these studies
may simply be delayed rather than scheduled to
complete.

Those trials in italics have estimated completion
dates before 2023 but are still categorized as active
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# PD symptomatic therapy drug trials by symptom
n=76 trials active as of January 31, 2023, ClinicalTrials.gov

Motor symptoms
Motor & NS
Dyskinesia/LID L 9000

Cognitive L& ]
Gait and balance
Depression n
IcD
NMS
Pain
Anxiety
Apathy
Constipation
Dysphagia
Hallucinations
Psychosis
Sleep
Tremor
Urinary
Fig. 4. Symptomatic focus of active PD drug trials.
Enrollment table for Active Phase 1-3 drug trials
# of trials Target enrollment Average/trial median min max
Phase 1 47 1,591 34 20 3 120
Phase 2 72 9,091 126 67 10 732
Phase 3 20 6,005 300 310 50 600
Total 139 16,687
Table 6 DISCUSSION

Disease modifying clinical trials that have completed since the
McFarthing et al (2022) report

Phase 1 Phase 2
Glycerol Phenylbutyrate Deferiprone
NCT02046434 NCT02655315
Exenatide ANAVEX?2-73
NC03456687 NCT04575259
NNI-362 Liraglutide
NCT04074837 NCT02953665
AAV2-GDNF

NCT01621581

MEDI1341

NCT04449484

Ursodeoxycholic acid

NCT02967250

Buntanetap/Posiphen

NCT04524351

in our current reporting and thus may not have been
updated by the trial sponsors.

This fourth annual update of the clinical develop-
ment therapeutic pipeline for PD presents a relative
stability in overall trial activity (total number of tri-
als) since our first report in 2020. Other features of the
pipeline, such as therapeutic novelty (new or existing
treatments) also appear relatively stable; while there
are some signals that the proportions of ST vs DMT
trials may be shifting, more data will be required to
determine if this is a trend. Given the length of time
that trials for PD can take, especially those for DMTs,
this relative stability may be expected. However, we
should not ignore that a global pandemic occurred in
the middle of this period, which speaks volumes to
the remarkable resilience and determination of the PD
community in their efforts to maintain momentum in
identifying and evaluating new therapies.
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Table 7
Disease modifying clinical trials listed in ClinicalTrials.gov with estimated completion dates before the end of 2023

Phase 1 Phase 2 Phase 3
Anlel38b Idebenone Memantine
Human Amniotic Epithelial Stem Cells NLYO1 Buntanetap
hAESCs treatment K0706 Ganoderma/Lingzhi
Lithium ATH-1017
UB-312 Carvedilol
BIIB094 Exenatide
Rifaximin IkT-148009
Talineuren Ambroxol
Anlel38b MSC
Mesenchymal stem cells Ceftriaxone
1IkT-148009 Idebenone
Injection of Umbilical cord derived MSCs PT320
Hypoestoxide Rasagiline
NE3107 WIN-1001X

Autologous mesenchymal stem cells

Sulforaphane

Those trials in italics have estimated completion dates before 2023 but are still categorized as active in our current reporting
and thus may not have been updated by the trial sponsors.

Another positive feature of the pipeline is the con-
tinued diversity of therapeutic options being explored
in terms of differing targets, mechanisms and drug
delivery systems. Of note, the variety of symptomatic
relief trials is exemplified not only by those target-
ing dopaminergic and other neurotransmitter systems
but also by the ‘non-dopaminergic symptom relief
(other)’ category, which spans varied treatments such
as suvecaltamide (Jazz Pharmaceuticals), an inhibitor
of T-type calcium channels, to the repurposing of
levetiracetam, an anti-epileptic drug, by Queensland
University. Similarly, with DMT trials addressing a
range of gene and pathogenic pathway-defined mech-
anisms, the ‘DMT Other’ category includes trials
exploring approaches such as low dose lithium (Buf-
falo University) to istradefylline (Kiowa Kirin), an
adenosine A2A receptor antagonist drug currently
used as an adjunct treatment for symptom relief in
PD.

While diversity is seen in many areas of the
pipeline, it is interesting to see where opportunities
still exist given the state of research. For example,
inflammation is thought to play an important role in
the pathogenesis of PD, and there are three trials in
this category, but all in Phase 1, Biovie’s NE-3107
and two trials on sargramostim (leukine) at the Uni-
versity of Nebraska. It should be noted that some
agents designated to different categories have anti-
inflammatory potential as secondary properties (for
example, GLP-1 receptor agonists). There is a Phase
2 trial of the anti-inflammatory, azathioprine, under
way at Cambridge University that is due to report

in 2024; as it is not registered on ClinicalTrials.gov
but rather on ISRCTN [13], we did not include it in
our analysis. The pharmaceutical company Roche is
testing a novel anti-inflammatory agent — a NLRP3
inflammasome inhibitor called selnoflast — in a clin-
ical trial also registered on ISRCTN [14]. Trials
targeting other mechanisms such as oxidative stress
(four trials) and mitochondrial dysfunction (three
trials) also indicates more opportunity for greater
presence in the pipeline given their continued strong
research interest.

Cell therapy trials fall into two groups, those aim-
ing to surgically implant stem cells into relevant brain
regions; and those using stem cells delivered intra-
venously. The rationale behind the latter group is
that such stem cells are the source of molecules that
may influence the course of disease progression, and
thus were classified as DMTs. The implanted cells
aim to restore dopaminergic function and were there-
fore classified as ST. Most of these trials are at an
early stage in Phase 1. Many of the cell therapy tri-
als currently active were listed in our 2020 report
underlining the long duration of cell therapy trials.

Our analysis of dopaminergic therapies shows a
continued emphasis on DA agonists and levodopa
reformulation. These include Cerevel’s tavapadon,
a D1/DS receptor partial agonist and UCB0022, a
positive allosteric modulator of the D1 receptor, as
well as approaches to sub-cutaneously deliver lev-
odopa/carbidopa such as Abbvie’s ABBV-951 and
Neuroderm’s ND0612. A gene therapy approach
to target dopaminergic pathways is represented by
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Voyager Therapeutics’ AAV coding for amino acid
decarboxylase.

Genetic (and pathology)-linked PD is the focus of
much research and has driven a robust drug develop-
ment effort. A leading focus in the pipeline continues
to be in targeting alpha-synuclein pathology, removal
of which is theorized to offer similar disease-slowing
benefits to what is now being reported with related
therapeutics recently approved for Alzheimer’s dis-
ease [15].

The previously used immunotherapy category,
which contained trials for antibodies to alpha-
synuclein has been moved to the targeting alpha-
synuclein category to give a full focus to those
projects with alpha synuclein as a primary target.
There are five trials for antibody-based projects
representing three agents — prasinezumab, (Roche),
UB-312 (Vaxxinity) and UCB7853 (UCB). A fur-
ther Phase 3 at Wayne State University is using
memantine to prevent cell to cell transmission of
alpha-synuclein. Other ongoing trials are aiming to
prevent the aggregation of alpha-synuclein using
small molecule agents, e.g., Anle 138b from Modag.
One of the highlights of this category is the Phase 3
study of buntanetap from Annovis Bio. This agent
reduces the production of alpha-synuclein thereby
reducing aggregation [16]. The treatment time is 6
months, a relatively short duration for a DMT trial,
giving the prospect of results becoming available
early in 2024.

While much of the focus has been seen in attempts
to directly target alpha-synuclein pathology, focus
on drugs to target GBA and LRRK2-associated
PD is also evident although to a lesser degree. A
leading example is BIIB122, a LRRK2 inhibitor
under development by Biogen and Denali, cur-
rently in Phase 3 testing. However, since our cut-off
date for this year’s report, additional trials target-
ing gene-defined pathogenic pathways have been
launched. These include additional trials testing
ambroxol for its ability to increase activity of glu-
cocerebrosidase, the product of the GBA gene have
been reported, including a Phase 3 DMT regis-
tered by University College London (ASPRO-PD;
NCTO05778617) and a study in a Dutch cohort
(DUPARG-AMBROXOL; NCT05830396). In addi-
tion, Bial has recently launched a Phase 2 trial of BIA
28-6156 in GBA-PD (ACTIVATE; NCT05819359)
while Neuron23 is now assessing its LRRK?2 kinase
inhibitor NEU-723 in a Phase 1 trial (NCT05633745).

Following the move of LRRK2 inhibition to a
separate category, the remaining four projects in

the ‘Kinase inhibitors’ group are all targeted at the
c-Abelson kinase. While prior trials testing the repur-
posed c-Abl kinase inhibitor nilotinib were largely
unsupportive of continued use of that drug [17, 18],
it is clear that there remains interest in further assess-
ing targeting c-Abl kinase as a possible treatment
[19]. There are three Phase 2 studies in this category,
KO0706 from SPARC, IKT148009 from Inhibikase
and radotinib from Il-Yang.

The role of the microbiome in the development
of PD and gastrointestinal dysfunction is gaining
attention due to the putative role of the gut-brain
axis in PD. Trials targeting the microbiome/GIT
(gastro-intestinal tract) focus on both ST and DMT
approaches including testing an antibiotic (rifax-
imin), fecal microbiota transfer and probiotics. There
is also a study looking at the influence of brain small
chain fatty acid enhancement via tributyrin supple-
mentation (mimicking the natural small chain fatty
acid production in the gut).

An area of growing interest in the PD clinical
pipeline has been the evaluation of GLP-1 recep-
tor agonists. Following encouraging early trial results
[20], multiple clinical trials have focused on GLP-1
receptor agonists, including repurposing of exenatide
(currently in a Phase 3 trial in the UK) and lixisenatide
as well as commercial efforts from Neuraly (NLY-01)
and Peptron (PT-320).

Another area of interest that has been closely
watched by the PD community has been clini-
cal trials involving neurotrophic factors. There are
four studies investigating neurotrophic factors in
our dataset: sargramostim (Nebraska University),
talineurin (Innomedica), ATH-1017 (an enhancer
of hepatocyte growth factor activity from Athira
Pharma), and an AAV vector-driven GDNF gene ther-
apy agent from Brain Neurotherapy Bio.

The path to impact for a new medicine to treat
PD can sometimes be tortuous, with long intervals
where one clinical Phase ends with favourable results
and the next one is yet to start. The potential offered
by some of these approaches, which we have called
“Inbetweeners”, could be overlooked if our view
was restricted purely to only active registered tri-
als on ClinicalTrials.gov. Other resources track such
approaches, such as the Parkinson’s Hope List [21],
and a recently available Clinical Pipeline Report
from The Michael J. Fox Foundation for Parkin-
son’s Research [22]. Some programs of note that fall
on our Inbetweeners list include Anavex’s blarcame-
sine (Anavex2-73), ENT-01 from Enterin (which is
targeting constipation, psychosis and dementia) and
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PT-001 (low dose ketamine) for dyskinesia from
Pharmather who suspended a Phase 2 study due to
favourable results at an interim analysis and which is
now planned to move to Phase 3. In addition, some
interventional trials posted on Clinical Trials.gov may
not designate a phase and thus do not get captured
in our search criteria. For example, there is a proof-
of-concept study under way at Haukeland University
Hospital testing nicotinamide riboside (NOPARK,
NCT03568968). The structure of the trial looks very
much like a Phase 2, with 400 participants in a
randomized double-blind design; as the phase is offi-
cially listed as “not applicable”, it has not been
included in our analysis.

Finally, it is important to acknowledge trials that
have completed but not met their primary endpoints
and to gain as much knowledge as we can from these
studies. One such example was the FAIRPARK II
Phase 2 trial of deferiprone in France [23], in which
the recently diagnosed de novo participants on active
drug actually fared worse than those on placebo. A
better understanding of why some trials are not suc-
cessful is important not only for the insights it can
provide to our knowledge of PD, but also for encour-
aging more engagement in the clinical trial process.
We encourage study sponsors to keep registry entries
up to date and to publish results as soon as is prac-
tical. Better communication of study outcomes and
learnings from the trials that have been conducted
are key to avoid duplication of trial efforts and instill
greater confidence in the trial process among poten-
tial participants. The number of participants required
for the 139 interventional drug development trials in
this report is almost 17,000. Additional participants
are required for other studies not registered on Clini-
calTrials.gov, and for the many observational studies
under way that do not feature in our dataset. The
contribution of the PD community is essential, and
we acknowledge the value of their commitment and
involvement.
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