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Abstract
Lewy body dementia (LBD) is one of the most common neurodegenerative dementias. Clinical trials for symptomatic and 
disease-modifying therapies in LBD remain a national research priority, but there are many challenges in both past and active 
drug developments in LBD. This review highlights the controversies in picking the appropriate populations, interventions, 
target selections, and outcome measures, which are all critical components of clinical trial implementation in LBD. The 
heterogeneity of LBD neuropathology and clinical presentations, limited understanding of core features such as cognitive 
fluctuations, and lack of validated LBD-specific outcome measures and biomarkers represent some of the major challenges 
in LBD trials.

Keywords Lewy body dementia [MeSH term] · Dementia with Lewy bodies · Parkinson disease dementia · Drug therapy 
[MeSH term] · Treatment · Clinical trial as topic [MeSH term]

Introduction

Lewy body dementia (LBD) is the 2nd most common neuro-
degenerative dementia in the USA and is categorized as both 
an Alzheimer disease (AD)–related dementia (ADRD) and 
an atypical parkinsonism. It affects an estimated number of 
1.4 million people in the USA [1]. This figure likely under-
estimates the true burden of disease due to misdiagnosis 
or lack of recognition in the earliest disease stages [1, 2], 
though public awareness may be increasing, given celebrity 
diagnoses. Dementia with Lewy bodies (DLB) and Parkin-
son disease dementia (PDD) are the two clinically diagnosed 
diseases under the LBD umbrella. The temporal sequence 
of cognitive and motor symptoms guides the differential 
diagnosis of DLB versus PDD. Dementia develops before 
or within 1 year of onset of motor symptoms in DLB, versus 
within the context of established PD in PDD [3].

Clinical care in individuals with LBD is challenging due 
to complex motor, cognitive, behavioral, and autonomic 
symptoms. LBD is associated with poorer prognosis in 

mortality and nursing home placement, significant impact 
on patient quality of life, and higher caregiver burden and 
healthcare costs, compared to individuals with AD demen-
tia [4]. Despite this, there is a critical lack of symptomatic 
and disease-modifying therapy in LBD. Clinical trials and 
drug development are top research priorities [5, 6], but many 
controversies and challenges remain in trial development 
and implementation for the LBD population. In this review, 
we first provide a brief background on LBD, followed by a 
discussion on the controversies and challenges relating to 
drug development.

Pathophysiology

The pathologic hallmark in LBD is the presence of 
α-synuclein–positive Lewy bodies and neurites in corti-
cal, limbic, and brainstem regions [7, 8]. Aggregation of 
α-synuclein interferes with axonal transport, neuronal excit-
ability, and synaptic transmission, leading to neurotransmit-
ter deprivation and neuronal death [9, 10]. There is increas-
ing evidence that prefibrillar oligomers are toxic, potentially 
impairing protein degradation, damaging mitochondria and 
endoplasmic reticulum, and/or increasing pro-inflammatory 
response [11]. However, this hypothesis remains contentious 
as some researchers continue to question the pathogenic-
ity of protein aggregation as the causality of disease [12]. 
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Similarly, whether α-synuclein oligomers or fibrils are more 
toxic is a subject of debate [13].

In addition to α-synuclein, co-occurring AD-associated 
amyloid (Aβ) plaques and tau neurofibrillary tangles (NFTs) 
may occur in both DLB and PDD. While some studies show 
high cortical Lewy body burden to be the key predictor of 
dementia in DLB, others show AD co-pathology as the 
more important factor [14–16]. There is ongoing debate 
whether there may be a synergistic relationship or poten-
tiation between AD-related pathologies and α-synuclein in 
LBD [15, 16]. As discussed in later sections, the pathologi-
cal overlap contributes to the heterogeneity in LBD pheno-
type and clinical responses poses a major challenge in drug 
development for LBD populations.

Clinical Features and Diagnosis

DLB and PDD are clinically diagnosed syndromes based on 
individuals’ histories and physical examinations and thus are 
distinct from the postmortem pathologic diagnosis of Lewy 
body disease. There are multiple forms of Lewy body dis-
ease determined by varying degrees of Lewy body burden, 
from brainstem predominant, transitional (limbic), to diffuse 
(neocortical) forms [17, 18]. Even in active and upcoming 
clinical trials on clinicaltrials.gov, however, the term “Lewy 
body disease” is misused as a condition for which partici-
pants are recruited (e.g., NCT04148391, NCT04764669, 
NCT04389437).

DLB and PDD share many overlapping clinical features, 
including dementia, rapid eye movement (REM) sleep 
behavior disorder (RBD), cognitive fluctuations, and visual 
hallucinations. Parkinsonism is commonly seen in both, but 
it is not a required feature of DLB. There is not one defining 
feature that definitively distinguishes DLB from PDD [1, 3, 
19]. Currently, the operational separation between DLB and 
PDD is based on the “one-year rule” in relation to the chro-
nicity of motor and cognitive symptoms. In DLB, dementia 
typically occurs early on, whereby the diagnosis is made if 
dementia appears before or within 1 year of parkinsonism 
[20]. In PDD, the diagnosis is made if dementia develops in 
the context of established PD [21]. However, these diagnos-
tic distinctions were questioned in the PD criteria published 
by the International Parkinson and Movement Disorder 
Society (MDS) in 2015, where dementia was removed as 
an exclusion criterion for the diagnosis of PD [22]. Based 
on these new criteria, individuals with PD with cognitive 
impairment can be categorized as “PD, dementia with Lewy 
bodies subtype” [22], implicating the phenotypic overlap 
(clinically and pathologically) between PDD and DLB.

There remains substantial debate regarding this categori-
zation [23–25], however, and the most recent DLB criteria 
published in 2017 maintain DLB as a distinct clinical diag-
nosis [20]. Proponents of maintaining DLB as a separate 

entity argue that DLB has (1) distinguishing clinical (e.g., 
cognitive profile, degree of parkinsonism, natural history), 
genetic, and morphological/pathological (e.g., amyloid and 
α-synuclein burden) differences from PDD and (2) poten-
tially different prodromal subtypes (e.g., mild cognitive 
impairment (MCI), delirium, or psychiatric onset). They also 
argue that DLB should be kept distinct for driving research 
and educating patients, caregivers, and the lay community 
[23, 25]. Meanwhile, proponents of “abolishing the 1-year 
rule” argue that there is increased understanding of similari-
ties among α-synucleinopathies, further supporting signifi-
cant overlapping clinical, genetic, and pathologic features 
between DLB and PDD [22, 24]. There are well-reasoned 
arguments from both sides, and this debate regarding the 
separation of DLB and PDD further underscores current 
challenges in LBD trials and drug development.

In the following sections, we highlight the ongoing chal-
lenges facing LBD trials and drug development in relation to 
selecting the appropriate population, intervention, and out-
come measures. We will also review additional challenges 
specifically related to trial design in LBD.

Picking the Appropriate Population for LBD 
Trials

When designing an LBD clinical trial, the first decision is 
whether to combine DLB and PDD or to keep them sepa-
rate. Combining DLB and PDD is appealing, given their 
clinical-pathological overlap and to enhance clinical trial 
recruitment. The PRESENCE study of LY3154207, a D1 
receptor modulator (NCT03305809), recently took the 
approach of combining DLB and PDD populations (results 
not yet published). However, a study of memantine that com-
bined individuals with DLB and PDD (and was powered for 
both subgroups) found differences when comparing DLB 
versus PDD participants (i.e., greater improvements with 
memantine on the AD Cooperative Study–clinical global 
impression of change (ADCS-CGIC) and NPI scores in the 
DLB group compared to PDD) [26]. Similarly, a systematic 
review and meta-analysis of potential LBD therapies found 
different outcomes when comparing diagnoses (e.g., greater 
benefit of donepezil in DLB versus PDD, benefit of quetia-
pine for psychiatric symptoms among some patients with 
DLB but not PDD, and greater benefit of levodopa on motor 
function in PDD compared to DLB) [27].

In addition to different treatment responses, which could 
blunt a study’s ability to detect change in response to symp-
tomatic treatments, a recent study found that optimal out-
comes for disease-modifying trials would be different for 
DLB versus PDD. In this retrospective study using clinically 
diagnosed PDD and pathologically diagnosed DLB (78% 
meeting DLB criteria in life), power analyses suggested that 
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clinical trials of potential disease-modifying agents should 
use memory and language outcomes in DLB and executive 
and visuospatial outcomes in PDD for optimal sensitivity 
to change over time [28]. Memory and language outcomes 
were preferred in DLB even when adjusting for a degree 
of AD co-pathology. It would thus be difficult to pick an 
optimal outcome measure if combining populations. Addi-
tionally, combining populations required a higher sample 
size across all outcomes [28]. Running simultaneous clinical 
trials with different primary outcomes for each diagnostic 
group (DLB versus PDD) is a possibility but would require 
individual sample size calculations and enrollment targets.

In addition to the critical decision of whether to combine 
or separate DLB and PDD populations, trial designers must 
decide how to define the included LBD populations. For 
DLB, most trials have used the 2005 consensus criteria [29] 
or DSM-5 (Table 1) and did not always specify possible 
versus probable DLB [30]. Most studies enrolling PDD have 
used DSM-IV-TR criteria [31, 32], not the 2007 PDD crite-
ria by the Movement Disorder Society Task Force [21, 30, 
33] (Table 1). DSM criteria for PDD have lower-sensitivity, 
higher rates of false-positive diagnoses in those with more 
severe psychiatric complications and may potentially bias 
towards individuals with amnestic memory impairment (e.g., 
AD co-pathology) [31, 34]. All of these factors may affect 
the ability to detect treatment response and/or meaningful 
change in outcome measures.

Furthermore, many trials have inclusion criteria based 
on assessments of cognitive impairment severity using 
the Mini-Mental State Examination (MMSE), Montreal 
Cognitive Assessment (MoCA), Clinical Global Impression-
Severity (CGI-S), or Clinical Dementia Rating® (CDR) 
scores. However, some of these scales, especially the 
MMSE, have low sensitivity and may not be appropriate 
screening tools for identifying cognitive impairment 

suggestive of LBD or associated severity [33]. The CDR 
was designed for individuals with amnestic presentations 
and may not perform as well in LBD populations.

Trial designers must also decide whether to enroll prodro-
mal or MCI populations. Reliable recognition of prodromal 
or MCI state is particularly relevant for drug development, as 
it could enable early intervention before pathologic burden 
and clinical symptoms progress. A MDS task force pub-
lished criteria for diagnosing PD-MCI in 2012 [35], which 
evaluated predictive validity for level I PD-MCI [36] and, 
previously, for level II PD-MCI [37]. However, questions 
regarding optimal use remain, including whether to use level 
I or level II assessments, what neuropsychological tests to 
perform, and what cutoffs to use [38–40].

In 2020, the first formal research criteria were published 
for diagnosing the prodromal MCI stage of DLB, referred 
to as MCI with Lewy bodies (MCI-LB) [41]. While MCI 
is well described in AD and PD, identification of MCI-LB 
was previously lacking. MCI-LB criteria are based on MCI 
criteria established by the National Institute on Aging and 
Alzheimer’s Association combined with the symptoms and 
biomarkers used in the DLB criteria [20]. These criteria 
largely reflect the DLB core clinical and supportive features 
but with slight modifications related to cognitive function. 
Essential for MCI-LB diagnosis include (1) concern for 
cognitive decline by patient, caregiver, or clinician; (2) 
objective cognitive impairment in ≥ 1 domain (typically 
associated with attention/executive and/or visual processing 
deficits); and (3) preserved daily function [41]. Cognitive 
impairment in MCI-LB can be further categorized as single 
or multiple domain, and amnestic or non-amnestic. However, 
the research criteria require validation. Additionally, cross-
sectional and longitudinal studies are needed to characterize 
the MCI-LB patient group for trials, e.g., incidence/

Table 1  Diagnostic criteria used to diagnose Lewy body spectrum cognitive disorders in clinical trials

MDS International Parkinson and Movement Disorder Society, DSM Diagnostic and Statistical Manual of Mental Disorders

Diagnosis Diagnostic criteria Levels Reference

Parkinson disease dementia (PDD) 2007 MDS Task Force Probable/possible [21]
Major Neurocognitive Disorder due to PD (DSM-5) Probable/possible [94]

Dementia with Lewy bodies (DLB) DLB Consortium 1st Consensus Criteria (1996) Probable/possible [95]
DLB Consortium 3rd Consensus Criteria (2005) Probable/possible [29]
DLB Consortium 4th Consensus Criteria (2017) Probable/possible [20]
Major Neurocognitive Disorder With Lewy Bodies 

(DSM-5)
Probable/possible [94]

Parkinson disease–mild cognitive impairment (PD-
MCI)

MDS Task Force PD-MCI criteria (2012) Level I/level II [35]
Mild Neurocognitive Disorder due to PD (DSM-5) Probable/possible [94]

Mild cognitive impairment–Lewy body (MCI-LB) DLB Consortium proposed research criteria (2020) Probable/possible [41]
Mild Neurocognitive Disorder with Lewy Bodies 

(DSM-5)
Probable/possible [94]
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prevalence, clinical phenotypes, associated biomarkers, and 
progression.

Another point of debate in defining LBD trial study pop-
ulations is how to account for AD co-pathology. There is 
growing evidence that in both DLB and PDD, disease pro-
gression and cognitive decline are a function of concurrent 
α-synuclein–induced neurodegeneration and AD pathologies 
(Aβ plaque burden and tau) [16, 42]. Approximately 50% of 
all individuals with LBD have secondary neuropathologic 
diagnosis of AD at autopsy [43]. The presence of AD pathol-
ogy likely influences the success of symptomatic therapies, 
which may account for different treatment responses noted in 
DLB and PDD groups [44]. APOE e4 carrier status can also 
affect the degree of cognitive impairment in LBD [45]. Thus, 
AD pathologies may act synergistically with α-synuclein 
pathology to confer a worse prognosis [46]. Because of the 
frequency of AD co-pathology in individuals with LBD, 
trialists will not want to exclude individuals who are APOE 
e4 carriers or who have evidence of AD co-pathology, as 
this would negatively affect both recruitment and generaliz-
ability. However, assessing for these considerations may be 
necessary to accurately interpret study findings.

Biomarkers could potentially be helpful for stratifying 
LBD study populations in prodromal/MCI settings, to assess 
the presence or absence of AD co-pathology, or to account 
for genetic risk factors (e.g., APOE, GBA, MAPT) [45, 47, 
48]. Caution is needed when stratifying, however, to account 
for a reduction in statistical power with smaller sample 
sizes in each subgroup and/or to recruit to achieve sufficient 
participants within each subgroup. Few studies with DLB 
populations currently utilize adjunctive biomarkers. This 
is in contrast to PD trials, which often include dopamine 
transporter (DAT) scans and AD studies, where imaging and 
CSF biomarkers are frequently included. While the latest 
consensus diagnostic criteria incorporate indicative and sup-
portive imaging and electrophysiological biomarkers in DLB 
(e.g., DaTscan, 18-fluorodeoxyglucose (FDG) positron emis-
sion tomography (PET), 123iodine-metaiodobenzylguanidine 
(MIBG) myocardial scintigraphy, and electroencephalogra-
phy (EEG)), there are no established biomarkers specific 
to synuclein pathology underlying DLB [20]. This may be 
changing with recent approvals of synuclein cerebrospinal 
fluid and skin biopsy tests through the U.S. Food and Drug 
Administration (FDA) [49–51].

Brain MRI can be used to evaluate for hippocampal atro-
phy (i.e., suggestive of AD) and concurrent cerebrovascu-
lar disease, but it is less useful in aiding diagnosis of DLB 
itself. Many studies have evaluated the use of quantitative 
EEG to distinguish DLB, PDD, and AD, but more research 
is needed [52, 53]. In consideration of AD co-pathology, 
CSF measures of Aβ 1–42, tau, phosphorylated tau, and 
α-synuclein have been studied in LBD, but they are currently 
limited by inter-laboratory variability [54, 55]. Plasma and 

serum markers are also in development but not yet avail-
able for routine use. The role for Aβ PET imaging to assess 
for amyloid co-pathology in individuals with LBD is under 
investigation [48].

Whether separating or combining LBD populations (DLB 
versus PDD, dementia ± MCI), the wide range of symptomatology 
(e.g., varying severity of neuropsychiatric, cognitive, autonomic, 
and motor symptoms), clinical comorbidities (e.g., cerebrovascular 
disease, cerebral amyloid angiopathy, obstructive sleep apnea, 
other psychiatric illness), and concomitant medications further 
add to the challenges and inconsistencies across studies with 
inclusion/exclusion criteria [30, 56].

Picking the Appropriate Intervention(s) 
for LBD Trials

To date, the majority of LBD drug trials have been for symp-
tomatic treatment. Whereas rivastigmine is FDA-approved 
for use in PDD, there are currently no FDA-approved drugs 
for symptomatic treatment of DLB in the USA. Donepezil 
(Japan and Philippines) and zonisamide (Japan) are approved 
for treatment of DLB in other countries [57, 58]. Many drugs 
approved for PD and AD dementia are often used clinically 
in individuals with DLB. A comprehensive review of all 
treatment trials in PDD and DLB populations is beyond the 
scope of this article (see [59–61]), but we will briefly review 
targets tried and ongoing challenges. Table 2 summarizes 
active and upcoming LBD drug clinical trials.

For cognitive and neuropsychiatric symptoms, the pri-
mary neurotransmitters targeted include acetylcholine 
(e.g., donepezil, rivastigmine, galantamine), NMDA (e.g., 
memantine), dopamine (e.g., rasagiline, levodopa, quetia-
pine, clozapine), serotonin (e.g., pimavanserin), and nor-
epinephrine (e.g., atomoxetine) [59, 61]. There have been 
several recent failed/terminated trials targeting serotonin, 
including intepirdine (RVT101; 5-HT6 receptor antago-
nist; NCT02669433, NCT02928445, NCT02910102), and 
nelotanserin (5-HT2A inverse agonist; NCT02640729, 
NCT02871427, NCT02708186).

For parkinsonism, the mainstay is dopaminergic treat-
ments (e.g., carbidopa-levodopa). Use of dopaminergic 
medications other than levodopa is often limited in LBD 
due to exacerbation of neuropsychiatric (e.g., hallucinations) 
and/or autonomic (e.g., orthostatic hypotension) symptoms. 
In a phase 3 trial of zonisamide as adjunctive therapy to 
levodopa, the addition of zonisamide was well tolerated in 
individuals with DLB and produced motor improvement at 
12 weeks [57]. Zonisamide is presumed to work by inhibit-
ing MAO-B and is approved for DLB treatment in Japan.

For RBD, targets tried include GABA (e.g., clonaz-
epam), serotonin (e.g., nelotanserin), and melatonin (e.g., 
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ramelteon) receptors. Modafinil and armodafinil have also 
been tried for excessive daytime sleepiness (CNS stimulant 
possibly by increasing dopamine in the brain) [59].

Most disease-modifying clinical trials for LBD have 
focused on participants with early PD, but a few enroll indi-
viduals with DLB. Immunotherapy targeting α-synuclein oli-
gomers/protofibrils is one of the latest approaches to target 
α-synuclein pathology, though trials have been unsuccessful 
thus far. One class of novel disease-modifying therapy is 
tyrosine kinase (c-ABL) inhibitors (e.g., nilotinib, bosuti-
nib, K0706), thought to facilitate autophagic clearance of 
α-synuclein [59, 62, 63]. Notably, recent trials of nilotinib in 
PD showed little efficacy in motor outcomes, with low CSF 
exposure and lack of biomarkers’ effect [64, 65]. There are 
active phase 2 trials of these agents in DLB (NCT04002674 
[nilotinib], NCT03888222 [bosutinib]). Another disease-
modifying therapy is selective phosphodiesterase-9 inhibi-
tors (e.g., E2027) [59], thought to improve cognition by 
inhibiting cyclic guanosine monophosphate (cGMP) degra-
dation. While the development of prior PDE-9 inhibitors for 
AD failed to improve cognitive symptoms [66, 67], results 
of E2027 in DLB are not yet available (NCT04764669 and 
NCT04764669). Neflamapimod (VX-745) is a selective 
inhibitor of p38 mitogen-activated protein (MAP) kinase that 
reduces pro-inflammatory state and improves mitochondrial 
function, synaptic transmission, and cognitive performance 
[68]. A phase 2 trial of neflamapimod in DLB (“AscenD-
LB,” NCT04001517) met its primary outcome of improving 
cognition per a 2020 press release [69], but peer-reviewed 
publication of these results is still pending.

AD Co‑pathology

Based on the interaction between α-synuclein and concomi-
tant AD pathology, various AD-related therapeutic targets 
have been proposed in LBD, including amyloid precursor 
protein (APP) and presenilin 1 (PSEN1) [15, 70]. It is also 
conceivable that combination therapy may be needed to treat 
comorbid pathologic processes in LBD.

Picking the Appropriate Clinical Outcome(s) 
for LBD Trials

There is no consensus on the high-priority symptoms for 
evaluation, as individuals with LBD may have variable 
degrees of cognitive, neuropsychiatric, autonomic, motor, 
or sleep disturbances [6, 71].

Whether considering optimal outcomes for disease-mod-
ifying trials or symptomatic treatments, selecting optimal 
outcome measures is complex. For example, if studying cog-
nitive outcomes, trialists need to decide if the focus is global 
(e.g., Clinician Interview-Based Impression of Change plus 

Caregiver Input (CIBIC-Plus), AD Assessment Scale sub-
scale–Clinical Global Impression of Change (ADCS-CGIC), 
CDR) or domain-specific [72]. This decision is based on 
multiple factors, including mechanism of action of the target 
medication (what will it improve?), measure properties (e.g., 
reproducibility, sensitivity of the measure to change), and 
sample size needed to detect a meaningful change.

As noted above, this decision may be influenced by popu-
lation selection. In recent analysis of longitudinal change in 
individuals with LBD, language impairments appeared to 
progress more rapidly in DLB while executive dysfunction 
progressed more quickly in PDD, even when controlling for 
AD co-pathology [28]. Power analyses further suggested 
that memory and language outcome measures would be 
more sensitive in DLB, versus visuospatial and executive 
in PDD. The study reported that for an LBD treatment trial 
using cognitive outcomes and targeting a 50% reduction in 
cognitive decline over 2 years, using a visuospatial outcome 
composite score would require 38 participants with PDD per 
group versus 125 participants per group with DLB, or 93 
participants per group with a 1:1 PDD:DLB mix [28]. Find-
ings were similar if using an executive domain composite 
outcome. In contrast, using a memory domain composite 
score would require 51 participants with DLB per group ver-
sus 127 participants with PDD, or 74 participants with 1:1 
PDD:DLB mix. Using a language composite would require 
only 33 participants with DLB per group but would require 
827 participants with PDD per group, or 58 participants per 
group with the PDD:DLB mix [28].

Another major challenge is the lack of validated outcome 
measures for DLB. Validated disease-specific outcome 
measures require close examination of test–retest reliabil-
ity, interrater reliability, and sensitivity to change. Most 
outcome measures in LBD trials were originally developed 
for AD, PD, or general aging populations and thus rely on 
test characteristics in other populations [72]. Selecting ideal 
measures in LBD trial also requires careful determination 
of the type of clinical outcome assessment (i.e., patient-, 
caregiver-, or clinician-reported; performance-based or func-
tional outcome). While patient-reported outcome measures 
are increasingly used in research generally, a recent scoping 
systematic review identified only seven dementia-specific 
patient-reported outcome measures, with most assessing 
quality of life [73]. The Quality of Life in Alzheimer’s Dis-
ease (QoL-AD) Scale has been used in prior studies of indi-
viduals with DLB [74, 75] and has both patient-reported and 
caregiver-reported versions.

The most commonly used cognitive-behavioral out-
come measures in LBD trials include the MMSE, MoCA, 
Cognitive Drug Research Computerized Assessment Sys-
tem (COGDRAS), and NPI [72]. Some of these scales 
are recommended by the European Union–based EU Joint 
Programme–Neurodegenerative Disease Research (JPND) 
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guidelines published in 2015 [76]. The JPND report rec-
ommended the use of MMSE and MoCA for cognitive 
screening in DLB and NPI subscales for psychiatric symp-
toms. However, while commonly used and easy to admin-
ister, MMSE and MoCA have weaknesses including lim-
ited assessment of some of the affected cognitive domains 
in LBD (particularly the MMSE with insufficient testing 
of visuospatial and executive function) and accurately 
scoring individuals from diverse socioeconomic, racial-
ethnic, and educational backgrounds [77–79]. Scales that 
are recommended for screening purposes in PD (e.g., 
MoCA, Mattis Dementia Rating Scale-2, and Parkinson’s 
Disease-Cognitive Rating Scale) [80] may also have lim-
ited sensitivity in detecting cognitive decline over time in 
DLB. Screening instruments typically assess a range of 
cognitive domains but have limited capacity to identify 
worsening within any domain given the small number of 
items per domain. Additionally, while the MoCA is more 
sensitive than the MMSE in detecting cognitive impair-
ment in patients with LBD, likely due to better cover-
age of visuospatial-executive tasks, studies suggest that 
the MMSE might be superior for assessing longitudinal 
changes [81, 82]. This is particularly relevant for disease-
modifying therapies in clinical trial design that needs to 
detect meaningful longitudinal changes.

In LBD trials, other important outcome measures evalu-
ate cognitive fluctuations (e.g., Clinician’s Assessment of 
Fluctuations (CAF) Scale, Mayo Fluctuations Scale), sleep 
(e.g., Epworth Sleepiness Scale (ESS)), motor (e.g., United 
Parkinson Disease Rating Scale (UPDRS)), and global 
change (e.g., CIBIC-Plus, ADCS-CGIC) [72]. Evaluation 
of cognitive fluctuations is particularly challenging in LBD 
trials, due to inadequate validation and reliability of these 
scales [72, 83]. The various fluctuation scales differ in their 
assessment of duration and frequency of fluctuations, and 
some may be better for assessing change over time (e.g., 
CAF; Dementia Cognitive Fluctuation Scale (DCFS)) [72, 
84]. The JPND, DLB Consortium, and National Alzhei-
mer’s Coordinating Center (NACC) LBD module suggest 
the use of the Mayo Fluctuations Scale. However, this scale 
was primarily designed for screening purposes. The DCFS 
may be able to detect a statistically significant change in 
fluctuations over 6 months [81], but a clinically meaningful 
change on this scale is not yet determined. Selection of an 
appropriate fluctuations scale is driven by whether a study 
needs to assess the presence or absence of fluctuations as a 
symptom (in which case, a screening scale may be appropri-
ate) or whether the study needs to measure change over time. 
Additionally, if assessing the effect that fluctuations may 
have on other study outcomes (see “Other Considerations in 
LBD Trial Design” below), trialists may need to assess the 
level of alertness at the study visit rather than the presence 
fluctuations alone.

In settings where clinical trialists aim to apply for FDA 
approval for pharmacologic interventions (i.e., if a benefit 
is identified), acceptable FDA endpoints require additional 
consideration. Due to high failure rates in AD trials, in 
2018, the U.S. FDA updated standards for evaluating new 
dementia drugs specifically in AD [85, 86]. It eliminated 
the historical prerequisite of “co-primary” endpoints, which 
required clinically meaningful improvements in both cog-
nitive and functional (or global) measures. The updated 
guidelines placed new emphasis on early stages of disease, 
with the ultimate goal of pre-symptomatic intervention. The 
FDA also acknowledged the critical need for more “sensi-
tive measures of neuropsychological performance” (e.g., in 
the earliest stage of disease when functional and cognitive 
impairments are minimal), as well as biomarkers that may 
serve as the basis for an accelerated approval (with post-
approval studies to confirm predicted clinical benefit). When 
this draft statement by the FDA was published in 2018, it 
was intended for AD research only. These guidelines have 
not yet been developed or applied in LBD trials.

Other Considerations in LBD Trial Design

A major confounding issue in LBD trials is fluctuating 
cognition and alertness, a core feature in LBD. Fluctuat-
ing symptoms can occur along a wide spectrum of clinical 
presentations, from changes in function affecting speech, 
memory, or behavior, to variations in attention, alertness, 
arousal, and responsiveness [87]. Disturbances in arousal 
have been considered an integral part of fluctuations and can 
vary from intermittent or pervasive drowsiness and lethargy, 
to frank hypersomnolence during the day [88]. Duration of 
symptoms can be highly variable, especially in DLB, rang-
ing from short episodes (seconds/minutes/hours) to longer 
epochs (days/weeks). Accordingly, fluctuations may (or 
may not) be captured during a single study visit but could 
lead to differing outcomes and performances in consecutive 
assessments (Fig. 1). Cognitive fluctuations remain poorly 
understood, are difficult to measure, can greatly affect study 
outcomes, and potentially obscure the ability to detect mean-
ingful change in response to symptomatic treatments [30, 
72] (Fig. 1). While clinical scales (e.g., CAF, Mayo Fluc-
tuations Scale) can potentially help contextualize the cogni-
tive scores, there are no established approaches to adjust for 
fluctuations in LBD trials, though there is ongoing research 
on use of EEG, pupillometry, neuroimaging, and sensitive 
neuropsychological tasks (e.g., reaction time, digit span) to 
measure cognitive fluctuations [87]. Alternative approaches, 
such as serial (e.g., daily) testing, may need to be consid-
ered, though this can be challenging in LBD populations 
where participants need to travel long distances. Innovative 
approaches may include home-based or remote assessments 
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with wearable sensor technology and smartphone apps that 
can test multiple aspects of cognition in short bursts several 
times per day [30, 72, 89].

Other potential barriers in LBD clinical trials include 
retention and recruitment. In LBD, this can be particularly 
challenging when participants have combined cognitive, 
neuropsychiatric, behavioral, and motor symptoms. Evalu-
ations are often long and complex and may be invasive (e.g., 
CSF or serum collection, or imaging biomarkers with tracer 
administration). Many studies require LBD caregiver par-
ticipation as well (e.g., caregiver-completed outcome meas-
ures), which may add to the length of study visits. Transpor-
tation, lodging, and financial issues pose additional barriers. 
Utilization of telemedicine may reduce burden of outpatient 
visits, as well as barriers to enrollment and recruitment 
[90, 91]. However, these visits do not allow for biomarker 
assessment or scales that require physical interaction with 
the examiner (e.g., assessment of rigidity on the UPDRS), 
so combination approaches (e.g., with alternating in-person 
and virtual study visits) may be needed. Some assessments 
can be reliably administered via telemedicine (e.g., MMSE, 
digit span, letter, and category fluency), but more research 
is needed to validate LBD-related endpoints in the telemedi-
cine setting [91–93]. Additionally, studies using telemedi-
cine approaches need to optimize home environments for 
testing (e.g., to limit distractions).

Fig. 1  Influence of cognitive fluctuations on cognitive performance 
in DLB over time. Individuals with DLB can have spontaneous 
impaired alertness and concentration that vary markedly over differ-
ent time spans. In DLB, fluctuations can occur over seconds, minutes, 
hours, and days. In LBD trials, it will be critical to distinguish true 
change in cognitive performance (green line), from false improve-
ment (red line) or false worsening (orange line) due to cognitive fluc-
tuations rather than intervention effects

Fig. 2  Challenges facing Lewy 
body dementia (LBD) trial 
design. Clinical trials and drug 
development are top research 
priorities in LBD, but many 
special considerations make 
trial development and imple-
mentation particularly challeng-
ing for the LBD population. 
Researchers and trial designers 
need to thoughtfully select the 
appropriate study population, 
intervention, and outcome 
measures. There are many 
opportunities to improve LBD 
trial design. Research efforts 
are underway to look for better 
biomarkers (e.g., aid diagno-
sis, verify target engagement, 
monitor disease progression 
and therapeutic responses), to 
develop and validate LBD-spe-
cific outcome measures, and to 
innovate alternative assessment 
strategies (e.g., telemedicine, 
home-based technologies, 
serial testing) that can account 
for cognitive fluctuations and 
reduce study visit burden. Suc-
cessful LBD trials will require 
collaborative and multifaceted 
approaches
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Conclusions

Development of symptomatic and disease-modifying 
treatments in LBD is an unmet need and a top research priority. 
Unfortunately, numerous challenges face researchers in this space 
and there are no “right” answers in designing LBD clinical trials. 
There are many opportunities for development and improvement 
on LBD trial design (Fig. 2). Researchers need to thoughtfully 
select the optimal study population for specific trials, including 
weighing which type(s) of LBD to include, diagnostic criteria, 
and inclusion/exclusion criteria, particularly relating to whether 
to assess for and stratify by AD co-pathology. Researchers 
will need to attend to the FDA’s guidelines for drug approval 
pathways in AD/ADRDs, but there is a need for improved 
biomarkers and clinical trial outcome measures in LBD. While 
NIH ADRD research priorities specifically highlight the need 
for biomarkers to aid diagnosis and monitor progression and 
therapeutic responses [5, 6], there is also a critical need for 
funding for studies to develop and validate outcome measures 
specifically for LBD populations/trials. Such studies should 
include novel approaches to limit disease-specific challenges such 
as cognitive fluctuations and daytime sleepiness. To optimize 
recruitment and retention, clinical trials may need to include 
innovative approaches to follow up including telemedicine (at 
least for some follow-up visits), wearable sensor technologies, 
or other types of remote/home-based assessment. Successful 
trials will likely require multifaceted approaches to addressing 
the many challenges facing clinical trial design in LBD.
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