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Abstract

INTRODUCTION:New therapies to prevent or delay the onset of symptoms, slowpro-

gression, or improve cognitive and behavioral symptoms of Alzheimer’s disease (AD)

are needed.

METHODS: We interrogated clinicaltrials.gov including all clinical trials assessing

pharmaceutical therapies for AD active in on January 1, 2024. We used the Common

Alzheimer’sDiseaseResearchOntology (CADRO) to classify the targets of therapies in

the pipeline.

RESULTS:There are 164 trials assessing 127 drugs across the 2024ADpipeline. There

were 48 trials in Phase 3 testing 32 drugs, 90 trials in Phase 2 assessing 81 drugs, and

26 trials in Phase 1 testing 25 agents. Of the 164 trials, 34% (N = 56) assess disease-

modifying biological agents, 41% (N=68) test disease-modifying smallmolecule drugs,

10% (N= 17) evaluate cognitive enhancing agents, and 14% (N= 23) test drugs for the

treatment of neuropsychiatric symptoms.

DISCUSSION: Compared to the 2023 pipeline, there are fewer trials (164 vs. 187),

fewer drugs (127 vs. 141), fewer new chemical entities (88 vs. 101), and a similar

number of repurposed agents (39 vs. 40).

KEYWORDS

Alzheimer’s disease, amyloid, biomarkers, clinical trials, Common Alzheimer’s Disease Research
Ontology (CADRO), drug development, inflammation, pharmaceutical companies, repurposed
drugs, synaptic function, tau

Highlights

∙ In the 2024 Alzheimer’s disease drug development pipeline, there are 164 clinical

trials assessing 127 drugs.

∙ The 2024 Alzheimer’s disease drug development pipeline has contracted compared

to the 2023 Alzheimer pipeline with fewer trials, fewer drugs, and fewer new

chemical entities.
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∙ Drugs in the Alzheimer’s disease drug development pipeline target a wide array of

targets; the most common processes targeted include neurotransmitter receptors,

inflammation, amyloid, and synaptic plasticity.

∙ The total development time for a potential Alzheimer’s disease therapy to progress

from nonclinical studies to FDA review is approximately 13 years.

1 INTRODUCTION

Alzheimer’s disease (AD) is an age-related disorder increasing from

approximately 5%of individuals aged65–74, 13.1%of people aged75–

84, and 33.3% of people aged 85 or older.1 The aging of the global pop-

ulation anticipated the currentmarked increase in individuals with this

disorder and forecasts a coming surge of affected persons. Between

2015 and 2050 the percentage of the world’s population of people

over age 60 will nearly double from 12% to 22%, comprising 2.1 billion

individuals.2 In the United States, 17.3% of the population is age 65 or

older and approximately 6.5million haveADdementia.1 Mild cognitive

impairment (MCI) affects approximately 22%of the over-age 65 group,

and AD is the cause of MCI in approximately 50% of cases.3,4 Roughly

22% of those age 65 or older have preclinical AD (e.g., cognitively nor-

mal with evidence of AD pathology in the brain reflected in biomark-

ers). Preclinical AD is age-related, affecting up to half of persons aged

90 and above.4 In theUnited States, Black andHispanic individuals and

persons with lower educational levels are disproportionately affected

by AD.3 The inescapable conclusions to be drawn from these obser-

vations are that AD-type pathology is highly prevalent among older

individuals, AD increases with age, and the number of individuals pro-

gressing toMCI due to AD and dementia due to AD is high. Prevention,

treatment, and scalable public health responses are needed.

After almost two decades of intense pharmacologic and drug

development efforts during which no new therapies emerged, recent

progress has been made in the development and approval of disease-

modifying therapies (DMTs) and symptomatic treatments for neu-

ropsychiatric syndromes of AD. Two anti-amyloidmonoclonal antibod-

ies (AA-MABS)—aducanumab and lecanemab—that slow the cognitive

decline of AD are approved and another—donanemab—is currently

under review.5–7 Brexpiprazole is approved for the treatment of agi-

tation in dementia associated with AD.8 These successes have been

influential for AD therapeutics including demonstrating the ability to

slow disease progression through intervention in key pathological pro-

cesses of AD, establishing biomarkers as a means of diagnosing AD

and following therapeutic responses, providing experiencewith clinical

outcomemeasures in trials of bothDMTs and symptomatic agents, and

constructing regulatory standards applicable to the development of

DMTs and treatments for symptomatic aspects of AD. The preliminary

foundation for future clinical trials for AD therapeutics is in place.

The goal of our annual review of the AD drug development pipeline

is to note trends in the therapeutic targets, use of clinical outcome

measures, role of biomarkers in clinical trials, and drug mechanisms of

action (MoA) of agents being tested in current trials. We assess the

trial duration, trial population size, and time to recruit trial participants.

The information presented in this review is intended to assist those

developing drugs to make evidence-based decisions; to help patients,

families, and practitioners understand what drugs may be moving

through the pipeline toward possible clinical application; and to help

clinician-scientists understand the landscape of putative therapeutic

interventions for AD.

2 METHODS

The data on which this review is based are derived from a clinical

research registry—clinicaltrials.gov—maintained by the US National

Library of Medicine of the National Institutes of Health (NIH). The

US Food and Drug Administration (FDA) Amendment Act of 2007

(updated 2017) requires that all clinical trials conducted in the United

States be registered on clinicaltrials.gov.9 Registration on clinicaltri-

als.gov must occur within 21 days of enrolling the first patient in the

trial. The legal requirement for registration applies to trials that have

at least one site in the United States, are conducted under an FDA

Investigational NewDrug (IND) or investigational device exemption, or

involve a drug, biological or device that is manufactured in the United

States or its territories. Failure to comply with the common rule can

result in civil penalties or withholding of grant funding in the case of

federally funded clinical trials. The International Committee ofMedical

Journal Editors (ICMJE) requires registration and inclusion of the reg-

istration number (National Clinical Trial [NCT]) with reports of clinical

trials submitted for publication. This requirement further encourages

trial registration on clinicaltrials.govwhen clinical trials are initiated.10

More trials are conducted in theUS than in any other global region, and

many trials conducted outside of the United States are registered on

clinicaltrials.gov though not legally obliged to do so. As a result, most

but not all clinical trials are registered on clinicaltrials.gov; the infor-

mation onwhich this report is based canbe regarded as comprehensive

but not exhaustive regarding therapeutic agents in clinical trials.

Data are structured in the clinicaltrials.gov Application Program-

ming Interface (API) and transferred to the database of the Clinical

Trial Observatory for analysis and interpretation (regularly updated

summary data are available at Alzpipeline.com).

The Index Date for this review is January 1, 2024. Numbers,

percentages, and other numerical data provided in this report are

true regarding clinical trials on the Index Date. Trials reaching their
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completion date prior to the Index Date or not yet registered on the

Index Date are not included in the review. We include trials labeled

as recruiting, active but not recruiting (e.g., trials that have completed

recruitment and are continuing with the exposure portion of the trial),

enrolling by invitation (e.g., open-label extensions of trials limited to

those participating in the double-blind portion of the trials), and not

yet recruiting (e.g., registered on clincaltrials.gov but no patients have

been enrolled). We note whether trials registered on clinicaltrials.gov

on the Index Date are labeled as suspended, terminated, completed,

withdrawn, or unknown (no status update within the past 2 years).

These latter categories of trials are not included in the calculations

involving active trials.

We search to include all trials with labels of AD or other terms

related to AD (e.g., dementia of the Alzheimer’s type) and MCI. Search

algorithms allow trials with spelling or grammatical errors to be

detected. We do not include trials whose participants have dementia

of any cause or in which AD is included with other dementias or other

medical conditions not separately identified by inclusion and exclusion

criteria.We do not include trials in which theMCI is a manifestation of

a non-AD condition such asMCI of Parkinson’s disease.

We include trials in Phase 1, Phase 1/2, Phase 2, Phase 2/3, and

Phase 3. When a trial spans two phases, we use the higher number for

our calculations. We do not include Phase 0 or Phase 4 clinical trials in

this report.

The data resource constructed from the clinicaltrials.gov API is

comprehensive and includes the test agent, trial title, NCT number,

start date, projected primary end date, duration of treatment expo-

sure, number of arms of the study, whether a biomarker was collected

at entry or as an outcome, whether the agent was repurposed (e.g.,

approved for another indication), whether the trial was a long-term

extension of an earlier clinical trial, and where the trials were per-

formed (United States; ex-United States with no US sites; global – US

and ex-US sites included in the trial). We calculate the recruitment

period as the total trial duration (from the actual start date to the

primary completion date) minus the treatment duration.

We use the “lead sponsor” designation derived from clinicaltri-

als.gov to divide the funders into industry or not industry. Most AD

trials not funded by industry are funded by the National Institute on

Aging (NIA); trials are also funded by other federal agencies such as

the Veterans Administration, non-US governmental agencies, advo-

cacy groups, or philanthropy. Detailed information for public-private

partnerships is not available in the registry.

We note if the trial population is cognitively normal with a

biomarker indicative of AD (e.g., a prevention trial), MCI, or mild, mod-

erate, or severe AD dementia. If other trial designations are used such

as “early AD” (MCI plus mild AD dementia), we capture the population

definition.

We derive the target of the test agent based on the descriptive

categories of the Common Alzheimer’s Disease Research Ontology

(CADRO).11 CADRO categories include amyloid beta; tau; apolipopro-

tein E (ApoE), lipids, and lipoprotein receptors; transmitter receptors;

neurogenesis; inflammation; oxidative stress; cell death; proteosta-

sis/proteinopathies; metabolism and bioenergetics; vasculature;

RESEARCH INCONTEXT

1. Systemic review: All clinical trials performed in the

United States must be registered on clinicaltrials.gov and

most clinical trials conducted globally are entered in this

registry.Weused this registry to assess the size, duration,

and funding of clinical trials for therapies for Alzheimer’s

disease (AD). We report the therapeutic purpose of the

agent, mechanism of action, and biological targets of the

agents being assessed.

2. Interpretation: The number of trials for AD therapeu-

tics and the number of drugs being assessed is some-

what reduced in the 2024 pipeline compared to the

2023 pipeline. There are similar numbers of repurposed

agents and fewer new chemical entities in the 2024

pipeline. There are 96 disease-modifying agents and

31 symptomatic agents in the AD pipeline. The distri-

bution of therapeutic targets as defined by the Com-

mon Alzheimer’s Disease Research Ontology (CADRO)

is diverse with an emphasis on inflammation, synaptic

plasticity, transmitter effects, and amyloid ß-protein.

3. Future directions: The decrease in the number of trials,

drugs, and new chemical entities in the 2024 pipeline

suggests that recent successes in the development of

disease-modifying therapies and treatments for neu-

ropsychiatric symptoms is not increasing AD pipeline

activity. The greater use of biomarkers, refined target

identification, and improved trial conduct may increase

the number of successes in AD drug development and

attract greater interest and investment in this areawhere

new therapies are urgently needed.

growth factors and hormones; synaptic plasticity/neuroprotection;

gut-brain axis; circadian rhythm; environmental factors; epigenetic

regulators; multitarget; unknown target; other. Within each of the

CADRO categories, such as synaptic plasticity or inflammation, agents

can have one or several specific MoAs. The MoAs presented in the

tables are derived from clinicaltrials.gov, available literature, or infor-

mational websites such as alzforum.org. Based on MoA information,

we classify agents as DMTs or as symptomatic therapies depending on

whether the declared therapeutic purpose is to slow cognitive decline

or to improve symptoms present at baseline in the trial (cognitive

impairment or neuropsychiatric symptoms).We acknowledge that this

classification can be ambiguous; agents may have multiple therapeutic

mechanisms; and drugs may have both DMT and symptomatic prop-

erties. Trials are typically designed to show one therapeutic property

of a drug; trials for symptomatic agents are smaller, shorter in dura-

tion, and have less reliance on biomarkers, whereas demonstrating

disease modification typically requires larger numbers of participants,

longer exposures, and more reliance on biomarkers. Trial features
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are used to classify drugs as DMTs or symptomatic agents. We divide

DMTs into biologics (e.g., monoclonal antibodies, vaccines, antisense

oligonucleotides [ASOs], gene therapy, etc) and small molecules (e.g.,

drugs typically taken orally and less than 500 Daltons in molecular

weight).

To determine if a drug in the AD pipeline is repurposed, we compare

the agents in the pipeline to the currently available version of Drug-

Bank (https://go.drugbank.com/). Most, but not all repurposed agents,

are generic. A few in the pipeline such as brexpiprazole are repurposed

agents with proprietary status.

In this report, we do not include trials of non-pharmacologic ther-

apeutic approaches such as exercise trials, lifestyle interventions,

cognitive behavior therapies, caregiver interventions, supplements,

medical foods, or devices. We do not include biomarker trials if no

intervention is being assessed.

3 RESULTS

3.1 Overview

On the Index Date of January 1, 2024, there were 164 clinical trials for

AD (prevention,MCI, AD dementia) assessing 127 drugs. This included

48 trials testing 32 drugs in Phase 3; 90 trials assessing 81 drugs in

Phase 2; and 26 trials testing 25 drugs in Phase 1 (Figure 1). Of the 164

trials, 11 are long-term extensions of agents in prior trials.

Most of the drugs in the AD drug development pipeline are DMTs.

In total there are 96 DMTs representing 76% of drugs in clinical trials.

Twelve percent of the pipeline (15 agents) target cognitive enhance-

ment as their therapeutic purpose, and 13% (16 agents) are proposed

treatments for neuropsychiatric symptoms.

Of the 96 disease-modifying agents, 53 (55%) are small molecules

and 43 (45%) are biologics. Sixty-six percent (21 agents) in Phase 3 are

DMTS; 78% (63 agents) in Phase 2 are DMTs; 84% (21 agents) in Phase

1 are DMTs.

Agents in the pipeline address nearly all the processes of the

CADRO classification (Figure 2). Twenty-eight drugs (22% of all drugs

in the pipeline) target neurotransmitter receptors; 25 agents (20%)

target neuroinflammation; 23 therapies (18%) target amyloid beta

protein (Aß) processes; 15 drugs (12%) address synaptic plastic-

ity/neuroprotection; 11 agents (9%) target tau-related processes; 8

agents (6%) address metabolism and bioenergetics; 5 (4%) drugs tar-

get ApoE, lipids, and lipoprotein receptors; 4 drugs (3%) each address

proteostasis/proteinopathy and growth factors and hormones; 3 ther-

apies (2%) target oxidative stress, neurogenesis, and circadian rhythm

disturbances; 2 drugs (2%) target vasculature factors; and there is 1

agent (1%) for each of the categories of gut-brain axis and epigenetic

regulators.

Of the 164 current AD trials, 35 (21%) are new since the last Index

Date (January 1, 2023) including 9 trials in Phase 3, 17 trials in Phase

2, and 9 trials in Phase 1. In the past year, 37 clinical trials were com-

pleted, 10 were terminated, 4 were withdrawn, 1 was suspended, and

7 became of “unknown” status.

There are 39 repurposed agents in 52 trials in the pipeline compris-

ing 31% of current drugs and 32% of current trials. Among repurposed

agents, 15% (6 agents) are DMT biologics, 54% (21 agents) are DMT

small molecules, 15% (6 agents) target cognitive enhancement, and

15% (6 drugs) are being assessed for the treatment of neuropsychiatric

symptoms. Repurposed agents account for 14%of DMTbiologics, 40%

of DMT small molecules, 40% of cognitive enhancing agents, and 38%

of neuropsychiatric agents in the pipeline.

Currently active trials require 51,398 participants including 36,998

in Phase 3; 13,138 in Phase 2; and 1,262 in Phase 1. DMTs account

of 79% of all participants required for current trials. Forty-four per-

cent of all trials are conducted in the United States without non-US

sites. Four trials in the pipeline are prevention trials of cognitively

normal individuals at risk for symptomatic AD; 26% of trials (42) are

assessing participants with MCI (with or without confirmation of AD

pathology); 30% (49 trials) involve participants with early AD (MCI or

mild AD dementia); and 75 trials (46%) include participants with mild,

moderate, or severe AD dementia.

The pharmaceutical industry accounts for funding of 60% (98 of

164) of trials.

3.2 Phase 3 trials

There are 48Phase 3 trials assessing 32 drugs (Table 1; Figure 3). Sixty-

six percent of agents (N = 21) in Phase 3 are DMTs including nine

biologics (43% of DMTs) and 12 small molecules (57%). There are four

(12% of Phase 3 agents) cognitive enhancing agents and seven (22% of

Phase3 agents) neuropsychiatric agents in Phase3. There are nine new

trials assessing eight drugs since the Index Date of January 1, 2023.

There are nine (28% of Phase 3 agents) repurposed agents in Phase

3; four (44%) of repurposed agents are DMTs (one biologic [25% of

repurposed DMTs]; three small molecules [75% of repurposed DMTs]),

three (33% of Phase 3 repurposed agents) cognitive enhancing agents,

and two (22% of Phase 3 repurposed agents) drugs addressing neu-

ropsychiatric symptoms. Five trials are long-term extensions of drugs

that have completed a prior trial. There are two prevention trials in

Phase 3 enrolling individuals who are cognitively normal and at risk for

progressing to symptomatic AD.

The CADRO categories of agents in Phase 3 include 11 (34%)

targeting transmitter systems; 7 (22%) targeting amyloid-related pro-

cesses; 4 (12%) addressing synaptic plasticity/neuroprotection; 2 (6%)

each addressing metabolic and bioenergetic targets, inflammation,

and proteostatsis/proteinopathy; and 1 (3%) each directed at tau,

neurogenesis, growth factors and hormones, and circadian rhythm-

related processes. In total, 10 biological process categories are being

addressed by agents in Phase 3 trials.

Thirty-eight trials in Phase3 (79%) are fundedbybiopharmaceutical

industry sponsors. Twenty-one percent are funded primarily through

non-pharmaceutical sources including the NIH (especially the NIA),

other federal agencies, non-US governmental agencies, philanthropies

(e.g., Alzheimer’s Drug Discovery Foundation), and advocacy groups

(e.g., Alzheimer’s Association). Pharmaceutical/non-pharmaceutical
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F IGURE 1 Agents in clinical trials for treatment of Alzheimer’s disease on the Index Date of January 1, 2024, as recorded on clinicaltrials.gov.
The inner ring shows Phase 3 agents; themiddle ring includes Phase 2 agents; the outer ring presents Phase 1 therapies. Agents in green areas are
biologics; those in purple areas are disease-modifying small molecules; agents in orange areas are symptomatic agents addressing cognitive
enhancement; and those in the blue sections of the figure target behavioral and neuropsychiatric symptoms. The shape of the icon denotes the
population of the trial; the color of the icon denotes the CADRO-based class of the agent (© J Cummings; M de la Fleur, PhD, Illustrator).

collaborations are common; the API of clinicaltrials.gov does not allow

specific identification of public-private partnerships.

There are two Phase 3 prevention trials, both involving biological

agents. The mean anticipated recruitment time for prevention trials is

2.9 years. On average, DMT Phase 3 trials (not including preven-

tion trials) of biologics will require 3.5 years and small molecules will

require 2.2 years to recruit the needed number of patients. Recruit-

ment for cognitive enhancers takes on average 3.4 years and for trials

of neuropsychiatric symptoms, 3.7 years. Treatment duration varies

by therapeutic class, Phase 3 prevention trials of biologics have mean

treatment periods of 3.8 years. Non-prevention, Phase 3 trials of bio-

logics have a mean treatment period of 1.5 years; non-prevention

Phase 3 trials of small molecules have amean period of 1 year. On aver-

age, cognitive enhancer treatment exposure periods and treatment

periods of drugs for neuropsychiatric agents in Phase 3 are 4.5 and 4.8

months, respectively.

Phase 3 trials required a total of 36,998 participants to populate

all trials currently in progress. DMT biologics have a total of 18,232
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F IGURE 2 Alzheimer-related processes as categorized by the Common Alzheimer’s Disease ResearchOntology (CADRO) for agents in each
phase of the Alzheimer’s drug development pipeline (© J Cummings; M de la Flor, PhD, Illustrator).

participants; DMT small molecules have, in total, 10,439 participants;

trials of cognitive enhancers require 1,383 participants, and trials of

agents for neuropsychiatric symptoms require 6,944 participants.

The mean number of participants per trial in Phase 3 trials is 1215.5

for DMT biologic trials, 695.9 for DMT small molecules, 276.6 for

cognitive enhancers, and 534.2 for trials of neuropsychiatric agents.

3.3 Phase 2 trials

There are 90 Phase 2 trials assessing 81 drugs (Table 2; Figure 4).

Seventy-eight percent of agents (N = 63) in Phase 2 are DMTs includ-

ing 26 biologics (41% of DMTs) and 37 small molecules (59% of DMTs).

There are 10 (12%) cognitive enhancing agents and 8 (10%) neuropsy-

chiatric agents in Phase 2. There are 17 new trials in Phase 2 assessing

17 drugs since the Index Date of January 1, 2023. There are 33 Phase

2 trials assessing repurposed 28 agents and representing 35% of the

Phase 2 pipeline. Twenty-two (79%) of repurposed agents are DMTs

(5 biologics (23% of DMTs); 17 small molecules (77% of DMTs)); 2

(7% of Phase 2 repurposed agents) cognitive enhancing agents, and

4 (14% of Phase 2 repurposed agents) drugs addressing neuropsychi-

atric symptoms. Five trials are long-term extensions of trials of drugs

that have completed the double bind phase of a prior trial. There is one

prevention trial in Phase 2.

The CADRO categories of agents in Phase 2 include 19 (23% of

Phase 2 agents) agents addressing inflammation; 15 (19%) agents

target transmitter receptors; 10 drugs (12%) target synaptic plastic-

ity/neuroprotection; 10 (12%) target amyloid-relatedprocesses; 6 (7%)

have tau targets; 4 (5%) have metabolic and bioenergetic targets; 3

(4%) address ApoE and lipids, oxidative stress, or growth factors and

hormones; 2 (2%) target proteostasis/proteinopathies, vasculature,

and circadian rhythm each; 1 (1%) each address neurogenesis and epi-

genetic regulators. Fourteen biological process categories are being

addressed by agents in Phase 2 trials.

Together all Phase2 trials require13,138participants. Phase2DMT

trials require 5286 and 5751 for biologic and small molecule studies,

respectively. Current cognitive enhancer trials require 1185 partici-

pants and trials of drugs for neuropsychiatric symptoms require 916

participants. Themeannumber of participants for Phase2DMTbiolog-

ical agents is 188.8 and for DMT small molecule trials, 130.7. There are

an average of 118.5 participants in Phase 2 cognitive enhancer trials

and 114.5 participants in Phase 2 trials of neuropsychiatric agents.

Forty-six trials in Phase 2 (51%) are funded by biopharmaceuti-

cal industry sponsors with the other 49% funded by a variety of

NIH, US federal, non-US governmental, advocacy, and philanthropic

non-industry organizations.

On average, DMT Phase 2 trials (not prevention) of biologics and

small molecules will each require 2.3 years to recruit the needed

number of patients. Recruitment for cognitive enhancers and neu-

ropsychiatric agents will take on average 2.6 years and 2.8 years,

respectively. Treatment duration varies by therapeutic class. Non-

prevention, Phase 2 trials of biologics have a mean treatment period

of 1.2 years; non-prevention, Phase 2 trials of small molecules have a

mean period of 0.8 year (10 months). On average, cognitive enhancer

treatment exposure periods in Phase 2 trials are 5.9 months and for

trials of neuropsychiatric agents, 2.5 months.

3.4 Phase 1 trials

There are 26 Phase 1 trials assessing 25 drugs (Table 3). Eighty-four

percent of agents (N = 21) in Phase 1 are DMTs including 13 biolog-

ics (62% of DMTs) and eight small molecules (38%). There are two (8%

of Phase 1 drugs) cognitive enhancing agents and two (8% of Phase 1

drugs) neuropsychiatric agents in Phase 1. There are nine new trials

assessing eight drugs since the Index Date of January 1, 2023.

The CADRO categories of agents in Phase 1 include six (24% of

the Phase 1 pipeline) for amyloid; four (16%) each for transmitter
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F IGURE 3 Mechanisms of action of agents in Phase 3 Alzheimer clinical trials as classified using 4 categories of therapeutic purpose (left) or
the Common Alzheimer’s Disease ResearchOntology (CADRO) approach (right)(figure© J Cummings; M de la Flor, PhD, Illustrator).

receptors, tau, and inflammation; two (8%) each for ApoE/lipids and

metabolism and bioenergetics; and one (4%) each for neurogenesis,

synaptic plasticity/neuroprotection, and gut-brain axis. Nine CADRO

processes are included among the targets of Phase 1 compounds.

Fourteen (54%) Phase 1 trials are funded by biopharmaceutical

industry sponsors.

Phase 1 trials require 1,262 participants for all ongoing trials. DMT

trials will enroll 1054 participants, 705 for biologics and 349 for small

molecules. Phase 1 cognitive enhancer trials require 176 participants,

and trials of drugs for neuropsychiatric symptoms require 32 par-

ticipants. DMT biologic trials have a mean of 54 participants; DMT

small molecules have, on average, 39 participants; trials of cognitive

enhancers have amean trial size of 88 participants; and trials of agents

for neuropsychiatric symptoms include 16 participants.

On average, DMT Phase 1 trials of biologics will require 1.5 years

and smallmoleculeswill require1.7 years to recruit theneedednumber

of patients. Recruitment for cognitive enhancers and neuropsychiatric

agents takes on average 2.2 and 3.6 years, respectively. Phase 1 trials

of biologics have a mean treatment period of 12.7 months; Phase 1 tri-

als of small molecules have a mean treatment period of 3.0 months.

On average, cognitive enhancer treatment exposure periods in Phase

1 trials are 1.8 months and trials for neuropsychiatric agents have a

1-month treatment period.

3.5 Biomarkers in trials

In Phase 3 trials, amyloid PET (11 trials) cerebrospinal fluid (CSF)

amyloid (9 trials), CSF amyloid/tau ratios (2 trials) are collected at

entry. Tau PET (1 trial), CSF p-tau (4 trials), and CSF tau (2 trials) are

collected at baseline. Plasma amyloid (3 trials), plasma p-tau (1 trial),

and amyloid/tau ratio (1 trial) were collected in other trials. Among

DMT trials, 4 trials (all studying small molecules) did not include

a biomarker as part of the entry criteria as listed on clinicaltrials.

gov.

In Phase 2 trials amyloid PET (30 trials) CSF amyloid (25 trials), CSF

amyloid/tau ratios (3 trials) are collected at entry. Tau PET (5 trials),

CSF tau (6 trials), and CSF p-tau (6 trials) are collected at baseline.

Plasmaamyloid (4 trials) andplasmap-tau (1 trial) are collectedatbase-

line in Phase 2 trials. Eleven DMT Phase 2 did not include biomarker

collection at baseline as registered on clinicaltrials.gov.

CSF plays a key role in Phase 1 with CSF amyloid collected in four

trials, tau in two trials, p-tau in two trials, and amyloid/tau ratios in two

trials. Amyloid and tau PET are used in three and one trials, respec-

tively. Plasma p-tau is collected in one as shown on clinicaltrials.gov.

Eleven Phase 1 trials including seven DMTs do not describe collecting

biomarkers at baseline as shown on clinicaltrials.gov.

Forty-eight trials in the pipeline do not collect biomarkers at base-

line. Seventeen of Phase 3, 20 of Phase 2, and 11 of Phase 1 trials do

not collect biomarkers at trial entry. Six trials of DMT biologics (11% of

DMT biologic trials), 16 (24% of trial of DMT small molecules) trials of

DMT small molecules, 6 (35%) trials of cognitive enhancing agents, and

20 (87%) of trials of drugs addressing neuropsychiatric symptoms do

not collect biomarkers at the time of trial initiation.

3.6 Trial participants

Considered together all current trials require 51,398 participants. To

populate all current Phase 3 trials, 36,998 participants are required.

Of these, 28,671 are needed for DMT trials (18,232 for trials of bio-

logical agents; 10,439 for small molecule trials), 1383 are needed for

trials of cognitive enhancing agents, and 6944 for trials of drugs to

treat neuropsychiatric symptoms. Populating all current Phase 2 tri-

als, requires 13,138 participants. Of these, 11,037 are needed forDMT

trials (5,286 for biologic trials; 5,751 for small molecule trials); 1185
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F IGURE 4 Mechanisms of action of agents in Phase 2 Alzheimer clinical trials as classified using 4 categories of therapeutic purpose (left) or
the Common Alzheimer’s Disease ResearchOntology (CADRO) approach (right)(figure© J Cummings; M de la Flor, PhD, Illustrator).

are needed for trials of cognitive enhancing agents; and 916 for trials

of drugs to treat neuropsychiatric symptoms. Current Phase 1 trials

require 1,262 participants. Of these, 1,054 are needed for DMT trials

(705 for biologic trials; 349 for small molecule trials), 176 are needed

for trials of cognitive enhancing agents, and 32 for trials of drugs to

treat neuropsychiatric symptoms.

3.7 Global trial distribution

Of the 45 trials in Phase 3 whose location is recorded, 56% (25 trials)

are global with both North American and non-North American sites.

Twenty-nine percent (13 trials) are performed in North America only

and 16% (7 trials) are being performed only in non-North American

sites.Of the85 trials inPhase2whose location is recorded, 25% (21 tri-

als) are global with bothNorthAmerican and non-North American site.

Fifty-one percent (43 trials) are performed in North America only, and

25% percent (21 trials) are being performed only in non-North Ameri-

can sites. Of the 25 trials in which the Phase 1 trial location is included

in the registration, 64% (N= 16) are conducted in North America only;

7 (28%) includeonly non-NorthAmerican sites; and2 (8%) includeboth

North American and non-North American sites. In total, of the trials

with location recorded, 31% are conducted globally with both North

American and non-North American sites; 46% are conducted in North

America only; and 23% are conducted outside of North America with

noNorth American sites participating.

3.8 Repurposed agents

The39 repurposed agents comprise 31%of drugs in theADdrugdevel-

opment pipeline. They comprise nine agents in Phase 3; 28 agents of

Phase 2, and seven agents of Phase 1. Six agents (15%) of repurposed

agents are DMT biologics, 21 (54%) are DMT small molecules, 6 (15%)

are cognitive enhancers, and 6 (15%) are drugs for NPS. The 21 repur-

posed DMT small molecules represent 40% of DMT small molecules in

the AD pipeline.

Thenumberof newchemical entities (NCEs) in theADdrugdevelop-

ment pipelinedeclineddisproportionately. Therewere101NCEs in the

2023pipeline and there are88NCEs in the2024pipeline, representing

a 13% drop.

3.9 Trial funders

Sixty percent of clinical trials are industry funded including 79% of

Phase 3 trials, 51% of Phase 2 trials, and 54% of Phase 1 trials.

The funding pattern for trials with repurposed agents differs from

that ofmost trials in the pipeline. Seventy-seven percent of repurposed

trials are funded by non-industry sources. Fifty-eight percent of Phase

3 trials, 82% of Phase 2 trials, and 86% of Phase 1 trials are funded

through non-industry sources.

For NCEs, 77% are industry funded including 92% of Phase 3 NCE

trials, 70% of Phase 2NCE trials, and 68% of Phase 1NCE trials.

3.10 Combination therapies

Combination therapies are present in the 2024 AD drug devel-

opment pipeline. One pharmacodynamic combination is Tdap, a

tetanus toxoid, reduced diphtheria toxoid, and acellular pertus-

sis vaccine associated with a reduction in the occurrence of AD

in epidemiologic studies.12 The Dominantly Inherited Alzheimer’s

Disease—Treatment Unit (DIAN-TU) will include assessment of the
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TABLE 4 Minimal, mean, andmaximal study durations (treatment plus recruitment) for Phase 1, Phase 2, and Phase 3 trials of DMT biologics,
DMT small molecules, cognitive enhancing agents, and drugs for neuropsychiatric syndromes (prevention trials not included).

Therapeutic purpose

Relative

duration Phase 1 Phase 2 Phase 3

Total;

weeks

Total;

years

DMT; biologic Minimal 49.0 47.9 104.3 201.2 3.9

Mean 141.9 218.9 302.3 663.1 12.7

Maximal 286.3 635.0 773.9 1695.2 32.5

DMT; small molecule Minimal 74.6 58.6 43.7 176.9 3.4

Mean 124.7 184.5 195.8 505.0 9.7

Maximal 191.3 495.9 291.7 978.9 18.8

Cognitive enhancing agent Minimal 53.9 52.1 156.6 262.6 5

Mean 136.8 178.9 206.7 522.4 10

Maximal 219.7 446.0 243.7 909.4 17.4

Drugs for NPS Minimal 191.9 52.3 79.0 323.2 6.2

Mean 194.3 165.6 219.5 579.4 11.1

Maximal 196.7 378.3 500.0 1075.0 20.6

Abbreviations: DMT, Disease-modifying therapy; NPS, neuropsychiatric symptoms.

combination of lecanemab, an anti-amyloid agent, and E2814 and anti-

tau agent. Several trials are assessing the combination of dasatinib

and quercetin for its senolytic activity in AD, and a combination of

insulin and empagliflozin addresses metabolic and bioenergetic path-

ways. A combination of dronabinol (tetrahydrocannabinol) and palmi-

toylethanolamide (an endogenous cannabinoid with putative anti-

inflammatory properties) is being used in a trial to treat agitation inAD.

Pharmacokinetic combinations are also evident in thepipeline. AVP-

786 is a putative anti-agitation agent consisting of dextromethorphan

and quinidine13; AXS-05 is being assessed as an anti-agitation agent

consisting of dextromethorphan and bupropion14; and KarXT, consist-

ing of a combination of this xanomeline and trospium, is an being tested

as an antipsychotic agent.

Other types of combinations include trontinemab, a combination of

gantenerumab and a transferrin-based brain-shuttle,15 and a combina-

tion of aducanumab with focused ultrasound to increase the entry of

aducanumab into the brain through the blood-brain barrier.16

3.11 Total study duration and implications for
drug development time requirements

Examination of the duration of each phase of drug development pro-

vides insight into the average time required to advance a drug through

the pipeline. The study time on clinicaltrials.gov is comprised of the

total of the recruitment time plus the treatment exposure time. The

number represents the period from the initiation of the study to pri-

mary completion date of the study. As shown in Table 4, the mean

durations of the three phases of drug development for a DMT biologic

sum to 12.7 years, for a DMT small molecule 9.7 years, for a cogni-

tive enhancing agent 10 years, and for a drug for neuropsychiatric

symptoms 11.1 years.

4 DISCUSSION

In 2023, the FDA approved - 55 NCEs and 18 biologics—across all

therapeutic areas. One drug—the anti-amyloid MAB, lecanemab—was

approved for AD.7 Another agent, brexpiprazole, was approved by the

FDA for the treatment of agitation associated with dementia due to

AD. It is not a novel agent since it is approved for other indications; it is

the first drug approved for agitation or any neuropsychiatric syndrome

associated with AD. There were approvals of treatments for two other

neurodegenerative diseases including toferson—an antisense oligonu-

cleotide (ASO)—to treat amyotrophic lateral sclerosis in adults who

have a superoxide dismutase 1 (SOD1) gene mutation and omavelox-

olone to treat Friedreich’s ataxia. This trend suggests that new means

of intervening in neurodegenerative disorders are being discovered.

The 164 trials and 127 drugs in the current AD drug development

pipeline compares to 187 trials assessing 141 drugs for AD in 2023.

There is a disproportionate decrease in the number of NCEs in the

pipeline (e.g., from 101 to 88, representing a 13% decrease). NCEs are

more likely to be sponsored by industry andmore likely to be advanced

to Phase 3 if early phase trials are promising. Repurposed agents are

disproportionately funded through non-industry sources and are less

likely to advance to Phase 3.

Currently, there are 24 agents targeting neuroinflammation in the

pipeline, comprising 19% of all therapeutic agents in the pipeline. The

canonical targetsof amyloid, tau, andneurodegeneration (ATN),17 have

20 (16% of the pipeline agents), 10 (8%), and 0 active agents, respec-

tively, in the pipeline representing 24% of agents. Within each of the

CADRO categories, nearly every agent being studied has a different

MoA and a different approach tomodulating the target process.

Recruitment of a sufficient number of trial participants is a major

issue for conduct of clinical trials in a timely way. On average, it

takes 2.1 years to recruit the populations for a Phase 1 trial, 2.5
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years to recruit enough subjects for a Phase 2 trial, and 3.2 years for

recruitment of subjects for a Phase 3 trial. These recruitment time

frames are largely applicable across therapeutic areas. Although many

fewer patients are required for clinical trials assessing agents for the

treatment of neuropsychiatric syndromes, enrolling participants with

AD and exhibiting specific behavioral features is more challenging

than recruiting participants with AD and no required neuropsychiatric

symptoms. The approval of lecanemab and the possible approval of

donanemab may affect recruitment if patients choose approved over

experimental therapies. Identifying strategies to increase interest in

trial participation and improve trial recruitment could have a major

impact on accelerating drug development for AD.

Study of the mean, minimal, and maximal duration of trials for

each of the phases for drugs of different therapeutic classes provides

insight into the total duration of drug development programs for

AD. DMT small molecules are the most common agent in the AD

pipeline. On average, these drugs require 9.7 years to complete one

trial in each of the three development phases. There is typically 1 year

between phases for data review, next phase planning, and regulatory

interactions. This would add 2 years to the total development time.

In addition, most trials require at least 1 year of nonclinical studies

prior to first-in-human exposures. An agent that goes for regulatory

review following a Phase 3 trial will add 12–18 months to the total

program time. Beginning with 9.7 years as the mean time for one

trial in each phase; adding 2 years for between trial decisions and 1

year for nonclinical testing would result in an average development

time of 13 years. A total of 6-12 months of additional time would be

required if the Phase 3 results are positive and FDA review of possible

approval is required (total 13.5-14 years). This observation is similar

to the conclusion reached by Scott and colleagues in a 2014 study

of the AD drug development pipeline.18 This might suggest that the

increased technological complexity involved in current AD trials is not

increasing the drug development duration and that greater experience

in clinical trial conduct is not decreasing the time required for AD drug

development.

Combination therapies including pharmacodynamic combinations,

pharmacokinetic combinations and combinations aimed at enhanc-

ing penetration of the blood brain barrier are evident in the 2024

AD drug development pipeline. Combinations of experimental agents

with approved anti-amyloid monoclonal antibodies are anticipated as

patients being treated with these agents participate in clinical trials of

emerging therapeutics.

AD therapeutics have made remarkable progress. The approval

of aducanumab in 2021 ended a 17 year period during which no

new AD therapeutics were approved.5 The accelerated approval of

lecanemab followed by its standard approval in 2023 was based on

growing evidence that reduction of amyloid plaque as demonstrated

by amyloid PET was associated with slowing of cognitive decline.7

Donanemab is currently under review by the FDA and interrogation of

the trial data will provide more insight into the relationship between

slowing of cognitive decline and findings on amyloid and tau PET.6 The

atypical antipsychotic, brexpiprazole, was approved in 2023 for the

treatment of agitation in dementia associated with AD, becoming the

first approved therapy for any neuropsychiatric syndrome inAD.8 Data

are emerging that may allow plasma biomarkers to replace amyloid

PET and CSF studies of AD markers for diagnosis.19 This will facili-

tate patient recruitment and improve trial quality by confirming the

presence of the target disease. Learnings about appropriate biological

targets, effective pharmacology, biomarkers to guide diagnosis and

clinical trials, and new trial designs and analysis are positioned to accel-

erate drug development for AD. Continued investment from govern-

mental sources, advocacy groups, philanthropies, and biotechnology

and pharmaceutical companies is critical to capitalize on this growing

knowledge base and advance therapeutics for patients requiring new

therapies.
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