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Alzheimer’s disease (AD) gold standard diagnosis is the de-
tection of amyloid plaques and neurofibrillary aggregates of
hyperphosphorylated tau at autopsy. The developments in the
diagnostic field over the last two decades have made these
neuropathological processes partly accessible in vivo by two
main classes of biomarkers: molecular imaging and laboratory
measures. Molecular imaging, using specific PET radio-
tracers, allows visualizing the presence of amyloid and tau
in the brain; laboratory assessments provide indirect evidence
measuring the release or retention of specific amyloid and tau
isoforms in the cerebrospinal fluid (CSF) and more recently,
with the development of high-sensitivity systems, also in
plasma.

Over the past few years, there have been major advances
both in the molecular imaging and fluid biomarker research.
In order to be employed in clinical practice, biomarkers should
be investigated systematically for their validity, i.e., their abil-
ity to discriminate true-positive from true-negative cases ac-
curately and consistently across clinical contexts. The main

steps of the validation process of AD biomarkers have been
formalized in a Strategic Biomarker Roadmap, resulting from
the collaborative work of a group of experts in the diagnosis of
cognitive disturbances and biomarkers [1]. The roadmap, up-
dated based on recent theoretical advancement [2], outlines
the methodology required to produce and assess evidence of
analytical validity, clinical validity, and clinical utility for each
biomarker. This framework provides therefore a systematic
tool to identify the gaps in knowledge that should be filled
with priority to allow evidence-based clinical and policy de-
cisions. Only once the analytical and clinical validity of a
biomarker are proven can its utility (i.e., the impact of the
biomarker-based diagnosis on clinically relevant outcomes)
be properly assessed.

PET tracers specific for amyloid pathology, tested in
clinical studies since 2004, have already proven their an-
alytical validity and are currently evaluated in large-scale
phase 4 studies testing clinical validity and collecting data
for clinical utility [3, 4]. Tracers specific for tau pathology
represent a more recent advance. The first ligands de-
scribed, the so-called first-generation tracers, have been
introduced in clinical studies in 2013. Among these,
18F-flortaucipir (Tauvid) was approved for use by the
Food and Drug Administration earlier this year (https://
www.fda.gov/drugs/drug-approvals-and-databases/drug-
trial-snapshot-tauvid). In parallel, a number of new
ligands (second-generation tracers), purportedly with
greater sensitivity and specificity, are currently under
evaluation. Their level of maturity within the Strategic
Biomarker Roadmap structure is summarized in the
contributions by Wolters, Chiotis, and Bischof [5–7].

Laboratory assessments of amyloid and tau pathology have
also significantly advanced over the last years. CSF measures,
currently routinely used in clinical practice, have improved
their standardization across centers through unified protocols
for sampling, handling, and storage and the introduction of
fully automated assays [8]. The introduction of novel technol-
ogies with greatly increased sensitivity has also allowed the
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reliable detection of the molecular isoforms of amyloid and
tau in the plasma, showing excellent accuracy to discriminate
true positives from true negatives [9].

These considerable advances in molecular imaging and
fluid biomarkers emphasize the need to direct focused ef-
forts to their clinical translation. One of the crucial steps in
this direction is their comparison and combination, as
highlighted by the roadmap structure. Comparative data
between novel and established diagnostic procedures are
required to establish evidence-based standards of best care.
This entails finding strategies to quantify and compare
complex dimensions that, beyond analytical and clinical
validity, include costs, accessibility, and patient prefer-
ences and impact on health care and society. Multiple stud-
ies have shown that the results of molecular imaging and
fluid assessment of the same molecular target, amyloid or
tau, are correlated, but the agreement among measures is
not perfect and variable across studies [8, 9]. This is linked
to the intrinsic nature of the test: molecular imaging tools
can follow pathology accumulation across different brain
topography stages, while changes in fluid might be more
sensitive to the earliest change of state, from negative to
positive, less sensitive to disease progression over more
advanced stages and of course insensitive to topography.
These diagnostic tools differ not only in terms of accuracy
across disease phases but also in terms of accessibility,
invasiveness, and costs. Comparative studies should name-
ly measure the incremental diagnostic value provided by a
test, i.e., not only its diagnostic performance but also its
added value when other information, for example the result
of gateway or other tests, is already available. There are
only a few diagnostic studies measuring this parameter
[10–12], one in this issue comparing the incremental diag-
nostic value of amyloid PET and tau PET [13]. The limited
evidence on the comparison and combination of bio-
markers presumably contributes to explain the variable
policies for coverage across countries and the lack of wide-
ly accepted detailed diagnostic algorithms [1, 2].
Moreover, diagnostic algorithms need to be specific for
different contexts of use. The recently developed opportu-
nity to measure pathology in plasma, in particular, opens
an unprecedented perspective of non-invasive and low-cost
assessment, which could be proposed as the gateway to
more invasive and expensive tests, such as CSF and imag-
ing, within the usual diagnostic procedure, and may also be
used for population screening. For the first scenario, some
studies already propose adapted thresholds in view of sub-
sequent investigations of amyloid status by amyloid PET,
although not yet for tau [14, 15].

One of the obstacles to build the evidence needed to com-
pare and combine biomarkers might lag in the fact that bio-
markers in AD stem from two different areas of diagnostic
medicine, namely imaging and laboratory medicine, most

often working as independent entities with limited exchanges.
These disciplines are split in terms of training, technological
platforms, and clinical reporting and workflow, despite shar-
ing questions, objectives, and often challenges. The larger
introduction of information technology cannot per se over-
come this dichotomy, as diagnostic decision support systems,
which ideally would be able to combine data of different na-
ture, are most commonly designed to guide only the choice for
the best imaging test or the best laboratory test to be recom-
mended in a given condition [16]. An increasingly advocated
approach, already a reality in some institutions, is to enhance
the cross-talk between diagnostic disciplines into an “integrat-
ed diagnostics” approach [17, 18]. Multiple studies have
shown an added value of the integration of results of different
modalities, e.g., imaging and pathology or imaging and labo-
ratory tests, in oncology, cardiovascular diseases, and infec-
tious diseases [19]. The combination of different tests in inte-
grated reports and multidisciplinary analyses has been shown
to reduce the rate of misdiagnoses and equivocal findings in
these clinical fields and improve management in case of con-
flicting results [18].

In our view, the implementation of “integrated diagnostics” in
AD could be beneficial in many respects. Integrated reports of
imaging and fluid findings could leverage on the strengths and
weaknesses of both techniques with an added diagnostic value.
The collection of comparative evidence could be facilitated by an
increased collaboration across fields. Finally, experts in integrat-
ed diagnostics in AD would be the ideal partner for clinicians to
appropriately build diagnostic algorithms and accelerate an
evidence-based larger scale adoption of AD biomarkers.
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