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Abstract

Alzheimer’s disease (AD) is a continuum consisting of a preclinical stage that occurs

USA. decades before symptoms appear. As researchers make advances in investigating the
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1 | INTRODUCTION

More than 50 million people worldwide are living with dementia,
with Alzheimer’s disease (AD) being the most frequent etiology. This
number is expected to exceed 130 million by 2050 if nothing is done
to slow or prevent the spectrum of dementia from developing.! This

continuum, the importance of developing drugs for secondary prevention is garner-
ing increased discussion. For efficacious drug development for secondary prevention
it is important to define what are the earliest biological stages of AD. The Alzheimer’s
Association Research Roundtable convened November 27 to 28, 2018 to focus on pre-
clinical AD. This review will address the biological approach to defining pre-clinical AD,
detection, identification of at-risk individuals, and lessons learned from trials such as
A4 and TOMMORROW.

clinical trials, Alzheimer’s disease, biomarkers, research roundtable

article focuses on strategies to address AD, acknowledging that “pure”
AD (amyloid and tau pathology in isolation) is uncommon and that
AD more routinely exists in the presence of other misfolded proteins
(eg, alpha synuclein, TAR DNA-binding protein 43 or TDP-43) and/or
vascular disease.? Despite tens of billions of dollars invested by var-

ious organizations over the past 20 plus years, no therapies have yet
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emerged that have slowed the clinical course of AD. At the same time,
significant progress has been achieved in our understanding of AD
pathophysiology and on the development of soluble and imaging (and,
more recently, digital) biomarkers that enable diagnosis even before
there is any clinical symptomatology. The implications for the field are
enormous. Most important is that an understanding of the course of the
disease at such an early time point will allow for the testing of potential
therapeutic modalities before there is significant pathology and at a
time when therapeutic intervention may have its greatest impact.

Delaying the onset of AD has the potential not only to improve
the quality of life, lessen disability, and support independent living
for millions of people worldwide, but also to reduce the tremendous
global economic impact of the disease. Preventing AD, however, can
be accomplished only if the disease can be identified and treated
before neurodegeneration has resulted in pathologies sufficient for the
appearance of clinical symptomatology. Preclinical AD is the term used
to describe the disease state in people who have pathological evidence
of the AD process but no clinical signs and symptoms. A recent multi-
state model used to forecast the prevalence of preclinical and clinical
AD estimated that in 2017, a total of 46.7 million Americans had pre-
clinical AD compared with ~3.65 million with clinical (mild-severe AD
spectrum) AD and 2.43 million with mild cognitive impairment (MCI).3
By 2060, the number of people with preclinical AD is expected to rise
to about 75 million in the United States. According to this model, pre-
clinical AD affects 38% of the U.S. population over the age of 50. Glob-
ally, these numbers are much higher. Many people with preclinical AD,
however, may not go on to develop AD dementia because of competing
morbidities and other factors that are not well understood.* However,
with improving strategies for detection and greater longevity, the num-
ber of people who progress may actually increase.

Accurate identification of preclinical AD may allow successful ther-
apies to delay or prevent the onset of clinical and functional symp-
tomatology that results in a diagnosis of dementia. Yet given the poten-
tial high cost of AD drugs in development, the cost of providing those
drugs to all patients with preclinical AD would likely lead to a massive
increase in total prescription costs, as well as for costs for detection
and infusion therapy. These costs theoretically would be offset over
time by a reduction in the amount spent caring for people with AD
dementia, which in 2010 was estimated to total about $200 billion in
the United States alone.®

Moreover, the shift in paradigm from treating people with clinical
disease to those with preclinical disease presents challenges for drug
developers, regulators, clinicians, and health systems, as well as ethi-
cal challenges and concerns about the potential for overdiagnosis and
obligatory treatment that may extend out for decades, resulting in
explosive prescription costs. Because only some proportion of individ-
uals who have the pathologic (biomarker) signature of AD will progress
to demonstrate memory impairment, and only a subset of those will
continue to progress to the point where the memory/cognitive impair-
ments progress to the point of impairing function (“dementia” diag-
nosis), there must be a clear benefit-risk profile for the treatment of
biomarker-positive, clinically asymptomatic individuals at the greatest

risk for developing dementia over very extended periods. For all these

reasons, the Alzheimer’s Association Research Roundtable focused its
Fall 2018 meeting on preclinical AD, providing a forum for experts
from academia, industry, and regulatory agencies to discuss the current
understanding of preclinical AD and the opportunities and challenges
that must be overcome to translate that understanding into effective
strategies for preventing dementia.

2 | DEFINING PRECLINICAL AD

According to the National Institute on Aging/Alzheimer’s Association
Research Framework, which defines AD biologically rather than clin-
ically, preclinical AD may be defined through the use of biomark-
ers. In this conceptualization, biomarkers are grouped according to
the neuropathologic process measured: A for amyloid, T for tau, and
(N) for neurodegeneration/neuronal injury. The (N) biomarker group
is placed in parentheses to indicate that although useful for staging,
these measures are not specific for AD and thus are not diagnostic
biomarkers. The AT(N) classification system is rooted in the hypothet-
ical biomarker curves proposed by Jack et al. in 2010° and updated
in 20137 (Figure 1), which have been generally supported by addi-
tional clinical pathological data from prospective studies in autosomal
dominant autosomal dominant AD (ADAD),® sporadic AD, and aging
cohorts.” These data support the hypothesis that cerebral amyloid
beta (AB) pathology can be detected in the cerebrospinal fluid (CSF)
as reduced concentration of aggregation-prone AB42 protein, and as
aggregates in the brain by positron emission tomography (PET), 15 to
25 years before clinical symptoms appear.”1° Furthermore, these data
indicate that tau is detectable in the CSF about 10 to 15 years before
the onset of symptoms,?1 and closer to symptom onset by tau PET.12
It is this period in the disease continuum that is considered preclini-
cal, when there is only biomarker-based evidence of pathology with no
obvious cognitive clinical symptoms. 1314

The Research Framework is flexible with regard to the addition
of other putative and validated disease biomarkers, as they become
available; for example, markers of decline in glucose metabolism mea-
sured with fluorodeoxyglucose PET (FDG-PET),8-1° hippocampal atro-
phy or cortical thinning assessed with magnetic resonance imag-
ing (MRI),> microglial activation assessed by CSF-soluble triggering
receptor expressed on myeloid cells-2 (TREM2) level,'¢ or neuronal
injury markers such as neurofilament light.1”-1? These biomarkers may,
with further validation, also be used to identify preclinical populations
for secondary prevention studies.

The operationalization of the National Institute on Aging and
Alzheimer’s Association (NIA-AA) staging scheme was also evaluated
from a clinical perspective. This led the committee to create a numer-
ical staging scheme for individuals in the AD continuum. According to
this staging system, Stages 1 and 2 represent preclinical AD. In a 2018
guidance on early AD, the U.S. Food and Drug Administration (FDA)
also recognized six stages, with Stage 2 akin to early MCI, thus provid-
ing a regulatory pathway to drug approval using this staging scheme.?°
The Mayo Clinic Study of Aging was used as a platform to discuss

the implementation of a variety of clinical measures to characterize
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FIGURE 1 Dynamic biomarker model: modified amyloid cascade. Time-shifted curves representing the biomarkers temporal manner of
pathophysiologic processes incorporating the ATN classification framework with (A) for amyloid, T for tau, (N) for neurodegeneration or neuronal
injury, and additional (C) for cognitive clinical symptoms. The horizontal axis represents time and the vertical axis represents biomarker severity
(abnormality) from normal (min) to abnormal (max) with the black horizontal line denoting the detection threshold.

the stages. Operationalizing Stage 2 was particularly challenging, with
measures proposed to characterize the objective and subjective cog-
nitive dimensions as well as neurobehavioral symptoms. Among these
three defining characteristics, a change in cognition was the most fre-
quently used measure to characterize people in Stage 2. When the
stages were assessed for stability longitudinally, Stage 2 appeared to
be the most labile. That is, over 40 percent of the persons originally
classified as Stage 2 reverted to Stage 1 when re-evaluated 15 months
after the initial assessment. However, in the presence of greater amy-
loid levels, fewer individuals reverted to Stage 1. Caution is needed to
interpret these results, however, due to the many variables that come
into play with regard to operationalizing the various stages. Additional
research on longitudinal clinical progression is needed. Nevertheless,
the staging scheme appears to be useful for delineating individuals
along the cognitive continuum of persons who were amyloid positive,
and this proposed scheme may be useful to further define individuals
who would be eligible for randomized controlled trials in preclinical AD.

3 | GATHERING EVIDENCE TO SUPPORT
TREATING AD AT THE PRECLINICAL STAGE

Secondary prevention trials for AD are those that target individuals
who are clinically normal but have pathological signs indicating that
the disease process is underway; that is, those with preclinical AD.%?
The Anti-Amyloid Treatment in Asymptomatic AD (A4) Trial is an
example of a secondary prevention trial because it is enrolling people
with evidence of elevated brain amyloid.22 Other relevant trials
currently underway include primary prevention studies in high-risk
participants who have not yet manifested pathological signs of AD;
The Dominantly Inherited Alzheimer’s Network Trials Unit (DIAN-TU)
is enrolling young, cognitively healthy individuals with autosomal dom-
inant highly penetrant mutations that cause autosomal dominant AD
(ADAD) with almost 100% certainty and who are up to 15 years before

their estimated age at disease onset. The Alzheimer’s Prevention
Initiative (API) is also conducting a study in individuals with ADAD.
The API-ADAD trial will enroll asymptomatic PSEN1 E280A mutation
carriers from family kindred with ADAD in Colombia.23 DIAN-TU is
also planning a Primary Prevention study that will enroll participants
18 years and older who are without evidence of AB-PET pathology. The
development of the DIAN-TU platform trial will allow for enroliment
of multiple intervention arms simultaneously and consecutively and
the sharing of placebo data between different interventions in order

to maximize trial efficiency and power.2*

3.1 | The challenge of detecting preclinical AD
Imaging and fluid biomarkers may be useful in detecting preclinical AD.
Blood-based biomarkers offer substantial advantages for screening
large populations due to their reduced invasiveness, lower costs,
and increased acceptance by patients, but improving sensitivity and
reliability is key to recognizing these advantages.?> Several large inter-
national consortia have been established to advance the development
of blood-based biomarkers.26-2? Cognitive changes, sleep quality, and
behavior may also offer opportunities to detect preclinical AD, as
discussed below.

3.1.1 | Biomarkers of preclinical AD

Imaging biomarkers that may be helpful in identifying preclinical AD
in individuals who are cognitively unimpaired include amyloid and
tau aggregation load as determined using PET, and neurodegenera-
tion and neuronal injury as measured by structural magnetic reso-
nance imaging (MRI) and glucose hypometabolism as measured by
FDG-PET. Three amyloid PET ligands—florbetapir, florbetaben, and

flutemetamol)—are currently approved, and a new ligand, fluselenamyl,
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is in development.0-32 The three approved agents are specific for A8
plaques or Ag in the vessel walls, and images produced from PET scans
with all three ligands correlate with autopsy findings. However, known
limits to the sensitivity of each agent mean that a negative scan does
not prove the absence of A deposits in all cases.

Several tau radioligands are currently being evaluated in clinical
research studies. The most well studied at this point is flortaucipir
(18F-AV-1451), which binds specifically to 3R and 4R tau (the isoforms
that make up the paired helical filaments in the AD brain), generally fol-
lows the topographic distribution of neurofibrillary tangles described
in typical AD by Braak et al., and produces images that show binding in
areas of the brain where neurodegeneration is associated with cogni-
tive impairment.®* It is currently under review by the FDA. As is the
case with amyloid PET, tau PET has sensitivity limitations as well as
off-target binding, which may compromise diagnostic accuracy.?> Mea-
sures of neurodegeneration, atrophy, and hypometabolism reflect loss
(MRI) or dysfunction (FDG-PET) of dendritic spines, synapses, and neu-
rons, but neither measure is specific for AD; however, their prognostic
value increases when combined with biomarkers of amyloid and tau.

CSF biomarkers may also be used as markers of A, T, and (N).
CSF AB42 is well accepted as a marker of the pathophysiologic state
associated with development of senile plaque pathology.®¢ Low levels
correlate well with amyloid PET37-38 with a concordance of ~90%,
which increases as the disease progresses.3? CSF AB42 declines to its
minimum level at least 5 to 10 years before dementia develops, indicat-
ing its usefulness as a preclinical marker%-41; however, it is less useful
at the symptomatic stage and may have greater limits as an outcome
measure in preclinical AD trials. CSF AB42 may also be reduced in
the presence of neuroinflammation, normal pressure hydrocephalus,
and other disease states; and there may also be constitutively low AS
producers who are close to the AB42 cut point for positivity. Fortu-
nately, using the ratio of CSF AB42/AB40 corrects for this problem and
provides an accurate biomarker for early AD,*? which is easy to inter-
pret, has a robust correlation to pathology, becomes clearly abnormal,
and does not change over time in symptomatic disease. Moreover,
in recent years, fully automated assays with low variation have
become available, along with standardized reference methods and
materials.

CSF tau is more complicated. CSF total tau (T-tau) and phosphory-
lated tau (P-tau) are strongly associated with AD.*® A recent study of
the relationship between CSF T-tau and P-tau and tau PET using the
ligand flortaucipir (18F-AV-1451) showed that CSF P-tau and T-tau are
elevated in preclinical AD and may appear even before the deposition
of tau.** The lack of correlation with tau-PET and post-mortem pathol-
ogy suggests that CSF tau may reflect a disturbance in disease home-
ostasis rather than the pathologic burden of tau deposits.

Neurofilament light (NFL) protein is a component of the neural
cytoskeleton. Its presence in the CSF reflects damage or degeneration
of neurons.*® Elevated levels of CSF NFL are seen in many neurodegen-
erative diseases including AD,*® where CSF NFL concentrations begin
to increase in the early stages of disease and continue to increase over
time.*” High levels are associated with disease progression, more pro-

nounced cognitive decline, and faster brain atrophy.

NFL has also shown promise as a plasma biomarker of neurodegen-
eration for AD. Several studies have shown that plasma NFL correlates
with CSF NFL and neuroimaging markers as an indicator of neurode-
generation across the AD continuum, is higher in people with both MCl
and AD, even after correcting for age,*® and is associated with cog-
nitive decline and neuroimaging biomarkers of AD.281949 Serum NFL
concentration increases 5 to 15 years prior to clinical disease onset in
familial AD and may thus be an easily accessible biomarker for onset of
neurodegeneration.!?

Other plasma biomarkers have also shown some promise. Blood
amyloid biomarkers results have been somewhat inconsistent in the
literature®®>1; however, plasma AB42/40 ratio measured by mass spec-
trometry has been shown to provide a sensitive and reliable measure
of amyloid status that predicts future progression to positive amyloid
PET and correlates with CSF AB42/40.5152 Plasma T-tau is elevated in

persons with AD as well as other brain disorders,>3->>

and plasma P-
tau has been shown to be a sensitive and specific predictor of elevated
brain AB, which suggests it may be useful for screening,® although
more research is needed on the topic.

Plasma is also being tested with explorative mass spectrometry
approaches to identify changes in the proteome that reflect differ-
ent disease states.”” The Accelerating Medicines Partnership for AD
(AMP-AD) has undertaken a multi-institute, large-scale proteomics
approach to profile proteomic changes across the AD continuum.
Designed to provide a deeper understanding of the molecular mech-
anisms underlying disease progression, these studies may also identify
biomarkers that can be used in clinical trials and clinically.

Roundtable participants stressed the need to be realistic about the
utility of blood biomarkers. They may be ideal for large-scale screen-
ing in primary care clinics where they can reach broad populations to
rule out AB positivity. However, for other contexts of use, such as a
biomarker of progression, more research is needed. The infrastructure
isin place to validate several screening markers; however, it will be nec-

essary to identify and quantify sources of variability.

3.1.2 | Psychometric approaches to detecting
preclinical AD

By definition, cognition remains in norm.al limits in older adults classi-
fied with preclinical AD. Despite the absence of abnormality, multiple
longitudinal studies have shown that in cognitively normal individuals,
positive A biomarkers are associated with increased risk of progres-
sion to MCl and dementia.’8-¢? Furthermore, even before clinical dis-
ease progression, serial neuropsychological assessments show positive
AB biomarkers to be associated with subtle (i.e., Cohen’s d = ~0.5) but
relentless decline in cognition when compared to change in matched
AB-negative controls.

In preclinical AD, amyloid-related cognitive decline is most evident
in episodic memory, although there is also evidence for decline in other
domains, including attention, language, and visuospatial function and
when such measures of cognition are combined into constructs such

as global cognitive function.®? Strong associations between cognitive
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decline and the presence of abnormal biomarkers makes cognitive out-
come measures optimal end points for clinical trials of drugs designed
to forestall the development of AD. The Preclinical Alzheimer’s Cog-
nitive Composite (PACC) is a global outcome measure developed
in accordance with recommendations from the FDA that cognitive
changes used to assess drug effects in preclinical AD reflect perfor-
mance across multiple aspects of cognition as well as considering the
importance of memory decline in the disease. PACC scores and similar
cognitive composites are being used currently as cognitive end points
inthe A4 and Generation studies. PACC scores can be derived from the
neuropsychological batteries used in many of the large natural history
studies, and in each case such scores have been shown to adequately

capture progression of disease throughout the preclinical stages.®®

3.1.3 | Subjective cognitive decline and mild
behavioral impairment in preclinical AD

Subjective cognitive decline (SCD) is associated with an increased risk
of progression to MCI and dementia and may be one of the first cog-
nitive symptoms of AD, associated with biomarker positivity.®* SCD is
detectable in preclinical AD using self- and informant-reported sub-
jective memory questionnaires and neuropsychological assessments,
including tools such as the PACC, ECog, Blessed memory test, and Cog-
nitive Change Index (CCI).6>"¢7 SCD-plus criteria include complaints of
memory impairment over other domains, onset of cognitive complaints
within the last 5 years or over the age of 60, concerns over cognitive
decline worse than others of a similar age, confirmation of cognitive
decline by an informant, and apolipoprotein E gene (APOE) 4 carriage;
and increase the likelihood that SCD reflects preclinical AD.® How-
ever, SCD may also be associated with psychiatric symptoms includ-
ing depression and anxiety, the presence of which may confound the
assessment of SCD.%®

Changes in behavior and personality, better framed as neuropsychi-
atric symptoms (NPS), are included in the diagnostic criteria for demen-
tia, including dementia of the Alzheimer’s type, frontotemporal demen-
tia (FTD), and vascular dementia.t? Evidence suggests, however, that
NPS emerge frequently in advance of cognitive impairment. A recent
analysis of National Alzheimer’s Coordinating Center data demon-
strated that of those participants who developed AD, 30% developed
NPS in advance of MCI.7? Patients who develop dementia are often
given psychiatric diagnoses for what are early manifestations of neu-
rodegenerative disease’73; thus better awareness of NPS as potential
markers of incident cognitive decline and dementia is required.

Mild behavioral impairment (MBI) is a validated syndrome that char-
acterizes these later-life acquired and sustained NPS and frames them
as an at-risk state for incident cognitive decline and dementia. For
some preclinical individuals, MBI is the index manifestation of neurode-
generation, observed in advance of cognitive impairment.”37> MBI is
associated with faster cognitive decline in a large community popula-
tion with normal cognition’¢ and has shown to significantly increase
the progression rate to dementia in those with normal cognition or

MCL.”7 MBI has demonstrated a higher conversion rate to dementia

Clinical Interventions

than a psychiatric comparator group consisting of late-life psychiatric
disorders,’® highlighting the distinction between MBI and psychiatric
disorders.”? Thus, detecting early the NPS that constitute MBI may aid
in earlier detection of dementia at the preclinical or prodromal phase,
in advance of or in addition to cognitive impairment.

Further exploration of MBI prognostication for incident cognitive
decline and dementia is part of the research agenda in this field,”?
but early results suggest that MBI may be an easily implemented
approach to capture an enriched biomarker-positive group of older
adults with normal cognition, providing a chance for earlier interven-
tion and enrollment in prevention trials.”? Thus, screening for emer-
gent neuropsychiatric symptoms may provide a simple and efficient

method to identify a high-risk population for dementia.

3.1.4 | Sleep quality and preclinical AD

Poor sleep is associated with decreased cognitive performance in older
adults,2%81 and excessive daytime sleepiness (EDS) was shown to be
predictive of cognitive decline in the French Three City Study.82 More-
over, in the Baltimore Longitudinal Study of Aging, EDS was associated
with amyloid positivity.2% Short sleep duration (<6 hours per night) is
associated with greater amyloid burden®*; and prolonged sleep dura-
tion (>9 hours per night) has been shown to be associated with an
increased risk of dementia,®® further indicating that disrupted sleep
may be an early marker of neurodegeneration.

In preclinical AD, individuals with the lowest sleep efficiency com-
pared to those with the best sleep efficiency were 5 times more likely to
have elevated AB.8¢ AB pathology has also been associated with longer
sleep latency.2” Among those at risk for AD, worse subjective sleep
quality, increased sleep problems, and EDS were shown to be asso-
ciated with increased AB and tau®®87; and baseline EDS was associ-
ated with increased AB accumulation in the nondemented elderly, sug-
gesting that the presence of EDS indicates increased vulnerability to
pathological changes associated with AD.88 Because the association
between sleep and AD appears to be bidirectional, treating late-life
sleep disturbance may help prevent or slow the development of AD.

3.1.5 | Polygenic risk prediction of preclinical AD
Genetic data obtained in genome-wide association studies (GWAS) by
the International Genomics of Alzheimer’s Project (IGAP) has been
used to calculate polygenicrisk scores (PRS) that predict AD with a high
degree of accuracy.?? PRS can be used to identify candidates for trials
and may, with further validation, be useful to inform treatment deci-
sions and help patients and families plan for the future. A caveat in the
use of PRS is that they are applicable only to the population from which
they were derived, which currently means people of European descent.
They also should be used in combination with other disease indices.
Similar to PRS, polygenic hazard scores (PHSs) predict absolute
age-related risk, which may be more useful in identifying people in

the preclinical stage of disease. Desikan et al. developed a PHS that
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retrospectively predicted age of onset and rate of progression to
AD in asymptomatic older adults and showed that it correlates with
biomarker and neuropathology measures.?® They went on to show
that the PHS could be used prospectively to predict rate of progression
to AD in individuals with both preclinical AD and MCI, and that the
PHS was more strongly predictive compared to APOE status alone.”!
In addition, they showed that the combination of PHS and biomarkers
status predicted accelerated clinical progression.”? PHS may thus be
useful both to enrich preclinical AD trials with biomarker-positive

individuals and as a stratification marker in clinical trials.

3.1.6 | Digital biomarkers

Digital biomarkers have also attracted attention as potentially useful
in the detection of subtle cognitive and functional changes in the early
stages of AD and may also be useful as sensitive secondary end points
in clinical trials. Wearable devices, smartphones, and infrared sensors
are all capable of capturing continuous high-dimensional data that
reflect health-related aspects of daily life (eg, walking, remembering
to take medication, using a computer, sleeping, and social interac-
tions), which are inherently ecologically valid and meaningful. These
measures have not yet been widely deployed in clinical research,
and increased efforts are needed to more fully understand how best
to deploy and integrate them into trials as well as interpret and
analyze data with confidence.”®%7 There is great promise that digital
biomarkers could identify those at high risk of developing clinical AD
for primary prevention and trial enrichment or be used for sensitive
secondary end points in clinical trials. The National Institutes of Health
and Veterans Administration (NIH-VA) supported CART (Collaborative
Aging Research using Technology) platform is addressing this need,
providing an open, technology-agnostic, end-to-end system for the
research community.”® In Europe, academic and industrial leaders
in the field of AD recently announced the launch of “RADAR-AD”
(Remote Assessment of Disease And Relapse—AD). The collaborative
research program aims to develop technologies that remotely identify
and measure “digital biomarkers” to assess the progression of early AD.

3.1.7 | Participant registries

Patient registries are critical for engaging participants in the clinical
trial process and recruiting and enrolling them in trials. For preclinical
prevention AD trials, large cohorts need to be recruited, assessed, and
monitored longitudinally through a variety of approaches.

One such registry is the Brain Health Registry (BHR), which was
established in 2014 at the University of California, San Francisco as
an online project to recruit individuals interested in brain health and,
potentially, in clinical studies of AD and other brain disorders. BHR has
enrolled over 60,000 participants, with the majority in their 50s and
60s, with thousands over the age of 70. More than half of those enrolled
have a family history of AD. Among those age 55 and older, nearly half

have memory concerns. BHR uses a computerized test battery?? val-

idated for online administration. This test used longitudinally allows
BHR toidentify individuals with declining cognition who may be eligible
and appropriate for prevention trials, and then refer willing individuals
to trial sites.

3.2 | Ethical and regulatory aspects of developing
treatments for preclinical AD

Both the European Medicines Agency (EMA) and FDA have published
guidelines for testing compounds in early AD,°%191 and both of these
guidelines rely heavily on biomarkers, applied in various contexts of
use, which can include selecting patients, capturing disease progres-
sion, measuring drug exposure, or demonstrating drug effects.100.101
Moreover, both agencies emphasize the need for precompetitive shar-
ing of rigorously collected standardized data across the AD scientific
community in order to understand disease progression and its relevant
sources of variability. In Japan, drugs that target preclinical AD might
be evaluated through their “Conditional Early Approval System” that
aims to put highly useful and effective drugs into practice as quickly as
possible. Early approval may rely on biomarkers as primary end points,
only if a correlation has been demonstrated between the biomarker

and a clinical effect.

3.2.1 | Bioethical considerations in the translation
of preclinical AD from research into practice

New criteria for defining preclinical AD are introducing ethical chal-
lenges because cognitively normal people may suddenly come face-to-
face with terms such as “preclinical Alzheimer’s pathological change.”
An adjunct to the A4 Study, SOKRATES (Study of Knowledge and Reac-
tions to Amyloid Testing) is exploring the experience of learning one’s
amyloid status.202 Core aspects of this experience are concerns about
how the level of amyloid corresponds to the risk of decline, how to
interpret subtle cognitive changes, and how elevated amyloid might
affect one’s relationship with others, plans for the future, and feelings

of self-control and self-determination.

3.3 | Moving forward: lessons learned from
secondary prevention trials in preclinical AD

In 2011, investigators from three academic-led prevention initiatives—
DIAN, A4, and APlI—came together to form the Collaboration for
Alzheimer’s Prevention (CAP). The aim of the umbrella group was to
harmonize efforts, avoid duplication, share data, and jointly seek regu-
latory guidance. Subsequently the group was expanded to include the
industry-funded TOMMORROW trial and the European Prevention
of Alzheimer’s Disease (EPAD). In 2016, CAP published principles to
guide data and sample sharing in preclinical AD trials.1%3 Sponsors and
companies involved in these trials have agreed to these principles, as
have many other sponsors who are conducting large clinical trials in
the AD space.
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Continued efforts are also needed to address constraints to data
sharing, including concerns about (1) maintaining scientific integrity of
trials, (2) not compromising the ability of a study to withstand indepen-
dent scientific scrutiny, and (3) maintaining the confidentiality of trial
participants, particularly those with autosomal dominant mutations or
genetic risk factors. Functional platforms are also needed to ensure
data interoperability.

The main challenge, however, is finding drugs that effectively halt or
forestall the development of AD symptoms. Despite many disappoint-
ing trial results, there remains optimism that an effective treatment is
within reach and that prevention trials in AD will play a critical role in
identifying such effective treatments. Moreover, there is broad support
for continued efforts at lifestyle factors that decrease the burden of AD
in the population at large, a blood test to efficiently and inexpensively
detect preclinical AD and qualify biomarkers and other end points in
order to use accelerated approval mechanisms and to address other
scientific, regulatory, financial, ethical, social, organizational, and logis-

tical challenges.

ACKNOWLEDGMENTS

The authors thank James Hendrix, MD, for planning of the roundtable
as well as the contributing speakers and panelists: Klaus Romero, M.D.,
David Bennett, Ph.D., Cliff Jack, M.D., Henrik Zetterberg, M.D., Ph.D.,
Sid O’Bryant, Ph.D., Sonia Ancoli-Israel, Ph.D., Ron Petersen, M.D.,
Ph.D., Rahul Desikan, Hiroko Dodge, Ph.D., Mike Weiner, M.D., Reisa
Sperling, M.D., John Sims, M.D., Ken Langa, M.D., Ph.D., Eric Reiman,
M.D., Kathy Welsh-Bohmer, Ph.D., Stacie Weninger, Ph.D., Billy Dunn,
M.D., Takaaki Suzuki, Ph.D., and Maria Tome, M.D., Ph.D.

REFERENCES

1. Prince M, Wimo A, Guerchet M, Ali G-C, Wu Y-T, Prina M. World
Alzheimer’s Report 2015. London: The Global Impact of Dementia;
2015.

2. Perl DP. Neuropathology of Alzheimer’s disease. Mt Sinai J Med.
2010;77(1):32-42.

3. Brookmeyer R, Abdalla N, Kawas CH, Corrada MM. Forecasting
the prevalence of preclinical and clinical Alzheimer’s disease in the
United States. Alzheimers Dement. 2018;14:121-129.

4. Brookmeyer R, Abdalla N. Estimation of lifetime risks of Alzheimer’s
disease dementia using biomarkers for preclinical disease. Alzheimers
Dement. 2018;14:981-988.

5. Hurd MD, Martorell P, Delavande A, Mullen KJ, Langa KM. Monetary
costs of dementia in the United States. N Engl J Med. 2013;368:1326-
1334.

6. Jack CR, Jr, Knopman DS, Jagust WJ, et al. Hypothetical model of
dynamic biomarkers of the Alzheimer’s pathological cascade. Lancet
Neurol. 2010;9:119-128.

7. Jack CR, Jr, Knopman DS, Jagust WJ, et al. Tracking pathophysiologi-
cal processes in Alzheimer’s disease: an updated hypothetical model
of dynamic biomarkers. Lancet Neurol. 2013;12:207-216.

8. Bateman RJ, Xiong C, Benzinger TL, et al. Clinical and biomarker
changes in dominantly inherited Alzheimer’s disease. N Engl J Med.
2012;367:795-804.

9. Fleisher AS, Chen K, Quiroz YT, et al. Associations between biomark-
ers and age in the presenilin 1 E280A autosomal dominant Alzheimer
disease kindred: a cross-sectional study. JAMA Neurol. 2015;72:316-
324.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

Clinical Interventions

McDade E, Wang G, Gordon BA, et al. Longitudinal cognitive and
biomarker changes in dominantly inherited Alzheimer disease. Neu-
rology. 2018;91:€1295-e1306.

Fagan AM, Xiong C, Jasielec MS, et al. Longitudinal change in CSF
biomarkers in autosomal-dominant Alzheimer’s disease. Sci Trans|
Med. 2014;6:226ra230.

Scholl M, Maass A, Mattsson N, et al. Biomarkers for tau pathology.
Mol Cell Neurosci 2018;97:18-33.

Chertkow H, Feldman HH, Jacova C, Massoud F. Definitions of
dementia and predementia states in Alzheimer’s disease and vascu-
lar cognitive impairment: consensus from the Canadian conference
on diagnosis of dementia. Alzheimers Res Ther. 2013;5:S2.

Jack CR, Jr, Bennett DA, Blennow K, et al. NIA-AA research
framework: toward a biological definition of Alzheimer’s disease.
Alzheimers Dement. 2018;14:535-562.

Kinnunen KM, Cash DM, Poole T, et al. Presymptomatic atrophy
in autosomal dominant Alzheimer’s disease: A serial magnetic reso-
nance imaging study. Alzheimers Dement. 2018;14:43-53.
Suarez-Calvet M, Kleinberger G, Araque Caballero MA, et al.
STREM2 cerebrospinal fluid levels are a potential biomarker for
microglia activity in early-stage Alzheimer’s disease and associate
with neuronal injury markers. EMBO Mol Med. 2016;8:466-476.
Weston PSJ, Poole T, Ryan NS, et al. Serum neurofilament light in
familial Alzheimer disease: A marker of early neurodegeneration.
Neurology. 2017;89:2167-2175.

Mattsson N, Andreasson U, Zetterberg H, Blennow K, Alzheimer’s
Disease Neuroimaging |. Association of plasma neurofilament light
with neurodegeneration in patients with Alzheimer disease. JAMA
Neurol. 2017;74:557-566.

Preische O, Schultz SA, Apel A, et al. Serum neurofilament dynam-
ics predicts neurodegeneration and clinical progression in presymp-
tomatic Alzheimer’s disease. Nat Med. 2019;25:277-283.

Early Alzheimer’s Disease: Developing Drugs for Treatment. Guid-
ance for Industry. In: CDER C, ed. Department of Health and Human
Services. Silver Spring, MD, U.S: Food and Drug Administration; 2018.
Sperling RA, Aisen PS, Beckett LA, et al. Toward defining the pre-
clinical stages of Alzheimer’s disease: recommendations from the
National Institute on Aging-Alzheimer’s Association workgroups on
diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement.
2011;7:280-292.

Sperling RA, Rentz DM, Johnson KA, et al. The A4 study: stopping AD
before symptoms begin? Sci Trans| Med. 2014;6:228fs213.

Tariot PN, Lopera F, Langbaum JB, et al. The Alzheimer’s Preven-
tion Initiative Autosomal-Dominant Alzheimer’s Disease Trial: A
study of crenezumab versus placebo in preclinical PSEN1 E280A
mutation carriers to evaluate efficacy and safety in the treatment
of autosomal-dominant Alzheimer’s disease, including a placebo-
treated noncarrier cohort. Alzheimers Dement (N Y). 2018;4:150-160.
Bateman RJ, Benzinger TL, Berry S, et al. The DIAN-TU Next Gener-
ation Alzheimer’s prevention trial: adaptive design and disease pro-
gression model. Alzheimers Dement. 2017;13:8-19.

O’Bryant SE, Mielke MM, Rissman RA, et al. Blood-based biomark-
ersin Alzheimer disease: Current state of the science and a novel col-
laborative paradigm for advancing from discovery to clinic. Alzheimers
Dement. 2017;13:45-58.

O’Bryant SE, Gupta V, Henriksen K, et al. Guidelines for the standard-
ization of preanalytic variables for blood-based biomarker studies in
Alzheimer’s disease research. Alzheimers Dement 2015;11:549-560.
Bos I, Vos S, Vandenberghe R, et al. The EMIF-AD Multimodal
Biomarker Discovery study: design, methods and cohort character-
istics. Alzheimers Res Ther 2018;10:64.

de Rojas |, Romero J, Rodriguez-Gomez O, et al. Correlations
between plasma and PET beta-amyloid levels in individuals with sub-
jective cognitive decline: the Fundacio ACE Healthy Brain Initiative
(FACEHBI). Alzheimers Res Ther 2018;10:119.



80f9 Translational Research

29.

30.

31

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.
43,
44,

45,

46.

McDADE ET AL.

Clinical Interventions

Snyder HM, Carrillo MC, Grodstein F, et al. Developing novel
blood-based biomarkers for Alzheimer’s disease. Alzheimers Dement
2014;10:109-114.

Martinez G, Vernooij RW, Fuentes Padilla P, Zamora J, Bonfill
Cosp X, Flicker L. 18F PET with florbetapir for the early diagno-
sis of Alzheimer’s disease dementia and other dementias in people
with mild cognitive impairment (MCI). Cochrane Database Syst Rev
2017;11:CD012216.

Martinez G, Vernooij RW, Fuentes Padilla P, Zamora J, Flicker L,
Bonfill Cosp X. 18F PET with flutemetamol for the early diagno-
sis of Alzheimer’s disease dementia and other dementias in people
with mild cognitive impairment (MCI). Cochrane Database Syst Rev
2017;11:CD012884.

Martinez G, Vernooij RW, Fuentes Padilla P, Zamora J, Flicker L,
Bonfill Cosp X. 18F PET with florbetaben for the early diagno-
sis of Alzheimer’s disease dementia and other dementias in people
with mild cognitive impairment (MCI). Cochrane Database Syst Rev
2017;11:CD012883.

Sundaram GS, Dhavale DD, Prior JL, et al. Fluselenamyl: a novel
benzoselenazole derivative for PET detection of Amyloid Plaques
(Abeta) in Alzheimer’s disease. Sci Rep 2016;6:35636.

Ossenkoppele R, Rabinovici GD, Smith R, et al. Discriminative
accuracy of [18F]flortaucipir positron emission tomography for
Alzheimer disease vs other neurodegenerative disorders. JAMA
2018;320:1151-1162.

Lemoine L, Leuzy A, Chiotis K, Rodriguez-Vieitez E, Nordberg A. Tau
positron emission tomography imaging in tauopathies: the added
hurdle of off-target binding. Alzheimers Dement (Amst) 2018;10:232-
236.

Strozyk D, Blennow K, White LR, Launer LJ. CSF Abeta 42 levels cor-
relate with amyloid-neuropathology in a population-based autopsy
study. Neurology 2003;60:652-656.

Blennow K, Mattsson N, Scholl M, Hansson O, Zetterberg H.
Amyloid biomarkers in Alzheimer’s disease. Trends Pharmacol Sci
2015;36:297-309.

Palmqvist S, Zetterberg H, Blennow K, et al. Accuracy of brain amy-
loid detection in clinical practice using cerebrospinal fluid beta-
amyloid 42: a cross-validation study against amyloid positron emis-
sion tomography. JAMA Neurol 2014;71:1282-1289.

Mattsson N, Insel PS, Donohue M, et al. Independent information
from cerebrospinal fluid amyloid-beta and florbetapir imaging in
Alzheimer’s disease. Brain 2015;138:772-783.

Buchhave P, Minthon L, Zetterberg H, Wallin AK, Blennow K, Hans-
son O. Cerebrospinal fluid levels of beta-amyloid 1-42, but not of tau,
are fully changed already 5 to 10 years before the onset of Alzheimer
dementia. Arch Gen Psychiatry 2012;69:98-106.

Gustafson DR, Skoog |, Rosengren L, Zetterberg H, Blennow K.
Cerebrospinal fluid beta-amyloid 1-42 concentration may predict
cognitive decline in older women. J Neurol Neurosurg Psychiatry
2007;78:461-464.

Janelidze S, Zetterberg H, Mattsson N, et al. CSF Abeta42/Abeta40
and Abeta42/Abeta38 ratios: better diagnostic markers of Alzheimer
disease. Ann Clin Transl Neurol 2016;3:154-165.

Olsson B, Lautner R, Andreasson U, et al. CSF and blood biomark-
ers for the diagnosis of Alzheimer’s disease: a systematic review and
meta-analysis. Lancet Neurol 2016;15:673-684.

Mattsson N, Scholl M, Strandberg O, et al. (18)F-AV-1451 and CSF T-
tau and P-tau as biomarkers in Alzheimer’s disease. EMBO Mol Med
2017;9:1212-1223.

Teunissen CE, Khalil M. Neurofilaments as biomarkers in multiple
sclerosis. Mult Scler 2012;18:552-556.

Skillback T,Rosen C, Asztely F, Mattsson N, Blennow K, Zetterberg H.
Diagnostic performance of cerebrospinal fluid total tau and phospho-
rylated tau in Creutzfeldt-Jakob disease: results from the Swedish
Mortality Registry. JAMA Neurol 2014;71:476-483.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Zetterberg H, Skillback T, Mattsson N, et al. Association of cere-
brospinal fluid neurofilament light concentration with Alzheimer dis-
ease progression. JAMA Neurol 2016;73:60-67.

Lewczuk P, Ermann N, Andreasson U, et al. Plasma neurofilament
light as a potential biomarker of neurodegeneration in Alzheimer’s
disease. Alzheimers Res Ther 2018;10:71.

Gisslen M, Price RW, Andreasson U, et al. Plasma concentration of
the neurofilament light Protein (NFL) is a biomarker of CNS injury
in HIV infection: a Cross-Sectional Study. EBioMedicine 2016;3:135-
140.

Burnham SC, Rowe CC, Baker D, et al. Predicting Alzheimer disease
from a blood-based biomarker profile: A 54-month follow-up. Neurol-
ogy 2016;87:1093-1101.

Nakamura A, Kaneko N, Villemagne VL, et al. High performance
plasma amyloid-beta biomarkers for Alzheimer’s disease. Nature
2018;554:249-254.

Ovod V, Ramsey KN, Mawuenyega KG, et al. Amyloid beta con-
centrations and stable isotope labeling kinetics of human plasma
specific to central nervous system amyloidosis. Alzheimers Dement
2017;13:841-849.

Mielke MM, Hagen CE, Wennberg AMV, et al. Association of plasma
total tau level with cognitive decline and risk of mild cognitive impair-
ment or dementia in the Mayo Clinic Study On Aging. JAMA Neurol
2017;74:1073-1080.

Thompson AGB, Luk C, Heslegrave AJ, et al. Neurofilament light
chain and tau concentrations are markedly increased in the serum
of patients with sporadic Creutzfeldt-Jakob disease, and tau corre-
lates with rate of disease progression. J Neurol Neurosurg Psychiatry
2018;89:955-961.

Zetterberg H, Wilson D, Andreasson U, et al. Plasma tau levels in
Alzheimer’s disease. Alzheimers Res Ther 2013;5:9.

Mielke MM, Hagen CE, Xu J, et al. Plasma phospho-tau181 increases
with Alzheimer’s disease clinical severity and is associated with
tau- and amyloid-positron emission tomography. Alzheimers Dement
2018;14:989-997.

Hye A, Lynham S, Thambisetty M, et al. Proteome-based plasma
biomarkers for Alzheimer’s disease. Brain 2006;129:3042-3050.
Dang C, Harrington KD, Lim YY, et al. Relationship between amyloid-
beta positivity and progression to mild cognitive impairment or
dementia over 8 years in cognitively normal older adults. J Alzheimers
Dis 2018;65:1313-1325.

Donohue MC, Sperling RA, Petersen R, et al. Association between
elevated brain amyloid and subsequent cognitive decline among cog-
nitively normal persons. JAMA 2017;317:2305-2316.

Hassenstab J, Chasse R, Grabow P, et al. Certified normal:
Alzheimer’s disease biomarkers and normative estimates of cognitive
functioning. Neurobiol Aging 2016;43:23-33.

Roberts RO, Aakre JA, Kremers WK, et al. Prevalence and outcomes
of amyloid positivity among persons without dementia in a longitudi-
nal, population-based setting. JAMA Neurol 2018;75:970-979.
Harrington KD, Dang C, Lim YY, et al. The effect of preclinical
Alzheimer’s disease on age-related changes in intelligence in cogni-
tively normal older adults. Intelligence 2018;70:22-29.

Insel PS, Weiner M, Mackin RS, et al. Determining clinically meaning-
ful decline in preclinical Alzheimer disease. Neurology 2019;93:€322-
e333.

Jessen F, Amariglio RE, van Boxtel M, et al. A conceptual framework
for research on subjective cognitive decline in preclinical Alzheimer’s
disease. Alzheimers Dement 2014;10:844-852.

Amariglio RE, Buckley RF, Mormino EC, et al. Amyloid-associated
increases in longitudinal report of subjective cognitive complaints.
Alzheimers Dement (N Y) 2018;4:444-449.

Slot RER, Verfaillie SCJ, Overbeek JM, et al. Subjective Cogni-
tive Impairment Cohort (SCIENCE): study design and first results.
Alzheimers Res Ther 2018;10:76.



McDADE ET AL.

Translational Research 9of9

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

van Harten AC, Mielke MM, Swenson-Dravis DM, et al. Subjective
cognitive decline and risk of MCI: the Mayo Clinic Study of Aging.
Neurology 2018;91:€300-e312.

Rabin LA, Smart CM, Amariglio RE. Subjective cognitive decline in
preclinical Alzheimer’s disease. Annu Rev Clin Psychol 2017;13:369-
396.

Caselli RJ, Langlais BT, Dueck AC, et al. Personality changes during
the transition from cognitive health to mild cognitive impairment.
J Am Geriatr Soc 2018;66:671-678.

Wise EA, Rosenberg PB, Lyketsos CG, & Leoutsakos JM. Time course
of neuropsychiatric symptoms and cognitive diagnosis in National
Alzheimer’s Coordinating Centers volunteers. Alzheimer’sDementia.
2019;11:333-339.

McKhann GM, Knopman DS, Chertkow H, et al. The diagnosis of
dementia due to Alzheimer’s disease: recommendations from the
National Institute on Aging-Alzheimer’s Association workgroups on
diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement
2011;7:263-269.

Cieslak A, Smith EE, Lysack J, Ismail Z. Case series of mild behavioral
impairment: toward an understanding of the early stages of neurode-
generative diseases affecting behavior and cognition. Int Psychogeri-
atr 2018;30:273-280.

Ismail Z, Gatchel J, Bateman DR, et al. Affective and emotional dys-
regulation as pre-dementia risk markers: exploring the mild behav-
ioral impairment symptoms of depression, anxiety, irritability, and
euphoria—CORRIGENDUM. Int Psychogeriatr 2018:1.

Woolley JD, Khan BK, Murthy NK, Miller BL, Rankin KP. The diagnos-
tic challenge of psychiatric symptoms in neurodegenerative disease:
rates of and risk factors for prior psychiatric diagnosis in patients
with early neurodegenerative disease. J Clin Psychiatry 2011;72:126-
133.

Ismail Z, Smith EE, Geda Y, et al. Neuropsychiatric symptoms as early
manifestations of emergent dementia: Provisional diagnostic crite-
ria for mild behavioral impairment. Alzheimers Dement 2016;12:195-
202.

Creese B, Brooker H, Ismail Z, et al. Mild behavioral impairment as a
marker of cognitive decline in cognitively normal older adults. Am J
Geriatric Psychiatry. 2019;27(8):823-834.

Cano J,ChanV, Cheuk NK, Chen C, Hilal S, Venketasubrmanian N, Xu
X.Mild behavioral impairment: prevalence in clinical setting and cog-
nitive correlates. Alzheimers Dement 2018;14(7)(suppl):P639-P640.
Taragano FE, Allegri RF, Heisecke SL, et al. Risk of conversion to
dementia in a mild behavioral impairment group compared to a psy-
chiatric group and to a mild cognitive impairment group. J Alzheimers
Dis 2018;62:227-238.

Mortby ME, Ismail Z, Anstey KJ. Prevalence estimates of mild
behavioral impairment in a population-based sample of pre-
dementia states and cognitively healthy older adults. Int Psychogeriatr
2018;30:221-232.

Blackwell T, Yaffe K, Ancoli-Israel S, et al. Poor sleep is associated
with impaired cognitive function in older women: the study of osteo-
porotic fractures. J Gerontol A Biol Sci Med Sci 2006;61:405-410.
Miyata S, Noda A, lwamoto K, Kawano N, Okuda M, Ozaki N. Poor
sleep quality impairs cognitive performance in older adults. J Sleep
Res 2013;22:535-541.

Jaussent |, Bouyer J, Ancelin ML, et al. Excessive sleepiness is predic-
tive of cognitive decline in the elderly. Sleep 2012;35:1201-1207.
Spira AP, An Y, Wu MN, et al. Excessive daytime sleepiness and nap-
ping in cognitively normal adults: associations with subsequent amy-
loid deposition measured by PiB PET. Sleep 2018;41.

Spira AP, Gamaldo AA, An Y, et al. Self-reported sleep and beta-
amyloid deposition in community-dwelling older adults. JAMA Neurol
2013;70:1537-1543.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Clinical Interventions

Westwood AJ, Beiser A, Jain N, et al. Prolonged sleep duration as
a marker of early neurodegeneration predicting incident dementia.
Neurology 2017;88:1172-1179.

Ju YE, McLeland JS, Toedebusch CD, et al. Sleep quality and preclini-
cal Alzheimer disease. JAMA Neurol 2013;70:587-593.

Branger P, Arenaza-Urquijo EM, Tomadesso C, et al. Relationships
between sleep quality and brain volume, metabolism, and amyloid
deposition in late adulthood. Neurobiol Aging 2016;41:107-114.
Carvalho DZ, St Louis EK, Knopman DS, et al. Association of exces-
sive daytime sleepiness with longitudinal beta-amyloid accumulation
in elderly persons without dementia. JAMA Neurol 2018;75:672-680.
Escott-Price V, Myers AJ, Huentelman M, Hardy J. Polygenic risk
score analysis of pathologically confirmed Alzheimer disease. Ann
Neurol 2017;82:311-314.

Desikan RS, Fan CC, Wang Y, et al. Genetic assessment of age-
associated Alzheimer disease risk: Development and validation of a
polygenic hazard score. PLoS Med 2017;14:e1002258.

Tan CH, Hyman BT, Tan JJX; et al. Polygenic hazard scores in preclini-
cal Alzheimer disease. Ann Neurol 2017;82:484-488.

Tan CH, Fan CC, Mormino EC, et al. Polygenic hazard score: an enrich-
ment marker for Alzheimer’s associated amyloid and tau deposition.
Acta Neuropathol 2018;135:85-93.

Dodge HH, Zhu J, Mattek NC, Austin D, Kornfeld J, Kaye JA. Use
of high-frequency in-home monitoring data may reduce sample sizes
needed in clinical trials. PLoS One 2015;10:e0138095.

Akl A, Chikhaoui B, Mattek N, Kaye J, Austin D, Mihailidis A. Clus-
tering home activity distributions for automatic detection of mild
cognitive impairment in older adults. J Ambient Intell Smart Environ
2016;8:437-451.

Asgari M, Kaye J, Dodge H. Predicting mild cognitive impair-
ment from spontaneous spoken utterances. Alzheimers Dement (N Y)
2017;3:219-228.

Fraser KC, Meltzer JA, Rudzicz F. Linguistic features iden-
tify alzheimer’s disease in narrative speech. J Alzheimers Dis
2016;49:407-422.

Berisha V, Wang S, LaCross A, Liss J. Tracking discourse complexity
preceding Alzheimer’s disease diagnosis: a case study comparing the
press conferences of presidents Ronald Reagan and George Herbert
Walker Bush. J Alzheimers Dis 2015;45:959-963.

Kaye J, Reynolds C, Bowman M, et al. Methodology for establishing
a community-wide life laboratory for capturing unobtrusive and con-
tinuous remote activity and health Data. J Vis Exp 2018.

Maruff P, Lim YY, Darby D, et al. AIBL research group. BMC Psychol.
2013;1(1):30.

Early Alzheimer’s Disease: Developing Drug for Treatment. Guidance for
Industry. Draft Guidance. In: CDER C, ed. Silver Spring, MD: Adminis-
tration FaD; 2018.

Guideline on the clinical investigation of medicines for the treatment of
Alzheimer’s disease. In: CHM P, ed. London: Agency EM; 2018.
Karlawish J. Understanding the impact of learning an amyloid
PET scan result: Preliminary findings from the SOKRATES study.
Alzheimers Dement 2016;12:P325.

Weninger S, Carrillo MC, Dunn B, et al. Collaboration for Alzheimer’s
prevention: principles to guide data and sample sharing in preclinical
Alzheimer’s disease trials. Alzheimers Dement 2016;12:631-632.

How to cite this article: McDade E, Bednar MM, Brashear HR,
et al. The pathway to secondary prevention of Alzheimer’s
disease. Alzheimer’s Dement. 2020;6:€12069.
https://doi.org/10.1002/trc2.12069


https://doi.org/10.1002/trc2.12069

	The pathway to secondary prevention of Alzheimer's disease
	Please let us know how this document benefits you.
	Recommended Citation
	Authors

	The pathway to secondary prevention of Alzheimer’s disease
	Abstract
	1 | INTRODUCTION
	2 | DEFINING PRECLINICAL AD
	3 | GATHERING EVIDENCE TO SUPPORT TREATING AD AT THE PRECLINICAL STAGE
	3.1 | The challenge of detecting preclinical AD
	3.1.1 | Biomarkers of preclinical AD
	3.1.2 | Psychometric approaches to detecting preclinical AD
	3.1.3 | Subjective cognitive decline and mild behavioral impairment in preclinical AD
	3.1.4 | Sleep quality and preclinical AD
	3.1.5 | Polygenic risk prediction of preclinical AD
	3.1.6 | Digital biomarkers
	3.1.7 | Participant registries

	3.2 | Ethical and regulatory aspects of developing treatments for preclinical AD
	3.2.1 | Bioethical considerations in the translation of preclinical AD from research into practice

	3.3 | Moving forward: lessons learned from secondary prevention trials in preclinical AD

	ACKNOWLEDGMENTS
	REFERENCES


