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ABSTRACT

Introduction: Reviews of randomized clinical
trials (RCTs) in dementia with Lewy bodies
(DLB) are essential for informing ongoing
research efforts of symptomatic therapies and
potentially disease-modifying therapies (DMTs).

Methods: We performed a systematic review of
all clinical trials conducted until September 27,
2022, by examining 3 international registries:
ClinicalTrials.gov, the European Union Drug
Regulating Authorities Clinical Trials Database,
and the International Clinical Trials Registry
Platform, to identify drugs in trials in DLB.
Results: We found 25 agents in 40 trials
assessing symptomatic treatments and DMTs
for DLB: 7 phase 3, 31 phase 2, and 2 phase 1
trials. We found an active pipeline for drug
development in DLB, with most ongoing clini-
cal trials in phase 2. We identified a recent trend
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towards including participants at the prodromal
stages, although more than half of active clini-
cal trials will enroll mild to moderate dementia
patients. Additionally, repurposed agents are
frequently tested, representing 65% of clinical
trials.
Conclusion: Current challenges in DLB clinical
trials include the need for disease-specific out-
come measures and biomarkers, and improving
representation of global and diverse
populations.

Keywords: Dementia with Lewy bodies;
Clinical trials; Drug development; Drug
therapies

Key Summary Points

In this review, we studied drug
development in dementia with Lewy
bodies by analyzing three international
clinical trials registries

To date, 25 agents across 40 clinical trials
have been investigated in dementia with
Lewy bodies. More than half of the trials
have been conducted in the last 10 years,
with 9 remaining active

There is increased interest in disease-
modifying therapies in dementia with
Lewy bodies that currently represent
55.5% of ongoing clinical trials (5 studies)

Current challenges for dementia with
Lewy bodies drug development include
increased diagnosis at earlier stages of the
disease, disease-specific outcome measures
and biomarkers, augmenting global
representation, and including more
diverse populations

INTRODUCTION

Dementia with Lewy bodies (DLB) is the second
most common cause of neurodegenerative
dementia after Alzheimer’s disease (AD). In

clinical populations, DLB is diagnosed in
approximately 7.5% of all patients, and
accounts for 2.2–24.7% of all cases of dementia
[1].

DLB is associated with higher mortality risk,
poorer prognosis, greater caregiver burden, and
higher healthcare costs, as well as earlier nurs-
ing home admission and higher hospitalization
rates than AD [2–6]. Recent advances in the AD
field with the approval of its first disease-mod-
ifying therapy (DMT) [7], have intensified the
scientific community’s focus on randomized
clinical trials (RCT) of AD and other highly
prevalent neurodegenerative diseases, such as
DLB. As opposed to AD and synucleinopathies
like Parkinson’s Disease (PD), therapies and
scientific evidence about delaying neurodegen-
eration in DLB are limited [8], and there are no
disease-specific treatments currently approved
by the US Food and Drug Administration (FDA)
or the European Medicines Agency (EMA).
Donepezil and zonisamide are approved for DLB
symptomatic therapy in Japan. The need for
therapy to prevent, delay onset, slow progres-
sion, and improve symptoms in DLB is driven
by the worldwide growth in the size and pro-
portion of older people and the steep increase in
DLB incidence with age [1].

Discoveries regarding DLB’s underlying dis-
ease mechanisms have led to a growing number
of clinical trials targeting potentially disease-
relevant processes. Likewise, in recent years,
there has been an increased interest in clinical
trial methodology in DLB. Several reviews have
provided an overview of the current treatment
strategies and have investigated DLB drug
development pipeline by searching the Clini-
calTrials.gov database and/or PubMed [8–11].
These studies have found a significant
improvement in DLB drug development, yet
highlight the call for more RCTs, optimization
of diagnostic criteria, and development of dis-
ease-specific biomarkers and clinical outcome
measures. The drugs identified in the DLB
pipeline are often presented in terms of the
symptoms treated or the mechanism of action
(MoA). Another option is to present the drugs in
terms of the clinical trial phase to inform the
progress in the field of DLB therapeutic devel-
opment. Similarly, there is little information
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about number of participants, treatment dura-
tion, disease stage, diagnostic groups included,
global distribution, sponsorship, and use of
repurposed agents.

In this review, we provide an overview and
analysis of the current DLB drug development
pipeline, using an adapted methodology from
AD and PD fields [12, 13], and based on three
international clinical trials registries, to acquire
insights on the progress in the field of DLB
therapeutic development.

METHODS

Data Collection

Two known relevant scoping reviews on differ-
ent neurodegenerative diseases published in the
last two years were used as a starting point to
identify the most extensive clinical trial data-
bases and search strategies [12, 13]. For this
systematic review, we used data on RCTs of drug
therapies from three international registries: (1)
the US National Library of Medicine of the
National Institutes of Health (NIH) clinical
research registry ClinicalTrials.gov, (2) the
European Union Drug Regulating Authorities
Clinical Trials Database (EudraCT/clinicaltrial-
sregister.eu), and (3) the International Clinical
Trials Registry Platform (ICTRP) operated by the
World Health Organization (WHO).

To generate our dataset of drug trials, the
search strategy was adapted for each of the
search engines using pre-defined search fields
with no time restrictions. Study protocols from
RCTs for DLB on phases 1–3 and funded by NIH,
industry, other US Federal agencies or any other
(individual, university, organizations) were
included. RCTs that included other diagnostic
groups in addition to DLB were also considered
in this review. All non-pharmacological, obser-
vational studies, phase 4, or phase 1 in healthy
subjects, were excluded from our final dataset.
Two independent reviewers (C.A. and M.C.G)
examined each phase of the review (screening,
eligibility, and inclusion and exclusion criteria).
The index date for this review was September

27, 2022. Ethics committee approval was not
required for this study. This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

Synthesis and Analysis of the Data

If a trial was classified as phase 1/2 or phase 2/3,
we included the study in the lower of the two
phases in our analyses (for example, a phase 1/2
was considered phase 1). We then extracted key
trial characteristics: clinical trial title, source
registry, trial number, classification into symp-
tomatic or DMT, primary outcome measure, use
of biomarkers as inclusion criteria and/or out-
come measures (excluding safety biomarkers),
start date, study completion date, actual end
date, if completed, active or ongoing (recruit-
ing, active/not recruiting), withdrawn, not
recruiting, not yet recruiting, terminated or
pending status; cause of termination, duration
of treatment exposure in weeks, number of
subjects planned for enrollment, number of
subjects enrolled if completed or terminated;
additional diagnostic groups, stage of the dis-
ease, global distribution, sponsorship, whether
the agent was repurposed, or used an adaptive
design. To identify a MoA, the common Alz-
heimer’s Disease Research Ontology (CADRO)
classification of the National Institute on Aging
and the Alzheimer’s Association, International
Alzheimer’s and Related Dementias Research
Portfolio (iadrp.nia.nih.gov) was used. CADRO
identifies disease processes of neurodegenera-
tive disorders, and we identified a target process
of each drug. If the agent has more than one
MoA, we searched the literature to identify the
action of the drug currently viewed as domi-
nant. Each trial/protocol in our dataset was first
defined as symptomatic therapy or novel DMT.
We arbitrarily distinguished between ‘‘symp-
tomatic’’ and ‘‘DMT’’ drugs, considering whe-
ther the drug’s purpose was improvement in
cognitive, motor, sleep, or neuropsychiatric
symptoms without intending to affect the
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biological causes of cell death. By contrast,
‘‘disease modifiers’’ claimed to change the biol-
ogy of the disease and/or provide neuroprotec-
tion. As reported in previous scoping reviews,
we divided DMTs into biologics (i.e., vaccines,
monoclonal antibodies, gene therapies, among
others) and small molecules (oral treatments
that are\500 Daltons in molecular weight)
[12]. Disease stage classification included the
following categories: prodromal, dementia
stages (mild, moderate, and severe), and com-
bination of prodromal and dementia stages.
Repurposed drugs were defined when an estab-
lished compound was investigated for a new
therapeutic indication [14]. Approved indica-
tion was defined searching in PubMed and
using FDA, and EMA databases. Global distri-
bution was based on trials performed in North
America (United States and Canada), Latin
America, Europe, Asia, Africa, Middle East, and/
or Oceania. Lastly, sponsor was defined in
accordance to the International Council for
Harmonization of Technical Requirements for
Pharmaceuticals for Human Use E6 as ‘‘an
individual, company, institution, or organiza-
tion which takes responsibility for the initia-
tion, management, and/or financing of a
clinical trial’’ [15].

A detailed description of the methodology
used in this systematic review can be found in
the Supplementary material.

RESULTS

Overview

From a total of 412 clinical trials registered as of
September 27, 2022, we selected 40 clinical tri-
als. ClinicalTrials.gov has the largest number of
registered trials, where we found 154 studies for
screening. On EudraCT/clinicaltrialsregister.eu,
we found 33 studies for screening (18 not found
on clinicaltrials.gov), and, on the ICTPR reg-
istry, we found 225 studies for screening (88 not
found on ClinicalTrials.gov) (Supplementary
Fig. 1). The trials investigated 25 agents: 17.5%
in phase 3 (7 studies), 77.5% in phase 2 (31
studies), and 5% in phase 1 (2 studies) (Table 1).
Most of the trials investigated symptomatic
agents: 75% versus 25% DMTs (number of
agents: 30 versus 10) (Fig. 1). More than half of
these clinical trials have been completed with 9
remaining active (Fig. 2).

The 30 clinical trials for symptomatic treat-
ment included: 15 (50%) clinical trials for cog-
nitive enhancers, 7 (23.3%) for neuropsychiatric
and behavioral symptoms, 5 (16.7%) addressing
motor symptoms, and 3 (10%) for sleep distur-
bances and rapid eye movement (REM) sleep
behavior disorder (RBD). All DMTs were classi-
fied as small molecules.

Sixty-five percent (n = 25) of clinical trials
investigated 14 repurposed agents for symp-
tomatic or DMT: terazosin, nilotinib, bosutinib,
donepezil, galantamine, memantine, ambroxol,
armodafinil, ondansetron, ramelteon,

Table 1 General characteristics of clinical trials in DLB as of September 27, 2022

Clinical trial
phase

Number of clinical
trials

Status Classification Repurposed
agentsCompleted Activea Other

status
DMT Symptomatic

Phase3 7 (17.5%) 6 (86%) 1 (14%) 0 0 7 (100%) 7 (100%)

Phase 2 31 (77.5%) 15 (48.4%) 8 (25.8%) 8b (25.8%) 8 (25.8%) 23 (74.2%) 16 (51.6%)

Phase 1 2 (5%) 0 0 2c (100%) 2 (100%) 0 2 (100%)

Total 40 21 (52.5%) 9 (22.5%) 10 (27%) 10 (25%) 30 (75%) 25 (65%)

aRecruiting, Active/not recruiting
bWithdrawn = 3, pending = 2, not recruiting = 2, terminated = 1
cNot yet recruiting = 2
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pimavanserin, zonisamide, ferulic acid, and a
traditional Japanese ‘‘kampo’’ medicine called
yokukansan.

Phase 3

We found 7 phase 3 clinical trials, all of them
for symptomatic treatment: 3 (43%) cognitive
enhancers, 3 (43%) for neuropsychiatric and
behavioral symptoms, and 1 (14%) for motor
symptoms. According to the CADRO classifica-
tion of mechanisms of action, most of the drugs
in phase 3 clinical trials target neurotransmitter
receptors (6 out of 7; 86%), and there was 1

(14%) multi-target agent. All the agents in this
phase were repurposed (Table 2).

In terms of disease stage, phase 3 clinical
trials in DLB have included all dementia stages
(mild, moderate, and severe: 4 clinical trials,
57%) and mild to moderate dementia stage (3
clinical trials, 43%).

Six of the seven clinical trials in this phase
have been completed (86%), and there is one
clinical trial currently recruiting (14%).

The clinical trials completed have investi-
gated donepezil, galantamine, pimavanserin,
zonisamide, and yokukansan. The clinical trial
currently recruiting is investigating meman-
tine’s effect on overall health and functioning

Fig. 1 Distribution of agents in clinical trials for DLB in
2022, showing agents in phases 1, 2, and 3. Agents in yellow
areas are disease-modifying treatments (DMTs), agents in
green areas are cognitive enhancers, agents in orange areas
are treatments for neuropsychiatric and behavioral symp-
toms, agents in gray areas are treatments for sleep

disturbances and REM sleep behavior disorder (RBD),
and agents in blue areas are treatments for motor
symptoms. The shape of the icon shows the status of the
clinical trial, and the color of the font shows the
classification of the agents in terms of the Common
Alzheimer’s Disease Research Ontology (CADRO)
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as an add-on treatment to a cholinesterase
inhibitor (ICTPR: ISRCTN79794378).

The 6 completed clinical trials enrolled a
total of 970 participants (we found 1 study with
unpublished results that planned to enroll 60
patients). The clinical trial currently recruiting
plans to enroll 372 patients. The mean total of
participants planned for enrollment in phase 3
clinical trials was 196 (range 50–372).

The mean treatment duration was 27 weeks
(range 4–52): for cognitive enhancers the mean
treatment exposure was 43 weeks (range 24–52),
for neuropsychiatric symptoms the mean was
15 weeks (range 4–38), and the clinical trial
investigating motor symptoms had 12 weeks of
treatment exposure.

The clinical outcome measures used in phase
3 clinical trials were Mini-Mental State Exami-
nation (MMSE) and Cognitive Drug Research

Assessment System (COGDRAS) for cognition;
Neuropsychiatric Inventory (NPI-12) for neu-
ropsychiatric symptoms, Alzheimer’s Disease
Cooperative Study: Clinical Global Impression
of Change (ADCS-CGIC) for clinical global
change, and Unified Parkinson’s Disease Rating
Scale (UPDRS) part III total score for motor
symptoms.

One clinical trial included fluorodeoxyglu-
cose (FDG) positron emission tomography (PET)
as an outcome measure, and none of the phase
3 clinical trials used biomarkers as inclusion
criteria (Table 3).

Phase 2

We found 31 phase 2 clinical trials: 23 (74.2%)
symptomatic and 8 (25.8%) DMTs (Table 4).

Fig. 2 Evolution of clinical trials for DLB, showing all the agents investigated in DLB clinical trials from 2002 to 2022.
Each color represents one clinical trial
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Table 3 Biomarkers use in clinical trials

Biomarkers use Clinical trial phase

Total Phase 3 Phase 2 Phase 1

Inclusion criteria DaTSCAN 5 4 1

MIBG 2 2

PSG 3 3

Stratification Plasma Ab42/40 ratio 1 1

CSF AD biomarkers 1 1

Genetic testing for APOE 1 1

Genetic testing for GBA 1 1

Outcome measure Plasma HVA and DOPAC 2 2

Plasma AD biomarkers 3 2 1

Plasma Ab42/40 ratio 1 1

Plasma a-synuclein 3 2 1

Serum ATP 1 1

CSF HVA 2 2

CSF DOPAC 1 1

CSF AD biomarkers 2 1 1

CSF a-synuclein 3 2 1

CSF cGMP 2 1 1

CSF NSE, S100B, phosphorylated

neurofilaments and TREM-2

1 1

Amyloid PET 1 1

EEG or qEEG 3 3

PSG or videoPSG 2 2

DaTSCAN 2 2

MIBG 1 1

FDG-PET 2 1 1

MRI volumetry 2 1 1

MRI spectroscopy 1 1

Digital biomarkers 5 5

DaTSCAN Dopamine transporter single photon emission computerized tomography, MIBG iodine-123 metaiodobenzylguanidine

myocardial scintigraphy, PSG polysomnography, Ab amyloid-b, AD Alzheimer’s disease, APOE apolipoprotein E, GBA glucosylceramidase

b, HVA homovanillic acid, DOPAC 3,4-Dihydroxyphenylacetic acid, ATP adenosine triphosphate, cGMP cyclic guanosine monophos-

phate, NSE neuron-specific enolase, S100B S100 calcium-binding protein B, TREM-2 triggering receptor expressed on myeloid cells 2,

EEG electroencephalogram, qEEG quantitative electroencephalogram, PET positron emission tomography, FDG-PET fluodeoxiglucose

positron emission tomography, MRI magnetic resonance imaging
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There were 12 (38.7%) clinical trials for cog-
nitive enhancers, 4 (12.9%) for neuropsychiatric
and behavioral symptoms, 4 (12.9%) for motor
symptoms, and 3 (9.7%) for sleep disturbances
and RBD. All DMTs investigated were small
molecules.

CADRO mechanisms of both symptomatic
and DMT clinical trials included neurotrans-
mitter receptors (19; 61.3%), synaptic plasticity
and neuroprotection (4; 12.9%), proteostasis
and proteinopathies (4; 12.9%), multi-target (1;
3.2%), growth factor and hormones (1; 3.2%),
oxidative stress (1; 3.2%), and 1 unknown target
(1; 3.2%). Sixteen (51.6%) agents in phase 2
clinical trials were repurposed.

Most clinical trials included participants in
mild to moderate dementia (19; 61.3%), fol-
lowed by all dementia stages (6; 19.4%), pro-
dromal and mild dementia stage (2; 6.5%), and
prodromal/mild cognitive impairment stage (1;
3.2%). Three (9.7%) clinical trials did not pro-
vide this information.

Regarding clinical trial status, we found 15
(48.4%) completed, 7 (22.6%) recruiting, 3
(9.7%) withdrawn, 2 (6.5%) not recruiting, 2
(6.5%) pending status, 1 (3.2%) terminated, and
1 (3.2%) active not recruiting.

The agents investigated in the 8 active clin-
ical trials are: CT1812 (r-2 receptor modulator),
vodobatinib (tyrosine kinase inhibitor), nilo-
tinib (tyrosine kinase inhibitor), fosgonimeton
(activates signaling via the hepatocyte growth
factor (HGF)), ambroxol (increases lysosomal
fraction and the enzymatic activity of gluco-
cerebrosidase), NYX-458 (NMDA receptor mod-
ulator), ondansetron (selective antagonist of
serotonin 5-HT3 receptors), and CST-103/CST-
107 (CST-103: b-2 adrenoceptor agonist/CST-
107: b blocker with minimal brain penetration).

A total of 1897 participants were enrolled in
completed clinical trials (one clinical trial had
missing information about the number of
enrolled participants; their planned enrollment
was 50 participants). Three participants were
enrolled in a clinical trial that was terminated
due to low subject recruitment and enrollment.
Clinical trials currently recruiting plan to enroll
878 participants. The mean total of participants
planned for enrollment in phase 2 clinical trials
was 94 (range 20–340), with a mean duration of

treatment exposure of 18 weeks (1 missing
value) (range 4–92 weeks). For symptomatic
treatment, the mean treatment exposure was
12 weeks (range 4–24, 1 missing value) with an
average of 101 participants planned for enroll-
ment, and for DMTs exposure was 36 weeks
(range 12–92) with an average of 77 participants
planned for enrollment.

The clinical measures used as primary out-
comes in phase 2 clinical trials for evaluating
cognition were Montreal Cognitive Assessment
(MoCA), MMSE, Frontal Assessment Battery
(FAB), Hasegawa Dementia Rating Scale, nega-
tive emotional bias in the Facial Expression
Recognition Task (FERT), Trail Making Test
(TMT), and the following composite scores: a
study-specific neuropsychological test battery
(NTB) that included assessment of attention,
executive function, and visual learning; the
continuity of attention (CoA) composite score
of the Cognitive Drug Research Computerized
Cognition Battery (CDR-CCB); and the Global
Statistical Test (GTS) that combines scores from
the Alzheimer’s Disease Assessment Scale-Cog-
nitive Subscale (ADAS-Cog13) and change in
event-related potential (ERP) P300 latency.
UPDRS part II, III and IV were used for motor
symptoms; Clinician’s Interview-Based Impres-
sion of Change Plus caregiver input (CIBIC-
Plus), Clinical Global Impression (CGI), and
ADCS-CGIC were used for identifying clinical
change; Geriatric Depression Scale and NPI were
used for neuropsychiatric symptoms, the Japa-
nese version of the Zarit Burden Interview (J-
ZBI) for caregiver burden; the Clinical Dementia
Rating Scale Sum of Boxes (CDR-SB) for daily
function, and the Dementia Cognitive Fluctua-
tion Scale (DCFS) was used for cognitive
fluctuations.

Nine phase 2 clinical trials used the follow-
ing biomarkers for inclusion criteria: Dopamine
Transporter Single Photon Emission Computed
Tomography (DaTSCAN), 123iodine-myocardial
scintigraphy (MIBG), polysomnography (PSG);
whereas plasma Ab42/40 ratio, cerebrospinal
fluid (CSF) AD biomarkers, and genetic testing
for Apolipoprotein E (APOE) and glucosylce-
ramidase b (GBA) were used for stratification.
Fifteen clinical trials included biomarkers as an
outcome measure: plasma, CSF, amyloid PET

Neurol Ther



neuroimaging, electroencephalogram (EEG),
quantitative EEG (qEEG), PSG, video-PSG,
MIBG, DaTSCAN, Magnetic Resonance Imaging
(MRI), and digital biomarkers (actigraphy, Lilly
trial App, Electronic Walkway Assessment, Mini
Balance Evaluation Systems Test -Mini-BESTest-,
and a digital wearable device called BioStamp)
(Table 3).

Phase 1

We found 2 clinical trials in phase 1 investi-
gating small molecules for DMT, which are not
yet recruiting. One is investigating a CADRO
mechanism classified as metabolism and
bioenergetics, and the other one is testing a
drug that targets proteostasis and pro-
teinopathies. Both agents are repurposed: tera-
zosin (a-1 adrenergic receptor blockers) and
ambroxol (increases lysosomal fraction and the
enzymatic activity of glucocerebrosidase)
(Table 5).

These 2 clinical trials plan to enroll a total of
55 participants in mild to moderate dementia
stages, and the mean total exposure will be
34 weeks (15 and 52 weeks).

MMSE for evaluating cognition will be used
as the primary outcome measure in one clinical
trial. Both phase 1 clinical trials will use
biomarkers as outcomes: brain ATP measured by
MRI spectroscopy, FDG-PET, serum ATP levels,
CSF, plasma, global and regional MRI atrophy
measures. One of these clinical trials requires
DaTSCAN for inclusion (Table 3).

Trials Participants

Detailed information about treatment exposure,
number of subjects, and their contribution in
person weeks in DLB clinical trials is presented
in Supplementary Table 1. Completed clinical
trials have recruited a total of 2867 participants
(planned enrollment was 2539 patients). The
average of DLB patients enrolled per completed
clinical trials was 137 (2 clinical trials with
missing data: 1 phase 2 clinical trial planned to
enroll 50 participants, and 1 phase 3 clinical
trial planned to enroll 60 participants). The

T
ab
le

5
A
ge
nt
s
in

on
go
in
g
ph
as
e
1
cl
in
ic
al
tr
ia
ls
fo
r
de
m
en
ti
a
w
it
h
L
ew

y
bo
di
es

A
ge
nt

C
A
D
R
O

M
ec
ha
ni
sm

of
ac
ti
on

T
he
ra
pe
ut
ic

pu
rp
os
e

St
at
us

R
eg
is
tr
y

so
ur
ce

R
eg
is
tr
y

nu
m
be
r

St
ar
t
da
te

E
nd

da
te

a

T
er
az
os
in

M
et
ab
ol
is
m

an
d

bi
oe
ne
rg
et
ic
s

a
-1

ad
re
ne
rg
ic
re
ce
pt
or

bl
oc
ke
rs

D
M
T

N
ot

ye
t

re
cr
ui
ti
ng

C
T
.g
ov

an
d

IC
T
PR

N
C
T
04
76
08
60

O
ct
ob
er

20
21

O
ct
ob
er

20
22

A
m
br
ox
ol

Pr
ot
eo
st
as
is
/

pr
ot
ei
no
pa
th
ie
s

In
cr
ea
se
s
ly
so
so
m
al
fr
ac
ti
on

an
d
th
e

en
zy
m
at
ic
ac
ti
vi
ty

of
gl
uc
oc
er
eb
ro
si
da
se

D
M
T

N
ot

ye
t

re
cr
ui
ti
ng

C
T
.g
ov

an
d

IC
T
PR

N
C
T
04
40
55
96

N
ov
em

be
r

20
23

N
ov
em

be
r

20
25

a E
nd

da
te
:
ac
tu
al
en
d
da
te

or
st
ud
y
co
m
pl
et
io
n
da
te

D
M
T
di
se
as
e-
m
od
ify
in
g
tr
ea
tm

en
t

Neurol Ther



mean duration of treatment exposure was
16 weeks (range 4–52) (Supplementary Table 1).

There are 9 (22.5%) ongoing clinical trials (8
recruiting and 1 active, not recruiting), that
plan to enroll 1290 participants. Most of these
trials are phase 2 (8, 88.9%).

Mild to moderate dementia was the most
common disease stage of participants among all
clinical trials (24; 60%), active (5; 55.6%),
completed (16; 76.2%), symptomatic (16;
53.3%) and DMT (8; 80%) (Supplementary
Table 2). Twenty-one (52.5%) clinical trials
included DLB patients only, whereas the rest
included DLB plus the following diagnostic
groups: PD, PD dementia (PDD), RBD, multiple
system atrophy (MSA), AD, vascular dementia,
frontotemporal dementia (FTD), Huntington’s
disease (HD), all causes of dementia and mild
cognitive impairment (Supplementary table 3).
Most of the 9 active clinical trials include DLB
patients only (4; 44.4%), followed by DLB or

PDD (3; 33.3%), DLB or PD (1; 11.1%) and DLB,
PDD, PD associated with RBD, or mild cognitive
impairment patients (1; 11.1%).

Global Distribution and Sponsorship

Most clinical trials have been conducted in 1
continent (33; 82.5%): 16 (40%) in North
America, 13 (32.5%) in Asia, and 4 (10%) in
Europe (Table 6). The same is true for completed
and active clinical trials. Seventy-six percent
(n = 16) of completed clinical trials have been
conducted in 1 continent (Asia, Europe, or
North America), 14.3% (n = 3) have been con-
ducted in 2 continents (Europe and North
America, or North America and Latin America),
and 9.5% (n = 2) have been conducted in 3
continents (Asia, Europe, and North America;
and Europe, North America, and Latin Amer-
ica). Active clinical trials are being conducted in

Table 6 Global distribution of clinical trials

Number of continents Total
n (%)

Recruitment status Therapeutic purpose

Active
n (%)

Completed
n (%)

Othera

n (%)
Symptomatic
n (%)

DMTs
n (%)

1 continent 33

(82.5%)

7 (77.8%) 16 (76.2%) 10

(100%)

24 (80%) 9 (90%)

Asia 13

(32.5%)

0 8 (38.1%) 5 (50%) 12 1 (10%)

Europe 4 (10%) 2 (22.2%) 2 (9.5%) 0 3 1 (10%)

North America 16 (40%) 5 (55.6) 6 (28.6%) 5 (50%) 9 7 (70%)

2 continents 5 (12.5%) 2 (22.2%) 3 (14.3%) 0 4 (13.3%) 1 (10%)

Europe and North America 2 0 2 1 1

Europe and Oceania 2 2 1 2

North America and Latin America 1 0 0 1

3 continents 2 (5%) 0 2 (9.5%) 0 2 (6.7%) 0

Asia, Europe and North America 1 (2.5%) 1 (4.75%) 1 (3.4%)

Europe, North America and Latin

America

1 (2.5%) 1 (4.75%) 1 (3.3%)

aOther withdrawn: 3 phase 2, not yet recruiting: 2 phase 1, not recruiting: 2 phase 2, missing data: 2 phase 2, terminated 1
phase 2
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1 continent (7, 77,8%): Europe or America; or 2
continents (2, 22.2%): Europe and Oceania
(Table 6). We did not find clinical trials per-
formed in Africa or the Middle East.

Academic centers sponsored 52.5% (n = 21)
of all clinical trials in DLB, biopharma industry
sponsored 42.5% (n = 17), and public–private
partnerships sponsored 5% (n = 2). Active clin-
ical trials are being sponsored by academic
centers (5; 55.6%), biopharma industry (3,
33.3%), and public private partnerships (1,
11.1%). Likewise, most clinical trials testing
repurposed agents are conducted by academic
centers. With regards to therapeutic purpose,
half of the symptomatic treatment were spon-
sored by biopharma industry and most of the
DMTs (7; 70%) by academic centers (Table 7).

DISCUSSION

Up to September 2022 and with no time
restriction, we found just 40 clinical trials for
both symptomatic and DMTs in DLB, investi-
gating 25 agents: 7 in phase 3, 31 in phase 2,
and 2 in phase 1. More than half of these clin-
ical trials have been completed with 9 remain-
ing active: 8 (25.8%) in phase 2 (5 small
molecule DMTs and 3 symptomatic treat-
ments), and 1 in phase 3. While the symp-
tomatic treatments are the focus of most trials
in DLB, representing all phase 3 and 74.2% of
phase 2 trials, there is increasing interest in
DMTs with 55.5% (n = 5) of current clinical
trials testing agents of this type.

Two of the five DMTs currently under
investigation in phase 2 trials are anticancer
treatments that inhibit tyrosine kinases:

vodobatinib (K0706) and nilotinib. Tyrosine
kinase inhibitors promote autophagy of neuro-
toxic proteins, such as a-synuclein, amyloid-b
protein, and phosphorylated tau [16]. Vodoba-
tinib showed good tolerability with no serious
adverse events in a phase 1 trial for PD [17].
Nilotinib is approved by the FDA for treatment
of chronic myeloid leukemia, but has failed to
demonstrate benefit in phase 2 trials in PD,
PDD, and AD [11]. Bosutinib, another tyrosine
kinase inhibitor approved for chronic myeloid
leukemia, was associated with less worsening in
CDR-SB and Repeatable Battery for the Assess-
ment of Neuropsychological Status (RBANS)
performance in an open label study with 15 AD
and 16 PDD patients after 1 year of treatment
[18]. A phase 2 clinical trial was recently com-
pleted in DLB showing adequate safety and
tolerability, reduction of CSF a-synuclein and
dopamine catabolism, and functional improve-
ment in activities of daily living [19].

The remaining DMTs under investigation
are: CT1812, AHT-1017 (fosgonimeton), and
ambroxol. CT1812 targets r-2 receptors
inhibiting a-synuclein and amyloid-b oligo-
mers-induced toxicity, while also regulating
autophagy, intracellular lipid vesicle trafficking,
and cholesterol metabolism processes often
impaired in synucleinopathies [11, 20]. AHT-
1017 (fosgonimeton) has been tested in a phase
1 clinical trial with healthy participants and AD
patients [21], with the phase 2 trial in DLB
ongoing. AHT-1017 activates HGF signaling
implicated in regeneration of hepatocytes in
liver injury, and seems to promote angiogene-
sis, increase brain-derived neurotrophic factor,
and decrease oxidative stress [22]. Finally,
ambroxol, a secretolytic agent that increases

Table 7 Sponsorship of clinical trials

Number of continents Total
n (%)

Recruitment status Therapeutic purpose Repurposed
n (%)Active

n (%)
Completed
n (%)

Other
n (%)

Symptomatic
n (%)

DMTs
n (%)

Academic centers 21 (52.5%) 5 (55.6%) 8 (38.1%) 8 (80%) 14 (46.7%) 7 (70%) 19 (76%)

Biopharma industry 17 (42.5%) 3 (33.3%) 13 (61.9%) 1 (10%) 15 (50%) 2 (20%) 5 (20%)

Public–private partnership 2 (5%) 1 (11.1%) 0 1 (10%) 1 (3.3%) 1 (10%) 1 (4%)
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glucocerebrosidase activity and lysosomal
function, decreases a-synuclein levels, and
improves autophagy [23], is currently being
tested in both a multi-center phase 2 trial and a
single-center phase 1/2 trial.

All 4 active clinical trials investigating
symptomatic treatments target neurotransmit-
ter receptors, 3 are cognitive enhancers (CST-
103/CST-107, NYX-458 and memantine) and 1
targets hallucinations (ondansetron). CST-103
is a b-2 adrenoceptor agonist co-administered
with CST-107, a b blocker with minimal brain
penetration and intended to block peripheral
side effects. NYX-458 is an NMDA receptor
modulator being studied in a multi-center
phase 2 clinical trial to evaluate safety and tol-
erability over 12 weeks of treatment. Meman-
tine is a NMDA receptor antagonist approved
for symptomatic treatment in AD that has been
investigated in 2 multi-center phase 2 clinical
trials. One of these studies showed greater
improvement (vs. placebo) in global clinical
status and neuropsychiatric symptoms in the
DLB group treated with memantine for
24 weeks, while the other study found a global
clinical change only in PDD but not in DLB
patients after 24 weeks of treatment [24, 25].
Currently, memantine is being investigated in a
multi-center phase 3 clinical trial to determine
if improvement is seen after 52 weeks of treat-
ment when used in conjunction with acetyl-
cholinesterase inhibitors. Lastly, ondansetron is
a selective agonist of the 5-HT3 serotonin
receptor, currently being studied in a phase 2
trial of patients with DLB and PD for the treat-
ment of hallucinations over 12 weeks.

Twenty-one (52.5%) clinical trials have been
completed, mostly in phase 2 (15, 71.4%). The
remaining completed clinical trials were phase 3
and, to date, only donepezil and zonisamide
have received approval in Japan for treating
cognition and parkinsonism in DLB,
respectively.

A few limitations were evident in the land-
scape of clinical trials for DLB. In contrast with
PD and AD where novel therapies dominate
clinical trials [12, 13], most of the clinical trials
in DLB investigate repurposed agents and there
are very few agents in Phase 1 trials [14]. This is
largely because drugs are often developed

initially for AD or PD and later directed towards
DLB. We found that most DLB clinical trials,
and in particular the repurposing of agents,
were sponsored by academic centers, likely
related to complexities around IP within the
biopharma industry [12, 26].

As noted in previous reviews, most of the
clinical outcome measures used for primary
endpoints in DLB clinical trials are not disease-
specific nor validated in this population [27],
with most of them designed for AD or PD. We
identified four instruments for assessing clinical
outcome measures specific for DLB: the
Dementia Cognitive Fluctuation Scale (DCFS)
evaluating cognitive fluctuations to distinguish
Lewy body dementias from AD and vascular
dementia [28] used in the CST-103/CST-107
trial and various composite scores used in clin-
ical trials of neflamapimod, ATH-1017 (fosgo-
nimeton), and mevidalen. The composite scores
were different across trials and included mea-
sures designed to capture attention, executive
function, and visual learning impairments
specific to DLB [29, 30].

Most clinical trials identified in this review
included DLB patients in mild to moderate
dementia stages (24; 60%), but a recent shift
towards inclusion of patients at earlier disease
stages was evident, with 2 currently active trials
including patients with prodromal DLB for the
first time. Earlier diagnosis of DLB will allow
increased representation of these patients in
clinical trials to identify treatments that slow
disease progression at an early stage. Advances
in the recognition of RBD as a prodromal pre-
sentation of DLB (in addition to PD and MSA),
as well as the recent publication of the research
criteria for prodromal DLB [31], should help to
improve our ability to identify prodromal DLB
for trials. Biomarkers are also important in
facilitating the earlier diagnosis of DLB for
inclusion in clinical trials, while also improving
diagnostic sensitivity and excluding partici-
pants without Lewy-type pathology.

More than half of DLB clinical trials have
used biomarkers, more often for outcome mea-
sures than to support patient selection. There is
growing recognition of the heterogenous neu-
ropathological footprint in DLB, with co-
pathology present in most patients, and the use
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of biomarkers as inclusion criteria is likely to be
of increasing relevance [32]. Selection of par-
ticipants based on biomarkers may be particu-
larly beneficial for DMTs aim to target specific
neuropathologies. Indeed, while many clinical
trials included diagnostic groups in addition to
DLB (usually PDD), reflecting the overlap of
DLB symptomatology with other neurodegen-
erative diseases, as well as some of the chal-
lenges in accurate diagnosis of DLB [33], this
was less common in DMTs, with 80% including
DLB patients only.

Master protocols may be one means of
improving clinical trials for patients with DLB.
Master protocols are a type of clinical trial
design that use a single protocol to test multiple
therapies (separately or in combination), and/or
multiple diseases in parallel. They are classified
as basket, umbrella, and platform trials [34].
Active clinical trials plan to enroll 1290 partic-
ipants and challenges in clinical trial recruit-
ment could be overcome with the
implementation of adaptive methodologies
that allow pre-specified modifications to clinical
trial protocols during the data collection period
[35]. These modifications may include: sample
size re-estimation, changes to eligibility criteria,
endpoints, dosage, or patient allocation, as well
as the addition or termination of treatment
arms [36]. We did not identify use of master
protocols or adaptive methodologies in current
clinical trials in DLB. These innovative designs
have been implemented in other neurodegen-
erative diseases like AD and PD, so lessons
learned from these clinical trials could be
adapted to drug development in DLB [37].

Other challenges in DLB drug development
are the inclusion of more diverse populations
and an increase of global representation. Only
5% of DLB clinical trials have been conducted
in multiregional programs involving 3 conti-
nents: Asia, Europe, North America, and Latin
America. Only 2 completed clinical trials
included DLB patients in a South American site,
and we did not find DLB clinical trials con-
ducted in Africa or the Middle East. These
results highlight the importance of global col-
laborations, data-sharing platforms, and part-
nerships between academic centers, patient
advocacy groups, pharmaceutical companies,

and government institutions as potential
strategies to fill these gaps [38–40].

CONCLUSIONS

In this systematic review, we expanded the
information provided by recent publications
investigating drug development in DLB
[8, 10, 11], using a methodology adapted from
AD and PD clinical trial reviews [12, 13]. We
have updated the DLB drug development pipe-
line, analyzed recruitment status, the disease
stage and diagnostic groups included in clinical
trials, number of trials participants and treat-
ment exposure, use of repurposed agents per
clinical trial phase, description of outcome
measures for primary endpoints, use of
biomarkers for inclusion and/or outcome mea-
sures, sponsorship, and global distribution. To
this end, we used three international registries,
but we acknowledge that there are additional
worldwide registries. Similarly, there may be
clinical trials that precede the availability of
ClinicalTrials.gov, EudraCT, and ICTPR, for
example, two clinical trials of Rivastigmine
published in 2000 [41, 42]. Therefore, some
clinical trials may have not been included in
this review.

In summary, drug development in DLB pre-
sents an active pipeline. To accelerate DLB drug
development there is a need for more clinical
trials, increased diagnosis at earlier stages of the
disease, and disease-specific outcome measures
and biomarkers, as well as augmenting global
representation and including more diverse
populations.
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