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Abstract

During the past decade, a conceptual shift occurred in the field of Alzheimer’s disease (AD)
considering the disease as a continuum. Thanks to evolving biomarker research and substantial
discoveries, it is now possible to identify the disease even at the preclinical stage before the
occurrence of the first clinical symptoms. This preclinical stage of AD has become a major
research focus as the field postulates that early intervention may offer the best chance of
therapeutic success. To date, very little evidence is established on this “silent” stage of the disease.
A clarification is needed about the definitions and lexicon, the limits, the natural history, the
markers of progression, and the ethical consequence of detecting the disease at this asymptomatic
stage. This article is aimed at addressing all the different issues by providing for each of them an
updated review of the literature and evidence, with practical recommendations.

Keywords

Alzheimer’s disease; Preclinical; Asymptomatic; Diagnostic criteria; Biomarkers;
Pathophysiology; Genetics; CSF biomarkers; Blood biomarkers; MRI; Amyloid PET; Tau PET

The preclinical Alzheimer’s disease (AD) concept emerged in the late 20th century initially
defined as cognitively unimpaired individuals who displayed AD brain lesions on
postmortem examination [1]. With the development of AD pathologic markers, the concept
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evolved and preclinical AD are now considered when these markers are present in
cognitively normal individuals. However, the challenges to provide a unified definition for
cognitive health, for cognitive decline, and for the best signature of in vivo AD pathology
remain to be resolved. The great heterogeneity of methodologies used in different studies
referring to different definitions of preclinical AD has created confusion. Standardizing of
these definitions is important to future AD research.

In the last decade, a conceptual shift has occurred in the field of AD with a new diagnostic
framework having been developed. Associated with this scheme is a new disease model that
begins with risk factor assessment (directed at the potential for primary prevention),
advances to screening (for early detection and early intervention of disease—secondary
prevention), proceeds through diagnosis and staging, and leads to treatments and monitoring
of treatment effects. This approach includes screening with tests with high sensitivity, lower
specificity, and low cost, to those with higher specificity and value with potential for
longitudinal quantification. Individuals enter into the algorithm at different points according
to the manner in which they present clinically. Broadly, this can be divided into those who
are asymptomatic and those who are symptomatic [2]. The former provides the basis for
preventive approaches.

This new approach of AD mainly results from unprecedented growth of interest in
elucidating the preclinical stage. Individuals can now be identified as being in the preclinical
state by the in vivo evidence of Alzheimer pathology (AP), for example, by a biological or
molecular “signature” of AD. The existence of AP biomarkers in preclinical AD has been
validated through the study of presymptomatic autosomal dominant mutation carriers where
AD pathophysiological markers have been analyzed in the cerebrospinal fluid (CSF) or in
brain with amyloid positron emission tomography (PET) imaging [3].

CSF tau changes have been shown to occur ~15 years before the onset of clinical AD [3,4],
and decline in CSF Ab42 is extrapolated within subject longitudinal analysis up to 20 years
before symptom onset. This construct has also been validated in those asymptomatic at risk
for clinical AD (AR-AD), where altered CSF levels of AP biomarkers or brain
amyloidopathy as seen on PET can precede the occurrence of the prodromal or dementia
stage by several years [5]. These data are in agreement with postmortem evidence of the
presence of AP in cognitively normal individuals [6]. Based on both in vivo and postmortem
evidence, a hypothetical model outlining potential dynamic changes and a temporal ordering
of AD biomarker classes have been postulated [7]. According to this model, lowering of
CSF Ap42 followed by abnormal brain amyloid tracer uptake is expected to precede the
presence of biomarkers of neuronal injury, regional structural brain changes, and ultimately
clinical changes such as decline of memory and cognitive functions with a significant impact
on activities of daily living. This preclinical AD stage is important for studies aimed at
prevention of progression to the clinical state, as well as for research into novel bio-markers
that might verify therapies with early disease modification. A better understanding of the
natural history of the preclinical stage, the evolution of pathophysiology and structural brain
alterations, the influencing factors (i.e., triggers) of disease progression, and related ethical
issues is needed.
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1. Issue 1—the definition of the preclinical stage of AD

The fact that the disease process starts many years before the development of symptoms and
that effective interventions could be initiated at this time in the future, make the definition of
the preclinical stage necessary. Conceptually, the definition of preclinical AD would
theoretically span from the first neuropathologic brain lesions to the onset of the first clinical
symptoms of AD. In practice, however, these boundaries are challenging. Although there is a
seamless continuum between the different AD states, the definition of the clinical onset of
the disease requires attention as it relates most specifically to the development of preventive
strategies. Another key issue in relationship to the preclinical stage is the definition of AD.
A particular point of contention is whether AD should be defined by the expression of the
clinical symptoms such as the first cognitive changes or only by the presence of AP
biomarkers including CSF and or PET even in absence of any clinical symptoms. How this
issue is addressed is of considerable importance to therapeutic development strategies.

1.1. Classification and stratification of preclinical states of AD

Different classifications of preclinical states have been proposed. The international working
group (IWG) has defined two different preclinical states: the presymptomatic and the
asymptomatic at risk state [8]. The entity named pre-symptomatic AD recognizes the fact
that some individuals are virtually destined to develop full clinical AD, because they are
known to carry an autosomal dominant monogenic mutation. The disease, whatever its stage,
can be diagnosed with the identification of the mutation. An “asymptomatic at risk” state is
more controversial. To be classified as asymptomatic at risk, by definition, individuals must
not have clinical evidence of prodromal AD. According to the recent IWG revision,
preclinical states of AD require the absence of clinical signs and symptoms of AD (both
typical or atypical phenotypes) and the presence of at least one biomarker of Alzheimer’s
pathology.

A staging classification for the asymptomatic at risk state may also be considered aiming at
stratifying patients on the basis of biomarkers. The National Institute on Aging/Alzheimer
Association (NIA/AA) approach, based on the biomarker model of Jack [9,10] has proposed
two hypothetical subgroups and/or stages as a function of the biomarker profile: stage 1
showing in vivo evidence of amyloidosis in the brain by either PET or CSF biomarkers and
stage 2 showing in vivo evidence of both amyloidosis and neurodegeneration. The proposed
staging classification introduces, for stage 1, a slight deviation from the IWG2 rule that
requires the coexistence of tau (o or £tau) changes in the CSF for corroborating Alzheimer
pathology [11]. The latter decreases the sensitivity of the definition but reinforces the
diagnostic accuracy by certifying the existence of an ongoing neurodegenerative process of
AD. In addition, the model is largely conceptualized from cross-sectional observations in
autosomal dominant AD (ADAD) subjects [3]. When applied to sporadic AD, these stages
may not reflect the heterogeneity of this form of AD. There are circumstances where
pathologic tau hyperphosphorylation and the related neurodegeneration process begin ahead
of brain amyloidopathy (tau first) [12,13]. The multiplicity of hypothetical models is useful
to capture the phenotypic variants of AD that are likely to result from different pathogenic
processes (e.g., different strains of AR [14,15]; mixed pathology [especially in elderly
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subjects][16]; different genetic backgrounds [17-19]; and different relevant risk factors of
AD [20]).

Another staging classification can be determined based on a low and/or high risk dichotomy
to further develop clinical AD. The risk—defined as the probability for a patient to develop
the clinical symptoms in the rest of his or her lifetime—is due to, on the one hand, how fast
the patient is progressing (which is determined by established risk-enhancing modifiable or
nonmodifiable factors, such as age, modifying genes, cognitive reserve, comorbidities, and
so forth) and, on the other hand, how advanced the subject and/or patient is on his/her curve
of progression (stage of biomarker expression). In this regard, for APOE e4 homozygotes
(e4/e4) cognitively normal elderly individuals are at very high risk to develop clinical AD
and present a particularly meaningful target population for research projects on
asymptomatic at risk state. Observational studies are needed to better know the influencing
factors (factors of prevention and risk factors) that may determine the staging of risk. Today,
the combination of CSF or PET A and tau biomarkers may best stratify low-risk and high-
risk individuals [21], but imaging markers of Ap and tau provide additional information
about spatial distribution and longitudinal changes (particularly for tau PET) that would
allow an “in vivo” staging of AD pathology [22]. This would facilitate the selection of a
biomarker “threshold” of AD changes that can be tailored to individual studies. For instance,
observational studies or low-risk interventions (e.g., lifestyle modifications such as exercise
or diet) may select individuals with low levels of AD pathology, whereas interventions that
involve greater cost or risk or require short-term cognitive changes as an outcome, may
select individuals with intermediate or greater AD biomarker changes.

In summary, we propose an arbitrary dichotomy between: (1) an already developed AD
pathology evidenced by the co-occurrence of amyloid and tau pathology (that can be
inferred in vivo with the use of pathophysiological biomarkers), whatever the stage
(preclinical stage or symptomatic/prodromal and dementia stage); and (2) a situation at risk
of AD mainly in asymptomatic individuals exhibiting an isolated brain amyloidopathy
(asymptomatic A+) or tauopathy (asymptomatic T+; Fig 1 and Table 1). This reflects the
separation between on one hand the disease AD and on the other hand a risk factor. The
contribution of neurodegeneration and/or topographic biomarkers (magnetic resonance
imaging [MRI] and FDG PET) in this framework of asymptomatic individuals, and their
relationships with tauopathy remain to be determined in longitudinal studies on cognitively
healthy elderly individuals.

Recommendation——Based on the high-risk or low-risk dichotomy for a further
progression to clinical AD, we propose to consider the terms of “preclinical AD” when the
risk is particularly high (e.g., both AR and Tau markers beyond pathologic thresholds) and
that of AR-AD when the evolution to a clinical AD is less likely or still needs to be
determined (only one pathophysiological marker considered abnormal).

1.2. The starting point of Alzheimer’s disease

It has been proposed that the presence of at least one marker of brain amyloidosis in CSF or
PET in cognitively normal individuals may be sufficient to establish the diagnosis of AD,
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even in the absence of any clinical manifestations [21,23,24]. In line with this consideration,
any individual with brain amyloidosis (as defined by currently defined thresholds) might be
treated with disease-modifying drugs in the future although there is no definitive evidence
that all these individuals will eventually develop the disease at a later time. An alternative
consideration is that amyloidosis is at least necessary and obligatory for an AD diagnosis,
but not sufficient to reliably predict further progression to a symptomatic stage of disease.
Based on postmortem evidence, there is a significant proportion of individuals with AP in
their brain sufficient to meet neuropathologic diagnostic criteria who did not have evidence
of clinically expressed disease antemortem [25].

Defining disease start is important in light of preventive intervention. Thus, it is important to
ascertain what proportion of cognitively healthy individuals, with positive AP bio-markers,
will progress to the clinical state of AD. There are data indicating that the speed of
progression is variable from one subject to the next: elderly patients with a predominant
limbic form of the disease have generally a less-aggressive disease dynamic compared to the
neocortical form with hippocampal sparing type that can present in younger patients
particularly with focal cognitive signs [26]. The concept of “cognitive reserve” has been
proposed to describe the apparently good tolerance (or perhaps resistance) of developing
neuropathologic lesions in some individuals.

To summarize

1. Studies on the evolution of preclinical AD may hold the key to determining
whether and when there is sufficient AP to know that clinical evolution is
inevitable.

2. At present, the data are insufficient to ascertain that the presence of an isolated

brain amyloidopathy implies the further development of clinical AD, although it
is highly related. There is a need for further data on outcome of individuals at a
preclinical stage with amyloid positive PET scans and to address the long-term
progression to a clinically symptomatic state.

3. By contrast, the additional presence of a biomarker of tau pathology is associated
with a more rapid progression to clinical AD (Vos et al, 2013 Preclinical
Alzheimer’s disease and its outcome: a longitudinal cohort study). Therefore,
AD can be certified and defined by positive markers of both tauopathy and
amyloidopathy, recognizing that in the future amyloid positivity may turn out to
be sufficient to define preclinical AD. An agnostic descriptive AP biomarker
nomenclature, for example, brain amyloidopathy + (A+), brain tauopathy + (T+)
[27] may assist in framing this possibility.

4, AD becomes symptomatic when neuronal lesions reach a given threshold and
within a unique host susceptibility likely modulated by their genetic and
epigenetic factors, other brain injuries, and other resilience factors.

Recommendations concerning the definition of AD——We may consider that AD
exists and can be recognized before the onset of cognitive symptoms when there is little
doubt about progression to clinical disease over a short period. This is the case when both
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tauopathy (tau PET ligand uptake spread to neocortex or CSF) and amyloidopathy (PET
evidence of AD pattern or CSF measured) are present. Isolated low CSF levels of AB or high
PET retention define only amyloidosis, which is a risk factor for AD. PET Tau retention in
the medial temporal lobe (MTL), in the absence of Ap changes, does not allow the diagnosis
of AD. Only the association of both pathologic hallmarks defines AD even in the absence of
cognitive symptoms.

1.3. The starting point of AR-AD

Notwithstanding the heterogeneity of sporadic AD, physiological age-related alterations
have to be separated from pathologic changes occurring in the brain that are caused by the
underlying AD process. This is complicated by the fact that there is likely an apparent
dynamic and overlapping “continuum” between AD and aging. For instance, neurofibrillary
tangles are the first neuropathologic hallmarks to appear in AD in the MTL, that is,
transentorhinal and entorhinal cortex and the hippocampus. These lesions, however, also
accumulate in MTL in aging as well as shown both in postmortem studies, in which almost
all individuals have some evidence of tauopathy [28,29]. Early tau PET imaging studies
support this neuropathologic observation [30]. These changes were recently designated as
primary age-related tauopathy [31]. This issue raises the question of the exact point in time
when Alzheimer pathology does actually start developing. No specific aspect of the tau
pathology of the MTL makes it possible to predict either a limited progression or the
development of AD [32]. Amyloid deposition in the brain seems to have a closer link to AD-
related pathophysiology and may be a better disease marker though it too has an increasing
prevalence with age on both PET and neuropathology. Its age-related increase advances to a
point where it is nearly always described to some extent in healthy normal individuals on
postmortem analysis [25,33]. If we define the disease as starting with the appearance of the
brain lesions, the prevalence of the disease, based on neuropathologic evidence, would
excessively increase as almost all postmortem assessment >70 years shows both types of AD
brain lesions [34]. Pathologic criteria have tried to avoid this bias by establishing thresholds
for the number of lesions needed to establish the diagnosis of AD [35,36].

Recommendation——An at “risk state” can be identified before AD. AR-AD starts with
the presence of either brain amyloidopathy or of an isolated tau pathology spreading outside
the MTL. It is not established today that, when isolated, either of these changes are sufficient
to certify AD in a preclinical stage.

1.4. Comparison of asymptomatic at risk (sporadic) and presymptomatic (genetic) states

AD in general has a multifaceted pathophysiology displaying a highly complex genetic
heterogeneity. This implies both that the same phenotype can be generated or altered by a
number of different genetic loci and alleles and that mutations or polymorphisms at different
positions in the same gene result in the same clinical syndrome [17]. In addition, different
mutations in the same gene can result in clinically distinct syndromes (phenotypes). For
these reasons, AD is defined as a “genetically complex” disease.

AD can be expressed with both the existence of (1) dominantly inherited and (2)
nondominantly inherited forms of the disease. The former, owing to a mutation in amyloid
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precursor protein (APP, located at chromosome region 21g21.2), presenilin 1 (PSENZ,
located at 14924.3) or presenilin 2 (PSENZ, located at 1g42.13), is referred to as familial AD
(fAD). fAD accounts for <1% of all AD cases and presents as classic Mendelian ADAD,
often with early (<65 years) age of onset. The latter, commonly defined as “sporadic” AD
(sAD) as it does not always display obvious familial aggregation, accounts for >99% of all
AD cases [17,37]. These individuals develop late-onset AD (LOAD), which usually presents
after 65 years. The rare form of dominantly inherited fAD has been traditionally considered
as a model of AD mechanisms that may underlie the much more common sAD.
Presymptomatic mutation carrier individuals may provide important clues on biomarkers
associated with the preclinical state of the disease. They are also of potential utility to
investigate the efficacy of disease-modifying agents in delaying the clinical onset of the
disease as it is possible to estimate when the clinical signs of the disease will appear based
on the family history of the carriers. It remains uncertain whether it is possible to transpose
data derived from familial AD on the whole spectrum of sporadic AD. Familial cases of the
disease appear to have the same clinical and pathologic phenotypes as sporadic cases.
Notably, a study designed to investigate the existence of specific differences in the clinical
features of fAD and sAD revealed that—apart from the age of onset, where a positive family
history of dementia was associated with an earlier beginning—no major differences in terms
of clinical phenotype—including rate of cognitive decline, duration of illness, and presence
of non-cognitive symptoms—were reported between fAD patients compared to patients with
sporadic disease [38,39]. In another study, AD patients were examined to test the hypothesis
that cases with a familial aggregation differ from cases without such an aggregation with
reference to cognitive impairment. After evaluating cognitive function, the results did not
yield statistically significant differences between the two groups for any of the
neurocognitive domains analyzed. Therefore, the hypothesis that the presence of a familial
aggregation might result in a distinct phenotype in AD was not confirmed [40]. The
neuropathology of fAD also appears to be similar to that of sporadic cases [41]. In a study
by Nochlin et al. [42], the density of neurofibrillary tangles and senile plaques was
compared in different cortical areas, the amygdala, the hippocampus, the parahippocampal
gyrus, and the cerebellum in fAD patients and SAD patients with early, intermediate, and
late ages of onset of dementia and in age-matched controls. In all brain regions, cases
showed more severe alterations than controls. Of note, no substantial differences were
observed in the severity scores of neurofibrillary tangles and senile plaques between fAD
and sAD. An inverse correlation between age of onset of dementia and the density of
neurofibrillary tangles and senile plaques was reported in all regions in fAD and sAD
combined. However, the pathophysiological mechanisms underlying amyloid accumulation
may differ, with overproduction of AB42 in fAD and reduced clearance of Ap42 in SAD. In
summary, no compelling indication that the neuropathologic features of fAD differ from
those of SAD was found.

In conclusion, the two general genetic conditions of the disease—namely, mutation carrier
variants and sporadic forms—appear to be comparable, and we may consider that most of
the data drawn from fAD, except in the genetic domain, can be translated to sAD. The
absence of comorbid aging changes, more rapid progression, and age-determined pathology
abundance may affect trial design and treatment approaches for fAD subjects.
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Recommendation——Although the final outcomes (i.e., the neuropathologic and clinical
presentation) of SAD and fAD seem to be similar, the pathophysiology of AR accumulation
may differ. Therefore, an extrapolation of drug efficacy from one model to the other should
be considered with caution.

2. Issue 2—the biomarkers required for identifying preclinical AD

Several biomarkers are currently proposed as indicators of the “asymptomatic at risk” state
candidates. These bio-markers have recently divided into (1) pathophysiological/diagnostic
markers, reflecting AD pathology at any point on the disease continuum and (2)
topographical and/or prognostic markers, reflecting “downstream” damage [11].

The pathophysiological markers of AD are those indicating the specific presence of tau
pathology (CSF or PET tau) and amyloid pathology (CSF AB42 or PET amyloid), whereas
the topographical markers include volume changes in the brain (hippocampal atrophy,
cortical thickness, and others...) assessed by MRI and hypometabolism of neocortical
regions measured by fluorodeoxyglucose (FDG)—PET. The consideration of how these
biomarkers can be used to define preclinical AD requires further consideration.

2.1. Topographical markers

2.2.

Topographical markers alone are insufficient for identifying the presence of preclinical AD
stage, although functional changes have been reported to occur in the brains of healthy
subjects who are biomarker positive. This is the case for both FDG-PET, displaying a
regional hypometabolism in temporo-parietal or in precuneus cortical areas [43], and fMRI,
showing changes in functional connectivity between specific brain regions [44,45]. Although
such alterations are suggestive of an ongoing pathologic process, there is no way to ascertain
that this downstream process corresponds to AD pathology in asymptomatic at-risk
individuals. The same consideration may apply for MRI-related morphologic changes
(cortical thinning, enlargement of sulci, hippocampal atrophy), as it has been recognized that
these alterations generally occur later in the continuum of AD pathology and that they are
not specific for AD. However, the identification of a specific network of atrophy involving
different connected areas by automated classifier may turn out to be an accurate and early
marker of AD. This needs to be demonstrated.

Recommendation——Downstream topographical bio-markers (MRI and FDG-PET) are
not suitable for defining preclinical AD. However, they may be useful for the screening of
subjects at risk.

Pathophysiological biomarkers

AD is conceptually defined by the presence of biomarkers of AD pathology. It remains to be
shown that this holds true for the preclinical stage of AD. A recent meta-analysis estimated
the prevalence of Ap biomarker positivity (as defined by either CSF Ap42 or amyloid PET)
in nearly 3000 cognitively normal individuals [46]. The prevalence of amyloid positivity was
estimated at 10.4% at age 50 years, increasing by 3%-5% every 5 years of life to an
estimated 43.8% at age 90 years. Amyloid positivity correlated very strongly with presence
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of the APOE €4 allele, with e4 carriers 2-3 times more likely to show positive amyloid
biomarkers than noncarriers in each age stratification (e.g., 47.9% of e4 carriers were A+ at
age 75 years vs 17.1% of noncarriers).

2.2.1. CSF changes in preclinical AD—Longitudinal studies in cognitively healthy
individuals showed a correlation between baseline levels of CSF bio-markers and further
development of prodromal AD for Ap42 alone [47] or in combination with total tau (T-tau)
[48] or phospho-tau (P-tau) [49]. Results in preclinical PSENI mutation carriers [50] or
subjects with subjective memory complaints show that low levels of Ap42 are the best
indicator of progression in asymptomatic at-risk patients [50,51]. In addition, cognitively
healthy subjects having only low concentrations of AB42 show significant changes in
cortical thickness [52] and changes in the resting state network as shown with fMRI [53].
Taken together, these data suggest that at the beginning of the preclinical state, amyloid may
be the first positive marker, as proposed by Jack et al. [13]. Other studies showed that in
subjects with low-CSF AB42, the additional presence of MRI or CSF tau alterations was
indicative of faster progression to a clinical state [54-56]. Furthermore, a recent large meta-
analysis on cross-sectional data showed that AR deposition occurs in an age-dependent
fashion and also inferred a 20- to 30-year interval between first development of amyloid
positivity and onset of dementia [46]. This would put CSF AB42 alone in the category for
best “state” marker for AR-AD. From the tau protein perspective, one study showed that
alterations in CSF levels of p-tau may precede those of AR [57], which correlates with
postmortem evidence showing the presence of neurofibrillary tangles in the entorhinal cortex
and in hippocampal-related structures [58,59] as the first neuropathologic event in AD. This
suggests that in AD, CSF tau changes may not only be considered as nonspecific
(downstream) markers of neuronal death, as seen in other neurodegenerative diseases [60],
but also as a more-specific pathophysiological marker of AD in relation to neurofibrillary
tangles [61,62]. Based on the above considerations, the presence of both CSF biomarkers
(increased levels of tau and low levels of Ap42) significantly increases the specificity for the
diagnosis of an “asymptomatic at risk” state, similar to the use in the clinical phase of the
disease [63,64]. However, as changes in tau levels may generally occur at a later time, the
selection of subjects based on the presence of isolated low-CSF A levels for specific
research purposes could be considered with the risk of a lower diagnostic accuracy.

2.2.2. Amyloid PET changes in preclinical AD—Amyloid PET has a high
specificity for AD plaques. There is increasing evidence from PET-to-autopsy studies to
suggest that amyloid PET is detecting “Consortium to Establish a Registry for AD”
moderate-to-frequent neuritic plaques and is typically negative in individuals with absent to
sparse plaques [65-69]. Fewer studies have correlated PET with Thal amyloid staging,
suggesting earliest detection around stage 1 [66,70]. Overall, these studies suggest that
amyloid PET is detecting early stages of amyloid deposition as defined by either spatial
extent of any amyloid pathology or highest regional density of neuritic plaques.
Quantification methods seem to provide a more efficient and objective measure for subject
classification in research studies and clinical trials. The optimal quantitative threshold for
early detection is highly dependent on the specific radiotracer used, as well as on the
reference region applied to standardize measurements across subjects, and the pipeline used
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for image analysis [71]. A method for standardizing measurements to a uniform “Centiloid”
scale has been recently proposed to facilitate comparisons between studies and across
radiotracers [72]. Every threshold implicates the issue of a gray zone. Conversely, in clinical
practice, amyloid PET is interpreted by visual reads. Each method has its own pitfalls and
sources of error, and most studies have found high concordance between visual reads and
quantitative classification (x values ranging from 0.63-0.90 depending on the radiotracer
and population [73-76]).

2.2.3. Comparing amyloid PET and CSF changes—Amyloid PET and CSF Ap42
are measuring different aspects of amyloid biology: (1) fibrillar aggregates of Ap for PET
and (2) soluble AB42 monomer levels, which are only indirectly related to plaques, for CSF
AP42. Despite these biological differences, CSF AB42 and amyloid PET are highly
concordant when used to dichotomize individuals as amyloid positive or amyloid-negative,
showing 80%—-90% agreement across studies [77-80]. Discordant results in studies are more
often attributable to positive-CSF Ap42 with negative PET. When both CSFAR42 and
amyloid PET are included in the same models, amyloid PET appears to be more strongly
predictive of cognitive decline and longitudinal brain atrophy, thus supporting the notion that
PET is capturing more advanced pathology or that amyloid PET is a more precise measure
[80]. Despite these differences, the Jansen meta-analysis did not find significant
discrepancies in the estimation of prevalence of amyloid positivity across the lifespan when
assessed by CSF versus PET [46]. Based on current literature, it is thus reasonable to
conclude that amyloid positivity can be established using either CSF or amyloid PET. There
is a modest evidence to support the notion that CSF may be more sensitive to the earliest
stages of amyloid deposition, whereas by virtue of capturing more advanced pathology,
amyloid PET may be more specific for detecting individuals who are truly on an AD
trajectory.

2.2.4. Tau PET—AD is a dual proteinopathy defined pathologically by the deposition of
both Ap and tau. However, there is a debate on the significance of an in vivo evidence of
tauopathy. When changes in tau proteins occur without depressed AB42, it constitutes a
biomarker pattern of “suspected non-Alzheimer’s disease pathophysiology” (SNAP). Little
is known about these tau-positive and/or amyloid-negative cognitively normal subjects. It
may correspond, in most of the cases, to physiological aging and to non-AD pathologies as
well (such as tauopathies, vascular brain disorders, repeated brain injury, and so forth)
[46,56-58]. As discussed above, it may also be the first stage of AD pathology. Ongoing
longitudinal studies indicate that a non-negligible percentage of subjects, classified as SNAP,
will evolve to clinically diagnosed AD (5% in [21]). Although CSF hypothetically allows the
assessment of both proteins in vivo, the lack of specificity of total-tau—and to a much less
extent p-tau—measurements to AD, as well as the apparent limited dynamic range of CSF
tau measurements for longitudinal change suggest that CSF tau is not a straightforward
representation of brain neurofibrillary tangles (NFT) load. The recent emergence of
multiple-candidate radiotracers for imaging tau pathology in vivo offers tremendous hope in
terms of furthering our understanding of the pathogenesis of AD and of improving our
ability to diagnose and treat the disease, including in the presymptomatic phase.
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Tau PET is a rapidly evolving field. Although biochemically distinct, these putative tau
tracers all share a high selectivity for tau-protein aggregates over aggregated Ap in
postmortem AD brain samples, and early in vivo binding patterns that correspond to Braak
staging of NFTs across the aging-AD dementia continuum [22,81-85]. Early human studies
show (even with small numbers) the expected correlations with cognitive state and brain
atrophy [83,85,86]. The combination of AP and tau positivity on molecular imaging may
prove to be a particularly powerful method to detect individuals who truly show the dual
proteinopathy signature of AD in a preclinical stage. Beyond merely defining individuals as
“positive” or “negative” for Ap and tau, one can envision biomarker-based “staging” of AD
neuropathologic changes, analogous to the NIA-AA neuropathologic criteria [87], based on
the spatial extent of amyloid and tau tracers. For example, a cognitively normal individual
with diffuse cortical amyloid tracer binding but tau PET binding restricted to MTL would be
classified as asymptomatic A (+), whereas an individual with diffuse cortical amyloid tracer
binding and tau PET binding extending outside the MTL would be classified as preclinical
AD.

Provisional conclusion for pathophysiological bio-markers—: In vivo evidence of
biomarkers of both tauopathy and amyloidopathy allows diagnosis of AD at preclinical
stage. The existing literature confirms that the presence of an isolated amyloidopathy (in the
brain or in the CSF) or tauopathy (in the brain) characterize only an asymptomatic at risk
state for AD although we acknowledge that CSF tau changes may occur late in the
preclinical stage.

2.3. Standardization operating procedures (SOPs), thresholds, and cut-off

In the absence of any clinical changes in asymptomatic subjects, the unique link with the
underlying disease in a given individual is the evidence of score in biomarkers above the
reference threshold. Therefore, the validity of the measure is essential because of ethical
consequences of disclosure of a wrong condition. Implementation of standardized
procedures (SOP) is of special importance for preclinical AD diagnosis. However, both
amyloid PET and CSF biomarker measures are subject to significant methodologic
variations, which can substantially affect the different cut-off values.

2.3.1. CSF standardization—With reference to the CSF biomarkers, differences in pre-
analytical protocols, analytical procedures, assays quality together with discrepancies in
absolute levels between assay formats, and not the least batch-to-batch differences during
assay production introduce variability and warrant assay-specific cut-offs [88,89]. At
present, each laboratory has to establish their own internally validated cut-off values and a
rigorous analytical quality system, including certified procedures, methodologies, and
bridging of batches, to guarantee longitudinal stability in its measurements [90]. For this
reason, international standardization efforts have been initiated: the Alzheimer’s Association
Global Biomarkers Standardization Consortium (GBSC) and International Federation of
Clinical Chemistry Working Group for CSF proteins (IFCC WG-CSF) [91]. The aim was to
propose protocols harmonizing laboratory practices [92], defining procedures on CSF
collection and handling [93,94], creating certified reference materials for assay calibration
[95], and establishing reference measurement procedures (RMP) [96]. Great progress has
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been made recently with the first RMP for CSF Ap42 [97] and the first fully automated
method for quantification of CSF Ap42 [98]. This method shows minimal between-lab and
between-batch variability and will be essential to establish uniform global cut-off levels for
the CSF biomarkers.

2.3.2. Amyloid PET standardization—The type of amyloid ligand used, thresholds
established, methods used for amyloid PET imaging processing, target and reference regions
used, partial volume correction, acquisition time duration, and potential head movements
represent possible confounding factors and introduce variability, thus substantially affecting
the cut-off points used. An amyloid PET scan can be considered either positive or negative
based on specific cut-off values that differ according to the amyloid ligand used, the relevant
brain regions or the method of calculation used. Given the pressing importance of the need
for standardization, a working group headed by William E Klunk (University of Pittsburgh,
Pennyslvania, USA) has been set up to standardize quantitative amyloid imaging measures
by scaling the outcome of each particular tracer or analysis method to a 0-to-100 scale,
anchored by young controls (<45 years), and typical AD patients. The “centiloid” (CL) has
been proposed as unit of measure of this 100-point unified scale for all Ap imaging tracers
used [72]. The CL standardization method is expected to support clear definition of cutoffs
for the earliest signs of amyloid-positivity in cognitively healthy controls and further
establishment of the range of amyloid positivity typical of AD (AD-like levels vs earliest
evidence of positivity in controls).

Recommendation—: The validity of measures is even more essential in preclinical stages,
that is, in conditions where there are no other relevant signs helpful for diagnosing the
disease. The quality of the measures should be unquestionable.

3. Issue 3—the natural history of preclinical stage and influencing factors

In vivo evidence of AD pathology is a fundamental feature accounting for the progression
and/or conversion to a clinical disease. It is necessary but is it sufficient? Will all cognitively
healthy subjects, who are biomarker positive, develop the clinical disease during their
lifetime and if so, can the timing be predicted?

The identification of AR-AD subjects should rely only on the presence of a
pathophysiological biomarker. These changes implicate the existence of AD pathology,
which is necessary for further developing the clinical disease; it is not clear, however, if such
alterations are sufficient. On one hand, it is possible to hypothesize that, when a definite
threshold of amyloid burden is reached, or when specific anatomic structures of the brain are
affected by the putative AD pathology, the dynamic process of progression is activated.
However, even with high levels of ligand retention as typically seen in subjects with AD,
some elderly individuals show little if any cognitive disturbances, therefore suggesting the
influence of additional mediators such as cognitive reserve. On the other hand, the process
can be accelerated by several factors affecting the risk and/or the rate of progression. It can
be speculated that the occurrence of clinical onset of AD is the expression of a complex
algorithm where the presence of AD brain lesions plays a key role and additional positive
and/or negative factors need to be considered (Fig. 2); for instance, a number of variables
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may have a negative effect. If the sequential appearance of existing biomarkers and the
polygenic and environmental protective/risk factors is considered, it should be possible, at
some point, to predict the risk spectrum of a given individual and the putative time to the
onset of a clinical disease, that is, to determine his condition along a risk spectrum, ranging
from negligible risk to immediate risk.

3.1.  Will all BM(+) cognitively normal subjects progress to AD?

Converging data from multiple longitudinal studies have consistently found that cognitively
normal individuals with a positive Ap biomarker show, as a group, accelerated cognitive
decline compared to Ap-negative individuals [99-104]. However, individual trajectories
within Ap+ individuals are quite variable, with some individuals showing little or no change
in cognitive performance even with extended follow-up [105]. Furthermore, the rates of
incident clinically significant cognitive impairment (i.e., progression from a diagnosis of
cognitively normal to prodromal AD or AD dementia) in those defined as Ap positive by
levels of CSF Ap42 alone appear to be relatively low, ranging from 13.5%-22.9% in studies
with median follow-up of 15-54 months [21] (Washington University), [106-108]. The
question of whether all individuals with a positive AB biomarker would develop AD if they
lived long enough is purely theoretical. From a practical point of view, the estimated 15-20-
year lag time between incident amyloid positivity and the median onset of early cognitive
impairment [3,109], along with the increased incidence of Ap-positivity with age essentially
guarantees that a sizable minority of cognitively normal elderly individuals will die with a
high-amyloid burden but without experiencing discernable cognitive impairment during life,
and in fact neuropathologic studies of aging support this [110].

Across studies, those individuals showing abnormalities in both AP and additional
biomarkers that demonstrate more rapid cognitive decline and higher rates of conversion to
prodromal and/or dementia, whereas individuals with an isolated abnormality in AB show
marginal or no difference from Ap-negative individuals in their cognitive trajectories over a
5-10-year period [21,101,106,111,112]. For example, in the study by Vos et al., the
conversion rate from CDR 0 to 0.5 was only 12% in AB-positive individuals with normal
CSF tau and p-Tau versus 32.7% in Ap-positive subjects who also had elevated CSF tau or
p-tau levels. Similarly, Knopman et al. reported 18% progression from normal to prodromal/
dementia >15 months in AB-positive versus 5% progression in AB-negative subjects
enrolled in the Mayo Clinic Study of Aging, but the progression rate was 11% in Ap+
subjects with normal hippocampal volumes and brain metabolism (not significantly different
from the AB-negative reference group) versus 24% in individuals with abnormal MRI/FDG.
On-going studies on preclinical subjects should provide more information in the future (see
Table 2).

Beyond the burden of neuropathology, structural/functional brain changes, and baseline
cognitive performance, the trajectory of AB+ normal individuals may further be modified by
genetic factors (e.g., APOE 4 genotype) [108,113], cognitive reserve [114,115], medical
comorbidities that contribute to cognitive function (mood, sleep, endocrine and primary
cardiopulmonary, renal and hepatic disorders), lifestyle factors (such as exercise and diet)
[116-118] and possibly cognitive training. Other factors may have a significant impact.
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Given the relatively small number of the neurons in these structures, the initial size of the
temporal cortex and hippocampus may affect the consequences of neuronal death before the
onset of pathologic changes. Additionally, the co-occurrence of AD neuropathology and
small cerebrovascular lesions (lacunar infarcts) is common in advanced age, and the
cerebrovascular burden has an impact on the onset and severity of the clinical symptoms of
AD [119].

Recommendation——As progression rates significantly increase with the duration of the
follow-up, longer follow-ups are needed to establish if all research participants will progress
to clinical AD and which factors are the most important for progression.

3.2. Age and the risk of progression to clinical AD

Influencing factors of progression can be categorized into two groups: (1) nonmodifiable
risk factors, such as age and genetic risk factors and (2) modifiable risk factors, such as
cardiovascular risk factors and lifestyle.

Age is the most important risk factor. In a recent study, analyzing 1246 subjects aged 30-95
years, the risk increased with age particularly after 70 years and in APOE 4 carriers [120].
As a result, it can affect the likelihood of developing AD with age [33,121,122]. Age
significantly increases the risk of ligand retention in amyloid PET in cognitively normal
individuals. In previous series, the frequency of individuals with amyloid load was 18%-—
23.1% at age 60-69 years, 25.8%-37.5% at age 70-79 years, and >30.3% to 65% after 80
years [121,123,124]. A recent meta-analysis showed that the prevalence of amyloid
pathology increased from 10% (at age 50 years) to 44% (at age 90 years) among participants
with normal cognition with a 2 to 3 times higher prevalence estimates in APOE e4 carriers
[46].

Aging may also have an impact on other biomarkers as pathologic features of AD [125].
Smaller baseline hippocampal volumes were significantly associated with age in normal
subjects, in MCI subjects, and in AD patients [126]. In a sample of 985 cognitively normal
individuals, neurodegenerative changes assessed with hippocampal volume (MRI) or PET-
FDG (18F) were noticed in 0% at age 50-59 years; 7.8% at age 60—69 years; 28.4% at age
70-79 years; and 52.4% after 80 years [124]. With regard to CSF biomarkers, a significant
association with age was found in a cohort of cognitively normal adults aged from 21 to 88
years. Moreover, older subjects (i.e.>.65 years) had 20% lower CSF A4y, 47% higher total
tau, and 33% higher p-tau levels relative to young subjects (<65 years), with corresponding
increase of tau/AB4o and p-tau/ApBy, ratios [127]. In addition, investigating the presence of
both markers of amyloidosis and neurodegeneration at the same time, Jack et al. [120] found
that their frequency increase from 2.5% at age 60-69 years, 13.2% at age 70-79 years, and
31% after 80 years.

Temporary conclusion concerning the influence of age——Age is a major risk
factor for the progression to a clinical AD in AS-AD subjects. Age has a direct influence on
progression and also plays an indirect role via associated comorbidities. Mean population
age of a study may impact the conversion rates more than the study duration.
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3.3. APOE e4 and other genetic risk factors of progression to clinical AD

To date, APOE €4 represents the strongest and best-established genetic risk factor for
sporadic AD [37,128,129]. Subjects with one or two copies of the 4 allele display higher
risk of developing AD as compared to noncarriers. The same allele also significantly reduces
the mean age for AD onset [129-131]. A recent study estimated the mean age at clinical
onset to be 68 years in e4 homozygotes, 76 years in 4 heterozygotes, and 84 years in 4
noncarriers [129,132]. As the proportion of subjects who will develop AD is higher among
APOE &4 carriers than among noncarriers, cognitively healthy APOE e4 carriers offer a
great opportunity to investigate brain changes in the asymptomatic stages of AD [133].
Along these lines, it has been reported that APOE 4 directly affects MRI, CSF, and
cognitive biomarkers in AD [134]. The apolipoprotein E (APOE) e4 allele and high levels of
beta-amyloid (AB) are associated with episodic memory decline and increased risk for
clinical AD. In healthy individuals, AR+ e4 carriers have shown significantly faster decline
on memory tasks than AR+ e4 noncarriers >a 54-month assessment period, suggesting that,
in the preclinical stages of AD, the manifestation of memory decline in older adults with
high Ap is exacerbated by the presence of APOE e4 [108]. Finally, it should be mentioned
that APOE e4 carriers may be more vulnerable for harmful lifestyle factors suggesting
complex gene-environmental interactions [135].

In recent years, other genes have been established to significantly modify the risk for AD on
a genome-wide scale in addition to APOE. Variants in genes involved in lipid metabolism,
inflammatory response, and endocytosis have been identified through genome-wide
associated studies. Polymorphisms in or near several genes that are associated with AD risk
were identified, including: ABCA7, CLU, CR1, CD33, CDZAPR, EPHA1, BINI, PICALM,
MS4A, CASS4, CELF1, DSG2, FERMTZ2, HLA-DRB5-DBR1, INPP5D, MEF2C, NMES,
PTKZB, SLC24HA4-RIN3, SORL 1, and ZCWPW1[128-132,136-140]. The risk conferred
by single genes is small and currently only one locus (a rare amino-acid changing
polymorphism in the 7REMZ gene) shows convincing evidence for playing a significant role
in modifying genetic predisposition. Although the findings uncovered by these powerful new
technologies have considerably advanced our understanding of the pathophysiological
mechanisms underlying neuronal degeneration in AD (e.g., by highlighting dysfunction of
endocytotic pathways and immune system response as important primary risk factors), their
utility in predicting progression to clinical AD is currently under investigation.

Provisional conclusion concerning the influence of APOE status——At present,
APOE 4 is the main genetic risk factor of progression to clinical AD.

3.4. Modifiable and lifestyle risk factors of progression to a clinical AD

AD is increasingly recognized as a complex multifactorial disease given the interconnection
of the genetic component with other risk factors such as co-morbidity, vascular risk factors,
environmental, and lifestyle factors [141]. A recent meta-analysis on lifestyle modifiable
risk factors made use of a mixed-method approach combining findings from a systematic
literature review and a Delphi consensus study [142]. The authors revealed several somatic
and lifestyle factors for AD including depression, (midlife) hypertension, (midlife) obesity,
diabetes, physical inactivity, smoking, and low education. It has been estimated that about
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one-third of AD dementia cases worldwide might be attributable to the above-mentioned
modifiable risk factors. This estimate accounts for the frequent co-occurrence of these risk
factors in the same individual [20]. Two main aspects need to be considered when weighting
the role of these risk factors in relation to clinical expression of AD. One is time at exposure
because effect of specific risk/protective factors largely depends on age at which they
intervene. Risk factors are unlikely to occur isolated but might interact in a synergistic or
antagonistic way or form clusters (e.g. metabolic syndrome) [143]. For most of these risk
factors, the mediating pathways are not completely known, for example, whether they are
acting on the amyloid process, on the reserve capacities, or on the inflammatory pathway.

Recent studies are in favor of a decrease in age-specific prevalence or incidence rate of
dementia and AD during the last 10-15 years [144,145], and beside a better management of
vascular factors and a progression in educational level, the global improvement in lifestyle
could explain these findings.

Temporary conclusion concerning other influencing factors——Several
modifiable risk factors have been recently identified that may influence the development of
clinical AD.

Factors of prevention

Preventive factors should be critically considered as they may slow down or postpone the
progression to a clinical AD [146]. The major interest for identifying vascular and lifestyle
modifiable risk factors is the possibility of impacting the onset of a clinical AD by advising
and intervening subjects at risk. The multifactorial nature of AD suggests that
multicomponent interventions targeting several risk factors simultaneously might be needed
for optimal preventive effects. In the last three decades, several studies, most observational,
have underlined the role of modifiable factors in delaying the clinical onset of AD [147].
Among these studies, FINGER [148] is a landmark randomized controlled trial, which
showed that a multicomponent approach targeting several vascular and lifestyle-related risk
factors simultaneously in elderly people at risk of dementia can improve or maintain
cognitive functioning. The study implemented a 2-year intervention program, which
included nutritional guidance, physical exercise, cognitive training, social stimulation, and
management of vascular and metabolic risk factors [148].

Other studies showed that adherence to Mediterranean diet and programs of physical
exercise were associated with decreased brain AD-burden among cognitive intact
individuals, thus indicating that lifestyle factors may modulate AD risk [149-152]. Both
greater lifetime cognitive activity and physical exercise have shown to be related to lower
brain AP burden [117,153] and fewer cerebrovascular lesions [118]. There is extensive
epidemiologic and experimental evidence demonstrating the concept of cognitive reserve,
identified in those individuals with high educational and occupational attainment, and
engagement in leisure and social activities. Each of these factors has been associated in
observational studies with decreased risk of developing dementia [154-157] and more
successful aging [158], and they are able to modulate the neuropathologic process of AD
detected through in vivo AD biomarkers [159].
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Genetic factors may also have a protective effect. A rare variant in the APPgene that
protects against AD has recently been disclosed [160].

Temporary conclusion concerning factors of prevention——Several genetic and
lifestyle factors have been identified that may delay the onset of clinical AD.

4. Issue 4—the transition phase to clinical AD

After identifying subjects at risk for AD based on the presence of specific biological
predictors, the main issue is to detect those with the highest likelihood to progress to definite
clinical AD in the forthcoming months to years. Full-blown AD may arise several years (>15
years) after the initial detection of a positive biomarker [46,161]. Consequently, the long-
term treatment of cognitively normal individuals with medications having potentially
significant and serious side effects (e.g., amyloid related imaging abnormalities [ARIA]
[162]) remains an uncertain value proposition. Owing to ethical, financial, and medical
constraints, it may be important to identify and treat only subjects having the highest risk of
developing clinical AD within a short time frame. For that reason, the identification of
markers, able to detect disease progression in a relative short time frame before the onset of
clinical symptoms, becomes of crucial importance.

4.1. The end of the preclinical stage

The impact of AD on objective measures of cognition and clinical manifestations is a
gradual process beginning in the preclinical phase and continuing progressively but
inexorably into the prodromal and dementia stages, making it impossible to define a discrete
onset of the clinical state. The preclinical stage progresses imperceptibly; clinical
manifestations are eventually apparent but without a discrete onset. Growing evidence of
neuropathologic progression as well as subtle cognitive decline among asymptomatic
individuals with brain amyloid [109,163] supports this view. A minimum threshold of
changes can be determined on objective reliable measures of cognition. However, this
requires assessment of intra-individual change. A cognitive composite score, which
integrates scores from different episodic memory tests, executive functions and orientation,
has been recently proposed as an outcome for clinical trials applied to preclinical stages
[164-166]. A decline in a composite score presents the advantage of avoiding the problems
related to “time to event” assessment but raises the question of its clinical significance in a
clinically healthy population. Several critically relevant questions still need to be answered:
should it be based on specific cut-off values or on a decline from a previous score? Should
episodic memory performance be primarily considered?

Recommendations——As cognitive symptoms are the first clinical changes to appear in
typical AD, an objective impairment or decline in an episodic memory test or in a cognitive
composite score is recommended as a marker of clinical onset of AD. The threshold to
which the performance is impaired and the amount of change that should be considered for a
decline and the delay between both evaluations remain to be defined or validated.

Alzheimers Dement. Author manuscript; available in PMC 2019 March 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Dubois et al. Page 19

4.2. Structural neuroimaging and progression to a clinical AD

Abnormalities in structural MRI become clearly detectable before the first clinical signs of
the disease. Hippocampal volume represents one of the best-established structural imaging
markers for AD. Regional analysis, aimed to investigate hippocampal subfields, has shown
that CA1 region and subiculum compared with the total volume of hippocampus are more
closely associated with progression to MCI in cognitive intact individuals [167,168].
Moreover, rates of atrophy were faster, especially in the temporal lobes, in cognitive intact
AP positive elderly individuals [169]. Other medial temporal lobe regions, besides the
hippocampus, showed volume reduction in cognitive intact elderly at risk for AD. Decreased
entorhinal cortex volume was shown to precede significant cognitive decline by 4 years in
cognitively intact elderly [167]. Recently, early structural abnormalities in the neocortex and
cortical thickness have aroused growing interest [169,170]. In cognitively intact elderly
subjects, high brain Ap deposition levels were associated with fast gray matter atrophy in the
posterior cingulate and/or precuneus and hippocampus [169]. Decreased gray-matter volume
in the parietal lobe, notably in the angular gyrus, has been described in cognitively intact
individuals in advance of progression toward mild cognitive impairment (MCI) [171].
Moreover, prefrontal cortex atrophy in cognitively intact individuals was found to precede
dementia onset over a 6-year period [172]. These results support the hypothesis that early
changes of structural imaging markers might represent a good topographical marker of
progression in the preclinical stage [173].

Recommendations——Rate of longitudinal change assessed by structural MRI increases
with progression to clinical disease in asymptomatic biomarker positive subjects and can be
used for staging of high risk of progression.

4.3. Molecular neuroimaging and progression to clinical AD

It is not yet established that progressive amyloidosis in the brain, through positive amyloid
PET, reliably predicts further progression to clinical AD. Development of tau PET may
become a useful tool for this prediction. It is assumed that a spreading of the metabolic tau
PET pattern out the medial temporal structures to lateral temporal and frontal neocortical
areas may indicate an active progression to a clinical AD [22]. We may also take into
account surrogate markers of tau/neuronal injury such as glucose metabolism. In the AD
Neuroimaging Initiative (ADNI) cohort, models with baseline features derived from MRI
and FDG-PET were capable of successfully predicting whether an individual will progress
and convert to MCI within 48 months or remain cognitively stable, with 81.2% accuracy
[174]. Another study [175] showed that reduced FDG-PET brain metabolism and executive
function, predict clinical progression in elderly healthy subjects with a sensitivity = 82% and
specificity = 93%.

Recommendation——Changes in FDG-PET track progression to clinical disease in
asymptomatic biomarker positive subjects.
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4.4. Functional connectivity and progression to clinical AD

New neuroimaging and magneto-encephalography (MEG)/electroencephalography (EEG)
tools can target pre-clinical disease evolution through structural, metabolic, or functional
measurements [9,176].

4.4.1. MRI functional connectivity markers—AD is characterized by alterations in
multiple brain regions such as hippocampal and medial temporal regions involved in
memory, and cortical association areas in frontal, temporal, and parietal lobes. The latter
contains regions that are deactivated during many cognitive tasks but display increased
activity in the resting state on functional MRI (rs-fMRI) studies, targeting the “Default
Mode Network” (DMN) [177]. Functional connectivity between the hippocampus and the
posterior part of the DMN is significantly reduced in AD patients [178]. This finding is
consistent with the reported altered hippocampal connectivity with several cortical DMN
areas during the early stages of AD [179]. Interestingly, not only was connectivity reduced
in rs-fMRI studies in patients with AD and MCI, but a reduction was also observed in older
individuals, especially those with poor memory ability while performing memory encoding
tasks [180]. In studying the resting state network (RSN) in AD and MCI, Seeley et al. [181]
showed that the functional networks in the brain exhibit a “small world” architecture (i.e.,
any two network nodes are connected via a small number of nearest neighbor nodes)
revealing that the disease alterations were related to the underlying anatomy and loss of
functional connectivity. Subsequent connectivity studies showed that the functional integrity
in RSN including the DMN is lower in AD patients than in controls [182]. Together, these
observations demonstrate structural and functional network disruptions in normal elderly
controls and AD patients, but it is still unknown whether these alterations emerge
predictably during early and preclinical stages of the disease. Confirmation of the RSN
degeneration hypothesis raises important questions about the impact of specific syndromes
on RSN structure and function. Buckner et al. [183] found, using RSN and 11C PIB-PET,
AP positivity in regions of the DMN. Sperling et al. [184] showed that cognitively intact
individuals with AR pathology in the DMN fail to deactivate it during memory tasks. These
findings suggest that Ap pathology is linked to functional network connectivity dysfunction.

4.4.2. Functional connectivity markers—Among the established EEG/MEG
analytical approaches in AD research, resting state spectral measures indicate a phenomenon
of abnormal diffuse slowing of the spontaneous brain activity [185]. In contrast to resting
states, goal-driven EEG/MEG brain activity engages task-related and attention-related brain
networks. Event-related potentials, such as P300, reveal systematically delayed and
suppressed responses to sensory and cognitive stimuli. The fundamental utility of EEG to
detect very early preclinical brain signal changes even in the presymptomatic stage of the
disease has been demonstrated in familial AD [161,186,187].

New specific strategies using sensitive neurodynamics measures may be developed for the
detection of preclinical AD in the future. The pathologic changes that occur in the brain
many years before the clinical onset should induce functional changes in brain structures,
which can be identified by EEG/MEG. The sensitivity of functional connectivity EEG
measures to clinical AD has been repeatedly demonstrated [188-192], notably in a recent
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large-scale study with 318 AD patients and 133 age-matched controls [193]. To our
knowledge, no neurodynamics (EEG/MEG) functional connectivity studies have yet
investigated the crucial preclinical progression process to pursue very early prediction of
AD.

Temporary conclusion on functional connectivity markers—: At present, there is
insufficient evidence for a distinct pattern of changes in functional connectivity as a
predictor of a further progression to a clinical AD.

4.5. The earliest clinical (cognitive, functional, or behavioral) changes indicative of the
clinical state of AD

On traditional neuropsychological testing, differences between cognitively healthy subjects
who will develop a dementia and those who will not can be observed 10 to 17 years before
the diagnosis of dementia [194]. At a group level, it has been shown that cognitive changes
initially consist of subtle decreases in episodic memory, psychomotor speed, verbal fluency,
and concept formation. On an individual basis, however, these changes cannot be considered
pathognomonic manifestations of clinical AD. This is due to their lack of specificity as they
can be seen among other conditions such as depression [195,196], drug abuse [197], and
Parkinson’s disease [198]. Another consideration is the very small size of observed changes.
Compared with individuals without pathology, those with AD pathology had an accelerated
rate of decline on a variety of measures, with an annual change of 10%-15% of a SD [199].
The meta-analytic difference between cognitively normal amyloid+ and amyloid individuals
on episodic memory measures was d = 0.25, that is, a quarter of a standard deviation [200].

After decline on episodic memory, psychomotor speed, and verbal fluency measures, global
cognition (MMSE), subjective appraisal, and IADLSs begin to decline 5-8 years before
dementia onset [3,201]. Differences in subjective appraisal of cognition and function, also
referred to as Subjective Cognitive Concerns, have been reported for individuals classified
according to the 2011 NIA-AA pre-clinical AD stages [164], as amyloid+ versus amyloid
[202]; and for those who experience a diagnostic progression (e.g., on the Clinical Dementia
Rating (CDR) global staging 0 to 0.5) [164]. Increasing scores on the Cognitive Function
Instrument predicted progression on the CDR independently of objective performance [164].
Self-report may be particularly useful very early in the process of decline [164]. Depressive
features may also be an early marker of clinically relevant change [201,203].

An approach to tracking cognitive change in the preclinical stage (used in the A4 study and
the Alzheimer’s Prevention initiative) has been to use cognitive composite scores as
outcome measures of preclinical AD [163,204]. For example, the Alzheimer Disease
Cooperative Study Preclinical Alzheimer Cognitive Composite (ADCSPACC) [163] consists
of summed standardized change scores on the Free and Cued Selective Reminding Test
(FCSRT) total recall, logical memory delayed recall, Digit Symbol Substitution, and MMSE.
This composite score differentiated between amyloid+ and amyloid and between CDR
progressors and CDR stable. The composite difference between amyloid+ and amyloid at 24
months was —1.2, suggesting that a summed metric may provide a more robust measure of
change than single scores. Another approach is to consider that a decline over time in
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healthy cognitively normal subjects in specific highly demanding cognitive tests, i.e., the
Digit Substitution Subtest of the Wechsler Adult Intelligence Scale, may indicate that a
pathologic process is developing silently. This may be used to predict amyloid PET
positivity. Long-term longitudinal evaluations of these new tools are required to establish
their ability to accurately indicate a progression to clinical AD. Finally, there have been
recent instrument development efforts targeting specific components of memory including
associative binding (e.g., the MCT), feature binding (e.g., the Short-Term Memory Binding
Test), and pattern separation (Behavioral Pattern Separation-Object test) [205]. These tasks
have shown promise in identifying amyloid+ individuals and carriers of autosomal dominant
mutations for AD. The utility of novel measures including test-retest reliability, good signal-
to-noise properties, and relative insensitivity to cognitive reserve variables must still be
established invalidation studies. Until then, validated clinical markers of the clinical
phenotype of AD, including free and cued recall measures [206—208] and the temporary
memory binding task [209] among other scales, should be used to distinguish preclinical and
prodromal AD.

Temporary conclusion on the clinical markers of progression——A sustained
and significant decline in a cognitive or memory test or in a composite measure with
established specificity for AD may be considered as a marker of a clinical onset.

5. Issue 5—where are we today and how to progress?

The identification of AR-AD or preclinical AD subjects becomes important with the
development of disease-modifying drugs that should reduce brain amyloid lesions. Three
antibodies targeting Ap, gantenerumab bapineuzumab, and aducanumab have been recently
reported to significantly decrease brain amyloid ligand retention when compared to placebo
in PET studies [210,211] in patients with clinical AD. Several studies in AR-AD (ADCS-A4
trials in older adults with amyloid-positive brain scans; Zinfandel-Takeda prevention study
in older adults carriers of APOE 4 and TOMMA40 alleles; API-APOE in older adults
homozygotes APOE 4 and EPAD) are currently on going that are aimed at delaying the
accumulation of AD neuropathology. If delaying the disease onset of the clinical
manifestations of the disease by such interventions is demonstrated, there will be a
significant incentive to identify from the general population those at risk of developing AD
and to select those that may require more invasive (CSF sampling) or expensive (amyloid
PET) investigations. In addition, specific designs of such trials, inclusion criteria, and
outcomes will have to be elaborated.

5.1. The significance of subjective cognitive decline in the context of preclinical state

Subjective cognitive complaints and the more recent concept of subjective cognitive decline
(SCD) have been proposed as potential indicators of a preclinical state of AD [212] because
they may increase the risk of progressing to clinical AD. In some studies, the presence of
SCD is associated with subsequent cognitive decline and progression to dementia [213] and
may be related to brain amyloid deposition on amyloid PET [214]. However, the existence
of cognitive complaints does not necessarily imply a progression to clinical AD: they were
present in only 16% of the cases progressing to clinical AD in the AMSTERDAM study and
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in 7%-37% of the Mayo Clinic Study on Aging (MCSA) depending mostly on the age of the
subjects [214]. In a recent meta-analysis, Mitchell et al. [215] demonstrated that the annual
rate of progression of subjects with subjective memory complaint (i.e., SCD) to dementia is
2.33% with a relative risk compared to subjects without SCD (ACR of 1%) of 2.07, 95% CI
(1.77-2.44). They also describe a cumulative conversion proportion of SCD to MCI of
24.5% >4.1 years and to Dementia of 11% >4.8 years. In subjects without SCD, comparative
estimates are that 4.6% progress to dementia over 4 years. Therefore, even if the data
suggest a two-fold increase in the risk of dementia in subjects with SCD, the relative risk
remains low and SCD cannot be a proxy to preclinical AD. In that sense, a study derived
from the AIBL cohort showed that the percentage of memory complainers was similar in the
PIB-positive (55%) and PIB-negative groups (53%) [216].

Subjective memory complaints are found in the vast majority of adults >60 years [217] and
only a small proportion of them are biomarker positive (<30% at that age). Changes in
metamemory may result from many other causes frequently observed in the aging
population, including attention difficulties, depressed mood, sleep disorders, various
neurodegenerative diseases, and drug side effects. In contrast, the risk of prediction of a
positive AD biomarker increases when SCD is enriched with specific properties, which
defines the “SCD+” [212].

Recommendations——(1) SCD is not a proxy for preclinical AD, as individuals with
SCD only present with a small increased risk when compared to noncomplainers; (2)
individuals with a positive Ap marker associated with SCD are only “at risk for AD” and
should not be considered as having clinical AD.

5.2. Blood markers and the screening of preclinical AD

The biological approach consists of the identification of blood-based biomarkers that may
support the detection of at-risk individuals and who will consequently be suitable targets for
preventive and symptomatic pharmacological intervention trials [218-222]. The criteria of
the Biomarkers Definitions Working Group of the National Institutes of Health (NIH)
emphasize the urgent need for an easily obtained sample of peripheral tissue that can be
analyzed either in the office or at a central location and that enable an accurate diagnosis
[223]. Recent diagnostic blood-based biomarker work has been developed across cohorts
[219,221,224], assay platforms [225,226], and even translated back into AD animal models
for validation purposes [221,225]. With regard to AR-AD, there is evidence for the utility of
blood-based biomarkers in the prediction of future incidence of MCl—prodromal AD [227-
229] as well as detection of neocortical Ap burden from both the ADNI and AIBL cohorts
burden [230,231]. Given the heterogeneity of biological processes leading to cognitive loss
and accumulation of AR, it is possible that disease-specific subgroups may offer novel
pathways forward for predicting preclinical AD status.

However, despite the current progress, the search for optimal and reliable blood-based
biomarkers for the screening of subjects at a preclinical stage of AD has been limited by the
current state of the science and methodological issues. As a result, these markers are not yet
ready for clinical application [227,232] as they have not yet been evaluated specifically
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within the context for which they are intended (i.e., fit for purpose). That is, the vast
majority of the work examining blood-based AD biomarkers (including work in the
preclinical stage) has been conducted within dementia clinics rather than among population-
based or primary care clinic settings where the substantially lower base rates will have a
significant impact on the study findings [225,233,234]. As such, all current methods are
research use only with some work moving toward laboratory developed test status. Another
barrier to this work that requires attention is the lack of consistent methods used across
laboratories. The blood-based biomarker research raises the same issues of establishment of
SOPs as for CSF investigations [235-237].

The challenge is to conceptualize the emerging approaches and standardize methods and
protocols for sample collection both at baseline and at follow-up, to analyze and integrate
large-scale complex data sets. One of the major benefits from a successful blood-based
biomarker strategy will be to provide an inexpensive and minimally invasive way to enrich
the population to screen and possibly to monitor changes over time and responses to clinical
interventions [232,236,237].

Recommendation——To date, evidence from studies on blood-based biomarkers
indicates a limited value for the characterization of preclinical stage of AD. Further studies
are needed to justify their use for enrichment or for screening.

5.3. Application for clinical trials in preclinical states

The definition of the preclinical state is especially important for the design of clinical trials
of disease-modifying agents. Intervention at such an early stage would offer the best chance
of therapeutic success because the intervention would target less established and extensive
pathologic processes and that are potentially reversible.

5.3.1. Overview of the regulatory situation—In a commendable effort, regulatory
agencies have made significant strides in integrating the recent paradigm shift engaged by
the AD scientific community. Both the United States Food and Drug Administration (FDA)
and European Medicines Agencies (EMA) have discussed the use of in vivo biomarkers and
their implementation in study designs in AD clinical trials. In Feb 2013, the FDA released
draft guidance for the treatment of early state AD [238,239]. The FDA acknowledges the
difficulty in demonstrating a functional benefit in the preclinical stages of the disease. They
allow for an accelerated approval mechanism (i.e., a provisional approval) based on the
demonstration of efficacy on a single-cognitive measure that is contingent on postapproval
studies to demonstrate a relevant clinical benefit. After postponing the preparation of a new
guideline in 2012, the EMA (European Medicines Agencies) has recently released a
discussion article on the same topic [240].

The EMA document distinguishes between (1) disease modification with slowing or arrest
of symptom progression and (2) primary prevention of symptomatic disease by intervention
in suspected pathogenic mechanisms at a presymptomatic stage. The latter seems to cover
studies conducted in preclinical stage, generally described as secondary prevention in the
scientific literature [241]. However, there is little said about the clinical trials designs. For
“prevention” trials, the EMA suggests 5-year duration studies but recommends getting
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scientific advice before embarking into this type of development. The FDA document does
not specifically deal with design across specific disease stages but only refers in a separate
section to the “randomized start” or “randomized withdrawal” designs as ways to
differentiate a symptomatic effect from a disease-modifying effect.

Concerning in vivo biomarkers, both agencies have approved three p-amyloid isotopic
ligands (florbetapir, flutemetamol, and florbetaben). The indication section in the US
labeling, identical for the three compounds, is to estimate A plaque density in patients with
cognitive impairment who are being evaluated for AD or other causes of cognitive decline
and essentially to rule out AD in case of a negative examination. The European labeling is
insisting on the need to use them in conjunction with a clinical evaluation and expresses
caution in the interpretation of a positive result.

5.3.2. Overview on the recently completed or ongoing studies—To put
preclinical AD trials in perspective, it is useful to get an overview of the range of AD
prevention trials. Table 3 reports the on-going or recently completed clinical trials, as
documented from a survey conducted on Clinical Trials.gov and the International Standard
Randomized Controlled Trials Number (ISRCTN) registries (key words: Alzheimer disease,
prevention) [148,165,242—259]. The 19 retrieved studies, also including a few studies with
small sample size and short duration (which are pilot trials), may be classified under four
different categories

. Studies in populations of asymptomatic at risk subjects with positive biomarkers
of AD (3 studies) [165,242,243]. The search for positive biomarkers among a
large population is not feasible; hence, the trend to focus on subgroups of people
where the prevalence of positive biomarkers is a priori higher [165,253].

. Studies in populations of presymptomatic subjects with autosomal dominant
mutation at a preclinical stage (two studies) [244,245].

. One study in those at high risk because of APOE e4 and TOMMA40 alleles
[2,248].

. One study in Down syndrome [245,247].

. Prevention studies for participants with or without various suspected risk factors
(e.g. age, population of children from AD patients, elderly persons with frailty
and/or subjective memory complaints [SMC]) (12 studies) [148,248-258]. To
conduct studies in populations without cognitive complaints or symptoms, very
large sample sizes are required. The necessary number of participants, however,
decreases to 1000-3000 after introducing more risk factors, for example, SMC or
frailty [250-253].

With respect to inclusion criteria, subjects should be asymptomatic although how this is
defined may differ among trials. Individuals enrolled in these trials will need to comply with
potentially cumbersome or invasive examinations. Some trials include patients at different
stages [243,244,251,256,258], other are focused only on preclinical stages. In the latter case,
the selection criteria are based on CDR, MMSE, and memory tests (FCSRT or Rey Auditory
Verbal Learning Test). In the case of sporadic forms of the disease, the biomarkers used for
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selection criteria are typically CSF markers (low amyloid with or without elevated tau) or
amyloid PET, representing the pathophysiological markers of Alzheimer [165,242,243].

Building a clinical trial with precharacterized cohorts allows accumulation of knowledge of
the course before randomization and provides a de facto run-in period before the
randomization. For instance, participant selection can be based on prior clinical or biomarker
rate of progression, as it is proposed for the EPAD project [260,261]. This helps to (1)
ensure that a pathophysiological process is occurring and (2) allow stratification of patients
based on biomarker status or their rate of progression. The need for collaboration among
academic institutions, governmental organizations, and industrial partners finds an
application in the building of large cohorts [2,262]. These design considerations help to fill
in the existing gaps in our detailed understanding of the disease progression; moreover, they
may also serve as infrastructure for conducting clinical trials.

Concerning endpoints of clinical trials, only four studies [241,244,250,255,258,259] use
alterations on a biomarker as primary endpoint. In contrast, most of the recent studies have a
primary clinical end point: a change on a cognitive performance measure by a single test
(e.g9., MAPT using FCSRT [252,263]); a composite score [244,245,253]; or a conversion to
MCI [2,246] or dementia [250,256,264,265]. Trials using MCI or dementia as endpoints
have the longest durations (4-6 years) and the largest sample sizes. For instance, ASPREE
with a combined endpoint of death, dementia, or physical disability has a planned treatment
duration of 3 years and sample size of 19,000 [254,266].

5.3.3. Recommendations for future clinical trials in preclinical state—Several
recommendations for future prevention clinical trials have been released [147,261-269]. In
particular, they report indications concerning (1) lexicon; (2) target population; (3) selection
criteria; (4) design; and (5) outcomes.

. Regarding the lexicon, as there are no discrete clinical events in the early stages,
the definitions of primary prevention and secondary prevention need to be
carefully discussed. Primary prevention should describe interventions on general
populations presenting variable risk factors (e.g., age or APOE e4 allele carrier
status) but without identified markers of the presence of an AD-related process.
Consequently, secondary prevention should refer to interventions in “at risk”
populations, that is, subjects where there is a suspicion than an AD-related
process has begun and can be assessed. This will cover studies in preclinical
stages.

. Concerning the target population, it is proposed that identification of risk factors
may be a crucial step in AD research for enriching the population including
biomarker status. Enriching the population based on risk factors may be a
double-edged sword: on one side, it can help in identifying subjects more likely
to progress, and on the other side, these individuals will not be necessarily the
most responsive to treatment if this reflects a multiplicity of concomitant
pathological processes not all amenable to the mechanism of action of the
compound under study. Expressions such as “low risk” and “high risk”,
moreover, may generate some ambiguity. They could define where an individual
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is on his/her way toward the clinical expression of the disease—that is, the
staging—or alternatively describes if the patient is on a slow or fast path of
progression according to all his or her risk factors. In practice, both dimensions
should be integrated in the concept of “risk” as the probability for a patient to
develop the pathology during the rest of his or her lifetime or during the trial.
Comorbidities and lifestyle factors that may influence disease progression, and
outcomes should be carefully monitored.

Regarding the selection criteria, the inclusion criteria should require the
positivity of pathophysiological markers (see corresponding paragraph). To
select participants with a known rate of progression, it may also be important to
focus on measures that reflect disease progression. Markers of neuro-
degeneration may be used including brain atrophy, hippocampal volume, and
brain hypometabolism on FDG-PET.

Concerning the design, the randomized start or randomized withdrawal designs
are attractive but not pragmatic; moreover, they have never been successfully
implemented. A practical alternative is to conduct clinical studies, with a
classical parallel groups design within well-known cohorts where the progression
of a biomarker and a clinical outcome are monitored.

Concerning outcomes, a measure of change rather than reaching a new stage of
the disease (e.g. moving from asymptomatic at risk to prodromal AD) is less
challenging in terms of sample size and duration. It also avoids the difficulties in
assessing if and when the patient reached this new stage. A pure
neuropsychological scale or a combination of neuropsychological scales may be
recommended for preclinical AD and accelerated approval, whereas composites
such as the Clinical Dementia Rating (CDR) scale are more suitable for the
prodromal phase of the disease.

Temporary conclusion on the design of RCT——For clinical trials in preclinical
state, the major challenge is to be able to recognize specific cognitive changes with outcome

5.4. Ethical issues and the preclinical stage

Informing individuals about risk biomarkers when it is uncertain if all will progress to
clinical AD raises important ethical challenges.

Arguments in favor of a preclinical characterization and disclosure can be analyzed from the
point of view of preclinical subjects, families, clinicians, and society. Biomarker disclosure
may serve as an argument of respect for individual autonomy, of moral and legal right to
receive a specific diagnosis [270], for open and honest discussion of expression of feelings
and fears [271], to facilitate the recruitment to preclinical trials AD [272], and to formulate
advance directives [273]. In a study of public perceptions of presymptomatic biomarker
testing for AD, 90.5% of participants endorsed that they would “pursue a healthier lifestyle”
in the case of high risk for AD [274]. Evidence indicate that awareness of personal AD risk
may motivate individuals to engage in beneficial, risk-lowering behaviors [275]. For
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exceptional cases of individuals with a high measure of social responsibility and cognitive
demand (aging pilots, physicians and nurses), preclinical AD screening may find policy
applications in the future [276].

In contrast, arguments against disclosure of biomarker status are numerous, and it is a
pressing issue. For clinicians, the disclosure of diagnostic information about AD has long
been recognized as a challenging task. Moreover, the accelerating paradigm shift toward the
preclinical stage should enhance the concern about this difficulty. For patients, biomarker
status is potentially harmful knowledge as a subject can develop anxiety or depression or
even suicidal ideation [277]. Fifty-five years and older Americans fear AD more than any
other disease, such as, for example, cancer [278]. Given these intense emotions, people are
likely to strongly differ both in their desire to know whether they are at risk to develop AD
and, if they do learn the diagnosis, how they react to it. Also, family’s emotions could
impact on the interpretation and reactions of the individual-labeled preclinical AD. At a
practical level, it is possible that disclosure may have ramifications well beyond the
individual and his or her family. For instance, friendship networks may shift when peers
distance themselves. Even broader are the implications for driving privileges, employment
and insurance coverage, as individuals with AR-AD may be more vulnerable to
discrimination because of their diagnosis. Finally, bio-markers are not yet able to provide
meaningful information for care [277].

Would it be ethically acceptable treating an individual for a disease that will not be clinically
developed by the subjects? The justification of trials that enroll AR-AD subjects is to test
interventions before neurodegeneration reaches a point at which therapy is less likely to
succeed. Most cognitively normal participants in AD preclinical trials declare unwillingness
to take a study drug or site fear, anxiety, or hesitation related to medical procedures as
deterrents to a decision to enroll [272]. Subjects considering whether to accept preclinical
interventions in the scenario of being told they were at increased risk for AD, were much
more likely to express a desire to reduce this risk, and less likely to cite barriers, compared
to normal risk subjects [272]. Likewise, subjects with increased genetic risk for AD (carriers
of the e4 allele), who know their status, more frequently desire to reduce that risk (taking
vitamins or supplements) than did counterparts who learned they were noncarriers
[279,280]. These findings suggest that people who learn they have increased risk for AD
may be more likely to desire preclinical interventions.

Recommendation——In the absence of definitive answers concerning the algorithm of
progression to a clinical disease, we consider that the knowledge of biomarker status should
not be disclosed at a preclinical stage, except when well-informed subjects request the
information, in cases of high level of social responsibility and cognitive demand or in case of
inclusion in research protocols and clinical trials.

Future direction for research in the field

Currently, substantial advances in discovery, development, and validation of AD-related
biomarkers have paved the way for the era of multimodal investigations integrating
modalities and different biological fluids [263,281-283]. They are derived from
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neurogenetics [284—286], structural or functional or metabolic neuroimaging and
neurophysiology [287,288], neurochemistry on biofluids [289-291], namely CSF
[94,292,293] and blood (plasma/serum) [218,232,236,237]. The predictive performance of
this multimodal approach is not definitely established and should be analyzed in light of our
expectation (in terms of sensitivity and/or specificity) and their condition (i.e. isolated or in
combination [294,295]. Additionally, several critical opinions of regulatory agencies and
industry stakeholders in AD biomarker discovery area have been reported [2,296,297].

5.5.1. Future perspectives—Any prospective plan to substantially promote scientific
progress toward improved early characterization of preclinical AD, through improved
detection and subsequent “therapy development”, must address some crucial challenges. The
major scientific-technical barriers that must be surmounted include

. The formulation of new ideas and/or conceptual models on the origins of AD.
Current treatments are woefully inadequate to provide lasting symptomatic relief.
Also present approaches and/or paradigms for therapy development, primarily
based on prevailing ideas on etiology have not been productive; thus, there is a
need to re-evaluate our thinking and assumptions about the pathogenesis of
dementia/AD.

. Untangling the biologic complexities of a polygenic brain condition. AD is
manifested in different forms, where multiple factors (genes, life-style, co-
morbid conditions, and so forth] interact to generate disease/syndrome. Thus,
one of the important challenges is the need for: (1) discoveries-knowledge to
understand the new biology of complex brain disorders and (2) the development
of appropriate computational resource-tools to solve the interactions among all
key variables from the perspective of systems biology and systems
neurophysiology.

. The development-validation of novel technologies/computational algorithms for
accurate identification of asymptomatic individuals at risk. The actual
degenerative process of AD starts several decades before the clinical symptoms
appear or before any behavioral and/or clinical signs can be detected with the
current technologies. Thus, one of the important challenges is to detect or
measure earliest and smallest changes that will accurately predict with high
degree of certainty an individual’s risk profile, that is, prognosis for future
expression of symptom or disease onset. This problem will require new
computational capabilities/resources for accurately predicting the consequences
of early molecular changes [biomarkers] on subsequent expression of clinical
feature-symptoms, that is, understand the causal relationship between early
biological indicators and clinical features of the disorder.

. The creation of large international databases with shared research resources and
infrastructures. To attain the strategic objectives of a well-harmonized
international initiative to accelerate therapy development will require, as an
essential prerequisite, ready availability of very large numbers of well-
characterized and well-diversified subjects-volunteers—thus, the need to create
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an international-shared resource capability for collecting multinational
longitudinal data on large numbers of healthy aging and preclinical AD subjects.
This broad social-scientific initiative should proceed in concert with advances in
basic understanding of the biology of AD that includes developing animal
models that better reflect the disease in humans, understanding interactions
between b-amyloid and tau, understanding tau templating, and transmission and
cell-signaling pathways.
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GLOSSARY
Lexicon used in the article.
State versus stage

“State” refers to a given pathophysiological framework (state of asymptomatic at-risk
versus state of Alzheimer’s disease), whereas “stage” refers to a degree of disease
progression within a given state (preclinical, prodromal, and dementia for AD).

Alzheimer’s disease

AD is defined by the positivity of biomarkers of both amyloidopathy (A1) and tauopathy
(T2) in line with the pathologic definition of the disease. Therefore, two phases of the
disease can be distinguished in the continuum:

. A clinical stage (“clinical AD”) defined by the occurrence of the clinical
phenotype of AD (either typical or atypical) and which encompasses both the
prodromal and the dementia stages;

. A preclinical stage (“preclinical AD”) before the onset of the clinical
phenotype. The development of biomarkers of Alzheimer pathology makes
possible to recognize AD before the onset of the specific clinical phenotype.

Asymptomatic at risk for AD

This state consists of cognitively normal individuals for whom the biomarker pattern is
insufficient to reach the above definition of AD. They can be characterized by the
positivity of the pathophysiological biomarker (i.e. either “Asymptomatic A+” or
“Asymptomatic T+”).
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RESEARCH IN CONTEXT

Systematic review: The authors reviewed the literature using traditional
(PubMed) sources and meeting abstracts. During the past decade, a
conceptual shift occurred in Alzheimer’s disease (AD) area considering the
disease as a continuum. Thanks to evolving biomarker research and
substantial discoveries, it is now possible to identify the disease at the
preclinical stage, before the occurrence of the first clinical symptoms.

Interpretation: The preclinical stage of AD has become a major research focus
as the field postulates that early intervention may offer the best chance of
therapeutic success. A clarification is needed about the definitions and
lexicon, the natural history, the markers of progression at this asymptomatic
stage. This article aims at addressing all these issues by providing for each of
them an updated review of the literature.

Future directions: Any prospective plan to substantially promote scientific
progress toward improved early characterization of preclinical AD must
address crucial challenges.
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According to stage

| ONSET of AD clinical phenotype (typical or atypical)

> € =
)
1
Preclinical AD : Clinical AD
i
According to state
Amyloid + | Amyloid + AND Tau +
OR Tau + i
>ie— >
I
I
AR-AD | | Alzheimer’s disease
i
]
!
Fig. 1.

Proposal for a unified lexicon for preclinical AD. Abbreviation: AD, Alzheimer’s disease.
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Risk for
AD Influencing factors sentinels
ApoE 4, age, genetic factors, Functio_nal/structural
I circulating agents, comorbidity ... Connectivity, FDG-PET
L2 cognitive/brain reserve subjective feelings...
©
g \ o
2- Clinical AD
= dynamic process
@ of progression
| — clinicalthreshold _ _ _ _ _ _ _ o N - e
2 —
£ BM (+)
8
=
E
>
@
L BM (-)
Fig. 2.

The risk of clinical AD-hypothetical model. Abbreviation: AD, Alzheimer’s disease; BM,

pathophysiological biomarkers.
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