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Abstract

Individuals with Down syndrome (DS) have a genetically determined form of

Alzheimer’s disease (AD) due to the amyloid precursor protein (APP) gene dose effect.

Nearly all individuals with DS develop AD pathology by age 40. Although dementia is

rare before this age, its incidence rises sharply thereafter. Longitudinal studies esti-

mate a lifetime dementia risk exceeding 90%, with prevalence reaching 88%–100%

after age 65—amarked contrast to 10%–15% in the general population. Recent break-

throughs in sporadic AD, including anti-amyloid therapies such as lecanemab and

donanemab, have shown efficacy in slowing progression. However, individuals with DS

were excluded from these trials, leaving critical gaps in safety and efficacy data. This

perspective highlights the current state of AD clinical trials in DS, key challenges—

(including ethical considerations, recruitment barriers, and cognitive assessment

adaptations), and emerging research efforts. Addressing these gaps is essential to

ensure equitable access to disease-modifying therapies for individuals with DS.
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Highlights

∙ Despite recent progress in Alzheimer’s disease (AD) treatments for the general

population—particularly monoclonal anti-amyloid therapies such as lecanemab and

donanemab—individuals with Down syndrome (DS) were excluded from pivotal

trials, leaving significant gaps in knowledge regarding safety and efficacy.

∙ A key concern in DS is the heightened risk of amyloid-related imaging abnormalities

(ARIAs), a known side effect of anti-amyloid therapies, which may be aggravated by

the increased prevalence and severity of cerebral amyloid angiopathy (CAA) in this

population.
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∙ For the first time, growing awareness of the nearly universal AD risk in DS is driv-

ing a stronger focus on tailored clinical research. Ongoing and forthcoming studies,

including TRC-DS, ABATE, HERO, ALADDIN, and LESS-AD, are beginning to address

these gaps.

∙ Beyond amyloid-targeting therapies, investigating alternative mechanisms such as

tau pathology, neuroinflammation, and synaptic dysfunction is key to advancing

treatments for DS-related AD.

∙ Collaboration between advocacy groups, researchers, and pharmaceutical compa-

nies is essential for overcoming barriers in AD clinical trials for DS, including ethical

concerns, recruitment challenges, and the need for adapted cognitive assessments.

This perspective also proposes strategies to enhance inclusivity in future studies,

ensuring broader access to emerging treatments.

1 BACKGROUND

Alzheimer’s disease (AD) represents a major medical burden for indi-

viduals with Down syndrome (DS). The triplication of chromosome

21, which includes the amyloid precursor protein (APP) gene, results

in overproduction of amyloid beta (Aβ) plaques, a critical driver of

AD pathophysiology.1–4 This genetic predisposition increases the life-

time risk of developing AD-related dementia to over 90% by the sixth

decade of life,3,4 compared to ≈10%–15% in the general population

at the same age.5 Notably, the clinical manifestations of AD in DS

often begin as early as the 40s, with memory loss, functional decline,

and behavioral symptoms.6,7 Reflecting the unique risk profile of this

population, DS is now recognized, since birth, as Stage 0 AD in the

revised National Institute on Aging–Alzheimer’s Association (NIA-AA)

research framework.8 This classification highlights DS as a preclinical

phase of AD due to the near-universal presence of amyloid pathology

decades before dementia onset.

AD is one of the leading causes of death among adults with

DS, contributing to reduced life expectancy, which is on average

two decades shorter than in the general population.9 Beyond the

associated intellectual disability, AD exacerbates other health vul-

nerabilities in DS, such as obesity and cardiovascular conditions,10

which can further complicate disease progression and increasemortal-

ity risks. In addition, challenges in diagnosing dementia in DS, due to

baseline intellectual disabilities and, in some cases, atypical symptom

presentation, often lead to delays in intervention.11 This intersection

of AD and DS underscores the urgent need for tailored clinical trials

and therapeutic strategies to address the disproportionate impact of

AD on morbidity and mortality in this population.12,13 Recent break-

throughs in AD treatment in the general population have centered on

therapies targeting Aβ, a hallmark protein implicated in AD pathology.

Lecanemabanddonanemab, twomonoclonal antibodies, represent sig-

nificant advancements in the field. Lecanemab was approved by the

U.S. Food and Drug Administration (FDA) in 2023 as one of the first

disease-modifying therapies to show clinical benefit in slowing cogni-

tive decline.14 Similarly, donanemab was approved by the FDA in July

2024.15 Despite their promise, the evidence base for using these ther-

apies in individuals with DS is limited, representing a critical unmet

need. The unique pathophysiology of AD in DS, makes this population

theoretically eligible for such treatments.12,16 However, individuals

with DS were excluded from pivotal trials, leaving significant gaps

in safety and efficacy data. Exclusion is especially concerning given

the increased risk of amyloid-related imaging abnormalities (ARIAs), a

known side effect of these therapies, which could be exacerbated by a

more frequent and severe cerebral amyloid angiopathy (CAA) in DS.

Given the early and well-characterized onset of amyloid pathology

in individuals withDS, anti-amyloid therapiesmay offer particular ben-

efit if administered in preclinical or prodromal stages. This population

presents a unique opportunity to intervene before symptom onset,

potentially altering disease trajectorymore effectively than in sporadic

AD. However, initiating treatment in young, asymptomatic individuals

raises important ethical and clinical questions, including risk–benefit

considerations, the need for long-term safety data, and challenges

in communicating the rationale for early intervention to families and

caregivers.

Addressing these gaps through targeted clinical trials is crucial, not

only to extend the benefits of these therapies to a high-risk popula-

tion but also to ensure safe and effective application tailored to their

specific needs.

This perspective paper aims to shed light on the critical barriers that

hinder progress in AD research for individuals with DS. Key objectives

include: (1) identifying the unique challenges in translating recent ther-

apeutic breakthroughs, such as monoclonal anti-amyloid therapies, to

this underserved population; (2) addressing the ethical, logistical, and

methodological constraints that have excluded individuals with DS

from pivotal clinical trials; and (3) proposing solutions to foster inclu-

sivity and safety in future trial designs. Furthermore, we emphasize the

importance of expanding research efforts beyond amyloid-targeting

approaches to include alternative mechanisms, such as tau pathology,

neuroinflammation, and synaptic dysfunction, which are also central
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to AD pathophysiology. By exploring these frontiers, we aim to guide

future research and clinical strategies to improve diagnosis, therapeu-

tic intervention, and long-termoutcomes for individualswithDS at risk

of or living with AD.

1.1 Recent advances in AD therapies

The landscape of AD treatment in the general population has under-

gone a paradigm shift with the approval of disease-modifying therapies

targeting Aβ, a hallmark protein of AD pathology. Lecanemab and

donanemab, two monoclonal antibodies, have demonstrated signifi-

cant breakthroughs in slowing cognitive decline, marking a transition

from symptomatic management to targeting the underlying biology

of AD. Lecanemab binds to soluble Aβ protofibrils, facilitating their

clearance and reducing amyloid plaques in the brain. In Phase 3 clin-

ical trials (Clarity AD), lecanemab demonstrated a 27% reduction in

the rate of cognitive and functional decline over 18 months in patients

with mild cognitive impairment (MCI) or early-stage AD.14 These find-

ings represent a pivotal milestone in AD treatment, offering hope for

altering disease progression rather than merely managing symptoms.

Donanemab, a monoclonal antibody targeting amodified form of

Aβ (pyroglutamate-Aβ), has shown similarly promising results. In

Phase 3 trials (TRAILBLAZER-ALZ 2), donanemab reduced amyloid

plaques and slowed disease progression by ≈29% in patients with

early-stage AD. Notably, its ability to clear amyloid plaques rapidly and

achieve meaningful cognitive and functional benefits further solidifies

its potential as a transformative therapy in AD treatment.15

Despite these advances, in the pivotal trials of lecanemab and

donanemab individuals with DS were excluded. Although the diagno-

sis of DS itself was not listed as a formal exclusion criterion, most

trials excluded individuals with intellectual disabilities or pre-existing

neurodevelopmental conditions, which indirectly excluded theDS pop-

ulation. Moreover, eligibility criteria related to age, cognitive status, or

coexisting medical conditions may have further limited participation.

The Clarity AD trial included participants 50 to 90 years of age, and

the TRAILBLAZER-ALZ 2 trial enrolled participants 60 to 85 years of

age; these age ranges do not align with the earlier onset of AD in the

DS population, which typically begins in the fourth or fifth decade of

life. More generally, most AD trials include age eligibility criteria that

do not capture younger adults with DS who are at highest risk. In addi-

tion, the outcome measures used to evaluate cognitive and functional

change are not adapted or validated for individuals with intellectual

disability. Although these factors were not formal exclusion criteria,

they rendered participation infeasible for individuals with DS.

The approval of lecanemab and donanemab marks a historic

moment in AD research; however, extending these therapies to the

DS population requires tailored clinical trials. Ongoing efforts, such

as the ALADDIN trial (Amyloid Lowering for Alzheimer’s in Down‘s

Donanemab Investigation) testing donanemab in DS will represent a

critical step toward addressing this unmet need and ensuring equitable

access to these promising therapies.

1.2 Current state of clinical trials in AD and DS

Clinical trials targeting AD in individuals with DS have been lim-

ited historically; however, growing recognition of the nearly universal

risk of AD in DS has led to an increased focus on tailored clinical

research.17–19 Below, we highlight key trials that have shaped the cur-

rent understanding of AD in DS (Figure 1), including observational

and interventional studies such as the Trial-Ready Cohort for Down

Syndrome (TRC-DS), the ABATE and HERO trials, the ALADDIN, and

the LEvetiracetam to prevent Seizures in Symptomatic Alzheimer’s

Disease in adults with Down syndrome trial (LESS-AD).

1.2.1 TRC-DS

The TRC-DS study is an ongoing longitudinal observational study

aimedat establishing abiomarker-rich, trial-ready cohort of individuals

with DS. It provides run-in data and employs advanced methodolo-

gies, including neuroimaging, fluid biomarkers (e.g., amyloid-beta, tau,

neurofilament light chain), and adapted cognitive assessments to intel-

lectual disability. TRC-DS has demonstrated that individuals with DS

exhibit amyloid pathology decades before dementia onset, validating

their classification as “Stage 0 AD”, under the NIA-AA research frame-

work, since birth. The study also highlights unique trajectories of tau

deposition and neuroinflammation in DS-related AD. By building a

trial-ready cohort and refining outcome measures for use in interven-

tional trials, TRC-DS provides critical infrastructure for future studies

testingdisease-modifying therapies. TheTRC-DSenrolls healthyadults

with DS, 25 to 55 years of age, into a cohort prepared for participa-

tion in future AD prevention trials. Participants undergo longitudinal

cognitive and clinical assessments, genetic and biomarker testing, as

well as imaging and biospecimen collection. The study has enrolled

over 300 participants worldwide, with the possibility of including up to

450 participants in total, including those co-enrolled in theAlzheimer’s

Biomarkers Consortium-Down Syndrome (ABC-DS) study. As of now,

TRC-DS is actively recruiting participants across more than 15 inter-

national sites, including locations in the United States and Europe.

The study is coordinated by the University of Southern California

Alzheimer’s Therapeutic Research Institute (USC ATRI) and is con-

ducted under the Alzheimer’s Clinical Trials Consortium for Down

Syndrome (ACTC-DS). The ACTC-DS has several affiliated studies that

are available to participants enrolled in TRC-DS. These include ABATE,

HERO, and ALADDIN (Figure 2).

1.2.2 ABATE

The ABATE trial (NCT05462106) is a Phase 1b/2 clinical trial evaluat-

ing ACI-24.060, an anti-Aβ vaccine, in individuals with prodromal AD

and individuals with DS 35 to 50 years of age, who are either asymp-

tomatic or in the prodromal stages of AD.20 The study aims to assess

the safety, tolerability, and immunogenicity of ACI-24.060,with a focus
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F IGURE 1 Clinical trials in Alzheimer´s disease andDown syndrome. TheABATE trial is a Phase 1b/2 study evaluating ACI-24.060, an
anti-amyloid beta (Aβ) vaccine, in adults with Down syndrome (DS) (ages 35–50 years) who are asymptomatic or in the prodromal stages of
Alzheimer’s disease (AD). ACI-24.060 is an active immunotherapy designed to elicit an immune response against toxic forms of Aβ, including
oligomers and fibrils. TheHERO trial is a Phase 1b study of ION269, an antisense oligonucleotide therapy, in adults with DS (ages 35–55 years) at
high risk for AD. It aims to reduce amyloid plaque accumulation by silencing themessenger RNA (mRNA) responsible for Aβ production. The
Amyloid Lowering for Alzheimer’s in Down’s Donanemab INvestigation (ALADDIN) trial is a forthcoming Phase 4 study evaluating donanemab in
adults with DS (ages 35–55 years) at high risk for AD. Donanemab targets amodified form of Aβ, pyroglutamate-Aβ, promoting plaque clearance. It
was approved by the U.S. Food andDrug Administration (FDA) in July 2024 for sporadic AD. These studies are affiliated with the Alzheimer’s
Clinical Trials Consortium for Down Syndrome (ACTC-DS).

F IGURE 2 ACTC-DS affiliated studies. The Trial-Ready Cohort for Down Syndrome (TRC-DS) has enrolled over 300 participants worldwide,
including those in the Alzheimer’s Biomarkers Consortium-Down Syndrome (ABC-DS). Conducted under the Alzheimer’s Clinical Trials
Consortium for Down Syndrome (ACTC-DS), TRC-DS offers access to affiliated studies such as ABATE, HERO, and ALADDIN.

on its potential to reduce brain amyloid plaques associated with AD

progression. ACI-24.060 is an active immunotherapy designed to elicit

an immune response against toxic forms of Aβ, including oligomers and

fibrils. By stimulating the body’s immune system to produce antibod-

ies targeting these Aβ species, the aim of the vaccine is to promote the

clearance of amyloid plaques from the brain, thereby potentially slow-

ing or halting disease progression. TheABATE trial also aims to address

key safety concerns, including the risk of ARIAs, and uses detailed

biomarker analyses to monitor amyloid plaque reduction and thera-

peutic impact. The ABATE study is an ACTC-DS affiliated study and

is being conducted across multiple sites in the United States, United

Kingdom, and Spain, totaling 15 international locations including all

TRC-DS sites. The study began enrolling participants in early 2024. As

of December 2024, interim safety data have been reported, indicating

that ACI-24.060 is generally safe andwell-tolerated in individuals with

DS, with no serious adverse events related to the study drug and no
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cases of ARIAs observed. Based on these findings, the study plans to

open a high-dose cohort in individuals with DS to further assess the

vaccine’s efficacy and safety at increased doses. This trial marks one of

the first targeted efforts to include individuals with DS in therapeutic

interventions traditionally used in sporadic AD.

1.2.3 HERO

The HERO trial (NCT06673069) is a groundbreaking Phase 1b clin-

ical trial investigating ION269, an investigational antisense oligonu-

cleotide (ASO) therapy, in adults with DS who are at high risk for

developing AD. The HERO trial emphasizes early detection and inter-

vention in individuals with DS who are at high risk for developing

AD. Its objectives include identifying predictive biomarkers of cog-

nitive decline and evaluating the effectiveness of early intervention

strategies. This study addresses the unique genetic predisposition of

individuals with DS, aiming to advance targeted therapies for this

underserved population. ION269 is designed to selectively target

and reduce the production of a protein implicated in AD pathology.

By silencing the messenger RNA (mRNA) responsible for this pro-

tein, the therapy seeks to decrease its expression, mitigating amyloid

plaque accumulation and potentially slowing disease progression. This

innovative approach aligns with the emerging field of gene-silencing

therapies, offering a novel pathway to address AD at the molecular

level. The study focuses on adults with DS, 35 to 55 years of age,

who exhibit evidence of brain amyloid positivity through biomarkers

such as amyloid positron emission tomography (PET) imaging or cere-

brospinal fluid (CSF) analysis. The ION269 molecule is delivered via

intrathecal injection, whichmay raise additional considerations related

to participant acceptability, procedural burden, and the feasibility of

repeated dosing in adults with DS. The HERO trial is also an ACTC-

DS-affiliated study currently recruiting participants (including those

enrolled in TRC-DS) and employs a single ascending dose (SAD) design,

in which participants receive one dose of ION269 and are monitored

for a 36-week period, followed by a 4-week follow-up phase. The

primary objectives include assessing safety, tolerability, and pharma-

cokinetics, while secondary objectives focus on the pharmacodynamic

effects of the therapy, including changes in biomarkers of amyloid

pathology. The HERO trial is being conducted at specialized centers

in the United States and in Spain. ION269 represents an innovative

approach to AD therapy using ASOs, which could transform how neu-

rodegenerative diseases are treated, particularly in genetically at-risk

populations such as individualswithDS. Targeting amyloid pathology in

thepreclinical stageofADoffers hope for delayingor preventing cogni-

tive decline, significantly improving long-termoutcomes for individuals

with DS.

1.2.4 ALADDIN

The Amyloid Lowering for Alzheimer’s in Down‘s Donanemab

Investigation (or ALADDIN) trial (NCT06911944), is a forthcoming

Phase 4 clinical trial being conducted by ACTC-DS and is designed

to evaluate the safety, tolerability, and efficacy of donanemab, an

FDA-approved anti-amyloid monoclonal antibody in adults with DS

who are at high risk for developing AD. This study is groundbreaking

as it represents one of the first efforts to include individuals with DS in

targeted therapeutic interventions used in sporadic AD. Donanemab

is engineered to target and facilitate the clearance of Aβ plaques, a

hallmark of Alzheimer’s pathology. It binds specifically to a specific

form of Aβ, promoting its removal from the brain. By addressing the

core pathology of AD, donanemab has been shown to slow disease

progression in the sporadic form of AD. ALADDIN focuses on adults

with DS who are 35 to 50 years of age. The ALADDIN trial is currently

in the preparatory phase, with recruitment expected to commence

soon. The trial will be conducted at multiple international research

centers specializing in DS and AD. Given the heightened risk of ARIAs

in the DS population due to their substantial amyloid burden, safety

is a critical focus of the ALADDIN trial. Participants will undergo

thorough baseline assessments, including magnetic resonance imag-

ing (MRI) scans, to identify predisposing conditions such as CAA or

vascular abnormalities. Regular monitoring will include scheduled

neuroimaging and clinical evaluations throughout the trial to detect

early signs of ARIA. Imaging protocols will adhere to the highest

safety standards to ensure timely detection and intervention and

a dose-escalation design will be implemented, allowing for gradual

adjustment of donanemab doses to achieve an optimal balance of

efficacy and safety. The ALADDIN trial will establish foundational

data for the use of donanemab in DS, guiding future trials and clinical

applications. The study addresses the underrepresentation of DS

populations in AD research, promoting inclusivity and advancing

treatment options for this underserved group. The insights gained

will not only improve outcomes for participants but also inform the

broader field of neurodegenerative disease research, setting the stage

for more inclusive and effective treatments.

1.2.5 LESS-AD

The LEvetiracetam to prevent Seizures in Symptomatic Alzheimer’s

Disease in adults with Down syndrome trial (the LESS-AD trial) will

evaluate the efficacy and safety of levetiracetam in individuals with

DSAD without clinical epilepsy. This landmark study aims to address

the critical intersection of AD and epilepsy in this vulnerable popula-

tion. Levetiracetam is an antiepileptic drug that reduces intraneuronal

calcium release and binds to the synaptic vesicle protein SV2A, which

is involved in neurotransmitter exocytosis. By suppressing neuronal

hyperexcitability, levetiracetam aims to prevent epileptic seizures and

potentially improve cognitive outcomes in individuals with DSAD. The

LESS-AD trial focuses on individuals with DSAD who do not have

clinical epilepsy.

People with DS are predisposed to both AD and epilepsy, with

the progression of dementia frequently accompanied by the onset

of seizures. Epilepsy, in turn, exacerbates neurological deterioration

in this population.21,22 Notably, individuals with DS often exhibit a
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bimodal distribution of seizure onset, with a second peak occurring

in adulthood that is closely associated with AD progression—even

in those without a history of childhood or adolescent seizures. In

fact, late-onset myoclonic epilepsy associated with DS (LOMEDS) is

a defined epileptic syndrome described in adults with DS. In this

context, epileptic seizures, typically myoclonus and bilateral tonic–

clonic seizures, develop, approximately, in parallel with the onset and

progression of AD symptoms and are associated to worse cognitive

performance.21 This patternunderscores the importanceof preventive

strategies such as those being evaluated in the LESS-AD trial. Leve-

tiracetam is widely used as an anticonvulsant and has shown promise

in reducing hyperexcitability, which may improve cognitive function

and delay disease progression in DSAD. Although seizures are less

common in sporadic AD than in DSAD, recent evidence highlights the

role of network hyperexcitability in a subset of individuals with AD.

A phase 2a randomized clinical trial showed that low-dose levetirac-

etam improved aspects of executive function and spatial memory in

participants with ADwho exhibited epileptiform activity.23 These find-

ings support the potential role of antiseizure therapies in sporadic AD,

particularly when guided by neurophysiological markers. However, the

significantly higher incidence of new-onset seizures in adultswithDS—

often occurring in midlife as part of the AD phenotype—underscores

the need for trials such as LESS-AD that are tailored to the unique risk

profile and clinical course in this population. The trial is currently in

the pre-recruitment phase, pending activation and awaiting final pro-

tocol approvals. Recruitment is expected to begin in 2025, with study

initiation shortly thereafter. The study is coordinated by Hospital de la

Santa Creu i Sant Pau, Barcelona, Spain and will be conducted across

five leading clinical centers in Spain specializing in Down syndrome

and AD research. This trial could establish levetiracetam as a dual-

purpose therapy, addressing both seizure prevention and cognitive

dysfunction in DSAD. By targeting hyperexcitability, the study aims to

improve overall health outcomes, quality of life, and caregiver burden

for individuals with DS and AD.

1.3 Main challenges in conducting trials

Conducting AD clinical trials in individuals with DS presents unique

challenges. These stem from the distinct genetic, biological, and social

characteristics of this population, requiring tailored strategies to

ensure safety, efficacy, and ethical compliance.13,16,18,24–27

Safety concerns are a significant consideration when conduct-

ing clinical trials for anti-amyloid therapies in individuals with DS.

The heightened amyloid burden in this population raises specific

safety concerns for therapies such as lecanemab and donanemab.

One of the major concerns is the occurrence of ARIAs, a known side

effect of amyloid-targeting therapies that includes brain swelling and

microhemorrhages.17,28 An increased ARIA risk may appear paradox-

ical given the lower prevalence of systemic vascular risk factors such

as hypertension and atherosclerosis in individuals with DS. However,

cerebrovascular pathology—including CAA, cerebral microbleeds, and

age-related increases in white matter hyperintensities (WMHs)—is

more common in DSAD than in sporadic AD. Postmortem studies

demonstrate that CAA is more prevalent, more severe, and emerges

earlier in DS than in sporadic AD, even in the absence of typical

vascular comorbidities.29,30 The occurrence of WMHs despite low

hypertension rates further supports the role of DS-specific vascu-

lar processes in conferring cerebrovascular vulnerability. However,

above all this, the prevalence of intracerebral hemorrhage in DS is

lower than would be expected because of the APP triplication.13,31

In brief, the confirmed high baseline CAA prevalence provides peo-

ple with DS a higher theoretical risk of ARIAs32 but whether this

higher risk translates into actual ARIA outcomes should be addressed

by further studies.28 Monitoring for side effects like ARIAs requires

regular imaging, which can be challenging in individuals with DS due

to discomfort and limited cooperation. These procedures are also

resource intensive. Addressing this requires tailored safety protocols,

including adjusted dosing, caregiver support during imaging, and alter-

nativemonitoring strategies to ensure trial safety and feasibility in this

population.

The absence of DS-specific safety and efficacy data for amyloid-

targeting therapies has significant implications for clinical care. With-

out evidence from dedicated clinical trials, physicians may hesitate to

prescribe these treatments, even when AD is biomarker confirmed.

This therapeutic uncertainty can result in limited access for individuals

with DS, despite their extremely high risk for developing AD. Recent

case reports33 highlight the complexities faced by families and clini-

cians in managing dementia in DS, including decisions around whether

to initiate treatment in the absence of robust safety data. These real-

world experiences underscore the urgent need for inclusive clinical

trials that generate actionable data to guide care.

Recruitment and retention represent another critical challenge. The

relatively small population of adults with DS, along with cultural and

social barriers, further complicates recruitment efforts. Families and

caregivers may be hesitant to enroll individuals with DS in clinical tri-

als due to concerns about safety, a lack of trust in research institutions,

or the perception that the individual may not directly benefit from

participation. Retention is equally difficult, particularly in long-term

studies that require invasive procedures, frequent visits, or complex

interventions. Sustained trial participation in DS requires active care-

giver involvement, which can be complicated by time demands and

emotional fatigue. Supporting caregivers through targeted programs,

community outreach, and streamlined trial designs that reduce bur-

den while ensuring data quality is essential to improve retention and

engagement.

Ethical considerations present another layer of complexity.

Informed consent poses a particular challenge due to intellectual

disability and cognitive impairment, which often necessitate alterna-

tive approaches. Many participants require the involvement of legal

guardians to provide consent on their behalf, which can complicate the

process and raise ethical concerns about autonomy. Informed consent

and assent in clinical trials involving individuals with DS require

adapted communication strategies and support for decision-making.

Many individuals may need support to understand the goals, proce-

dures, and potential risks of research participation due to varying
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levels of intellectual disability. Therefore, communication strategies

should be tailored to each participant’s abilities, using clear, concrete

language and, when appropriate, visual aids or simplified materials.

Legal guardians or representatives often play an essential role in the

consent process; however, it remains critical to involve the individual

with DS in discussions about participation and to seek their assent in

a manner that respects their autonomy and preferences. As cognitive

decline progresses, the capacity of individuals to comprehend trial

information and provide meaningful consent diminishes, requiring

sensitive and ongoing reassessment to ensure that ethical standards

are upheld throughout the study. Balancing potential benefits and risks

is paramount in this population, given their heightened vulnerability

and safety considerations. Researchers have an ethical obligation to

ensure that the potential benefits of participation, such as access to

new therapies or closer medical monitoring, outweigh any risks posed

by the intervention or study procedures. The disclosure of amyloid

status to participants or their caregivers also presents a significant

ethical challenge. Communicating such information requires careful

consideration of the psychological impact, as well as ensuring that

it is presented in a way that is understandable and sensitive to the

unique needs of the DS community. Strategies must be in place to

provide appropriate support, including counseling and resources, to

help families process and respond to this information responsibly

and compassionately. Addressing these ethical concerns is essential

to fostering trust, safeguarding participant welfare, and upholding

the integrity of clinical research. The ACTC-DS Research Partnership

Advisory Group (RPAG), a collaboration between ACTC-DS and ABC-

DS at ATRI, consists of pairs of individuals with DS and their family

members who serve alongside researchers and provide feedback on

all ACTC-DS and ACTC-DS affiliated study protocols, procedures, and

consent forms. In addition, the ACTC-DS RPAG meets regularly to

discuss best practices for disclosure of research results, community

engagement, and education.

Trial designs for this population must also address specific logis-

tical challenges, including slower recruitment rates, higher dropout

rates, and complex care requirements. Adaptive trial methodologies,

extended monitoring periods, and centralized care models could help

mitigate these challenges and improve the feasibility of conducting

robust and inclusive clinical trials for individuals with DS. In addi-

tion, the unique biology of DSAD further complicates trial design and

interpretation.27,34

Additional barriers to trial participation arise from the high preva-

lence of co-occurring medical conditions in individuals with DS,

including hypothyroidism, cardiovascular conditions, epilepsy, sleep

disorders, psychiatric disorders, and obstructive sleep apnea. These

comorbidities can mimic or exacerbate symptoms of dementia, com-

plicating differential diagnosis and potentially confounding cognitive

or functional outcome measures. Moreover, such conditions are often

exclusionary in clinical trial protocols due to safety concerns or

their impact on data interpretation. As a result, eligibility is further

restricted, and findings may not be broadly generalizable to the DS

population. This issue has also been underscored in clinical quality

improvement initiatives that highlight the importance of comprehen-

sivemedical evaluationwhen screening for and diagnosing dementia in

individuals with DS.35

Although amyloid pathology is nearly universal in this popula-

tion, the rate of cognitive decline and progression to dementia may

change between individuals. This heterogeneity in disease progression

poses challenges in determining optimal trial endpoints and evaluating

treatment efficacy. Furthermore, individuals with DS may respond dif-

ferently to therapies like lecanemabanddonanemabdue todifferences

in amyloid processing, immune response, and the presence of coexist-

ing conditions. Extrapolating findings from trials in sporadic AD to this

population is therefore fraught with challenges and requires tailored

study designs.

Methodological issues also play a significant role in shaping the

success of clinical trials for individuals with DS. Standard cognitive

assessments commonly used in AD trials are often inappropriate for

this population due to pre-existing intellectual disability. Tailored tools,

such as the Cambridge Cognitive Examination for Older Adults with

Down Syndrome (CAMCOG-DS) orModified Cued Recall Test (mCRT)

are necessary to capture early and meaningful changes, particularly

when administered longitudinally to track individual trajectories over

time. Biomarkers, including amyloid PET imaging and CSF measures,

are critical for diagnosis and monitoring but may have different utility

in the DS population. Blood-based biomarkers, which are less inva-

sive, hold significant promise but require further validation to ensure

reliability and accuracy in this unique context.

1.4 Emerging trends and innovative approaches

As research into AD in individuals with DS advances, several emerging

trends and innovative approaches are showing promise in enhancing

early detection, improving trial designs, and facilitating the adaptation

of new therapies for this unique population.

A key area of focus in Alzheimer’s research is the early identifica-

tion of individuals at risk, which is especially important in populations

like individuals with DS, who have an elevated genetic predisposition

to AD. Traditional diagnostic approaches based on clinical symptoms

often lead to delayed intervention, but emerging biomarkers provide

the potential for earlier detection, facilitating more timely therapeu-

tic intervention. Plasma biomarkers, such as plasma phosphorylated

tau-217 (p-tau217), are gaining attention for their ability to detect

AD-related pathology in the early stages. These biomarkers reflect

the accumulation of tau, a protein that forms neurofibrillary tangles,

and can predict neurodegeneration before significant clinical symp-

toms appear. Recent studies have demonstrated that plasma p-tau217

levels correlate with amyloid burden and cognitive decline, making

it a promising tool for early detection in both sporadic and genetic

forms of AD, including those seen in DS.36,37 Biomarkers, including

amyloid PET imaging and CSF measures, are used increasingly in clin-

ical practice to support the diagnosis of AD in individuals with DS,

particularly in specialized centers focused on DS and AD. In addi-

tion, these biomarkers are essential tools for identifying individuals

who are eligible for clinical trials, especially those targeting preclinical
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and prodromal stages. Blood-based biomarkers—such as plasma p-tau

species—represent a promising, less invasiveoption for broader clinical

use, although further validation is needed to determine their reliability,

prognostic value, and interpretation in the context of DS. Continued

research is also needed to define appropriate thresholds and longi-

tudinal patterns specific to this population. As these efforts advance,

biomarkers are likely to play an expanding role in both diagnosis and

trial readiness across clinical settings. However, because DS is a genet-

ically determined form of AD, additional research is ongoing to find the

different tailored cutoff points according towhat process or stage they

are aimed to track instead of a binary categorization. This broader view

highlights the role of biomarkers in staging the disease and estimating

prognosis, enabling both eligibility for clinical trials and guiding clinical

care.

The use of plasma biomarkers in DS could enable researchers to

identify individualswith elevatedAD-relatedpathology earlier, prior to

the onset of dementia. This would allow for earlier enrollment in clini-

cal trials, especially for disease-modifying treatments like lecanemab

and donanemab, facilitating their application in individualswithDS and

potentially altering the course of the disease before cognitive decline

becomes severe.

The traditional, one-size-fits-all approach to clinical trials is seen

increasingly as inadequate for populations with specific needs, such as

individuals with DS. To address these challenges, new trial designs and

methodologies are emerging, offering greater flexibility and inclusiv-

ity. Adaptive trial designs allow for modifications to the trial protocol

based on interim data, making them particularly valuable in popula-

tions like DS, where disease progression can be heterogeneous. This

flexibility can help refine inclusion criteria, optimize dosages, or mod-

ify treatment regimens as new information emerges. Adaptive trials

are particularly relevant for testing complex treatments like amyloid-

targeting monoclonal antibodies, where ongoing data collection is

essential to understanding efficacy and safety in a diverse population.

The coronavirus disease 2019 (COVID-19) pandemic accelerated

the adoption of virtual clinical trials, which have the potential to over-

come many of the logistical challenges associated with traditional

in-person trials. Virtual trials, where data collection and monitor-

ing occur remotely, are especially relevant for individuals with DS,

who may face mobility issues, live in remote areas, or have diffi-

culty attending frequent in-person visits. These trials can include

telemedicine consultations, remote cognitive testing, and virtual care-

giver reporting, making participation in AD research more accessible

and feasible.

Effective recruitment strategies for clinical trials in DSmust involve

not only the individuals with DS but also their caregivers and thewider

community. Community-based recruitment strategies, such as those

promoted by the ACTC-DS RPAG, are essential for building trust, fos-

tering engagement, and ensuring that a diverse and representative

cohort participates in studies. Engaging the community early on, pro-

viding educational resources, and addressing concerns can enhance

recruitment and retention, particularly in a vulnerable population like

DS.

1.5 Future directions

Aswe look ahead, it is clear that further research is essential to ensure

that the advancements in AD treatments can benefit individuals with

DS. Clinical trials should specifically focus on the safety, efficacy, and

optimal dosing of these therapies in DS, considering the higher amy-

loid burden and the potential for increased risks, such as ARIAs and

CAA. Long-term studies will also be necessary to evaluate the durabil-

ity of therapeutic responses and the potential neuroprotective effects

in this high-risk group. In addition to amyloid-targeting therapies, there

is a need to explore combination therapies—such as anti-inflammatory,

tau-targeted, and synaptic-dysfunction therapies.

Future trials should implement inclusive clinical trial criteria, ensur-

ing that individuals with DS are represented and that findings can

be generalized to this population. Furthermore, community-based

recruitment strategies are essential for ensuring broad participation

in clinical trials. Involvement of families, caregivers, and DS-related

organizations in trial design and recruitment will help build trust and

engagement, leading to higher retention rates and more diverse par-

ticipant pools. Public education campaigns and outreach initiatives are

also needed.

The collaboration between advocacy groups, research institu-

tions, and pharmaceutical companies will be essential for acceler-

ating the development of safe and effective treatments for AD

in DS.

2 CONCLUSIONS

The unmet needs highlighted in this perspective—limited evidence on

treatment safety and efficacy, the biological complexity of DS, and eth-

ical considerations—underscore the urgency of adapting AD trials for

this population. Amyloid-targeting therapies such as lecanemab and

donanemab are promising, but their use in DS requires further study.

Novel strategies, including combination therapies and early detection

biomarkers, could also improve outcomes.

Future research must prioritize inclusivity, using tailored trial

designs and adapted therapies to meet the specific needs of individu-

als with DS. These efforts will not only advance treatment for the DS

populationbut also offer broader insights intoADpathophysiology and

therapeutic development.

Addressing these challenges through focused research and collab-

oration is essential to improving care and quality of life for individuals

with DS at risk of or living with AD.
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