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Abstract
Novel agents addressing non-amyloid, non-tau targets in Alzheimer’s Disease (AD) comprise 70% of the AD drug develop-
ment pipeline of agents currently in clinical trials. Most of the target processes identified in the Common Alzheimer’s Disease 
Research Ontology (CADRO) are represented by novel agents in trials. Inflammation and synaptic plasticity/neuroprotection 
are the CADRO categories with the largest number of novel candidate therapies. Within these categories, there are few over-
lapping targets among the test agents. Additional categories being evaluated include apolipoprotein E � 4 (APOE4) effects, 
lipids and lipoprotein receptors, neurogenesis, oxidative stress, bioenergetics and metabolism, vascular factors, cell death, 
growth factors and hormones, circadian rhythm, and epigenetic regulators. We highlight current drugs being tested within 
these categories and their mechanisms. Trials will be informative regarding which targets can be modulated to produce a 
slowing of clinical decline. Possible therapeutic combinations of agents may be suggested by trial outcomes. Biomarkers 
are evolving in concert with new targets and novel agents, and biomarker outcomes offer a means of supporting disease 
modification by the putative treatment. Identification of novel targets and development of corresponding therapeutics offer 
an important means of advancing new treatments for AD.

Key Points 

Seventy percent of AD clinical trials are assessing 
non-Aβ, non-tau targets with novel agents.

Inflammation and synaptic plasticity/neuroprotection are 
the CADRO categories with the largest number of novel 
candidate therapies.

Evaluation of non-canonical targets are novel therapeutic 
strategies for the disease-modifying treatment of AD.

1  Introduction

Alzheimer's disease (AD) is rapidly increasing in frequency 
globally as the world population ages. It is currently esti-
mated that the global population of AD dementia comprises 
57.4 million individuals, and this will grow to an estimated 
152.8 million by the year 2050 [1]. The increase in AD is 
accompanied by severe social, economic, family, and indi-
vidual consequences. Therapeutic interventions that will 
prevent or delay the onset, slow the progression, or improve 
the symptoms of AD are urgently needed.

There are many potential targets for the treatment of AD 
recognized in the Common Alzheimer's Disease Research 
Ontology (CADRO) including amyloid beta (Aβ) peptide, 
tau protein, apolipoprotein E � 4 (APOE4) effects, lipids and 
lipoprotein receptors, neurotransmitter receptors, neurogen-
esis, inflammation, oxidative stress, cell death, proteostasis, 
bioenergetics and metabolism, vascular factors, growth fac-
tors and hormones, synaptic plasticity and neuroprotection, 
gut-brain axis, circadian rhythm, epigenetic regulators, and 
multitarget interventions [2]. Amyloid beta and tau proteins 
are the canonical pharmacologic targets for disease modify-
ing therapies (DMTs) of AD. No tau-related agents have 
been approved by regulatory authorities for the treatment of 
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AD. Three agents—aducanumab (Aduhelm®), lecanemab 
(Leqembi®), and donanemab—have been approved by the 
US Food and Drug Administration (FDA) for treatment ini-
tiation in early AD comprising patients with mild cogni-
tive impairment (MCI) and mild dementia due to AD with 
Aβ-based diagnostic confirmation using amyloid positron 
emission tomography (PET) or cerebrospinal fluid (CSF) 
biomarkers [3–5].

Therapeutic agents directed at Aβ and tau comprise 
approximately 30% of the AD drug development pipeline 
[6]. Drugs directed at novel targets constitute 70% of AD 
drug development. In this review we address the non-canon-
ical targets representing novel therapeutic strategies for the 
disease-modifying treatment of AD. We emphasize those 
agents that are best represented in the therapeutic pipeline 
as revealed by a larger number of clinical trials devoted to 
understanding the therapeutic impact of diverse agents on 
the target pathological process. Within each of the CADRO 
categories, there are multiple targets that may represent a 
means of modulating that aspect of the disease pathophysi-
ology (e.g., inflammation, synaptic plasticity, etc.). We will 
present these mechanisms within the CADRO categories. 
We also note the stage of development of the drugs address-
ing each target and the key outcomes of the trials of the 
agent. We do not discuss drugs that address treatment of 
neuropsychiatric symptoms or those that seek to produce 
cognitive enhancement and are not intended to be DMTs. 
We do not discuss agents directed at proteostasis and prote-
opathies since the mechanisms of these drugs overlap with 
those directed at amyloid and tau. The goal of this review is 
to enhance understanding of the novel targets of agents in the 
AD drug development pipeline including drawing attention 
to agents that might be used in combination with approved 
treatments or with other emerging drugs to optimize the 
therapeutic benefit for AD patients.

2 � Inflammation

Recently, there has been a marked growth in our under-
standing of the role of inflammation in the brain in AD 
and other neurodegenerative disorders [7]. The inflamma-
tory process is complex involving the transition of micro-
glia from resting to activated states and the secretion of 
both pro-inflammatory and anti-inflammatory cytokines 
[8]. The role of other macrophage/immune cells in AD 
has also been shown to be relevant to AD onset and pro-
gression. This complexity produces a rich array of central 
and peripheral targets for potential intervention. Candi-
date treatments aimed at reducing neuroinflammation 
comprise the largest segment of the AD drug develop-
ment pipeline following neurotransmitter modulators and 
Aβ-directed agents [6]. While the majority of these drugs 

are characterized as anti-inflammatory, a few activate the 
immune response to target enhanced clearance of aggre-
gates, including sargramostim, proleukin, CpG1018, and 
IBC-Ab002. Table 1 shows the inflammation drug, its 
phase of development, the principal mechanism of action, 
and the primary outcomes of currently active clinical tri-
als. Figure 1 represents the inflammation-related drugs and 
mechanisms. 

2.1 � Phase 3

2.1.1 � Masitinib (AB1010)

Masitinib is an oral, small-molecule drug that selectively 
inhibits tyrosine kinase c-kit, modulating survival, differen-
tiation, and degranulation of mast cells, leading to the regu-
lation of inflammatory mediators [9]. In a preclinical model 
of AD, masitinib recovered spatial learning performance and 
synaptic markers [10]

2.1.2 � NE3107 (HE3286)

NE3107 is a small molecule drug that has demonstrated 
anti-inflammatory properties in several preclinical models 
of disease (rheumatoid arthritis, chronic obstructive pulmo-
nary disease, diabetes mellitus, and Parkinson’s Disease). 
NE3107 inhibits the nuclear factor kappa B/extracellular 
signal-regulated kinase (NF-κB/ERK) pathway, reduc-
ing the release of inflammatory cytokines including tumor 
necrosis factor alpha (TNFα), interferon-gamma (IFNγ), 
interleukin (IL)-1α, and transforming growth factor beta 
[11]. Restricting the NF-κB/ERK pathway decreases glial 
activation, oxidative stress, and production of Aβ and pTau 
[12]. NE3107 inhibits activation of mitogen activated pro-
tein kinases (MAPK), which is involved in the mediation of 
insulin resistance, reducing hyperglycemia and hyperinsu-
linemia [12].

2.1.3 � Semaglutide

Semaglutide is a glucagon-like peptide-1 agonist devel-
oped for the treatment of type 2 diabetes and obesity. Epi-
demiologic studies demonstrate that diabetics treated with 
semaglutide are less likely to develop dementia than those 
treated with other anti-diabetic agents [13]. The principal 
therapeutic effect of semaglutide in AD is hypothesized to 
be its anti-inflammatory affect exerted through decreased 
peripheral inflammation. Semaglutide does not cross the 
blood brain barrier, or does so in only small amounts and in 
specific brain regions.
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2.2 � Phase 2

2.2.1 � AL002

Triggering receptor expressed on myeloid cells 2 (TREM2) 
is a highly expressed transmembrane receptor on microglia 
cells, involved in activation of glia cells, inflammation, and 
phagocytosis. Genetic variation in TREM2 increases the 
risk for developing late-onset AD [14]. Preclinical studies 
demonstrate that dysregulation of TREM2 reduces over-
all number of microglia, decreases microglial coalescence 
around Aβ plaques, ameliorates the activation of microglia 
into a phagocytic state, and increases apoptotic cell death 
[15]; overexpression of TREM2 attenuates AD pathology 
[16]. AL002 is a monoclonal IgG1 antibody that is an 
agonist for TREM2. Introduced in preclinical models, the 
murine isoform of the drug, AL002c, reduced filamentous 
Aβ plaques, decreased dystrophic neurites, and promoted 
microglia activation and phagocytosis of Aβ [16].

2.2.2 � Bacillus Calmette‑Guerin

Bacillus Calmette-Guerin (BCG) is a vaccine originally 
used against Mycobacterium tuberculosis and is a common 
treatment for bladder cancer. Research has demonstrated 
BCG’s ability to modulate the immune response through 
stimulation of T helper 1 cells to secrete several cytokines 
(IL-1, IL-2, IL-5,IL- 6, IL-8, IL-10, IL-12, IL-18, IFNγ, 
TNFα, and granulocyte-macrophage colony-stimulating 
factor [GM-CSF]) in the bladder [17]. Alterations to 
peripheral inflammation support the hypothesis that BCG 
could be used as a therapeutic treatment for AD. In a trans-
genic mouse model of AD, BCG immunization rescued 
cognitive decline, increased circulating IFNγ, recruited 
macrophages to cerebral Aβ plaques, and upregulated cer-
ebral anti-inflammatory cytokines [17].

Fig. 1   Inflammation-related drugs and the targets of agents currently in development (©J Cummings; Illustrator, Mike de la Flor, PhD)
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2.2.3 � Baricitinib

Originally a small molecule compound used in rheumatoid 
arthritis and severe COVID, baricitinib is a Janus kinase 
(JAK) inhibitor. JAK inhibitors are enzymes that are bound 
to the intracellular domains of cytokine receptors, including 
interleukins, interferons, and colony-stimulating factors [18]. 
They are involved in signaling from the cell surface recep-
tors to the nucleus, altering DNA transcription and recruit-
ing signal transducer and activator of transcriptions (STATs) 
[19]. The JAK-STAT pathway operates downstream of more 
than 50 cytokines and growth factors, and is described as the 
central communication node for the immune system [20]. 
Baricitinib inhibits JAK and subsequent STAT pathways, 
suppressing plasmablasts, T helper 1 and T helper 17 cell 
differentiation, as well as T cell proliferation, overall affect-
ing innate and adaptive immune responses [21].

2.2.4 � Canakinumab

Interleukin-1β is a proinflammatory cytokine, considered to 
be a master regulator of inflammation that modulates a range 
of inflammatory processes associated with innate immunity. 
In postmortem AD patient brains, IL-1β accumulation was 
observed around Aβ plaques and is associated with inflam-
mation-related neuronal damage and neurodegeneration 
[22]. Canakinumab is a humanized anti-IL-1β monoclonal 
antibody inhibitor of IL-1β.

2.2.5 � Daratumumab

Cluster of differentiation 38 (CD38) is found on neurons, 
astrocytes, and microglia and plays a role in inflamma-
tory responses and neurodegeneration [23]. In a preclini-
cal model of AD, knockout of the CD38 receptor signifi-
cantly decreased soluble Aβ and Aβ plaque load, reduced 
β-secretase and γ-secretase activity, and enhanced spatial 
learning [24, 25]. Daratumumab is a humanized monoclonal 
anti-CD38 IgG1 antibody.

2.2.6 � Dasatinib + Quercetin

Aging is the greatest risk factor for AD, and senolytics—
drugs involved in the clearance of senescent cells—are of 
interest as therapeutics for AD. Dasatinib is approved as 
an anti-cancer drug, functioning as a multi-kinase inhibi-
tor of steroid receptor coactivator (src) family tyrosine 
kinases (SFKs). Family tyrosine kinases influence cellular 
metabolism, survival, and proliferation, and is involved in 
macrophage processes including phagocytosis, produc-
tion of cytokines, and cellular migration [26]. Quercetin 
is a naturally derived flavonoid found in many fruits and 
vegetables that have antioxidant and anti-inflammatory Ta
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activity. Quercetin targets sirtuin 1 to initiate anti-aging 
effects through inhibition of oxidative stress, inflamma-
tory responses, mitochondrial damage, and autophagy [27]. 
Together, dasatinib and quercetin (D+Q) have been shown 
to have senolytic properties. In preclinical models of AD, 
D+Q alleviates inflammation associated with Aβ plaques 
and ameliorates cognitive decline [28]. Additionally, D+Q 
reduced neurofibrillary tangle burden and neurodegenera-
tion in a mouse model of the disease [29]. Interim data from 
the SToMP clinical trial have been reported for five partici-
pants who have completed the treatment. The data show the 
drug to be well tolerated and have positive results in target 
engagement and treated-related outcomes [30].

2.2.7 � Lenalidomide

Lenalidomide, is an FDA approved anti-cancer drug that 
has immunomodulatory, antineoplastic, and anti-angiogenic 
properties [31]. Lenalidomide inhibits proinflammatory 
cytokines that contribute to AD, including TNFα, IL-1, IL-6, 
and IL-12; it is also capable of enhancing the production of 
the anti-inflammatory cytokine, IL-10 [31].

2.2.8 � l‑serine

l-serine is a naturally occurring dietary amino 
acid decreased in patients with AD; it is generally recog-
nized as safe (GRAS) by the FDA and is approved as a food 
additive and dietary supplement. l-serine is found primar-
ily in glial cells, released to neurons for the synthesis of its 
enantiomer, d-serine. Deficits in glycolysis in astrocytes lead 
to reductions in the production of l-serine and ultimately 
disrupts neuronal function, including synaptic plasticity and 
memory [32]. In a preclinical model of AD, l-serine rescued 
long-term potentiation (LTP) and spatial memory impair-
ment [32].

2.2.9 � Montelukast

Leukotrienes are lipid mediators of inflammation, involved 
in several pro-inflammatory responses, including leukocyte 
migration, proliferation, reactive oxygen species, and the 
production of cytokines [33]. Leukotriene pathways may 
modulate Aβ formation and tau hyperphosphorylation in 
AD. Montelukast, a leukotriene receptor antagonist, with 
systemic anti-inflammatory properties, prevents binding of 
leukotrienes to cysteinyl leukotriene receptor 1. In preclini-
cal models of AD, montelukast rescued neurons against Aβ 
neurotoxicity, reduced neuroinflammation and apoptosis, 
and improved cognitive function [33, 34].

2.2.10 � Pepinemab (VX15)

Semaphorin 4D (SEMA4D or CD100) is a protein that binds 
to plexin receptors found on astrocytes and microglia, regu-
lating several glial processes [35]. SEMA4D is upregulated 
in stressed or damaged neurons, leading to activation of glial 
cells, interruption of astrocytic metabolic and synaptic func-
tions, and decreased migration and differentiation of glial 
progenitor cells [35]. SEMA4D is increased in brains of 
patients with AD. Pepinemab is a humanized IgG4 mono-
clonal antibody that targets SEMA4D.

2.2.11 � Proleukin

Interleukin-2 (IL-2) is a pro-inflammatory cytokine that 
is decreased in the hippocampus of patients with AD. In 
transgenic AD mice, IL-2 treatment led to activation and 
recruitment of astrocytes around Aβ plaques, reductions in 
Aβ42/40 and plaque load, improvement in synaptic plastic-
ity, and recovery of memory deficits [36]. Proleukin is a 
recombinant human IL-2 used to activate the immune sys-
tem (in cancer immunotherapy and autoimmune disorders) 
and is being investigated as a therapeutic for AD. Further-
more, IL-2 may selectively restore functional regulatory T 
cells (Tregs) and Tregs-enhancement is a potential thera-
peutic strategy for AD [37]. Although there are currently no 
active clinical trials evaluating this mechanism, COYA 301, 
a low-dose IL-2 drug, has been tested in a preliminary clini-
cal trial and results are anticipated (NCT05821153).

2.2.12 � Rapamycin

Rapamycin is an inhibitor of mechanistic target of rapamycin 
(mTOR), a protein involved in cell growth, metabolism, and 
cellular processes including proliferation, differentiation, 
migration, and dendrite formation [38]. Glycogen synthase 
kinase 3β (GSK3-β) is involved in the mTOR pathway and 
promotes AD pathogenesis of Aβ and tau. Targeting GSK3-β 
through the mTOR pathway using rapamycin is proposed 
as a therapy for AD. Studies with preclinical models dem-
onstrated rapamycin to decrease Aβ plaque load, reduce 
β- and γ-secretase activity, increase Aβ clearance through 
autophagy, and decrease pTau through upregulation of insu-
lin-degrading enzyme [39].

2.2.13 � Sargramostim

Granulocyte-macrophage colony-stimulating factor (GM-
CSF) is a cytokine secreted by cells including microglia and 
astrocytes. GM-CSF is involved in inflammatory processes 
such as maturation and proliferation of cells, cell survival, 
phagocytosis, cell adhesion, chemotaxis, and production of 
other inflammatory mediators (i.e., cytokines). Treatment 
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of GM-CSF in preclinical models of AD resulted in a 50% 
reduction of Aβ load, increased activated microglia and 
microglia surrounding plaques, and improved cognition [40, 
41]. Sargramostim is a recombinant human GM-CSF.

2.2.14 � Senicapoc

Potassium calcium-activated channel subfamily N member 
4 (KCa3.1), is a protein expressed on T-lymphocytes, micro-
glia, and macrophages, regulating cellular activation, migra-
tion, and proliferation. KCa3.1 is increased in the brains of 
AD patients, upregulated by Aβ oligomers [42]. Senicapoc 
is a KCa3.1 inhibitor that attenuates AD pathologies, such 
as LTP deficits, Aβ, and neuroinflammation in a preclinical 
model [42].

2.2.15 � TB006

TB006 is a humanized monoclonal antibody that targets 
galectin-3, a TREM2 ligand. Galectin-3 is upregulated in 
patients with AD and involved in microglia activation [43]. 
Decreasing galecin-3 attenuated immune responses through 
toll-like receptor and TREM2 signaling, decreased Aβ load, 
and improved cognitive behavior in preclinical models.

2.2.16 � Tdap Vaccine

Tdap is a combined multivariate vaccine that protects 
against tetanus, diphtheria, and pertussis (whooping cough). 
Bordetella pertussis, the bacterium known to cause whoop-
ing cough, may be associated with AD; three epidemiologi-
cal studies suggest B. pertussis can account for hallmarks 
including Aβ plaques, tau tangles, inflammation, and neuro-
degeneration in AD [44]. Data from two cohorts of patients 
demonstrated that receiving the tdap vaccine reduced the 
risk for developing dementia by 42% [45].

2.2.17 � Valacyclovir

Several lines of pre-clinical and epidemiological evidence 
suggest that herpes simplex virus (HSV) is involved in AD 
[46]. Valacyclovir is an antiviral drug that inhibits HSV rep-
lication, making it effective against HSV infections [46]. 
Given that viruses can evoke inflammation, and studies 
showing that valacyclovir can impact cognitive function in 
individuals with schizophrenia and multiple sclerosis, vala-
cyclovir is currently in clinical trials for AD.

2.2.18 � XPro1595

Soluble tumor necrosis factor (sTNF) is a cytokine involved 
in inflammation, blood brain barrier permeability, and 
metabolism. Studies have shown increases in sTNF in CSF 

and brains of patients with AD [47]. Preclinical investiga-
tions utilizing XPro1595, an sTNF-selective inhibitor, dem-
onstrated beneficial effects in AD mouse models, reducing 
immune cells, rescuing impaired LTP, and decreasing Aβ in 
the hippocampus [47].

2.3 � Phase 1

2.3.1 � CpG1018

Cytosine-phosphate-guanosine oligodeoxynucleotides 
(CpGs) are involved in the innate immune response through 
interaction with Toll-like receptor 9. Cytosine-phosphate-
guanosine oligodeoxynucleotides reduce Aβ plaques, tau 
pathology, and cerebral amyloid angiopathy (CAA), while 
enhancing cognition in mouse models of AD [48]. A long-
term study using CpGs in elderly squirrel monkeys demon-
strated mitigation of CAA and tau pathologies, with absence 
of microhemorrhages and improvements in behavior and 
cognition [48].

2.3.2 � Emtricitabine

Human immunodeficiency virus (HIV) can pass the blood 
brain barrier and lead to neuronal dysfunction and cogni-
tive decline [49]. Some HIV patients develop Aβ plaques 
or neurofibrillary tangles, indicating a relationship between 
HIV and AD, possibly through the modulation of Aβ and tau 
pathways by the virus; neuroinflammation is evident in both 
HIV and AD [49]. Emtricitabine is a nucleoside reverse tran-
scriptase inhibitor used for the treatment of HIV by prevent-
ing replication of the virus, a potential therapeutic for AD.

2.3.3 � IBC‑Ab002

IBC-Ab002 is a humanized IgG1 antibody that inhibits 
programmed death ligand (PD-1), evoking the immune 
response. PD-1 inhibitors facilitate the conversion of pro-
inflammatory monocytes to patrolling monocytes, reducing 
Aβ protein in the brain and enhancing cognition [50, 51]. 
Nonclinical observations of the utility of these agents have 
not been confirmed in human clinical trials. There is a first 
in human, Phase 1 clinical trial in progress.

2.3.4 � Salsalate

Salsalate is a nonsteroidal anti-inflammatory drug (NSAID) 
that inhibits p300/cyclic adenosine monophosphate response 
element binding protein-binding protein (CBP) acetyl-
transferase. Inhibition of p300/CBP prevents tau acetyla-
tion, increases tau turnover, reduces tau levels, and pro-
tects against neurodegeneration and cognitive/behavioral 
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impairments in transgenic mice [52, 53]. The current status 
of the salsalate clinical trial for AD is unknown.

2.3.5 � VT301

Regulatory T-cells modulate immune responses and several 
studies in preclinical models demonstrate a relationship 
between T-cells and AD pathology. Depletion of T-cells in 
an amyloid mouse model promotes cognitive decline and 
decreases Aβ plaque-associated microglia [54]. VT301 is 
a regulatory T-cell drug being tested as a therapeutic treat-
ment for AD.

3 � Synaptic Plasticity/Neuroprotection

Drugs seeking to enhance synaptic plasticity or produce 
neuroprotection are among the most common candidate 
therapies in the AD drug development pipeline. The strate-
gies described within this CADRO category are diverse and 
represent a multitude of approaches and underlying theoreti-
cal constructs about synaptic function. A unique aspect of 
the clinical trials of synaptic agents is that enhanced syn-
aptic function can represent disease modification or might 

improve cognition or behavior, producing symptomatic ben-
efit. Observation of these trial outcomes will be critical to 
understanding this dynamic between disease modification 
and symptomatic response. Table 2 lists the agents currently 
in clinical trials targeting synaptic plasticity neuroprotec-
tion, their phase of development, their known/hypothesized 
mechanism of action, and the primary outcomes of current 
clinical trials. Figure 2 represents the synaptic plasticity-
related drugs and their targets.  

3.1 � Phase 3 and Phase 2/3

3.1.1 � AGB101

AGB101 is a proprietary extended-release formulation of 
low-dose levetiracetam, an atypical anticonvulsant used for 
the treatment of epilepsy. The use of levetiracetam in this 
condition is based on the observation that medial temporal 
pathology in animal models of AD is associated with neu-
ronal hyperactivity that can be reduced with therapy and 
leads to improvement in cognitive function. The putative 
mechanism of action of levetiracetam in this setting is to act 
as a synaptic vesicle glycoprotein 2A inhibitor. Improve-
ment on neuropsychological tests and normalization of 

Fig. 2   Synaptic plasticity-
related drugs and the targets of 
agents currently in development 
(©J Cummings; illustrator, 
Mike de la Flor, PhD)
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functional magnetic resonance imaging (fMRI) signals with 
levetiracetam was observed in a pilot study of patients with 
amnestic MCI [55]. These observations provided the founda-
tion for the construction of the current Phase 2/3 HOPE for 
MCI study of AGB101 [56].

3.1.2 � Blarcamesine (Anavex 2‑73)

Blarcamesine (Anavex 2-73) is a ligand for sigma 1/mus-
carinic receptors. In rodent models the agent was shown 
to enhance memory-related behavioral performance and to 
exhibit neuroprotective effects including reducing tau hyper-
phosphorylation and protect mitochondria against injury 
induced by Aβ [57].

3.1.3 � Fosgonimeton (ATH‑1017)

Fosgonimeton (ATH-1017) enhances synaptic plasticity and 
neuronal survival by activating the hepatocyte growth fac-
tor (HGF)/mesenchymal-epithelial transition factor (MET) 
receptor system. MET receptors are decreased in AD; 
increased HGF activity ameliorated Aβ-induced cognitive 
deficits in a rodent model of AD [58]. A Phase 1/2 trial of 
fosgonimeton in healthy volunteers and patients with AD 
showed the agent to be well tolerated following subcutane-
ous administration. Improvement in electroencephalography 
(EEG) patterns and evoked potentials were observed in the 
small number of the AD patients assessed with these tech-
niques [59, 60].

3.1.4 � Simufilam (PTI‑125)

Simufilam is a novel drug candidate that reduces filamen A’s 
binding to α7 nicotinic acetylcholine receptors (α7nAChRs); 
this interaction is posited to be critical to Aβ-related tox-
icity [61]. Simufilam binds to filamin to restore its shape 
and function and to stabilize its interaction of Aβ and the 
A7 nicotinic acetylcholine receptor that triggers tau phos-
phorylation and synaptic dysfunction. Simufilam reduced 
tau hyperphosphorylation, tau aggregation and deposition, 
Aβ aggregation, and neuroinflammation, and enhanced syn-
aptic function in an animal model of AD. Memory-based 
behaviors were improved in the treated animals [62]. An 
open label trial of simufilam showed improvements in CSF 
biomarkers supportive of disease modification, including 
reductions in total tau, neurogranin, neurofilament light, 
and pTau 181 [63].

3.1.5 � Tertomotide (GV1001)

Tertomotide (GV1001) makes up a part of the human 
enzyme telomerase reverse transcriptase, an enzyme 
with antioxidant, antiapoptotic, and pro-cellular survival Ta
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functions. In cell systems, tertomotide exhibited similar 
features to full-length telomerase reverse transcriptase 
and blocked Aβ toxicity and exhibited anti-inflammatory 
and antioxidant properties [64]. A Phase 2 study of terto-
motide administered subcutaneously demonstrated a bet-
ter outcome on cognition using the Severe Impairment 
Battery (SIB) in the high-dose compared to the low-dose 
group. No other significant drug-placebo differences were 
observed [65].

3.2 � Phase 2

3.2.1 � AL 001

AL 001 consists of an ionic cocrystal combination of lith-
ium, proline, and salicylate. Lithium is posited to have both 
disease-modifying properties and the potential to reduce 
neuropsychiatric symptoms. Lithium is an inhibitor of 
GSK3-β that is upregulated in AD and contributes to impair-
ment of LTP, Aβ-induced neurotoxicity, and tau hyperphos-
phorylation [66]. Treatment of transgenic mice engineered 
to overproduce Aβ and tau showed that chronic doses of 
lithium reduced amyloid plaque formation, decreased hyper-
phosphorylation of tau, and improved learning and memory 
[67, 68].

3.2.2 � Bryostatin 1

Bryostatin 1 is a natural marine-derived product that acti-
vates protein kinase C (PKC) leading to enhanced synthesis 
and secretion of brain derived neurotrophic factor (BDNF). 
Brain-derived neurotrophic factor is linked to improved syn-
aptic growth, learning, and memory [69]. A Phase 2 proof-
of-concept study demonstrated a higher dropout rate in the 
bryostatin 1 high dose (40 μg) compared to the bryostatin 
1 low dose (20 μg), with evidence of cognitive benefit on 
the SIB in patients on the low dose, especially in those not 
on concomitant memantine [70]. A Phase 2 clinical trial on 
bryostatin was reported to have completed in November of 
2022, although no results have been released; the status of 
another trial is currently unknown.

3.2.3 � CY6463

CY6463 is a positive allosteric modulator of guanylate 
cyclase leading to increased endogenous nitrous oxide 
with decreased blood pressure, improved neuronal func-
tion, and neuroprotection. CY6463 raises cyclic guanosine 
monophosphate levels in CSF providing biomarker insight 
into the function and development of this agent [71].

3.2.4 � Dalzanemdor (Sage 718)

Dalzanemdor is an N-methyl-D-aspartate (NMDA) receptor 
allosteric modulator derived from steroid 24(S)-hydroxycho-
lesterol. It has been reported that 24(S)-hydroxycholesterol 
has diminished in the brains of individuals with AD, and 
restoration of levels is posited to restore cognition through 
effects on the NMDA receptor [72].

3.2.5 � Edonerpic (T‑817MA)

Edonerpic is a neurotrophic agent reported to promote neu-
rite outgrowth, maintain synaptic plasticity, protect neurons 
against Aβ-induced neurotoxicity, and enhance LTP [73]. 
Preclinical models treated with endonerpic exhibit amelio-
ration of memory deficits. The specific target of endonerpic 
may be collapsin response mediator protein 2 (CRMP2), a 
phosphoprotein that promotes neurite outgrowth and pre-
serves synaptic plasticity.

3.2.6 � Elayta (CT1812)

Elayta is a sigma-2 receptor antagonist that binds to the pro-
gesterone receptor membrane part 1 subunit of the receptor 
complex, reducing Aβ-induced synaptic toxicity through 
negative allosteric modulation of the receptor. In AD trans-
genic mice, Elayta improved cognition, and in human AD 
brain tissue, it was shown to displace Aβ oligomers [74].

3.2.7 � EX039

EX039 is a formulation of sodium benzoate hypothesized 
to enhance NMDA receptor activity. Sodium benzoate was 
assessed in a randomized double-blind placebo-controlled 
trial of amnestic MCI and mild AD dementia treated over a 
24-week period. Significant differences in favor of sodium 
benzoate were observed on the ADAS-cog, clinical global 
impression of change with caregiver input (CGIC+), and 
cognition composites included in the trial [75].

3.2.8 � ExPlas

ExPlas is human plasma derived from young fit male donors. 
ExPlas is collected by plasmapheresis once a month for four 
months to create the treatment product. It is hypothesized 
that ExPlas will have rejuvenating properties measurable on 
clinical and biomarker assessments [76].

3.2.9 � Levetiracetam

The biology of levetiracetam as a modulator of the synaptic 
vesicle SV2A protein was described above. Levetiracetam 



1398	 J. L. Cummings et al.

is being studied by other developers in several Phase 2 clini-
cal trials.

3.2.10 � MW150

MW150 has both anti-inflammatory and synaptic vesicle 
function properties. It is an inhibitor of the MAPK P38α. 
This enzyme stimulates release of inflammatory cytokines 
including TNFα and IL-1β. P38α MAPK also regulates 
the RAS-related protein Rab-5, a regulator of endosomes 
and synaptic vesicles. In transgenic mouse models of AD, 
MW150 suppressed release of inflammatory cytokines and 
improved synaptic function. Mice treated with MW150 
exhibited electrophysiological evidence of improved long-
term potentiation and behavioral evidence of enhanced 
memory [77].

3.2.11 � Neflamapimod (VX‑745)

Neflamapimod (VX475) is an inhibitor of MAPKα P38. As 
mentioned above, P38 MAPKα stimulates release of proin-
flammatory cytokines in microglia in response to cellular 
stresses including Aβ. In neurons, P38 MAPKα has been 
implicated in tau abnormalities and synaptic plasticity. A key 
dimension of P38 MAPKα is its regulation of the Ras-related 
protein, Rab-5, which in turn regulates endosomes and syn-
aptic vesicle function. In transgenic mouse models of AD, 
neflamapimod reduced amyloid plaque burden, decreased 
inflammation, increased the post-synaptic marker PSD95, and 
improved performance in the Morris Water Maze task [78]. In 
an open-label study of 16 individuals with early AD treated 
with neflamapimod for 12 weeks, there were statistically sig-
nificant improvements above baseline on tests of immediate 
and delayed recall. Changes in memory performance corre-
lated with plasma drug concentrations. A modest effect on 
amyloid reduction was seen in some patients [79].

3.3 � Phase 1

3.3.1 � Centella asiatica

Centella asiatica is a herbal medication used in Ayurvedic 
and traditional Chinese medicine as a cognitive enhancer 
and brain therapeutic. Animal models and in vitro studies 
of C. asiatica have shown neuroprotection against Aβ toxic-
ity, increased mitochondrial activity, improved antioxidant 
status, increased dendritic arborization, and synaptogenesis. 
Centella asiatica may enhance the potential of the nuclear 
factor-erythroid factor 2-related factor 2 (Nrf2)-antioxidant 
response pathway [80].

4 � Apolipoprotein E " 4 (APOE4) Effects, 
Lipids, and Lipoprotein Receptors

Apolipoprotein E � 4 gene carrier status is the most influ-
ential risk factor for AD after an individual’s age, and is the 
single most important genetic risk for AD [81]. The APOE4 
protein interacts strongly with Aβ, decreasing the age of 
amyloid brain accumulation and increasing the total Aβ 
burden in gene carriers [81]. Apolipoprotein E � 4 is also 
known to exacerbate tau neurofibrillary tangle-related neuro-
degeneration, microglial responses and neuroinflammation, 
astroglial activity, and blood brain barrier disruption [82]. 
Despite the marked importance of APOE4 as a risk factor 
and key feature in the pathogenesis of AD, there have been 
few therapeutics that specifically address this target.

4.1 � Phase 2 and Phase 1/2

4.1.1 � Hydroxypropyl‑beta‑cyclodextrin (Trappsol® Cyclo™)

Hydroxypropyl-beta-cyclodextrin (Trappsol® Cyclo™) is a 
cyclic oligosaccharide that sequesters cholesterol, reducing 
intracellular levels. In mouse models of AD, hydroxypro-
pyl-beta-cyclodextrin reduced amyloid plaque formation, 
inhibited Aβ aggregation and toxicity, decreased dystrophic 
neurites, and improved learning and memory. Genes 
involved in cholesterol transport were up regulated [83].

Hydroxypropyl-beta-cyclodextrin is being studied in 
a Phase 2 clinical trial of 90 patients with clinically diag-
nosed MCI, supported by a Precivity AD plasma bio-
marker showing high likelihood of a positive amyloid scan 
(NCT05607615). The 24-week clinical trial has safety and 
tolerability as its primary outcome.

4.1.2 � LX 1001

LX1001 is one of the few APOE4-directed therapies in the 
AD pipeline and among the few gene therapies being devel-
oped for AD. LX1001 uses an adeno-associated viral vec-
tor expressing the complementary DNA coding for human 
APOE2 to increase human APOE2 and antagonize the effect 
of APOE4. LX1001 is injected into the spinal canal where it 
diffuses to reach the spinal fluid and brain.

LX 1001 is in an open-label Phase 1/2 trial of 15 APOE4 
homozygous individuals with MCI or mild-to-moderate 
AD dementia (NCT03634007). All patients have amyloid 
PET and CSF biomarker studies to confirm the presence of 
AD pathology. They are observed for one year and are fol-
lowed in a Phase 1 open-label extension (NCT05400330). 
The Phase 1/2 trial has the goal of proving safety of the 
intervention and of deciding the maximum tolerated dose.
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4.1.3 � Obicetrapib (TA‑8995)

Obicetrapib is a cholesteryl ester transfer protein (CETP) 
inhibitor targeting reduction of low-density lipoprotein when 
given with a statin. Obicetrapib effects are being assessed 
in AD, atherosclerosis, dyslipidemia, heterozygous familial 
hypercholesterolemia, and diabetes. Epidemiologic stud-
ies suggest that statins may decrease the risk for AD and 
cholesterol may interact to exacerbate neurodegeneration in 
the disease [84]. These observations provide the basis for 
exploring the possible therapeutic benefit of obicetrapib in 
AD patients.

Currently, obicetrapib is in a Phase 2 open-label explora-
tory proof-of-concept clinical trial (NCT05161715). Thir-
teen participants with a clinical diagnosis of AD supported 
by biomarker evidence of amyloid and tau biomarker abnor-
malities with or without evidence of neurodegeneration will 
receive treatment. Patients must also have at least one copy 
of the APOE4 gene. Participants will be observed for 24 
weeks, and primary outcome measures include apolipopro-
teins in plasma and CSF and high-density lipoprotein parti-
cle concentrations in plasma and CSF.

5 � Neurogenesis

Few agents in the AD drug-development pipeline have 
neurogenesis as their novel target. Allopregnanolone and 
sovateltide are two agents currently in the pipeline that try 
to stimulate neurogenesis.

5.1 � Phase 2

5.1.1 � Allopregnanolone

Allopregnanolone is an allosteric modulator of inhibitory 
gamma aminobutyric acid A (GABA-A) receptors derived 
as a nonsteroidal metabolite of progesterone. In transgenic 
mouse models of AD, allopregnanolone increases neuro-
genesis, reduces amyloid deposition, and improves learning 
and memory [85].

Allopregnanolone is in a Phase 1 study designed to assess 
the pharmacokinetics of intramuscular administration of the 
agent (NCT03748303). Twelve participants with clinically 
diagnosed MCI or mild AD dementia will be engaged in 
the 14-week study. Outcome measures include safety, tol-
erability, and pharmacokinetic measures of the agent. A 
Phase 2 trial will engage 200 participants who are APOE4 
gene carriers and manifest MCI or mild AD dementia 
(NCT04838301). Participants will be randomized to drug 
or placebo for 12 months. The primary outcome measure is 
hippocampal volume.

Magnetic resonance imaging studies of patients included 
in a Phase 1B/2A clinical trial showed slowing of the rate 
of decline in hippocampal volume in the treated group and 
evidence of increased hippocampal volume in APOE4 gene 
carriers. Diffusion tensor imaging measures of white matter 
integrity and resting state default mode network measures of 
functional connectivity suggested improvement in the treat-
ment group [86].

5.1.2 � Sovateltide (PMZ‑1620; IRL‑1620)

Sovateltide is an endothelin-B receptor agonist that pro-
motes the differentiation of neuronal progenitors to produce 
mature neuronal cells and exhibits antioxidant, anti-apop-
totic, and mitochondrial functional enhancement properties 
[87].

Sovateltide is in a Phase 2 randomized, double-blind 
placebo-controlled trial (NCT04052737). Eighty partici-
pants with clinically diagnosed AD will receive 3 doses of 
intravenous therapy on one day per month for six months 
following randomization. The primary outcome measures 
are safety and tolerability.

6 � Oxidative Stress

Oxidative stress and production of reactive oxygen species 
reactive oxygen species (ROS) are both age- and disease-
dependent and contributes to mitochondrial dysfunction, 
altered metal homeostasis, reduced antioxidant defense, 
and impaired synaptic function. Reactive oxygen species 
can adversely affect many cellular structures and processes 
including nuclear DNA, mitochondrial dynamics and func-
tion, lipids, proteins, calcium homeostasis, cellular archi-
tecture, receptor trafficking and endocytosis, and energy 
homeostasis. [88]. Diets rich in antioxidants, B vitamins, 
polyphenols, and polyunsaturated fatty acids have been asso-
ciated with a reduced risk for AD, suggesting that optimiza-
tion of antioxidant status and reducing ROS-related damage 
may prevent, reduce the risk, or treat AD [89]. Similarly, 
physical exercise may reduce the risk of AD and slow the 
progression of MCI or AD dementia in part through its effect 
on brain antioxidant status [90].

Clinical trials of antioxidant have been added to this 
foundation of biological and epidemiological observations. 
Antioxidants are in current Phase 3 clinical trials of hydrala-
zine hydrochloride and omega-3 fatty acids; Phase 2 trials 
are assessing the efficacy of adaravone, and Flos gossypii 
flavonoids.
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6.1 � Phase 3

6.1.1 � Hydralazine

Hydralazine activates the Nrf2 antioxidant pathway, 
enhances mitochondrial function, increases mitochondrial 
respiration and adenosine triphosphate production; and acti-
vates autophagy that may facilitate clearance of intracellular 
protein aggregates [91].

Hydralazine is being assessed in a Phase 3 placebo-con-
trolled trial of 424 participants with clinically diagnosed 
mild to moderate AD (NCT04842552). The primary out-
come is the progression of AD as measured on the ADAS-
cog at 3, 6, 9, and 12 months.

6.1.2 � Omega three (DHA/EPA)

Omega three (DHA/EPA) is being studied in a Phase 3 trial 
of 400 participants who have a low red blood cell DHA/
eicosapentaenoic acid (EPA) index, subjective memory com-
plaints, and a family history of AD (NCT03691519). The 
trial will be conducted with an 18-month treatment period. 
The primary outcome is a composite cognitive score.

6.2 � Phase 2

6.2.1 � Edaravone (MCI‑186, Radicava®, Radicut®, MT‑1186, 
FAB122)

Edaravone is a pyralozone free radical scavenger antioxidant 
that is approved by the FDA for treatment of amyotrophic lat-
eral sclerosis (ALS). In transgenic AD mouse models, edara-
vone inhibited Aβ aggregation and attenuated Aβ-induced oxi-
dation. Edaravone reduced downstream pathologies including 
tau hyperphosphorylation, glial activation, neuroinflammation, 
neuronal loss, and synaptic dysfunction. Behavioral deficits 
of the animals were rescued with therapy [92]. Edaravone is 
being assessed in a Phase 2 clinical trial including 60 par-
ticipants with a clinical diagnosis of early AD, confirmed by 
CSF AD biomarkers or amyloid PET (NCT05323812). The 
participants will be assessed for four months, and the primary 
outcome measures will be safety and tolerability and plasma 
and CSF oxidative stress biomarkers.

6.2.2 � Flos Gossypii Flavonoids

Flavonoids have antioxidant and anti-inflammatory proper-
ties and the beneficial effects of Flos gossypii flavonoids, 
a traditional Uygur ethnic medicine, is being assessed in 
a Phase 2 clinical trial (NCT05269173). Two-hundred and 
forty participants with clinically diagnosed mild to moderate 
AD will be assessed over a 26-week period. The primary 
outcome is the ADAS-cog.

7 � Bioenergetics and Metabolism

Bioenergetics and metabolism embrace a large array of 
processes and possible interventions. There is some over-
lap with other CADRO categories such as oxidative injury 
to mitochondria and the putative benefits of antioxidants in 
mitochondrial preservation. Likewise, some bioenergetic and 
metabolic agents have substantial anti-inflammatory activ-
ity and overlap with the functions of inflammation-reduc-
ing treatments. Several of the bioenergetic drugs currently 
in clinical trials are drugs that are used for their metabolic 
effects in diabetes. This pertains to metformin, semaglutide, 
dapagliflozin, and insulin. These agents were developed to 
address insulin insensitivity in type 2 diabetes, and they may 
reduce insulin resistance characteristic of the brain in AD.

7.1 � Phase 3

7.1.1 � Metformin (Glucophage™)

Metformin is an insulin sensitizer that lowers blood glucose 
and reduces inflammation, decreases oxidative stress and 
increases neurogenesis in preclinical assessment. Metformin 
is a biguanide drug that decreases blood glucose by reducing 
glucose production in the liver, decreasing intestinal absorp-
tion, and increasing insulin sensitivity of target tissues. Met-
formin reduces all-cause mortality, cardiovascular disease, 
and cancer, as well as treating type 2 diabetes [93]. Met-
formin is in a Phase 2/3 clinical trial involving 370 individu-
als with clinically identified amnestic MCI (NCT04098666). 
Participants will be randomized to drug or placebo for 24 
months. The primary outcome measure is the Free and Cued 
Selective Reminding Test.

7.1.2 � Semaglutide

Semaglutide is approved for treatment of diabetes and obe-
sity. It has peripheral anti-inflammatory effects that are pos-
ited to reduce central inflammation. Semaglutide is being 
assessed in two large Phase 3 trials described above in the 
section on anti-inflammatory drugs.

7.1.3 � Tricaprilin (AC‑1204)

Tricaprilin is a caprylic triglyceride metabolized to ketones 
including hydroxybutyric acid that can be converted to 
acetyl-CoA to produce energy by mitochondria. The con-
ceptual framework for the development of this agent sug-
gests that providing an alternate neuronal metabolic pathway 
through ketones will improve brain metabolism in the set-
ting of the insulin resistance and glucose hypometabolism 
observed in AD [94]. Tricaprilin is in a Phase 3 randomized 
double-blind controlled trial (NCT04187547). Participants 
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will have mild to moderate AD diagnosed clinically and sup-
ported by an AD-compatible pattern on FDG PET. All par-
ticipants must be APOE4 gene non-carriers. The ADAS-cog 
will be the primary outcome. Tricaprilin is also in a Phase 
1 clinical trial assessing the safety and tolerability of a new 
formulation in healthy volunteers.

7.2 � Phase 2

7.2.1 � Dapagliflozin

Dapagliflozin inhibits the sodium-glucose cotransporter-2 
(SGLT2) and lowers blood glucose by facilitating its reab-
sorption into the kidney and excretion via the urine. Dapa-
gliflozin is an acetylcholinesterase inhibitor as well as an 
SGLT2 inhibitor and may have symptomatic benefits in the 
treatment of AD [95]. Dapagliflozin is in a Phase 2 placebo-
controlled trial involving 48 patients with clinically diag-
nosed mild to moderate AD and with a high basal metabolic 
index (BMI ≥ 23) (NCT03801642). The primary outcome 
measure is brain N-acetylaspartate as shown on magnetic 
resonance spectroscopy.

7.2.2 � Traditional Chinese Medicine

Traditional Chinese Medicine is being assessed in a rand-
omized controlled trial of 180 participants with MCI, mild 
to moderate AD, or severe AD (NCT05538507). Diagnoses 
are based on clinical criteria. Six treatment groups will be 
constructed to allow a comparison of a “smart soup” of three 
traditional Chinese medical herbs compared to memantine, 
donepezil and placebo. Patients will be on active therapy 
for a period of 1 year. Primary outcome measures include 
assessments of cognition, behavior, ADLs, general health 
status, Aβ and tau biomarkers in CSF and plasma, MRI, 
EEG, and oxidative and transmitter biomarkers in the blood. 
Traditional Chinese Medicine is reported to improve AD and 
anticipated to influence brain metabolism.

7.2.3 � Insulin

Insulin has multiple actions in the brain and multiple poten-
tial therapeutic effects in AD. Insulin resistance is charac-
teristic of neurons in AD, and insulin has a beneficial effect 
on brain metabolism and bioenergetics. In addition, insulin 
has multiple other roles observed in tissue studies and ani-
mal models of AD, including effects on synaptic plasticity, 
dendritic spine formation, transmitter turnover, proteostasis 
including clearance of Aβ and tau, vascular function, lipid 
metabolism, and inflammation [96]. Outcomes of trials so 
far have been largely negative; new trials are exploring novel 
delivery mechanisms and trial designs [97, 98].

Insulin is a large molecule biologic and must be delivered 
subcutaneously, intravenously, or through nasal inhalation. 
Developing effective delivery mechanisms for clinical tri-
als with AD participants has been challenging. A trial of 40 
cognitively normal amyloid-positive individuals will explore 
the feasibility of using an intranasal insulin delivery device 
(NCT05006599). The primary outcome of this study is the 
percentage of prescribed doses successfully taken by the 
participants.

Another insulin trial will explore the safety and efficacy 
of the combination of insulin plus an SGLT 2 inhibitor, 
empagliflozin (NCT05081219). Sixty participants who are 
cognitively normal or have MCI or mild AD dementia, and 
shown to be amyloid positive on amyloid PET or with CSF 
AD biomarkers, will be studied for 8 weeks. The primary 
outcomes are safety and the incidence of treatment-emergent 
events and treatment-emergent serious events.

7.2.4 � T3D‑959

T3D-959 is a dual delta gamma peroxisome proliferator 
activated receptor (PPAR) agonist. Peroxisome prolifera-
tor activated receptor agents improve insulin sensitivity. In 
rodent models of experimentally induced diabetes, T3D-959 
normalizes the AD type biomarkers that evolve in these ani-
mals [99]. Peroxisome proliferator activated receptors play 
a significant role in energy homeostasis, oxidative stress, 
fatty acid metabolism by mitochondria, and inflammation. 
Peroxisome proliferator activated receptor gene expression 
is reduced in the AD brain, and this reduction may contrib-
ute to some of the metabolic abnormalities observed [100]. 
T3D-959 is in a Phase 2 clinical trial assessing 3 doses com-
pared to placebo (NCT04251182). Participating individuals 
will have a diagnosis of mild to moderate AD based on clini-
cal criteria. Primary outcomes include measures of cogni-
tion, function, safety, and tolerability.

7.3 � Phase 1

7.3.1 � Nicotinamide Riboside

Nicotinamide riboside is a proprietary form of nicotinamide 
or vitamin B3. Cellular and animal model studies suggest that 
raising intracellular nicotinamide adenine dinucleotide (NAD) 
levels improves mitochondrial function, decreases oxidative 
stress, and restores or maintains metabolic processing of 
aggregated proteins [101]. A study of nicotinamide riboside 
will assess 50 participants in a 12-week trial (NCT04430517). 
Participating individuals will have MCI or mild AD dementia 
supported by AD biomarkers and the presence of at least one 
copy of the APOE4 gene. Primary outcomes include magnetic 
resonance (MR) spectroscopy measures of brain NAD+ and 
changes in the brain redox state.
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8 � Vascular Factors

Vascular health plays a prominent role in AD. Vascular risk 
factors include stroke, hypertension, hypercholesterolemia, 
diabetes, and obesity, and amyloid is deposited in the blood 
vessels of AD patients [102]. There is also evidence of 
blood-brain barrier disruption in AD. Magnetic resonance 
imaging studies indicate that ischemic brain injury is a com-
mon accompanying feature of AD; microhemorrhages are 
frequently seen on MRI of patients with AD; and CAA is 
often accompanied by AD [103, 104]. The occurrence of 
amyloid-related imaging abnormalities (ARIA) in the con-
text of treatment with anti-amyloid monoclonal antibodies 
has drawn attention to the importance of vascular pathol-
ogy in the pathogenesis and treatment of AD [105]. Despite 
the common co-occurrence of AD and vascular risk factors, 
there are relatively few clinical trials addressing vascular risk 
among novel targets in the AD drug development pipeline.

8.1 � Phase 2

8.1.1 � Telmisartan or Perindopril

An active comparator trial investigates the effects of tel-
misartan (angiotensin receptor blocker [ARB]) or perindo-
pril (angiotensin converting enzyme inhibitor [ACEI]) on 
brain atrophy as manifested by ventricular enlargement after 
12 months of treatment (NCT02085265).

8.1.2 � Yangxue qingnao

Yangxue qingnao is a traditional Chinese medicine posited 
to have effects on cerebral blood flow and of potential benefit 
for the treatment of AD. A trial will randomize 216 indi-
viduals with mild to moderate AD to a high dose, low dose, 
or placebo (NCT04780399). Alzheimer’s disease diagno-
sis includes clinical assessment, MRI scan demonstrating 
medial temporal atrophy, and positive amyloid imaging or 
CSF AD biomarkers. The primary outcome measures of the 
trial are the ADAS-cog and CDR-sb.

9 � Cell Death

9.1 � Phase 2

9.1.1 � Deferiprone

Deferiprone is an iron chelator being studied to determine 
the benefit of reducing brain iron on the clinical course of 
AD. High iron content in the brain generates ROS leading 
to downstream cell death; elevated brain iron in AD has 

been associated with an accelerated clinical decline. Iron 
chelation is hypothesized to have neuroprotective effects in 
reducing damaging ROS, inhibiting the setting of Aβ and tau 
pathology, and decreasing levels of brain iron [106, 107]. 
A double-blind placebo-controlled trial will assess the effi-
cacy of deferiprone in 171 individuals with MCI or mild AD 
dementia (NCT03234686). Participants will have a clinical 
diagnosis of AD supported by positive amyloid imaging. 
The primary outcome measure is the Neuropsychological 
Test Battery (NTB) assessed at after 12 months of therapy.

10 � Growth Factors and Hormones

10.1 � Phase 2

10.1.1 � CORT108297

Cortisol excess has been identified as a risk factor for AD 
and a promoter of AD pathobiology [108]. Elevated cortisol 
has been associated with compromised memory, executive 
function, language, processing speed, and social cognition. 
Increased cortisol levels are associated with an increased 
risk for cognitive decline and cortisol levels are higher in 
patients with MCI than in cognitively normal older individu-
als. Elevated CSF cortisol has been associated with more 
rapid cognitive decline in MCI. Elevated cortisol may be an 
important mediator linking depression, sleep disturbances, 
and cardiovascular risk factors to AD. Biologically, high 
cortisol has been connected to hippocampal atrophy, oxida-
tive stress, and Aβ toxicity [108].

CORT108297 is a glucocorticoid receptor modulator 
that has been shown to reduce corticosterone hypersecre-
tion associated with physiological stress. The CORT-X trial 
will examine if mitigation of stress-mediated pathogenesis 
of AD is a possible target for intervention in individuals at 
risk for this disease (NCT04601038). This is a 2-week, ran-
domized, placebo-controlled crossover study of the effects 
of CORT108297 on cognitive test performance in 26 indi-
viduals with MCI due to AD, and in 26 cognitively normal 
individuals with an increased risk for AD due to family his-
tory, genetics, and/or subjective memory complaints. All 
subjects will take part in a brief stressor (public speaking 
and mental arithmetic) and provide saliva samples to assess 
the stress hormone response. The primary aims will compare 
the effects of CORT108297 to placebo on tests of memory, 
executive function, and digit span.

10.1.2 � Leuprolide (Leuprorelin; Lupron)

Leuprolide is a synthetic analogue of gonadotrophin releas-
ing hormone (GnRH) and down-regulates luteinizing 
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hormone (LH) and follicle stimulating hormone (FSH). 
Elevated LH has been linked to neurodegeneration and cog-
nitive decline, while leuprolide has decreased amyloid and 
improved cognitive in some animal models of AD [109, 
110].

Leuprolide is being studied in a Phase 2 double-blind 
randomized trial of women with clinically diagnosed MCI or 
mild-moderate AD dementia (NCT03649724). The primary 
outcome is performance on the ADAS-cog after 48 weeks 
of treatment.

10.1.3 � GnRH

Gonadotrophin releasing hormone is in a clinical trial of par-
ticipants with Down syndrome with evidence of concomi-
tant AD (NCT04390646). Gonadotrophin releasing hormone 
improves cognition in a mouse model of Down syndrome 
and has shown beneficial effects on cognition and connec-
tivity in a preliminary trial of adults with Down syndrome 
likely due to Aβ pathology [111].

11 � Circadian Rhythm

11.1 � Phase 2/3

11.1.1 � Piromelatine (Neu‑P11)

Piromelatine is a melatonin receptor agonist (MT1, MT2, 
MT3) and a serotonin receptor agonist (5-HT1A, 15-HT1D). 
Preliminary studies in rodent models of AD suggest that 
piromelatine decreased Aβ-related cell loss and improved 
memory [112]. There is currently a clinical trial under-
way with ADAS-cog as the primary outcome measure 
(NCT05267535).

12 � Epigenetic Regulators

12.1 � Phase 2

12.1.1 � Lamivudine (3TC)

Lamivudine is a reverse transcriptase inhibitor approved for 
use for the treatment of HIV. In aged mice, the agent reduced 
inflammation and decreased the number of senescent cells 
[113]. The primary outcomes are the change in reverse tran-
scriptase activity in blood and CSF and the penetration of 
lamivudine across the blood brain barrier as reflected in the 
plasma/CSF ratio of 3TC 5′-triphosphate (NCT04552795).

13 � Discussion

There is a robust array of novel targets and agents being 
studied in the AD drug development pipeline. Many of the 
CADRO-identified processes of AD are being explored as 
possible points of disease intervention. The areas of inflam-
mation and synaptic plasticity are notably well represented 
by multiple agents in the pipeline. Of the agents in each 
of these categories, there are very few with the same spe-
cific mechanism of action. This suggests that trials will be 
informative regarding which targets may be more vulner-
able to therapeutic modulation and might provide insight 
into useful combinations of therapies within a therapeutic 
category.

Some processes critical to AD have few or no candi-
date therapies in the pipeline. APOE4 is one of the most 
important risk factors for AD and is present in 65%–70% 
of patients. There is only one agent, the gene therapy LEX 
1001, in the pipeline targeting APOE4. In this trial, a viral 
vector carrying the APOE2 gene is being given to antago-
nize the effects of APOE4. The amyloid, tau, neurodegenera-
tion (ATN) framework has provided a working model of the 
biology and related biomarkers of AD [114]. “A” and “T” 
are the canonical drug targets for AD and have associated 
candidate therapies in the pipeline. There is only one agent 
for “N” in the current pipeline, deferiprone, a drug targeting 
reduction of brain iron. Iron is hypothesized to exaggerate 
the effects on Aβ leading to cell death. There are many inter-
actions between vascular disease and AD and few agents 
exploring therapeutic opportunities regarding this interac-
tion. One trial compares cognitive effects of telmisartan (and 
angiotensin receptor blocker) to perindopril (an ACE inhibi-
tor); the other is assessing the effects of the traditional Chi-
nese medicine, Yangxue qingnao. Some categories such as 
epigenetic agents and circadian rhythm have few therapeutic 
approaches in the pipeline; understanding of the biology of 
these processes may not have matured sufficiently to suggest 
target mechanisms for DMTs.

The complexity of the biology of AD, and overlap in risk 
factors associated with the disease, suggest the need for com-
bination therapies to offer the best opportunity to alter the 
disease course. There are currently no combination therapies 
in the pipeline. There are a few agents with multiple actions 
possibly beneficial for AD and representing “a combination 
therapy in a pill.” The success of anti-amyloid monoclonal 
antibodies validates amyloid plaques as a therapeutic target 
for AD therapeutics. Similarly, the success of tau antisense 
oligonucleotides suggest that therapies decreasing protein 
production may be effective [115]. The increasing under-
standing of brain inflammation has found several pathways 
that are promising as targets for monotherapies and could 
possibly guide development of combinations therapies. The 
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advantage of developing different therapeutic approaches 
independently and then combining them is that the contri-
bution of each agent can be understood and the target-dose 
relationships of both therapies can be assessed.

Biomarkers are revolutionizing AD drug development 
[116–118]. Multiple modalities of brain imaging, an array 
of CSF analytes, and an emerging repertoire of blood-based 
biomarkers are available to drug developers for a variety of 
contexts of use (CoU). Identified CoUs include biomarkers 
of risk (e.g., APOE4), diagnosis (e.g., amyloid PET, CSF 
AD biomarkers), monitoring (e.g., blood-based biomark-
ers of p-tau and NfL), pharmacodynamic response (e.g., 
amyloid PET, tau PET), prognosis (p-tau, Up53), treatment 
response prediction (none known for predicting benefit; 
APOE4 genotype predicts greater risk for amyloid-related 
imaging abnormalities [ARIA] with anti-amyloid monoclo-
nal antibodies), and safety (MRI for ARIA). Some trials have 
integrated biomarkers into the design and others have not.

Most of the trials assessing novel agents use traditional 
clinical outcomes such as the ADAS-cog and the ADCS 
ADL (Tables 1 and 2). These tools have the advantage of 
long-term use in clinical trials and great depth of under-
standing how they perform in trials of different AD popula-
tions (e.g., MCI, mild and moderate AD dementia) and the 
expected rate of placebo decline can be calculated and used 
for sample size estimations for trials of agents with a pre-
defined expected effect size. However, the ADAS-cog was 
published in 1984 and constructed before the current under-
standing of neuropsychological processes had evolved [119]. 
The ADCS-ADL reflects the daily life functions of 1997 
when the tool was inaugurated [120]. More advanced neu-
ropsychological approaches such as the NTB or more current 
functional measures such as the Amsterdam ADL scale may 
offer advantages and are increasingly used in trials [121, 
122]. As more data evolve, there will more confidence in the 
performance of these new instruments in trials. Computer-
ized neuropsychological measures and remote digital moni-
tors are increasingly available and may offer insights into 
drug effects not available from other measures [123–125].

14 � Summary and Conclusions

The canonical target of AD drug development – amyloid and 
tau – are together represented in approximately 30% of cur-
rent trials [6]. Seventy percent of trials are assessing non-Aβ 
non-tau targets with novel agents. The array of novel drugs 
being assessed in the pipeline span most of the CADRO 
categories identified as processes in AD biology that com-
prise therapeutic targets. Most common in the pipeline are 
novel agents addressing inflammation and synaptic plastic-
ity. Some novel designs, outcomes, and biomarkers are being 

integrated into the trials assessing these agents. More target 
engagement biomarkers, better clinical measures, and new 
approaches to assessment, such as computerized tests and 
digital biomarkers, may improve the ability to characterize 
drug-placebo differences and advance novel therapies for 
AD.
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