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Abstract.
Background: Many putative causes and risk factors have been associated with outcomes in Alzheimer’s disease
(AD) but all attempts at disease-modifying treatment have failed to be clinically significant. Efforts to address this
“association—intervention” mismatch have tended to focus on the novel design of interventions.
Objective: Here, we instead deal with the notion of association in depth. We introduce the concept of disease-associated
process (DAP) as a flexible concept that can unite different areas of study of AD from genetics to epidemiology to identify
disease-modifying targets.
Methods: We sort DAPs using three properties: specificity for AD, frequency in patients, and pathogenic intensity for
dementia before using a literature review to apply these properties in three ways. Firstly, we describe and visualize known
DAPs. Secondly, we exemplify qualitative specificity analysis with the DAPs of tau protein pathology and autophagy to
reveal their differential implication in AD. Finally, we use DAP properties to define the terms “risk factor,” “cause,” and
“biomarker.”
Results: We show how DAPs fit into our collaborative disease ontology, the Alzheimer’s Disease-Associated Processes and
Targets (ADAPT) ontology. We argue that our theoretical system can serve as a democratic research forum, offering a more
biologically adequate view of dementia than reductionist models.
Conclusion: The ADAPT ontology is a tool that could help to ground debates around priority setting using objective criteria
for the identifying of targets in AD. Further efforts are needed to address issues of how biomedical research into AD is
prioritized and funded.

Keywords: Alzheimer’s disease, association, autophagy, biomarker, cause, disease ontology, intervention, risk factors, speci-
ficity, tau

INTRODUCTION

Prognosis has not changed in the 115 years since
Alois Alzheimer first described Alzheimer’s disease
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(AD) in 1906 as a clinical amnestic and behavioral
syndrome with hallmark neuropathological features
(now known as “amyloid-�” and “tau” proteins).

Since that time, there has been a long-standing
historical debate about whether the proteins used to
define AD also cause cognitive decline. Amyloid
and tau removal have been the dominant therapeu-
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tic strategy against AD since the 2000 s, but there is
still no fully-validated treatment, despite the FDA’s
recent and controversial accelerated approval of the
amyloid-removing aducanumab and the recent pub-
lication of “moderately less decline on measures
of cognition” in patients treated with lecanemab
versus placebo [1]. Beyond the targeting of AD neu-
ropathology, the other major biomedical approach
to dementia is risk reduction through action against
lifestyle risk factors including inadequate education
and poor physical, mental, and social health across
the lifetime [2].

Nevertheless, amyloid removal has been the dom-
inant therapeutic since the 2000 s when the first
antibodies were tested for use in humans [3]. It is
based on the amyloid cascade hypothesis (ACH),
which posits that the brain amyloid-� used to define
the disease also plays a major causative role [4].
Given the number of failed anti-amyloid trials for
AD, we argue that there is an ethical imperative to
move beyond the dominance of the amyloid-lowering
therapeutic strategy within a high-risk/high-reward
economic model that leaves a therapeutic void with
disastrous consequences for patients [5].

Herrup [6] underlines the limits of the anti-amyloid
and reductionist approaches towards AD. Arguing
that amyloid-� deposition is not the sole disease-
associated process (DAP, our term which we define
herein) for AD, Herrup proposes a multi-factorial
approach which brings together all the known DAPs.
He uses preclinical and clinical data to attempt to
demonstrate “that a simple linear pathway tracing
disease progression from amyloid-� to AD is inad-
equate as a formal hypothesis” and instead offers “a
number of alternative ways of viewing the disease”.
His alternative to the ACH is to embrace “the list
of disease-causing options... [recognising no formal]
guidance as to how to focus our quest to under-
stand and treat AD” [6]. He summarizes: “AD can
be viewed as a disease of amyloid . . . [and] “a long
list of disease-causing options . . . The answer to the
question of which option shall we choose is. . . choose
them all” [6].

We aim to continue Herrup’s important initiative
at a time when no single DAP fully explains the
totality of AD-related dementia, inviting a pluralistic
approach. However, his theoretical and therapeutic
scheme lacks hierarchization, for his “choose them
all” strategy is a political call to action that does not
offer priority to any DAP. Furthermore, his analysis
concerns only the molecular level (from genes to cel-
lular pathways), thus overlooking a whole portion of

the literature, such as population epidemiology, and
is also challenging to apply to clinical research.

In this article, in order to build on Herrup, we
propose a systemic approach that offers a holis-
tic theoretical framework of AD by adding new
property-based dimensions to represent DAPs for
AD according to different levels of specificity, while
allowing for the existence of DAPs at biological lev-
els other than the molecular level. We offer definitions
of causes, risk factors, and markers for AD based on
our DAP properties and suggest future directions for
research. Our framework is termed the Alzheimer’s
Disease-Associated Processes and Targets (ADAPT)
Ontology.

DEFINING DAP PROPERTIES

A DAP is a process defined as being “associated
with” onset and prognosis. This vague definition,
which we shall improve upon, is precisely so because
the biomedical literature is replete with an ever-
growing number of empirical and review articles
referring to various processes “associated with” AD.
In behavioral neuroscience, Krakauer et al. [7] argue
that the existence of “filler terms” such as contributes
to, is involved with, participates in, is associated with,
mediates suggests “the lack of an explicit concep-
tual framework for the mapping between circuit and
behavior.... [which] just fills in for it”. These verbs
are often used instead of correlates with (for example
when a biological process is modulated coordinately
with disease stages), which bears the comparative
advantage of having a formal statistical definition.
Moreover, such terms often tacitly imply a form of
causation and are used to justify the necessity to target
the given DAP to therapeutic ends.

Therefore, to more accurately describe the rela-
tionship between a given DAP and disease according
to explicit, quantifiable criteria, we identified three
separate primary properties of DAPs by which they
are defined as “associated.” DAPs derive their asso-
ciation with AD because of their specificity for
AD, and/or frequency of appearance in AD patients,
and/or pathogenic intensity with respect to dementia.
For reasons we will clarify in these definitions, these
properties should be understood separately, since it
is not because a DAP lacks association in one of the
dimensions that it does not occupy a worthy place
within a holistic scheme of AD theory and therapeu-
tics.
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Specificity

This scale sorts DAPs according to an inverse func-
tion of the probability of their association with other
pathologies, reflecting the extent to which a change
in the DAP leads to AD and not to other pathologies.
Controversies around the definition of AD suggest
the improbability of a broadly-defined DAP (such as
“amyloid deposition”) being exclusively involved in
AD, versus healthy aging or other pathologies. Fur-
thermore, comorbidities are the rule in the elderly
brain, not the exception. Nevertheless, some DAPs
are more specific to AD than to other diseases, even
if this specificity is not absolute. We use the concept
of 7 levels of specificity with some example DAPs to
illustrate our hierarchy (Table 1 and Fig. 1).

Specificity offers three advantages. Firstly, it estab-
lishes a first hierarchy of the DAPs, beyond the
molecular level (Fig. 1). Secondly, it is based on
accessible biomedical knowledge. Finally, this scale
is sufficiently detailed to be able to specify sub-
processes of broad DAPs (referred to as sub-DAPs
henceforth). With this in mind, we perform a qualita-
tive analysis of tau-related pathology and autophagy
dysfunction (Fig. 2). Tau protein dysfunction has
a relatively high level of specificity for AD with-
out being entirely specific, as it is also found in
tauopathies such as progressive supranuclear palsy
for example (Fig. 2A). Autophagy is an evolutionary-
conserved, ubiquitous, cellular pathway allowing for
the degradation of cellular components in lysosomes,
and is our second example of specificity analysis
(Fig. 2B). These examples show how DAPs at the
same biological “level” can be more or less specific
for AD, and how DAPs identified at different levels
are interrelated within a single coherent framework
(e.g., lifestyle “diet” affecting “autophagy” and its
various sub-DAPs).

Frequency

What we define as frequency is the percentage of
AD patients with the DAP versus healthy controls or
other conditions. Thus, by definition, the appearance
of amyloid-� in senile plaques and tau in neurofibril-
lary tangles is observed in 100% of cases, given that
these DAPs define the disease. However, Apolipopro-
tein E (APOE) haplotype, a gene coding for a protein
involved in cholesterol metabolism, demonstrates the
separability of frequency and specificity. The pres-
ence of 1 or 2 copies of the epsilon 4 “ε4” (APOE4)
allele is a risk factor for various neurodegenera-

tive diseases and is observed in over >50% of AD
patients, making it three folds more common among
AD patients than it is among the non-AD population,
but it is possible to have sporadic AD without it, i.e.,
its frequency is not at 100%.

This second dimension makes it possible to estab-
lish a hierarchy of DAPs independent of specificity.
However, working out the details of the hierarchy
of DAPs according to this scale is more difficult to
apply than for specificity, since it is based on knowl-
edge derived from technology-dependent large-scale
cohort analysis which remains to be undertaken for
the vast majority of DAPs (though see below).

Pathogenic intensity

Pathogenic intensity is a reflection of the extent to
which a change in the DAP is associated with a wors-
ening of AD prognosis, and how much therapeutic
impact would be likely to be obtained from target-
ing the DAP. Figure 3 offers a visual representation
of the 3 DAP properties frequency, specificity, and
pathogenic intensity.

Pathogenic intensity is independent of frequency
and specificity. Nevertheless, while the prioritiza-
tion of DAPs by pathogenic intensity is conceptually
consistent, as in the case of frequency, the current pos-
sibility of assigning a value to them is very limited,
since it requires an estimate of the impact of DAPs
at the population- and patient-level; meta-analyses
of genome-wide association studies and lifestyle risk
factors provide the best opportunity of quantifying
pathogenicity scores for AD [2]. However, homog-
enizing different data types into a coherent scheme
of AD risk remains a large conceptual and empiri-
cal obstacle, since there are currently no algorithms
available to translate statistical conclusions into a risk
factor for an individual AD patient. This is particu-
larly difficult with ADAD patients with deterministic
amyloidogenic mutations who represent a very small
percentage of total AD cases. For example, obser-
vational data suggest that physical activity may be
even more protective in ADAD patients than in spo-
radic AD patients [25], inviting further comparative
studies.

ILLUSTRATING THE REASONING
BEHIND THE MODEL

Inspired by Herrup’s important community-wide
call to “choose them all” when studying DAPs
for AD, we have sought to offer properties of
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Table 1
Attributing DAP specificity values from 1 (Fixed) to 7 (Individual mutations)

Level Description Value

Fixed Chronological age and chromosomal sex. 1
Lifestyle (Social determinants
and health behaviors)

Generic DAPs linked to social determinants and
lifestyle habits (education, environmental
stimulation, physical exercise, nutrition, etc.).

2

Pathological DAPs associated with various pathologies affecting
the whole body (obesity, autophagy dysfunction,
herpes infection).

3

Neurodegenerative disorder DAPs for neurodegenerative pathologies (tau
aggregation, excitotoxicity, neuroinflammation).

4

Alzheimer’s disease DAPs defining AD (amyloid-� deposition, Tau
hyperphosphorylation).

5

Alzheimer’s disease (sub)type DAPs differentiating AD subtypes (e.g., amyloid-�,
Tau strains).

6

AD-determining DAPs (e.g., ADAD mutations) 7

The least specific DAPs for AD are chronological aging and chromosomal sex—determined risk factors
for many chronic pathologies—whereas the most specific DAPs are specific aggregates of amyloid-
� (senile plaques) and tau (tangles), these neuropathological hallmarks being part of this disease’s
definition. Individual-level specificity accounts for the existence of heritable forms of familial AD. It
must be stressed here that the “value” attributed to specificity here is a code to facilitate communication
around classification with the computer in our disease ontology, and should not be understood as a
measure of “importance.”.

Fig. 1. A schematic representation of our hypothetical model of disease associated processes (DAPs) for Alzheimer’s disease (AD) sorted
by level of specificity. The schema allows for the understanding of why a specific patient or patient population may develop AD due to
the converging pathological burden of several DAPs at different specificity levels. Fixed DAPs cannot be changed (age, sex chromosomes).
DAPs of social determinants and lifestyle, such as smoking and alcohol use, are the next least specific DAPs. Pathological DAPs are those
which clinicians use to define different diseases; DAPs involved in neurodegenerative disease contribute to cognitive decline in AD, but for
non-specific reasons, e.g., cerebrovascular impairments. Amyloid-� accumulation and tau hyperphosphorylation are used to define AD-type
impairments as per the literature. AD-determining DAPs are restrained to deterministic mutations affecting amyloid-� metabolism in familial
autosomal dominant AD (ADAD). A�, amyloid-�; fAD, familial (autosomal dominant) AD (aka. ADAD).
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DAPs so as to avoid putting them all on the same
footing.

To illustrate our reasoning in another medical
condition, we apply DAP properties to understand

bone fracture, i.e., a partial or complete break in
the continuity of a bone. Explaining instances of
bone fracture requires appeals to different types of
association. Highly specific DAPs for bone fractures

Fig. 2. (Continued)
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Fig. 2. Multi-level specificity analyses for tau-related pathology and autophagy. Arrows connect sub-parts (higher specificity) to part (lower
specificity). a) Tau aggregation is a specific instance of protein aggregation, observed in many pathologies [8]. “Tau” is neurodegenerative-
level. Tau filaments are composed of different isoforms: AD filaments contain all six isoforms expressed in the human brain, while progressive
supranuclear palsy filaments contain only four-repeat isoforms [9]. Recent structural studies using cryo-electron microscopy have charac-
terized tau filaments with unique structures associated with disease [10–12]. Although a single conformer is described per disease for now,
converging evidence suggests that tau strains could be unique to single patients or subsets [13–15]. Likewise, the profile of post-translational
modifications (PTMs) may be specific to AD and to certain subgroups of AD patients [16]. Tau seeding activity is different between subtypes
of AD patients (slow and fast progressers) [13], and four distinct trajectories of tau deposition have been identified in AD [17]. b) Autophagy
is influenced by ageing and nutritional status [18], and autophagy dysfunction is observed in many pathologies, including AD [19, 20].
Genetic alteration of murine autophagy alters neuronal proteostasis, resembling neurodegenerative conditions [21, 22]. Mammals exhibit
three coordinate and partially compensatory forms of autophagy, which differ in lysosomal cargo delivery mechanisms: macroautophagy,
chaperone-mediated autophagy (CMA), and microautophagy. Because of more abundant literature on them, we consider only macroau-
tophagy and CMA. There are signatures of autophagy impairments in AD and other diseases at different levels [19, 23, 24]. Specificity
increases between pathways (macroautophagy/CMA) and steps within a given pathway (orange text).

include very rare mutations in cartilage-associated
protein (CRTAP), prolyl 3-hydroxylase 1 (P3H1), and
Peptidylprolyl Isomerase B (PPIB), which cause a
condition known as osteogenesis imperfecta [26], or
brittle bone disease. Intense DAPs for bone fractures
are different kinds of falls [27]. Falls are not specific
to bone fractures, as they lead to tissue damage that
may produce phenotypes other than fractures. Finally,
for an example of a frequent DAP in bone fractures,
low bone mineral density is an example [28]. These
examples show that plotting association along differ-
ent dimensions is fruitful and complementary.

We offer a putative lexicon for terms used fre-
quently in AD research articles derived from the
primary properties that we have identified for DAPs
(specificity, frequency, and intensity): cause, risk fac-
tor, and markers (Table 2).

THE ADAPT ONTOLOGY

The three DAP properties described—specificity,
frequency, and pathogenic intensity—can be used to
design an “ontology” of AD, where DAPs can be
defined according to logical relationships in a com-
mon framework to be completed with quantitative
knowledge of pathogenic intensity and frequency in
AD patients.

Briefly, in computer science, ontologies are
resources that formalize concepts in relation
to each other and produce controlled (natu-
ral language) vocabulary, thus reducing ambi-
guity for humans and computers. Today, there
are many biomedical ontologies (bio-ontologies)
(https://bioportal.bioontology.org). Once central-
ized, they are implicitly linked by “mapping”
between common terms.

We have designed ADAPT aimed at classify-
ing DAPs according to our 3 properties for AD.
This ontology is subdivided into 2 main types

of classes: Identified disease-associated process
and classified disease-associated process. Identified
disease-associated process (iDAP) is the branch of
ontology in which the known DAPs for AD are
classified according to their traditional biological
identification. It is subdivided into 6 subclasses:
molecular DAP, physiological DAP, environmen-
tal DAP, gene-related DAP, pathological DAP, and
other DAP.

Classified disease-associated process (cDAP) is
the branch of ontology that contains our three
properties as the paradigm of hierarchization. It
is therefore divided into 3 sub-classes: disease-
associated process by specificity, disease-associated
process by frequency, and disease-associated pro-
cess by pathogenic intensity. They are themselves
subdivided into subclasses representative of the
scale of the property (by specificity: lifestyle DAP,
pathogenic-type DAP, neurodegenerative DAP, AD
DAP, AD-subtype DAP, and AD-determining DAP;
as illustrated in Fig. 1 and Table 1). All of these
subclasses aim to automatically integrate the DAPs
previously listed in the branch iDAPs by computed
inference, resulting in an ontological model that is
functional, coherent, and flexible. While other bio-
ontologies also focus on AD (Alzheimer’s Disease
Ontology (ADO) and Common Alzheimer’s Disease
Research Ontology (CADRO)), they aim to compile
AD entities in order to index projects or data. ADAPT
focuses on DAPs and aims to represent them accord-
ing to their impact on AD.

ADAPT is best understood as a continuation of
Herrup’s community-wide call to “choose them all,”
i.e., not to reduce the scope of useful therapeutic
targets in AD to one pathway, but we also provide
three criteria to focus efforts and reduce ambigu-
ity. It should therefore contribute to conceptual and
therapeutic improvements. However, the long-term
value of the model provided here will depend on con-

https://bioportal.bioontology.org
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Fig. 3. Visualizing specificity, frequency, and pathogenic intensity. Genetic examples confirm the intuition some DAPs are associated
with greater pathogenicity in AD. a) Genome-wide association studies demonstrating the variable pathogenic impact of single nucleotide
polymorphisms (SNPs) for sporadic AD, such as ADAM10 involved in lipid metabolism. Yet these SNPs in sporadic AD are not deterministic.
b) In contrast, deterministic AD mutations in familial AD (e.g., PSEN1) are nearly 100% penetrant, but they are exceedingly rare. c) The
non-genetic factor of smoking provides a lifestyle DAP probably representing a small but significant contribution to the dementia burden
at the population level. d) Visualizing the differential implication of DAPs along three dimensions to show typical DAPs of lifestyle DAP
(smoking), SNP (ADAM10), and infrequent deterministic DAPs (PSEN1 mutation). Table 1 of Livingston et al. [2] offers population-level
intensity scores for dementia.

Table 2
A putative AD lexicon founded upon DAP properties: Risk factor, cause, and marker

Definition DAP property must satisfy the following
minimal criteria in AD patients:

Specificity High frequency Pathogenic
for AD in AD patients Intensity

Risk factor Low to intermediate Not for all patients Low to intermediate
Cause High Not for all patients High
Marker High Yes for most patients None

Risk factor: any DAP associated with AD onset and prognosis. A cause: a specific risk factor, i.e.,
be associated via both pathogenic intensity and specificity. ADAD mutations are low-frequency
causes. A marker: both specific and high frequency in AD, in order to discriminate AD from
non-AD states. However, markers themselves need not be associated with pathogenic intensity.
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certed field-wide efforts to foster the convergence of
efforts.

Concerning conceptual improvements, long-
standing debates about the role of DAPs in AD
etiology should be resolved with the use of precise
language about exactly which DAPs and sub-DAPs
are under investigation in experimental investigation.
One necessary condition for such debate will be
data precision. The AD literature is a heterogeneous
entity, a reflection of the different profiles working
within it with different methods, theories, and objec-
tives. Improving signal-to-noise within the literature
requires an end-to-end data quality approach. Thus,
as data quantity increases exponentially, in order to
not lose sight of a coherent, quantified and hierar-
chized picture of the relationships between DAPs
and AD, the community should aim to improve the
labelling of published results. This is made possible
thanks to the existence of Medical Subject Headings
(MeSH) terms in PubMed, offering a semantic
framework which can be adapted to DAPs in order
to improve their description of how they affect AD
prognosis according to our criteria of specificity,
frequency, and pathogenic intensity.

Those relationships between DAPs and AD eti-
ology should be quantified and hierarchized, so as
to improve precision. Where MeSH terms are not
precise enough for molecular processes, the terminol-
ogy of gene ontology (GO) consortium for genes and
gene products can be used [29]. While there are and
certainly will be DAPs and sub-DAPs in AD which
do not belong to either MeSH or GO terminology,
existing resources with controlled vocabulary such
as ADO should be used as much as possible so as to
avoid ambiguity in the literature. Thus, ADAPT has
adopted and encourages the use of pre-existing terms.
As community-wide efforts to improve homogeniza-
tion of conclusions within the literature improve,
the automatic inclusion of standardized results (via
MeSH/GO/ADO) into a quantifiable, hierarchized
scheme like our ADAPT ontology, should be pro-
moted.

However, the comparisons with other ontologies
are limited, since ADAPT has been designed to play
a very specific role to order DAPs to therapeutic
ends following Herrup [6] and should be assessed
according to how satisfyingly it helps to achieve
this end. Other ontologies are useful for annotations
and researching information, whereas ADAPT is to
be used for profiling DAPs as a function of their
specificity, frequency, or pathogenic intensity, thus
adapting to the scientific literature.

While we have defined and highlighted specificity,
there is arguably no more specific treatment for AD
than anti-amyloid strategies. However, the last 20
years of unsuccessful anti-amyloid clinical trials have
shown how difficult elaborating a specific treatment
for AD is. Furthermore, for other indications, such as
cardiovascular disease, non-specific treatments (e.g.,
statins) have indeed shown that important public
health gains can be made by treatments against a
treatment despite them lacking specificity.

Thus, every DAP property is important when
choosing therapeutic targets for AD, and when con-
sidering treatments, further or “secondary” DAP
properties could be elaborated, which though they
do not define DAPs, may instead qualify their suit-
ability in a therapeutic scheme. Figure 2b shows how
DAPs with varying specificity interact (e.g., diet and
autophagy). This could allow for non-reductive dis-
cussion of how knowledge from different approaches
to treatment (e.g., lifestyle interventions) can be both
explored now for their disease-reducing potential,
and also used to inspire pharmacology-based neu-
rological approaches against specific DAPs thanks to
study of mechanisms. But importantly, their thera-
peutic value at the community level should not be
reduced to the reductionist strategy, since specificity
should not be the only criterion used in developing
treatments.

Finally, the notion of specificity can also be further
analyzed. Given that AD is defined as a clinico-
pathological entity, it follows that the notion of
specificity can also be separated along these two
dimensions where the separability of clinical and
pathological specificity becomes more apparent for
highly specific DAPs. For example, amyloid and
tau are highly pathologically specific for AD; while
ADAD mutations suggest amyloid’s high pathologi-
cal specificity for AD, clinically speaking, however,
tau pathology has better topographical clinical speci-
ficity for sporadic AD than amyloid-� depositions
[30].

The suppleness of the term “associated” in
“disease-associated process” also allows clinical
manifestations of AD themselves to be considered
as DAPs with different specificities, frequencies,
and correlation with cognitive decline. For instance,
hippocampal-type amnestic syndrome is more spe-
cific than subjective cognitive decline and is a better
predictor of future cognitive decline in AD [31].
Future studies with comparisons of different symp-
toms of AD at different stages of the disease are
required in order to clarify their respective weight
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as DAPs. Intra-cohort normalization of cognitive
assessment might serve this endeavor. Clinical DAPs
can also be correlated with their biological, structural,
or functional underpinnings in order to promote use-
ful discussion about DAPs and their interactions [32].
Such discussion could be useful in the design and
evaluation of clinical trials targeting specific DAPs
and measuring specific clinical outcomes.

CONCLUSION

In the spirit of adaptation to the major problem
of AD, we offer ADAPT as a collaborative platform
for vital communication in the heterogeneous AD
research community. We hope that it can offer objec-
tive criteria to ground fruitful discussion and strategy
around priority-setting, thus speeding up therapeu-
tic efforts against AD and avoiding injustices against
defenders of different theories [33].
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a Sorbonne Université doctoral contract and for the
years 2019–2021 by a doctoral bursary from the Fon-
dation Médéric Alzheimer. There is no other funding
to report.

CONFLICT OF INTEREST

Timothy Daly is an Associate Editor of the Jour-
nal of Alzheimer’s Disease but was not involved in
the peer-review process nor had access to any infor-
mation regarding its peer-review. The authors have
no other conflicts of interest to report.

DATA AVAILABILITY

The ADAPT ontology is available at https://
zenodo.org/record/4740141#.YJaJ3i3pMUs. All the

secondary data in this manuscript are derived from
previously published literature available in the Ref-
erences section.

REFERENCES

[1] van Dyck CH, Swanson CJ, Aisen P, Bateman RJ, Chen
C, Gee M, Kanekiyo M, Li D, Reyderman L, Cohen S,
Froelich L, Katayama S, Sabbagh M, Vellas B, Watson
D, Dhadda S, Irizarry M, Kramer LD, Iwatsubo T (2022)
Lecanemab in early Alzheimer’s disease. N Engl J Med 388,
9-21.

[2] Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C,
Banerjee S, Brayne C, Burns A, Cohen-Mansfield J, Cooper
C, Costafreda SG, Dias A, Fox N, Gitlin LN, Howard R,
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