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Abstract

INTRODUCTION: Without disease-modifying interventions, Medicare and Medicaid

spending on Alzheimer’s disease (AD) management is expected to reach 637 billion

USD annually by 2050. The recent advent of promising AD therapies after decades

of a near-total failure rate in clinical trials suggests that more disease-modifying

therapies areon thehorizon. In this review,weassess the late-stagepipelineof disease-

modifying candidates for AD and offer a novel classification of intervention candidates

by treatment paradigms—groups of candidates that share an underlying biological

mechanism of action and general disease target.

METHODS: We extracted data from the National Library of Medicine clinical trials

database regardingPhase 2 and3 trials of disease-modifyingAD therapies.We catego-

rized trials into eight unique treatment paradigms, which we defined by combinations

of therapy (biologic, small molecule, cell and gene therapy, other) and target (amyloid,

tau, other). We analyzed primary endpoints, eligibility criteria including clinical ratings

of cognition, trial phase and length, and funding sources.

RESULTS:We identified 123 unique disease-modifying intervention candidates in 175

late-stage clinical trials. Biologic and small molecule drugs comprised 30% and 54%

of trials, respectively. Eligibility criteria favored patients between the ages of 60 and

80 years with mild cognitive impairment. Including multi-phase trials, 81% of studies

were engaged in Phase 2 and 27% in Phase 3. Notably, within the Biologic–Amyloid

paradigm, 64% of trials were engaged in Phase 3.

DISCUSSION: Current studies of disease-modifying therapies for AD comprise a

diverse set of approaches to treating the disease. However, effort is largely concen-

trated in a few treatment paradigms and a narrow patient population, causing varying

rates of progress among treatment paradigms in the late-stage clinical trial pipeline.

Strategies may be warranted to accelerate successes in the most promising therapeu-

tical paradigms and nurture growth within nascent areas lacking resources but not

potential.
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Highlights

∙ An analysis of Alzheimer’s disease trial treatment paradigmswas conducted.

∙ FromApril 2021 toMarch 2023, 175 trials of 123 unique candidateswere reviewed.

∙ Biologic and small molecule drugs comprised 30% and 54% of trials, respectively.

∙ Eligibility criteria favored ages 60 through 80withmild cognitive impairment.

1 INTRODUCTION

The biomedical community has spent decades attempting to discover

disease-modifying treatments for Alzheimer’s disease (AD). Cumula-

tive private expenditures on drug development for AD exceeded 42

billion USD between 1995 and 2021, with additional billions con-

tributed from public sources, primarily the National Institutes of

Health (NIH). Efforts to find disease-modifying treatments are guided,

in part, by the large and growing burden of AD. By 2050, without

disease-modifying interventions, Medicare and Medicaid spending on

AD management is expected to increase to 637 billion USD annually,

from 231 billion USD in 2024.1,2

Until recently, success in discovering disease-modifying treatments

has been limited, as reflected in the near-total failure rate for

drug-development attempts in this area.3 The first possible disease-

modifying AD therapy, aducanumab, received accelerated U.S. Food

and Drug Administration (FDA) approval in June 2021, but the drug

was discontinued by its manufacturer in January 2024, after contro-

versy over its approval and restricted coverage by Medicare.4 The

decision was likely hastened by the full FDA approval of lecanemab in

July 2023, and the anticipation of approval of donanemab (approved

July 2024), both of which demonstrated significant slowing in the

progression of cognitive impairment in early AD.5,6

The EU/US/Clinical Trials in Alzheimer’s Disease (CTAD) Task Force

has noted that the complexity of AD and the heterogeneity of clinical

trials are impeding progress.7 Althoughunable to address the complex-

ity of AD, this work characterizes the therapy development pipeline,

providing a framework for classifying potentially disease-modifying

treatments. Specifically, we assess the existing late-stage pipeline of

disease-modifying candidates for AD and offer a novel classification of

candidates by treatment paradigms—groups of candidates that share

both an underlying biological mechanism of action and a general dis-

ease target–with the aim of organizing and characterizing the AD

therapy pipeline for future research, policy, and clinical application.

2 MATERIALS AND METHODS

Weextracted data onAD clinical trials from theUnited StatesNational

Library of Medicine (NLM) clinical trials database on April 10, 2021,

and March 28, 2023.8 All trials that listed AD as a condition were

examined, and trials with interventions targeting AD progressionwere

included. Our search strategy is described below.

2.1 Search strategy

We conducted a systematic review of late-stage (Phase 2 and Phase

3) clinical trials of potentially disease-modifying therapies for AD. We

searched the NLM clinical trials database using the following search

criteria: inclusion of the term “Alzheimer” in the study description and

satisfaction of the following four filters (i) “Recruiting” or “Not yet

recruiting” or “Active not recruiting”; (ii) “Enrolling by invitation”; (iii)

“Interventional”; and (iv) “Phase 2” or “Phase 3”.

We evaluated identified studies to assess whether investigators

were testing potentially disease-modifying therapies, symptomatic

therapies, or neither. Disease-modifying treatments were identified as

therapies that aimed to alter known biological characteristics of AD,

such as amyloid plaques or neurofibrillary tau tangles. Symptomatic

therapies were identified as treatments to improve symptoms expe-

rienced by patients, such as agitation and fatigue, without targeting

biological progression of AD. Studies of symptomatic therapies, imag-

ing studies, and behavioral interventions were removed from further

review. The remaining studies were identified as trialing potentially

disease-modifying therapies and kept for data extraction.

2.2 Data extraction

For studies identified as testing potentially disease-modifying ther-

apies, we collected variables of interest from the NLM clinical trials

database and distributed studies into treatment paradigms (described

below). The following variables of interest were extracted: drug or

therapeutic candidate, therapy type (biologic drug, small molecule

drug, cell and gene therapy, other), therapy target category (amyloid,

tau, other), primary outcome measures categorized by endpoint (e.g.,

Alzheimer’s Disease Assessment Scale-Cognitive Subscale [ADAS-

Cog], Mini-Mental State Examination [MMSE], amyloid levels) and

associated clinical domain (cognitive, behavioral, functional, biomarker,

other), eligible ages for enrollment, eligible MMSE scores for

enrollment, eligible Clinical Dementia Rating (CDR) scores for
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RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the litera-

ture using traditional sources (e.g., PubMed). Literature

regarding the Alzheimer’s disease therapeutic pipeline is

appropriately cited. There is a sparsity of work providing

detailed analysis of the late-stage clinical trial pipeline of

potentially disease-modifying therapies.

2. Interpretation: We provide an organizational framework

for the disease-modifying therapy pipeline using distinct

treatment paradigms based on therapeutic mechanism

and disease target (e.g., amyloid, tau). We employ this

framework to characterize emerging trends, including

the dominance of amyloid-targeting biologics, the ongo-

ing challenges with advancing tau-targeting therapies

beyond Phase 2, and the investigative emphasis on pop-

ulations between 60 and 80 years of age with mild

cognitive impairment.

3. Future directions: Studies are needed to determine

whether the multitude of outcome measures and eligi-

bility criteria used by trialists is appropriate. Assessment

of regulatory body (e.g., U.S. Food and Drug Adminis-

tration [FDA]) guidance and future guidance needs is

indicated, accounting for differences between treatment

paradigms.

enrollment, trial phase, projected trial length, funding sources, and

involvement of a study location based in the United States.

2.3 Data synthesis

We grouped therapies by the categories of therapy type and ther-

apy target under a joint “treatment paradigm” variable. Treatment

paradigms characterize groups of drug candidates with a similar mech-

anismof action andbiological target. If a paradigmcontained only a few

drug candidates, we created a more inclusive paradigm that combined

all target categories within a therapy type (specifically, we included a

joint Cell andGene Therapy paradigm and a joint Other paradigm). The

following eight treatment paradigmswere used for further analysis:

1. Biologic–Amyloid

2. Biologic–Tau

3. Biologic–Other

4. Small Molecule–Amyloid

5. Small Molecule–Tau

6. Small Molecule–Other

7. Cell and Gene Therapy

8. Other

3 RESULTS

Our first search yielded 195 results and our second search yielded

102 additional results, for a total of 297 clinical trials screened. After

excluding trials that were not testing disease-modifying treatment

candidates, 175 trials remained. A breakdown of the trial-exclusion

process from the two search dates is shown in Figure 1. We show

descriptive characteristics of these trials in Table 1, categorized by

treatment paradigm.

3.1 Therapy targets and outcome measures

3.1.1 Therapy types and prominent targets

Of the four therapy types, biologic and smallmolecule drugsweremost

frequently explored, while cell and gene therapy and the remaining

catch-all other category, consisted of relatively few trials (Table 1). Bio-

logic drugs comprised 52 of the 175 late-stage clinical trials (30%) and

F IGURE 1 Flowchart of inclusion process for late-stage clinical trials of potentially disease-modifying therapies for Alzheimer’s disease.
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29 of the 123 unique intervention candidates (24%). Small molecule

drugs comprised 94 of the 175 trials (54%) and 73 of the 123 unique

candidates (56%).

Among both biologic and small molecule therapies, amyloid was the

most frequent disease target, comprising 54% of biologic trials and

29% of small molecule trials. Another notable target was tau, com-

prising 19% of biologic trials and 10% of small molecule trials. The

emphasis on targeting amyloid and tauwithbiologic and smallmolecule

drugs is reflected in the treatment paradigms used for analysis.

3.1.2 Primary outcome measures

We identified the common primary outcome measures used within

each treatment paradigm.Due toour focusondiseasemodification and

late-stage drug candidates, we did not classify adverse events or study

them in detail.

A single trial may report one or multiple primary outcome mea-

sures. Across the eight paradigms, ADAS-Cog (any version) was the

most prevalent primary outcome measure in five paradigms and the

most prevalent outcomemeasure overall (29%of trials). CDR and amy-

loid level were the second and thirdmost prevalent outcomemeasures

overall, used, respectively, in 15% and 13% of trials. A summary of the

most common outcome measures by treatment paradigm is shown in

Table 2.

3.1.3 Clinical domains of primary outcome
measures

Primary outcome measures were categorized into the following clin-

ical domains: cognitive, behavioral, functional, and biomarker. Some

measures test multiple domains and were treated as such (e.g., CDR

is a composite measure of both cognitive and functional domains).

Across paradigms, the greatest proportion of studies had outcome

measures in the cognitive domain, although some paradigms also had

high representation of functional and biomarker measures (Table 3).

In addition, with the exception of the Small Molecule–Tau paradigm

and the Cell and Gene Therapy paradigm, at least half of the stud-

ies in each paradigm used cognitive domain primary endpoints. In

marked contrast, the behavioral domain was the least represented in

all paradigms.

3.1.4 Eligibility criteria

Figure 2 shows the distribution of eligibility criteria by treatment

paradigm for age,MMSE scores, and CDR scores.

3.1.5 Age eligibility criteria

Participants 60 through 80 years of age were eligible for inclusion in

over 90% of trials. Furthermore, 54% of trials included ages as young

as 50 years as eligible, whereas 33% of trials included ages as old as
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TABLE 2 Most common primary outcomemeasure by treatment paradigm for late-stage clinical trials of potentially disease-modifying
therapies for Alzheimer’s disease.

Treatment Paradigms

Most common primary outcomemeasures

1st 2nd

Biologic–Amyloid Amyloid (36%) CDR (25%)

Biologic–Tau ADAS-Cog, ADCS-ADL/iADL, tau (30%)

Biologic–Other ADAS-Cog (29%) CDR-SB, amyloid (21%)

SmallMolecule–Amyloid ADAS-Cog (37%) CDR-SB, ADCS-CGIC, amyloid, PK/PD (15%)

SmallMolecule–Tau PK/PD (33%) ADAS-Cog, ADCS-ADL/iADL (22%)

SmallMolecule–Other ADAS-Cog (36%) Homeostatic Biomarkers (19%)

Cell and gene therapy Homeostatic biomarkers (25%) —

Other ADAS-Cog (24%) CDR-SB (14%)

Grand total ADAS-Cog (29%) CDR (15%)

Note: Where primary outcomemeasures appear with equal frequency, multiple measures are listed. The Cell and Gene Therapy paradigm did not have other

repeated primary outcome measures. CDR is listed when both CDR-SB (Sum of Boxes) and CDR Global Score were used as measures within a paradigm;

CDR-SB is listed when only CDR-SBwas used.

Abbreviations: ADAS-Cog,Alzheimer’sDiseaseAssessment Scale—Cognitive Subscale; ADCS-ADL/iADL,Alzheimer’sDiseaseCooperative Study—Activities

ofDaily Living/InstrumentalActivities ofDaily LivingScale;ADCS-CGIC,Alzheimer’sDiseaseCooperativeStudy—ClinicalGlobal ImpressionofChange;CDR,

Clinical Dementia Rating; CDR-SB, Clinical Dementia Rating—Sum of Boxes; PK/PD, pharmacokinetic or pharmacodynamic properties.

TABLE 3 Proportion of studies with primary outcomemeasures in a particular clinical domain by treatment paradigm for late-stage clinical
trials of potentially disease-modifying therapies for Alzheimer’s disease.

Treatment Paradigms Count

Clinical domain

Adverse eventsCognitive Behavioral Functional Biomarker

Biologic–Amyloid 28 (100%) 15 (54%) 2 (7%) 10 (36%) 13 (46%) 10 (36%)

Biologic–Tau 10 (100%) 5 (50%) 2 (20%) 5 (50%) 4 (40%) 5 (50%)

Biologic–Other 14 (100%) 9 (64%) 0 (0%) 3 (21%) 4 (29%) 3 (21%)

SmallMolecule–Amyloid 27 (100%) 16 (59%) 5 (19%) 10 (37%) 8 (30%) 13 (48%)

SmallMolecule–Tau 9 (100%) 2 (22%) 0 (0%) 2 (22%) 2 (22%) 5 (56%)

SmallMolecule–Other 58 (100%) 32 (55%) 5 (9%) 11 (19%) 21 (36%) 16 (28%)

Cell and Gene Therapy 8 (100%) 3 (38%) 2 (25%) 2 (25%) 3 (38%) 4 (50%)

Other 21 (100%) 12 (57%) 0 (0%) 3 (14%) 7 (33%) 6 (29%)

Grand total 175 (100%) 94 (54%) 16 (9%) 46 (26%) 62 (35%) 62 (35%)

90 years as eligible. It is important to note that the distribution of age

eligibility did not varymarkedly by paradigm.

3.1.6 MMSE and CDR score eligibility criteria

MMSE and CDR were frequently used as cognitive measures to

assess participant eligibility. Overall, 69% of studies used MMSE

score eligibility criteria. Scores 22 through 24 were eligible scores

for enrollment in more than 80% of studies with MMSE score eligi-

bility criteria. Scores 20 through 26 were eligible scores in at least

70% of such studies. For reference, MMSE scores of 25 through 30

are often considered within normal limits, and scores 20 through

24 are often considered mild cognitive impairment. This reflects an

emphasis on enrolling patients with clinical symptoms but without

severedisease. Comparing treatment paradigms, theBiologic–Amyloid

paradigm had higher MMSE eligibility range endpoints, whereas the

Cell and Gene Therapy paradigm had lower MMSE eligibility range

endpoints.

Overall, 43% of trials contained CDR score eligibility criteria. In

each paradigm, CDR scores of 0.5 and 1 were more prevalent, and

represent very mild dementia and mild dementia, respectively. CDR

scores of 0 (normal), 2 (moderate dementia), and 3 (severe dementia)

were rare by comparison. Similar to MMSE score eligibility criteria,

CDR score eligibility criteria emphasized enrolling patients with mild

disease.
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F IGURE 2 Eligibility criteria concerning patient ages, MMSE scores, and CDR scores by proportion of trials in each treatment paradigm. Trials
that did not include a particular eligibility criterion (age, MMSE score, or CDR score) are excluded from the respective denominators used for the
proportions presented. CDR, Clinical Dementia Rting;MMSE,Mini-Mental State Examination.

3.1.7 Clinical trials by phase, duration, funding
sources, and location

Figure 3 shows the breakdown of trials by study phase, average phase

duration, funding sources, and involvement of a U.S. trial site.

3.1.8 Trial phases

Of the 175 trials, 21% were engaged in multi-phase trials; 14% were

engaged in Phases 1/2 and 7% were engaged in Phases 2/3. In the fol-

lowing results, multi-phase trials count toward both of their respective

phases.

Overall, 81% of late-stage trials were engaged in Phase 2, and 27%

wereengaged inPhase3. This distribution varied across paradigms, but

most reflected the high proportion of trials in Phase 2. The Biologic–

Amyloid paradigmwas an exception, with only 39% of trials engaged in

Phase 2 and 64% engaged in Phase 3.

3.1.9 Duration of phases

Trial phases differed in average length with combined Phase 2/3 trials

(1521 days = 4.2 years) exceeding the average length of Phase 2 trials

(965 days= 2.6 years) or Phase 3 trials (1202 days= 3.3 years) in isola-

tion.However, thedurationofPhase2/3 trials on averagewas1.8 years

shorter than the summative average lengths of Phase 2 and Phase

3 trials. Aggregate results are represented in Figure 3, and duration

of phases with breakdown by paradigm are represented in Appendix

Figure A.1.

3.1.10 Funding sources

Trials often had multiple funding sources. Overall, 71% of trials

included funds from industry, 15% included funds from the NIH, 1%

included funds from other U.S. federal government agencies, and 47%

included funds from other sources.

The paradigms that most often included industry funding were

Biologic–Amyloid (96%), Biologic–Tau (100%), Biologic–Other (79%),

Small Molecule–Amyloid (85%), and Cell and Gene Therapy (100%).

The NIH did not fund trials in the paradigms of Small Molecule–Tau or

Cell and Gene Therapy.

3.1.11 Involvement of a U.S. trial site

The majority of trials reported site locations, and many took place

in multiple countries. Overall, 69% of trials reported a U.S. loca-

tion, 25% reported location data without any U.S. location, and 6%

of trials did not report location data at the time of data extraction.

Trials with exclusively U.S. locations comprised 42% of trials. Of tri-

als with reported location data, at least one U.S. location was listed

in 73%.
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F IGURE 3 Characteristics of late-stage clinical trials of potentially disease-modifying therapies for Alzheimer’s disease. (A) Clinical trial
phases by treatment paradigm. (B) Average length of phases for clinical trials of potentially disease-modifying therapies for Alzheimer’s disease. (C)
Funding sources by treatment paradigm. Funding sources are notmutually exclusive. (D) Involvement of a U.S. trial site by treatment paradigm. Not
all studies listed locations and totals may not add up to 100%.

4 DISCUSSION

The candidates investigated in late-stage clinical trials represent awide

range of potential treatments for AD. However, the high failure rate

indicates that progress remains exceptionally difficult.3 Here, we dis-

cuss emerging trends within the 175 captured late-stage studies of

potentially disease-modifying therapies.

4.1 Amyloid as most frequent target

Amyloid was the most frequent target overall, with our results cap-

turing 55 such biologic and small molecule trials. The emphasis on

amyloid is prominent given that three Biologic–Amyloid therapies, all

captured in this study, have been approved by the FDA: aducanumab

in 2021, lecanemab in 2023, and donanemab in 2024—although

aducanumab was withdrawn by its manufacturer after approval of

lecanemab, which shares the same manufacturer.9,10 The withdrawal

of aducanumab was due to controversy surrounding its benefits, and

in part to the approval of lecanemab.4 Treatment effects reported for

aducanumab, lecanemab, and donanemab include slowed decline of

cognitive function, but not halted overall disease progression.6,11

Other promising Biologic–Amyloid candidates have faced several

trials. Eight trials captured in our analysis tested gantenerumab.

Although gantenerumab has failed several trials, a modified version

named trontinemab has been engineered to better cross the blood–

brain barrier.12 Crenezumab is another Biologic–Amyloid candidate

that has generated interest, and the drug had reached a Phase 3

trial.13 However, the trial was discontinued per interim analysis, and

crenezumab is not being investigated in trials captured within the

present study.

As more Biologic–Amyloid therapeutics are approved, it is impor-

tant to investigate consequences on care delivery. Infusions are

required for these drugs, and both drug administration and side effect

management may result in high costs for monitoring patients. Some

of the most prominent adverse effects are amyloid-related imag-

ing abnormalities related to edema (ARIA-E) and microhemorrhage

(ARIA-H). These are relatively common and can change clinical man-

agement, sometimes pausing treatment.14 Further research into best

management is warranted.

4.2 Tau as a more challenging target

Accumulated neurofibrillary tau tangles are another notable target

captured in our analysis. Compared with amyloid, fewer trials tar-

geted tau, and none had advanced past Phase 2 at the time of data

collection. In 2021, Eli Lilly disclosed discontinuation of zagotenemab
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(LY3303560), Abbvie stopped development of tilavonemab (ABBV-

8E12), and Biogen halted a trial of gosuranemab (BIIB092).15 All

companies acted due to failure to meet primary endpoints and sig-

nificant adverse effects. Remaining tau-targeting interventions in

the pipeline include Ionis/Biogen’s BIIB080, an injectable antisense

oligonucleotide which acts upon ribonucleic acid to suppress tau pro-

duction, and Janssen’s JNJ-63733657, an antibody that recognizes

the tau microtubule-binding region. Overall, targeting tau appears

challenging given the lack of progression past Phase 2.

4.3 Biologic versus small molecule drugs

The majority of trials tested biologic or small molecule drugs, which

comprised 30% and 54% of trials, respectively. Although more trials

tested small molecules, a higher proportion of biologic drugs were

engaged in Phase 3 (38% of biologic drugs, 25% of small molecule

drugs). Among the paradigms, Biologic–Amyloid had the greatest num-

ber of Phase 3 trials (n = 18) and a near 100% rate of industry funding,

possibly making it best poised for imminent breakthroughs.

4.4 Cell and gene therapy

Five of the eight studies in the Cell and Gene Therapy paradigm

testedmesenchymal stem cell (MSC) therapies. Experimental ADmod-

els using MSCs have shown promising results, including enhancement

of amyloid clearance and neuron survival.16 Of the remaining studies

in the paradigm, two assessed the antisense oligonucleotide BIIB080,

and one assessed autologous regulatory T-cell safety in the AD patient

population. No studies had advanced past Phase 2 at the time of data

collection.

4.5 The "Other" paradigm

The Other treatment paradigm was a catch-all for studies that did

not neatly fit the more specific paradigms involving biologic, small

molecule, or cell and gene therapy mechanisms of action. Eight of the

studies in the Other paradigm focused on diet modification, largely

antioxidants. Oxidative stress from free radicals is a mechanism the-

orized to contribute to cognitive decline in AD, and antioxidants may

be protective against this damage.17 Five studies involved noninva-

sive brain stimulation, such as transcranial electromagnetic treatment.

These non-invasive interventions may slow decline in AD by disag-

gregating amyloid or tau, or by precipitating neuronal activity that

enhances synaptic signaling.18,19 Three studies investigated glucagon-

like peptide 1 (GLP-1) agonists, which have recently received attention

for their efficacy in weight loss and controlling type 2 diabetes melli-

tus. Proposed mechanisms for the possible benefit of GLP-1 agonists

in treating AD include protecting against oxidative damage, strength-

ening neuronal connections through promoting expression of synaptic

proteins, and reducing amyloid and tau aggregation.20 The proposed

mechanisms for interventions in the Other paradigm are not well

defined, but they are theorized to act on targets known to modulate

neurological function.

4.6 Primary outcome measures and FDA
guidance

In 2013, the FDA released guidance encouraging the use of both cogni-

tive and functional outcome measures in AD clinical trials, suggesting

a composite scale.21,22 A 2018 revision used less-specific language,

generally encouraging broad endpoints. Previous analysis found that

the guidance impacted outcome measure selection, with primary end-

points from multiple domains being employed in 27% of trials in the 5

years after the 2013 guidance, up from 15% during the 5 years prior.21

Within studies captured in the present analysis, 35% included primary

outcome measures from more than one domain. Notably, the Inte-

grated Alzheimer’s Disease Rating Scale (iADRS) cognitive-functional

composite scale, featured in the donanemab Phase 3 clinical trial, was

used as a primary outcomemeasure in six of these trials. It appears that

the FDA guidance is being practiced, but adherence remains low.

4.7 Funding priorities differ between sources

Priorities differed across funding sources, including between the NIH

and industry, the twomajor funding sources. The paradigms inwhich at

least 20%of trials receivedNIH fundingwere SmallMolecule–Amyloid

(26%) andOther (33%). The three paradigmswith the greatest propor-

tions of industry funding were Biologic–Amyloid (96%), Biologic–Tau

(100%), and Cell and Gene Therapy (100%).

4.8 Limitations

Although we present a comprehensive view of the late-stage clini-

cal trial landscape of potentially disease-modifying therapies in AD

between April 10, 2021, and March 28, 2023, limitations to our anal-

ysis exist. We do not cover trials that were not active during this time

frame. We believe this is appropriate given the relative recency of

approved disease-modifying therapies; however, there are trials not

characterized here.

Another limitation is the difficulty in determining disease-modifying

potential. Although we used presiding opinions on which therapies

have such potential and the intents of the trial investigators them-

selves, there is no standard to determine whether a therapy may be

disease modifying, which is often the objective of the trials them-

selves to elucidate. In addition, the exact pathogenesis of AD remains

unknown. Thus, it is possible that trials involving disease-modifying

therapies are not included, or that somewill disagreewith the inclusion

of certain trials in the present analysis. We attempted to have broad

inclusion of therapies that may be disease modifying, so the latter is

more likely.
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5 CONCLUSION

As both the burden of AD and the potential of disease-modifying ther-

apies increase, the value of understanding the landscape of potentially

disease-modifying therapies and characterizing emerging treatment

candidates rises as well. In this work, we have organized candi-

dates by mechanism of action (biologic, small molecule, cell and gene

therapy, other) and general disease target (amyloid, tau, other), clas-

sifying potential disease-modifying therapies by unique treatment

paradigms.

Through analyzing the existing late-stage pipeline of potentially

disease-modifying candidates, important trends emerge. Among 175

trials, there were 123 unique intervention candidates. This is consis-

tent with other recent reviews of the AD drug-development pipeline

that demonstrated considerable and increasing investment in poten-

tially disease-modifying therapies.23,24 Among therapy targets, amy-

loid was predominant, comprising 30% of the trials captured. Also

prominent was tau, but there has beenmore difficulty advancing these

trials past Phase 2. Considering therapy mechanisms, small molecule

drug trials were the most numerous, although a higher proportion of

biologic drugs were engaged in Phase 3. Furthermore, industry fund-

ing backs a higher proportion of late-stage biologic studies compared

to small molecule studies.

This review of the late-stage AD pipeline informs understanding of

trial structure and expectations about when results can be obtained.

Trials focus largely on participants between 60 and 80 years of age,

with about two-thirds of trials including a U.S. clinical site. Among tri-

als with MMSE or CDR score eligibility criteria, the eligible ranges

most often include possible or mild cognitive impairment, demon-

strating emphasis on preventing cognitive decline early in the disease

course. In measuring trial length and excluding multi-phase designs

(e.g., Phase 1/2 and Phase 2/3 trials), Phase 2 trials averaged 2.6

years in predicted length and Phase 3 trials averaged 3.3 years. With

128 of the captured trials in Phase 1/2 or 2, and with 47 trials in

Phase 2/3 or 3, there is hope for multiple breakthroughs in the next

decade.

Although disease-modifying therapies for AD constitute a diverse

set of approaches, efforts and progress are largely concentrated in

a few treatment paradigms and a narrow patient population. The

AD research, clinical, and policy community should recognize that

the late-stage clinical trial pipeline is progressing at varying paces in

the disparate paradigms, and craft strategies to accelerate the suc-

cess of the most promising paradigms while nurturing the growth

of nascent areas lacking resources but not potential. Assuming the

imminent approval of new AD therapies, it is important to antic-

ipate the associated consequences on care delivery and costs. As

new disease-modifying therapies emerge and trends evolve, future

research may draw on the concept of treatment paradigms to better

understand key differences in trial characteristics and their implica-

tions on pipeline and portfolio planning by manufacturers, funding and

investment by private and public sources, and regulatory actions by

national authorities.
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