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The complexity of early-onset Alzheimer’s
disease

Alzheimer’s disease is defined neuropathologically by abnor-
mal extra-cellular β-amyloid plaques combined with
intraneuronal tau aggregation (neurofibrillary tangles).
Observations showing that patients with different clinical pre-
sentations and evolutions share the same neuropathological
features have led to the notion of an Alzheimer’s disease spec-
trum encompassing typical and atypical forms of Alzheimer’s
disease [1, 2].

In more than 80% of the cases, Alzheimer’s disease is a
late-onset disease (arbitrarily defined as patients aged
65 years old or more) with deficits of episodic memory.
A dementia prodromal stage called mild cognitive impair-
ment (MCI) aggravates progressively over several years
while extending to the language, visuospatial, praxis, and
executive domains. In contrast, the less frequent early-
onset (< 65 years old) Alzheimer’s disease patients usual-
ly present at diagnosis with a more dramatic multidomain
cognitive impairment involving memory, attention, lan-
guage, visuospatial, and executive deficits. Unlike the
typical form in elderly, MCI rarely precedes serious cog-
nitive impairment in early-onset Alzheimer’s disease pa-
tients, who often also show a faster evolution towards

severe stages. Moreover, a large proportion of early-
onset Alzheimer's disease patients present “atypical” clin-
ical forms, with predominant and/or isolated deficits of
language, visuospatial, motor, or executive/behavioural
functions [2].

In the past decade, pioneering anatomopathological
studies [1, 3] and the use of cerebrospinal and imaging
biomarkers for Alzheimer's disease have increased em-
phasis on the phenotypic variability of early-onset
Alzheimer’s disease. Typical Alzheimer’s disease patients
show medial temporal atrophy and mild-to-moderate pos-
terior brain hypometabolism, while in atypical variants,
extensive posterior cortical damage stands in contrast with
the relative sparing of the medial temporal lobe. The dis-
tribution of tau pathology, the neuronal cell loss, and the
disruption of network also differ among early-onset
Alzheimer’s disease variants (Fig. 1).

Accordingly, atypical Alzheimer’s disease variants were
added to the revised diagnostic criteria for Alzheimer’s dis-
ease successively in 2010, 2011 [4], and 2014. In the latest
updated version [5], the diagnosis of atypical Alzheimer’s
disease requires the presence of (1) a clinical phenotype con-
sistent with one of the atypical presentations (visual/posterior
variant, logopenic variant of primary progressive aphasia, and
frontal variant) and (2) biological, genetic, and/or in vivo
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molecular imaging signs supporting the diagnosis of
Alzheimer’s disease. However, more new clinical phenotypes
have recently been identified as clinical variants of
Alzheimer’s disease, including patients with semantic variant
of primary progressive aphasia [6] or with corticobasal

syndrome [7]. Those new clinical variants add to the taxono-
my of Alzheimer’s disease, highlight a large variability among
patients, and importantly pose major challenges for the diag-
nosis of early-onset Alzheimer variants [8], emphasizing the
importance of in vivo biomarkers for diagnosis.

Fig. 1 Representative brain FDG-PET/MRI scans of patients with
atypical AD. FDG-PET overlaid on T1-weighted MRI in axial, sagittal,
and coronal views; sagittal sections display the left hemisphere. Upper
panel: Early-onset AD in a 46-year-old man with 2 years of symptoms
duration and CSF tau and amyloid-β levels suggestive of AD. (A) At the
time of diagnosis, MRI demonstrated a moderate atrophy in the parietal
cortex with no hippocampal atrophy, whereas FDG-PETshowed a severe
cortical hypometabolism, particularly in the bilateral temporoparietal
cortex including the precuneus (arrow). (B) 3 years later, cortical
atrophy and hypometabolism involved massively the posterior cortex
and extended through the left prefrontal cortex (arrow). Bottom right
panel: Logopenic variant of primary progressive aphasia in a 64-year-
old man with 2 years of disease duration and a CSF biomarker profile
suggestive of AD. Neuroimaging shows focal atrophy and decreased
metabolism in the left temporoparietal junction (arrow) as well as an
accentuated atrophy of the left perisylvian cortex. Hippocampi are

relatively preserved. Bottom left panel: Visual variant (also called
posterior cortical atrophy) in a 63-year-old woman with symptoms
duration of 4 years and a positive CSF AD biomarker profile. The
relative preservation of hippocampi is accompanied by accentuated
atrophy and severe left > right hypometabolism of the posterior
associative cortex, particularly in the occipital cortex (arrow).
Altogether, these examples show specific regional imaging phenotypes
of early-onset atypical AD patients correlated with their clinical
presentation, namely the occipital for the visual variant and the left-
lateralized temporal cortices for the logopenic language variant. As
illustrated by Sala et al., the parietal cortex is nearly always damaged,
irrespective of clinical presentation. This suggests a specific vulnerability
of parietal areas especially in atypical AD whereas hippocampi are
relatively preserved. L, left; R, right; AD, Alzheimer’s disease.
Unpublished data by A.K. and R.M.
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Neuroimaging of early-onset Alzheimer’s
disease

Over the last two decades, neuroimaging has been of capital
importance to support underlying pathophysiological assump-
tions about the disease and has largely contributed to the evo-
lution of diagnostic approaches. Three well-established neu-
roimaging markers are now included in the revised criteria for
amnestic (typical) forms of Alzheimer’s disease [5]: hippo-
campal atrophy assessed by MRI, temporoparietal
hypometabolism shown by FDG-PET, and increased brain
amyloid deposition using fibrillar amyloid PET. Importantly,
access to imaging biomarkers greatly increases the probability
of posing Alzheimer’s disease diagnosis, even in preclinical/
predementia stages [5].

A pressing challenge for neuroimaging is to decipher the
complexity of Alzheimer’s disease by identifying the neural net-
works involved with anatomical, functional, and clinical variants
[9]. In typical Alzheimer’s disease, the patterns of brain damage
strongly map a resting state fMRI network called the default
mode network, whose major nodes include the posterior cingu-
late cortex and precuneus, the medial prefrontal cortex, and the
inferior parietal cortex. The default network is typically impaired
in late-onset Alzheimer’s disease patients. Conversely, in early-
onset patients, the loss of functional connectivity is greater in
other networks than in the default network, e.g., the language
network in logopenic language variants, and the higher visual
network in visual variants [10]. These observations suggest that
Alzheimer’s disease pathology possibly originates in a common
network, most likely the default mode network anatomically
centred on the parietal lobes, and that clinical heterogeneity
may reflect the different pathways of pathological propagation
from the default mode network into distinct “off-target” function-
al networks [10, 11].

Can molecular PET imaging help to evidence the pheno-
typic diversity of Alzheimer’s disease and reveal if and how
the regional distribution of the pathologicalβ-amyloid and tau
proteins explain the clinical expression of Alzheimer’s dis-
ease? So far, amyloid PET studies of typical or atypical
early-onset of Alzheimer’s disease patients have shown dif-
fuse cortical β-amyloid deposits, regardless of the clinical
presentation, and have not demonstrated a correlation between
the cognitive profile, metabolic changes, and the distribution
of the pathological protein. Moreover, no distinct regional
pattern between focal and diffuse Alzheimer’s forms has been
found with this family of radiotracers [12, 13]. In contrast,
PET tracers targeting tau have demonstrated a close correla-
tion between the distribution of tau deposits and the clinical
phenotype. Furthermore, the cerebral distribution of patholog-
ical tau protein mirrors the metabolic patterns observed with
fluorodeoxyglucose (FDG), the workhorse of PET imaging:
hypometabolism is pathologically a close consequence of in-
tracellular pathological tau deposits [13, 14]. In brief, while

the distribution of β-amyloid is diffuse, the location and den-
sity of tau accumulation is regionally correlated with the cog-
nitive symptoms, cerebral blood flow, atrophy, and metabolic
changes in early-onset Alzheimer variants [13].

Translation to the clinical practice

Another challenge for neuroimaging is to benefit routine clin-
ical practice. To this end, the results of neuroimaging research
must be translated from group studies to individual patients. In
this issue of The European Journal of Nuclear Medicine and
Molecular Imaging, Sala and coworkers [15] explore the pat-
terns of brain hypometabolism using FDG-PET in early and
atypical Alzheimer’s disease patients, both at the group- and
single-subject level. They show that each clinical phenotype is
associated with group-specific brain regions and networks,
namely in the occipital, left-side, or frontal brain regions.
Moreover, they obtain a remarkably high consistency of the
metabolic patterns with the clinical presentation at the single-
subject level and confirm that the parietal lobes are almost
always damaged (in more than 90% of patients), irrespective
of the clinical presentation [16].

By transposing their results from groups to single subjects,
Sala and collaborators [15] emphasize the power of PET im-
aging for clinical practice. They show that group-defined-
specific patterns of brain hypometabolism are applicable to
study individual Alzheimer’s disease patients. Moreover, they
evidence that metabolic patterns acquired at the prodromal
stage can discriminate among Alzheimer’s disease variants,
as well as between typical Alzheimer disease and non-
Alzheimer dementia conditions (i.e., Lewy body dementia
and behavioural variant of frontotemporal dementia). These
findings support FDG-PET as a relevant imaging biomarker
for diagnostic and prognostic purposes in clinical practice.

Longitudinal follow-up of the dynamic patterns of
Alzheimer’s disease biomarkers, such as grey matter loss and
in vivo PET imaging of tau, metabolism, and amyloid deposits,
can contribute significantly to understand the evolution of early-
onset atypical forms of AD [17]. Atypical forms differ from
amnestic Alzheimer disease not only because they first hit differ-
ent sites of the brain but also because they show different spatial
and temporal patterns in the progression of brain damage [18].
Along this line, Vanhoutte et al. [19] suggested that the decline of
glucose metabolism in amnestic forms progresses along an
anterior-to-posterior axis, whereas in non-amnestic forms, it pro-
gresses along a posterior-to-anterior axis. Recently, a 1-year fol-
low-up study of Alzheimer’s disease variants combining MRI,
tau, and amyloid PET [17] found a similar cortical pattern of Aβ
deposition that did not change over time. In contrast, higher tau
burdens at baseline in the frontal, parietal, and occipital regions
correlated with larger atrophy of these regions a year later.
Interestingly, tau accumulation and atrophy presented different
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regional patterns: while MRI showed that atrophy predominated
in the temporoparietal and occipital cortices, pathological tau
deposits spread into the frontal lobes, suggesting a temporal dis-
connection between protein deposition and neurodegeneration.

The results reported in this issue by Sala and collaborators
[15] raise the hope to improve our diagnostic performance of
atypical Alzheimer’s disease variants in individual patients.
They must now be confirmed and, given the rarity of atypical
Alzheimer’s disease patients, call for a collective effort to build a
global database and federate studies from different teams. This
will boost our understanding of the diversity of the clinical pre-
sentations and evolutions of Alzheimer’s disease. Combining
multiple imagingmodalities [20], such as tau and FDG-PETwith
fMRI (which can be done simultaneously using PET-MRI),
would allow to explore the consequences of pathological de-
posits on functional networks and better understand the patho-
logical course of Alzheimer’s disease. Importantly, the work of
Sala et al. emphasizes that, although it is less specific for
Alzheimer’s disease than “pathophysiological” tracers (i.e., those
targeting tau and amyloid), the easily accessible FDG is a pow-
erful and efficient diagnostic tool for the diagnosis of amnestic
and atypical Alzheimer’s disease, even in prodromal phases. The
authors’methodology could also be applied to atypical profiles in
older Alzheimer patients, in whom comorbidities greatly affect
diagnosis and treatment, in order to disentangle the specific pat-
terns of brain damage due toAlzheimer’s disease pathology from
those linked to copathologies. In typical late-onset Alzheimer
patient, imaging could help to predict the progression from
predementia (MCI) to dementia. Ultimately, the methodology
used by the authors could be implemented in clinical settings
as computer-aided diagnosis.
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