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In 1984, consensual criteria for Alzheimer’s disease (AD)
were published, which were fully based on symptoms as
tracked by clinical and neuropsychological examinations [1].
More than 20 years later, revised criteria have been proposed,
progressively integrating biomarkers, until 2018 when the
newly proposed research criteria exclusively relied on bio-
markers [2—4]. This shift from one extreme to the other has
been controversial [5]. Wherever we stand in this debate, it
must be acknowledged that early diagnosis of neurodegener-
ation as well as reliable etiological diagnosis of the causes
underlying cognitive decline remains challenging on the basis
of merely clinical assessment. Biomarkers have demonstrated
great value in that respect and, accordingly, they are playing
an increasing role. There is also general agreement that com-
bining biomarkers improves diagnostic accuracy [6, 7].
Consequently, biomarker development is booming, broaden-
ing the spectrum of available modalities (magnetic resonance
imaging (MRI), positon emission tomography (PET), cerebro-
spinal fluid (CSF), upcoming blood biomarkers), and the pa-
thologies to be assessed (neurodegeneration, amyloid, tau oc-
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synuclein, neuroinflammation, synaptic density, etc.) (Fig. 1).
However, faced with this arsenal of biomarkers, uncertainty
has arisen regarding appropriate combination and/or order in
which these biomarkers should be used in diagnostic
evaluations.

In an article published as a Personal View in the Lancet
Neurology in November 2020 [8], we thus proposed a diag-
nostic algorithm aiming at providing consensus recommenda-
tions for the optimal ordering of the most validated bio-
markers into meaningful sequences depending on the clinical
presentation. This article was the end result of intensive de-
bates and discussions from a multidisciplinary group of ex-
perts and opinion leaders from all over the world, comprised
of nuclear medicine physicians, radiologists, neurologists,
geriatricians, psychiatrists, clinical and basic neuroscientists,
and patient-advocates, who met January 30—February 2,2019,
in Cannes (France) under the auspices of the European
Association of Nuclear Medicine (EANM) to discuss the cur-
rent role and the future potential of PET neuroimaging in
dementia. The members of the EANM Neuroimaging
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Fig. 1 Examples of
neuroimaging scans obtained
with MRI or PET for primarily
clinical use (left) to mainly
research-oriented application
(right). TSPO translocator pro-
tein, SV2A synaptic vesicle
glycoprotein
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committee involved in this task by that time were invited to
summarize the results of this paper for the European Journal of
Nuclear Medicine and Molecular Imaging. To reach agree-
ment, the specific strengths, respective and relative advan-
tages, and disadvantages of each biomarker were carefully
reviewed, weighted, and discussed in a structured process
throughout five tracks, covering their use for early and differ-
ential diagnosis, clinical acceptance, use in research, and fu-
ture developments, each ending with a controversy discussion
followed by a consensus achievement.

We started by acknowledging the respective strengths and
limitations of CSF versus PET biomarkers. This has particular
relevance with regard to assessment of amyloid-pathology,
where both CSF and imaging biomarkers are established and
available. Briefly, CSF assessment is less expensive while
amyloid-PET allows for better staging and monitoring of the
extent and location of pathology. In addition, amyloid-PET
can be applied when lumbar puncture is contraindicated or
refused by the patient. The experts proposed to use these bio-
markers also depending on local availability and expertise.

Next, the respective utility of the most validated imaging
biomarkers for dementia were reviewed, which actually are
already used in many academic memory clinics to support
assessment and management of patients, and their specific
utility in each of the main groups of neurodegenerative dis-
eases (Alzheimer’s disease, frontotemporal lobar degeneration
(FTLD) spectrum, and parkinsonian syndromes (PS)).

What was agreed across panellists was that:

—  Structural imaging should be proposed as a first step (fol-
lowing clinical and neuropsychological evaluation), as it
allows for detection of other pathologies that could be
responsible for cognitive decline, helps to assess presence
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and degree of co-morbidities, and because both topo-
graphical patterns and degree of atrophy are associated
with specific neurodegenerative conditions and their se-
verity. Yet, specificity is low and sensitivity is lower than,
e.g., FDG-PET for neurodegeneration, so that additional
biomarker assessment is often required;

FDG-PET imaging has proved to be useful for early di-
agnosis since it can show the AD characteristic patterns of
neurodegeneration at the mild cognitive impairment
(MCI) stage earlier than MRI; it even has demonstrated
added value to predict clinical outcome in people with
MCI and a positive amyloid-PET, as a normal FDG-
PET scan would predict clinical stability while an abnor-
mal FDG-PET would indicate cognitive deterioration, in-
dependently from the result of the amyloid test. Finally, it
is useful for staging of disease and for differential diag-
nosis, because the patterns of brain hypometabolism are
closely associated with type and severity of cognitive
deficits, and they are distinct in different neurodegenera-
tive diseases. Its main limitation, however, is that the
detected patterns of hypometabolism do not allow to draw
definite conclusions with regard to the underlying
neuropathology.

Amyloid-PET imaging on the other hand allows non-
invasive in vivo detection of amyloid plaques—one of
the main neuropathological landmarks of AD—with very
high sensitivity and specificity. It is considered to have
great value in reliably establishing the etiological diagno-
sis of AD in patients suffering from dementia, including
clinically atypical variants of AD. A negative amyloid-
scan on the other hand can exclude AD as a reason for
cognitive impairment. In large prospective trials,
amyloid-imaging has demonstrated to result in changes
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in management in more than half of the patients studied.
Amyloid-PET is considered to have higher sensitivity
than FDG-PET for predicting progression from MCI to
AD dementia, while FDG-PET has higher specificity and
better accuracy for predicting short-term progression.
According to appropriate use criteria [9], amyloid-
imaging is recommended in MCI, in patients with atypi-
cal clinical presentation, suspected mixed pathology or
with early-onset cognitive decline. Panellists agreed that
it could have utility beyond these indications and ongoing
studies are, e.g., testing its value in subjects with subjec-
tive cognitive decline [10]. Amyloid-imaging does not
allow for differentiation between distinct amyloid-
positive disorders, and positive amyloid scans are found
in about one third of cognitively unimpaired elderly with
yet unknown clinical relevance [11].

As for the specific cases of FTLD spectrum and PS, which
represent frequent differential diagnoses to AD, the panellists
agreed that:

— In the FTLD spectrum, FDG-PET has a long-standing
role based on signature patterns of hypometabolism asso-
ciated with specific clinical syndromes, while amyloid-
PET has proven useful in discriminating AD from FTLD,
as amyloid plaques are typically not part of the FTLD
neuropathological spectrum. Amyloid-PET is thus useful
when a differential diagnosis between AD and non-AD
causes of dementia is needed, while FDG-PET can fur-
ther address differential diagnosis within the FTLD spec-
trum in patients who are amyloid-negative, or when the
final diagnosis is still unclear after amyloid-PET or CSF
analyses.

—  As for PS, assessment of integrity of the nigrostriatal do-
paminergic pathway with presynaptic dopaminergic imag-
ing, such as DaT-SPECT or FDOPA-PET, is recommend-
ed and approved by regulatory authorities to support the
differential diagnosis between PS and AD. It may not be
sufficient, however, as dopaminergic deficits can be pres-
ent in all neurodegenerative PS. Therefore, FDG-PET can
be very useful here to distinguish between the different PS.
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Fig. 2 Proposed algorithm for early and differential diagnoses of
dementia. ' Exclusionary and inclusionary role: exclusion of neoplastic,
vascular, and inflammatory changes supporting non-neurodegenerative
aetiologies and evaluation of topography of atrophy might inform on
the neurodegenerative disease (but FDG-PET might be more sensitive
and accurate). > Additional biomarker assessment is required after clinical
and structural imaging information if tailored therapy concepts are the
aim or if decisions depend on a conclusive diagnosis and prognosis. In
contrast, if clinical and structural imaging information both converge
towards a specific diagnosis, or if consequences of the diagnosis are

@ Springer

FDG-PET 4

*FDG-PET pattern not typical for specific
diagnosis; OR
« AR-status required; OR
* Atypical AD possible

}

<«  Presynaptic dopaminergic imaging
(e.g. DaT-SPECT, FDOPA-PET)

‘

ONLY IF
- Equivocal findings; OR
- Scan & clinical findings not matching with
specific diagnosis

|

AB-PET or CSF 3

limited (e.g., other comorbidities dominating patient prognosis), then no
further assessment is needed. * Whatever is established/available and
preferred; always AB-PET if CSF is contraindicated or inconclusive. *
Age and APOE status (when available) may influence the use of FDG-
PET even before amyloid-PET especially in individuals with available
but inconclusive CSF results. Analyses of FDG-PET images should also
take into account comorbidities, i.e., uncontrollable diabetes, brain trau-
ma, chronic ischemia, and some medications (e.g., psychotropic drugs or
corticosteroids) that can alter cerebral metabolism



Eur J Nucl Med Mol Imaging (2021) 48:2320-2324

2323

Based on these different statements, the expert panel
proposed an algorithm with 3 possible pathways with dis-
tinct sequences of biomarkers, depending on the clinical
presentation of the patients (Fig. 2). As mentioned above,
the 3 pathways start with clinical and neuropsychological
examinations followed by structural MRI, whenever pos-
sible. In cases where AD appears to be the most probable
diagnosis, an amyloid-PET scan is recommended next (if
there are uncertainties or inconsistencies from previous
examinations or if information on amyloid status is re-
quired), followed by an FDG-PET scan in specific situa-
tions that require further information, e.g., on short-term
prognosis. The second pathway is recommended when
AD does not appear to represent the most probable diag-
nosis and no characteristic symptoms for a movement dis-
order are present. The panel of experts argued that in
these cases, the amyloid status is more likely to be nega-
tive, which would potentially not contribute much to the
differential diagnosis, while FDG-PET could provide con-
clusive information on the specific (amyloid-negative) de-
generative diseases. From there, an amyloid-PET scan
could be proposed only in cases who do not show an
FDG-PET pattern typical for a specific diagnosis, if atyp-
ical AD is possible or if the amyloid status is required.
Finally, the third pathway concerns patients presenting
with movement disorder symptoms in which the first step
would obviously be to confirm the presence of dopami-
nergic deficits indicative of neurodegenerative PS with
presynaptic dopaminergic imaging. Next, FDG-PET
would be proposed to further specify the diagnosis
amongst the different neurodegenerative PS, or if diagnos-
tic uncertainties remain. Finally, amyloid testing might be
necessary in few cases where atypical AD remains
possible.

It is both early and late to propose this diagnostic algo-
rithm. Early because no standard answers can be provided
yet with regard to cost efficicacy and efforts needed to gener-
alize the suggested practice and because prospective data on
clinical utility are still being collected on some of the bio-
markers; late because biomarkers are already in use, but in-
consistently, e.g., in many academic memory clinics, so that
there is obvious need for consensual recommendations.
Because the goal was to define priority and useful order of
the best validated biomarkers already in clinical use, we did
not include rapidly developing and upcoming biomarkers
such as tau-PET or blood biomarkers. This would need to be
incorporated in the future as (i) blood biomarkers are rapidly
evolving and demonstrating efficiency and (ii) one tau-PET
tracer (flortaucipir F18; Tauvid; Avid Radiopharmaceuticals)
already received approval from the US Food and Drug
Administration for patients being evaluated for AD.
Similarly, dual-phase imaging and integrated PET/MRI are
other on-going developments that have potential to impact

the proposed algorithm in the future, allowing the acquisition
of multiple biomarkers in a one-stop manner.
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