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Abstract
Purpose To review how outcomes of clinical utility are operationalized in current amyloid-PET validation studies, to prepare for
formal assessment of clinical utility of amyloid-PET-based diagnosis.
Methods Systematic review of amyloid-PET research studies published up to April 2020 that included outcomes of clinical
utility. We extracted and analyzed (a) outcome categories, (b) their definition, and (c) their methods of assessment.
Results Thirty-two studies were eligible. (a) Outcome categories were clinician-centered (found in 25/32 studies, 78%), patient-/caregiver-centered (in 9/32 studies, 28%), and health economics-centered (5/32, 16%). (b) Definition: Outcomes were
mainly defined by clinical researchers; only the ABIDE study expressly included stakeholders in group discussions. Cliniciancentered outcomes mainly consisted of incremental diagnostic value (25/32, 78%) and change in patient management (17/32,
53%); patient-/caregiver-centered outcomes considered distress after amyloid-pet-based diagnosis disclosure (8/32, 25%), including quantified burden of procedure for patients’ outcomes (n = 8) (1/8, 12.5%), impact of disclosure of results (6/8, 75%), and
psychological implications of biomarker-based diagnosis (75%); and health economics outcomes focused on costs to achieve a
high-confidence etiological diagnosis (5/32, 16%) and impact on quality of life (1/32, 3%). (c) Assessment: all outcome
categories were operationalized inconsistently across studies, employing 26 different tools without formal rationale for selection.
Conclusion Current studies validating amyloid-PET already assessed outcomes for clinical utility, although non-clinician-based
outcomes were inconsistent. A wider participation of stakeholders may help produce a more thorough and systematic definition
and assessment of outcomes of clinical utility and help collect evidence informing decisions on reimbursement of amyloid-PET.
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Introduction
In recent years, numerous steps forward have been made in
Alzheimer’s disease (AD) diagnostic procedures.
Pathophysiologic diagnostic biomarkers support a diagnosis at
early stages of the disease and can detect it even at preclinical
stages [1, 2]. However, translating such biomarkers from an
experimental setting to daily clinical practice requires evidence
of clinical utility [3] and cost effectiveness, to support regulatory approval, clinical recommendations, and reimbursement of
the test. Clinical utility can be defined as the impact produced
by the use of the diagnostic biomarker on patient-centered
health outcomes, such as preventing death, restoring, or maintaining health and well-being. However, giving the complexity,
the duration, and the limited array of treatment of AD and
related disorders, this target is difficult to operationalize.
The 2017 strategic biomarker roadmap provided a methodological framework for the systematic validation of AD diagnostic biomarkers into 5 phases, assessing analytical validity
(phases 1–2), clinical validity (phases 3–4), and clinical utility
(phase 5) [4, 5] (Fig. 1). While phases 1–3 assess the diagnostic
accuracy of biomarkers and define their operating procedures
in controlled experimental conditions, phase 4 replicates the
studies assessing biomarker clinical validity in real-world contexts. Here, patient cohorts are less strictly selected, and diagnostic protocols may be less rigorously complied with.

Fig. 1 The strategic biomarker roadmap validation phases targeted by the
studies included in this review [5, 6]. This figure is a derivative from “The
Strategic Biomarker Roadmap for the validation of Alzheimer’s
diagnostic biomarkers: methodological update” by M. Boccardi et al
[6], used under a Creative Commons Attribution 4.0 International
License CC-BY (http://creativecommons.org/licenses/by/4.0/legalcode).
The outcomes of interest for this review are those relative to phase 4 and
phase 5 that is not yet investigated in amyloid-PET studies. Phase 4
studies require to replicate evidence of clinical validity in real world
samples, and allow to collect preliminary information concerning costs
and impact on disease burden, thus preparing the methods required for the
systematic evaluation of clinical utility in phase 5 studies. Therefore,
phase 4 studies include preliminary measures of clinical utility answering

Importantly, in phase 4 patients are not only diagnosed but also
treated according to a diagnosis that is formulated also based on
the biomarker under validation. This clinical research context
allows collecting preliminary information concerning costs and
impact on disease burden and is the proper context to prepare
the methods required for the systematic evaluation of clinical
utility that will take place in phase 5 studies. The final evidence
of clinical utility is eventually required to define clinical guidelines by professional and scientific institutions [2] as well as by
other bodies like, for example, Health Technology Agencies, to
support policy decision-making concerning the reimbursement
of scientific innovations [3, 7, 8].
A definition of clinically meaningful outcomes and of their
assessment tools is thus mandatory to achieve conclusive evidence on biomarker utility and should be formulated while
performing phase 4 studies, preparing to phase 5 assessments
[4]. As a preliminary step to a systematic definition, we provide an overview of how clinical utility is currently operationalized in the ongoing validation studies of amyloid imaging,
an AD diagnostic biomarker at advanced development phase.

Methods
We performed a systematic review of the literature selecting
all validation studies of amyloid-PET including outcomes of

secondary aims 2–3 (continuous red circle), and measures of clinical
utility sometimes used as surrogate measures of clinical validity to answer
the primary aim (red dotted circle): Phase 4/primary aim target: To determine the operating characteristics of the biomarker-based diagnostic
test in MCI patients in the memory clinics population (replicating the
phase 3 accuracy studies in a real-world context). Phase 4/secondary
aim 2: To assess the practical feasibility of implementing the
biomarker-based diagnostic procedure and compliance of test-positive
subjects with workup recommendations. (In this aim we also included
emotional and social implications related to the positive result disclosure.)
Phase 4/secondary aim 3: To make preliminary assessments of the effects
of biomarker-based diagnosis on costs and burden associated with AD
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clinical utility, explored in subjects with mild cognitive impairment or mild dementia. We searched original papers from
the Pubmed, Embase, and Cochrane databases and reviews’
references lists. Moreover, we screened two of the largest
clinical trial databases (the US National Institute of Health
database and the EU Clinical Trials Register from the EMA)
to include up-to-date information from studies expected to
deliver results shortly.
Design of the literature review Since outcomes of clinical
utility are preliminarily investigated in phase 4 and more fully
in phase 5 of the biomarker roadmap, search strings were set
to include and primarily focus on studies belonging to these
two phases. The original keywords used to identify articles
and clinical trials including amyloid-PET imaging were
(“PET” OR “Positron Emission Tomography”) AND (“amyloid” OR “PIB” OR “Pittsburgh compound B” OR
“Florbetapir” OR “Flutemetamol” OR “Florbetaben”). In order to include phase 4 studies, the following keywords were
added to the original ones: (“clinical diagnosis” OR “memory
clinic”) AND (“benefits” OR “outcome” OR “improvement”
OR “mortality” OR “morbidity” OR “QoL” OR “quality of
life” OR “cost”) AND (“Alzheimer”) AND (“MCI” OR “mild
cognitive impairment” OR “prodromal” OR “mild dementia”). Any phase 5 studies could be captured adding the following keywords to the ones of phase 4: (“protocol” OR “recommendation” OR “criteria”) AND (“utility” OR “usefulness” OR “impact” OR “cost” OR “effectiveness”).
Keywords were edited according to the strategic biomarker
roadmap [5, 6], adapted to amyloid imaging, and the syntax
was adjusted for each database (Pubmed, Embase, and
Cochrane Library). Reviews’ references lists were also
searched for any additional papers. The literature review was
replicated independently by two experts in neurodegenerative
dementing disorders (MCR and GP), and the non-overlapping
papers were merged.
Eligibility criteria We assessed papers published up to April
2020 and included those reporting outcomes of clinical utility.
Papers including only clinical validity (e.g., diagnostic accuracy compared to a reference standard), but not clinical utility
(e.g., practical impact on patients) measures, were excluded.
Only articles indexed in English language were included.
Reviews, commentaries, opinion pieces, conference papers,
and grey literature were excluded. No geographic or sample
size limitation was considered. Relative to ongoing projects,
we focused on European and International initiatives designed
to quantify clinical utility of amyloid-PET in a real-world
setting, such as the AMYPAD, IDEAS, and ABIDE studies
[9–11].
Literature searches have been reported according to the
standards of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [12] (Fig. 2). From

the eligible studies (Table 1), we have extracted the critical
variables and processed them to identify (a) specific outcomes
of clinical utility, and homogeneous categories thereof
(Outcomes domains, Section 3.1); (b) how outcomes were
defined, in terms of participation of the pertinent stakeholder
to their definition (Outcome definition, Section 3.2); and (c)
how outcomes were assessed (Outcome assessment,
Section 3.3).

Results
Three hundred and one papers are found from database
searching and 32 additional records from cross-references
Table 1

Phase and aims addressed by the selected studies [5, 6]

First author

Date Phase Aim

Frederiksen et al.
Shipke et al.
Guo et al.
Degerman Gunnarsson et al .
Ossenkoppele et al.
Grundman et al.
Mitsis et al.
Sanchez-Juan et al.
Zannas et al.

2012
2012
2012
2013
2013
2013
2014
2014
2014

4
4
4
4
4
4
4
4
4

Primary
Primary
Secondary 3
Primary
Primary
Primary
Primary
Primary
Primary

Hornberger et al.
Ishii et al.
Grundman et al.
Boccardi et al.
Weston et al.
Ceccaldi et al
Bensaїdane et al.
Lim et al.
Carswell et al.
Zwan et al.
Zhong et al.
Pontecorvo et al.
de Wilde et al.
Grill et al.
Vanderschaeghe et al.
Visser et al.
Hornberger et al.
de Wilde et al.

2015
2016
2016
2016
2016
2016
2016
2016
2017
2017
2017
2017
2017
2017
2017
2017
2017
2018

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

Secondary 3
Primary
Primary
Primary
Primary
Primary
Primary, secondary 2
Secondary 2
Primary
Primary
Primary
Primary
Primary, secondary 2
Secondary 2
Secondary 2
Secondary 2
Secondary 3
Primary

Leuzy et al.
Frisoni et al.
Rabinovici et al.
Triviño-Ibáñez et al.
Cotta Ramusino et al.

2019
2019
2019
2019
2020

4
4
4
4
4

Primary
Primary, secondary 1, 2, 3
Primary, secondary 1, 2, 3
Primary
Primary
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and clinical trials registers (Fig. 2). Comparing the studies
identified by the two reviewers, only two papers did not overlap. After title/abstract assessment (155 excluded), 55 articles
reported the outcomes of interest and were fully examined. Of
these, 23 were excluded for one either not including the population of interest (MCI and/or mild dementia due to AD), not
including a clear definition of the outcomes and of the tools
used to assess them, for including only outcomes of clinical
validity (diagnostic accuracy toward a gold/reference standard), or being reviews or meta-analyses. Finally, 32 studies
are eligible (Tables 1 and 2). The 32 studies were published
between 2012 and 2020.

Outcome domains
Based on the issue examined in the papers, we have identified
three main outcome domains: (a) clinician-centered
outcomes, quantifying the impact on the diagnostic procedure
in terms of physician’s diagnostic confidence and patient management; (b) patient- and caregiver-centered outcomes,
operationalizing the ultimate target of patients benefit; and
(c) health economics-centered outcomes, consisting either of
costs alone or of combined evidence of costs and other impacts on health resource utilization (Table 2). (a) Most of the
selected studies (25/32, 78%) [9, 11, 13–35] included outcomes belonging to the clinician-centered domain and
assessed the incremental diagnostic value for physicians,
e.g., in terms of diagnostic change and increased diagnostic
confidence (25/32, 78%), and changes in the planning of
Fig. 2 Preferred Reporting Items
for Systematic Reviews and
Meta-Analyses (PRISMA) flowchart of selected papers

patient management (17/32, 53%) (Table 2). Amyloid-PET
led to diagnostic revision in 19–79% of cases, to increased
diagnostic confidence (9–49%), and to revise management
plans (24–89% of cases) [13–35]. (b) Patient- and caregivercentered outcomes are reported in 28% (9/32) [9, 11, 24, 30,
33, 36–39] of the studies and mainly assessed the patients’ and
caregivers’ distress after amyloid-pet-based diagnosis disclosure (8/32, 25%) (Table 2). In particular, patient-centered outcomes were more heterogeneous than clinical-centered ones:
most (6/8, 75%) quantified the psychological burden from the
result disclosure [9, 11, 30, 36–38], 1/8 (12.5%) assessed the
burden of the mere technical procedure [11], and 1/8 (12.5%)
assessed the patient’s participation in decision-making [39]
(Table 2). Patient-centered outcomes mainly provided evidence immediately related to biomarker use (e.g., the psychological implications of the procedure for the patient 75%) [9,
11, 30, 36–38]. Only one study provided measures of mortality rate in patients diagnosed with or meant to undergo
amyloid-PET [33]. Summarizing, patients reported relevant
advantages after the biomarker disclosure, such as a greater
awareness about their health status and the possibility of making practical and medical arrangements, but also some disadvantages, such as the development of mood disorders, feeling
worried about when their symptoms might worsen, and about
the risk of a patronizing attitude by relatives [30, 33, 36–39].
(c) Finally, health economics-centered outcomes are included
in 16% (5/32) [9, 33, 40–42] of the studies and assessed the
costs in terms of time and healthcare resources spent to
achieve a high-confidence etiological diagnosis (5/32, 16%)
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Table 2

Outcomes of clinical utility for amyloid PET and their measures

Outcomes

Outcome measures

Clinician-centered
-impact on diagnostic -change in diagnosis (% of cases)
procedure

N/tot papers (%) Reference

25/32 (78%)

Frederiksen et al, 2012; Shipke et al, 2012;
Degerman Gunnarsson et al, 2013;
Grundman et al, 2013; Ossenkoppele et al, 2013;
Mitsis et al, 2014; Sanchez-Juan et al, 2014;
Zannas et al, 2014; Ishii et al, 2016; Grundman et
al, 2016; Boccardi et al, 2016; Bensaїdane et al,
2016; Weston et al, 2016; Ceccaldi et al, 2017;
Carswell et al, 2017; Zwan et al, 2017; Zhong et
al, 2017; Pontecorvo et al, 2017; de Wilde et al,
2017-2018 (ABIDE project); Leuzy et al, 2019;
Frisoni et al, 2019 (AMYPAD study); Rabinovici et
al, 2019 (IDEAS study); Cotta Ramusino et al,
2020
Frederiksen et al, 2012 ; Shipke et al, 2012;
Grundman et al, 2013; Ossenkoppele et al, 2013;
Ishii et al, 2016; Bensaїdane et al, 2016; Boccardi
et al, 2016; Weston et al, 2016; Ceccaldi et al,
2017; Zhong et al, 2017; Pontecorvo et al, 2017;
de Wilde et al, 2017-2018 (ABIDE project);
Triviño-Ibáñez et al, 2019; Frisoni et al, 2019
(AMYPAD study); Rabinovici et al, 2019 (IDEAS
study); Cotta Ramusino et al, 2020
Frisoni et al, 2019 (AMYPAD study)

17/32 (53%)

Shipke et al, 2012; Grundman et al, 2013;
Grundman et al, 2016; Boccardi et al, 2016;
Bensaїdane et al, 2016; Weston et al, 2016;
Pontecorvo et al, 2017; Zwan et al, 2017; Ceccaldi
et al, 2017; Zhong et al, 2017; Carswell et al,
2017; de Wilde et al, 2017-2018 (ABIDE project);
Triviño-Ibáñez et al, 2019; Leuzy et al, 2019;
Frisoni et al, 2019 (AMYPAD study); Rabinovici et
al, 2019 (IDEAS study)

6/32 (19%)

Lim et al, 2016; Pontecorvo et al, 2017; Grill et al,
2017; Vanderschaeghe et al, 2017; de Wilde et al,
2017 (ABIDE project); Frisoni et al, 2019
(AMYPAD study)

1/32 (3%)

de Wilde et al, 2017 (ABIDE project)

1/32 (3%)

Visser et al, 2019 (ABIDE project)

3/32 (9%)

Bensaїdane et al, 2016; Pontecorvo et al, 2017;
Frisoni et al, 2019 (AMYPAD study)

-gain in diagnostic confidence
(on 0-100% scale)

-impact on
management

-time to communicate to the
patient an etiologic diagnosis
with very high confidence (≥90%)
-change in management:
• pharmacological change (% of cases)
• request for other diagnostic
procedures (% of cases)
• request for counseling (% of cases)
• referral to AD clinical trial (% of cases)

Patient- and caregiver-centered
-tolerability and
-change in the perceived risk of developing dementia
impact of amy-PET
due to AD (on 0-100% scale or Mishel Uncertainty
result disclosure
in Illness scale-MUIS)a
-Memory Complaints Questionnaire (MAC-Q)a
-Impact of event scale-revised (IES-R)a
-Geriatric Depression Scale (GDS)a
-Depression, Anxiety, and Stress Scale (DASS)a
-Beck Anxiety Index (BAI)a
-State-Trait Anxiety Inventory (STAI)a
-Euro Qol - 5 Dimension (EQ-5D)a
-Quality of Life – Alzheimer’s Disease (QoL-AD)a
-ICEpop CAPability (ICECAP) assessmenta
-burden of the
-overall judgement (yes/no) and list of main causes
procedure
(i.e adverse effects)
-active participation in -Observing PaTient InvOlvemeNt scale
decision-making
(OPTION12)a
-Control Preferences Scale (CPS)a
process
-Shared Decision Making Questionnaire
(SDM-Q-9)a
- impact on caregivers -caregiver questionnaires (based on Likert scale)
-Resource Utilization in Dementia Questionnaire
Scale (RUD)a
-Zarit Burden interview (ZBI)a
-Self Efficacy for Managing Dementiaa
-Brief Cope Assessmenta
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Table 2 (continued)
Outcomes

Outcome measures

N/tot papers (%) Reference

- survival

-mortality rate

1/32 (3%)

Health economics-centered
-effects on prognosis -quality-adjusted life years (QALYs)
1/32 (3%)
-time to institutional care
-costs
-incremental cost-effectiveness ratios (ICERs)
5/32 (16%)
-use of healthcare resources (e.g. diagnostic tests,
hospital admissions and visits), and number of
patients who can be discharged from the memory
clinic (saving in terms of assistance and care)
-costs of diagnostic workup to the etiologic diagnosis
with very high confidence (≥90%)
-caregiver time
-mortality
a

Rabinovici et al, 2019 (IDEAS study)

Guo et al, 2012
Guo et al, 2012; Hornberger et al, 2015-2017;
Frisoni et al, 2019 (AMYPAD study); Rabinovici et
al, 2019 (IDEAS study)

Short descriptions of the scales are reported in the supplementary table.

and preliminarily impact on quality of life and prognosis
(1/32, 3%) (Table 2). Amyloid-PET was estimated to increase
mean life expectancy, quality-adjusted, by 0.008–0.150 years
compared to patients undergoing the usual diagnostic workup,
with cost savings of around $ 12,500 per patient over lifetime
in medical care [40–42].

Outcome definition
Overall, outcomes were defined by clinical researchers,
resulting occasionally from a discussion with regulators
(EMA and FDA were involved in the design of the Amypad
[9] and IDEAS [10] studies, respectively), and in one case
from an active participation of patients and caregivers, namely
in the ABIDE study [11]. This European project analyzed
audiotaped discussion groups and consultations where patients and caregivers were involved in deciding which diagnostic test to perform and then discussing test results [11].
Mortality was considered only in the IDEAS study, where
it was defined as pre- and post-procedural death rate [33].

Outcome assessment
The patient-, caregiver-, and health economics-centered outcomes are inconsistently operationalized across studies, and
the tools used to measure them were heterogeneous (26
different tools, Table 2). No formal criteria or consensus procedures to select or prioritize the assessment tools were reported in the examined papers.

Discussion
In this paper, we reviewed which outcomes of clinical utility
were assessed in current validation studies of amyloid-PET [4,

5, 43], one of the most advanced diagnostic biomarkers for
AD, and how they were defined and measured. The outcomes
of clinical utility assessed in the eligible studies were mostly
confined to diagnostic utility for clinicians, patient tolerability
of disclosure of results, and costs of the amyloid-PET-based
diagnosis. These outcomes provide a first operationalization
of clinical utility for amyloid-PET; such operationalization is
required to complete phase 4 studies of clinical validity, and to
prepare to phase 5 studies, where the actual cost-weighted
health benefit will be assessed (Fig. 1). Our review also allows
to identify aspects and dimensions that should be improved in
order to design sound phase 5 studies, aimed to quantify the
impact of the use of diagnostic biomarkers on society in terms
of improved health and cost-effectiveness, thus generating the
full array of information required for future evidence-based
clinical and policy decision making. Previous reviews in the
field focused on the measures of utility within the diagnostic
procedure only [44–51]. Relative to this previous work, we
adopted a wider perspective, aiming to identify the definition
and operationalization of clinical utility in view of designing
phase 5 studies. This methodological overview is therefore
necessary to support the next validation steps for AD diagnostic biomarkers.

Domains and specific outcomes
Clinician-centered outcomes Amyloid-PET validation is now
in phase 4, entailing studies based on real-world patients,
where the biomarker is not only assessed, but also used to
support diagnosis and treatment [4, 5]. Reflective of this, preliminary outcomes of impact are becoming to be available
(Table 2), though mostly confined to outcomes assessing the
utility of the exam during the diagnostic workup (cliniciancentered outcomes, 78%) [9, 11, 13–35]. This outcome domain is indeed the first that can be collected as clinical
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innovations enter phase 4 validation studies. On the other
hand, the connection of an improved diagnosis to the final
impact on patient health and other ultimate targets of clinical
utility remains to be demonstrated and operationalized.
Indeed, the lack of a gold standard (e.g., pathology,or clinical
diagnosis at follow-up) does not allow to ascertain whether
these outcomes correspond really to a more correct diagnosis
or to a more appropriate treatment and therefore to a better
medical care. Moreover, the early appropriate diagnosis is
only the first step toward a possible improvement of the patient’s health and quality of life, which should be compared
through RTCs comparing concrete outcomes of health, quality
of life, and costs in patients who did and did not undergo
amyloid-PET-based diagnosis.
Patient- and caregiver-centered outcomes, reported in approximately one-third of the eligible studies [9, 11, 24, 30, 33,
36–39], were heterogeneous: they included the burden of the
technical procedure [11], patient participation in decisionmaking [39], and the impact of result disclosure [9, 11, 30,
36–38]. Understandably, and similar to the clinician-centered
outcomes, these are directly related to the diagnostic procedure and therefore the first to be assessed in phase 4 studies.
By design, the ultimate target outcomes of patient health and
well-being are left unexplored in such studies. However, although these will be systematically assessed later on, phase 4
is already meant to start defining them. The dimension that are
not yet present in those studies includes quality of life, disability, mortality, and caregiver-relevant outcomes, such as those
related to the management of the behavioral and psychological symptoms of dementia. Operationalizing these outcomes
is not a trivial task. Previous projects aiming to this target, i.e.,
the “Dementia Outcomes Measurement Suite” (DOMS) [52]
and the “Real world Outcomes across the Alzheimer’s
Disease spectrum for better care: Multi-modal data Access
Platform” (ROADMAP) [53], also found gaps in these key
areas of Alzheimer’s disease and related disorders. In particular, they showed a lack in the operationalization of outcomes
related to the final stage of the disease, entailing relevant longterm outcomes [54, 55]. Nonetheless, the experience gathered
in such previous projects should be leveraged to move the
next steps forward.
Health economics-centered outcomes were reported in only 16% of the eligible studies [9, 33, 40–42] but are being
assessed more exhaustively in ongoing clinical trials [9, 10].
The health economics-centered outcomes extracted by our
review addressed costs and benefits immediately related to
the diagnostic procedure, e.g., the costs of the diagnostic
workup required to achieve a high-confidence etiological diagnosis [9, 33, 40–42] and the cost-saving on further diagnostic investigations and specialist visits [9, 33]. Some studies
also tried to quantify the impact of amyloid-PET on patient
prognosis in terms of quality-adjusted life years or

institutionalization rate, but this was done through statistical
models (state transition probability analyses and simulation
models [40–42]) rather than on collected data. Future longitudinal studies collecting evidence from all those impacted by
the disease (e.g., relatives, caregivers) will provide firmer evidence; however, these models can inform the choices on the
definition, selection, and assessment of target outcomes. So
far, anyway, a comprehensive definition of patient- and
caregiver-centered outcomes, including the health- and
burden-related measures for both, is still lacking formally
and should be defined in the short term also to properly
operationalize and quantify the different disease-related costs,
including those less easily monetizable [42].

Definition of the identified outcomes
Overall, outcomes have been mainly defined by clinical researchers, without a strategy of explicit and active participation among stakeholders. The only exception to this procedure
was the ABIDE study [11]. In ABIDE, clinicians, patients and
caregivers gathered in focus groups, expressed their views,
experiences and perceived dilemmas regarding diagnostic
testing and communication of test results. Their audiotaped
discussions were then used to extract recommendations to
effectively involve patients and caregivers in deciding about
diagnostic testing and to best discuss test results. In this way,
researchers managed for the first time to engage these parties
in the decision-making process, exploring new communication ways and sharing strategies. The explicit aim was to expand the point of view of clinical researchers, emerging as
dominant also from the results of this review. The ABIDE
project may thus inspire a more balanced involvement of the
main stakeholders, for a definition of outcomes better complying with societal needs as well as regulators requirements.
The IDEAS project assessed payer-relevant outcomes like
hospitalization and mortality in a group of patients meant to
undergo amyloid-PET [33]. Mortality was expressed as number of deaths occurred within this group 1 month before and 3
months after the planned/performed PET scan, in a nonrandomized longitudinal study design. Many AD-relevant
outcomes are temporally distant from biomarker acquisition
(e.g., disability, institutionalization); mortality is certainly the
most distant, but no less relevant. An early biomarker-based
diagnosis could indeed allow for a quicker access to appropriate pharmacological and non-pharmacological treatments, as
well as a better healthcare, and thus positively affect the progression of disease and the long-term outcomes, such as institutionalization and possibly death. To make such an assessment feasible, next steps may consist of identifying intermediate outcomes demonstrated to be significantly connected to
mortality and use them as proxies to compute the impact of the
diagnostic procedure. Moreover, similar to health economics
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outcomes, years of life may not be meaningful per se but
should be complemented by quality of life measures
(QALYs).

Outcome assessment
Patient- and caregiver-centered outcomes were operationalized inconsistently across studies and consequently assessed
with heterogeneous tools. On the other hand, these tools consist of widely available and easy-to-administer questionnaires
and scales (Table 2). Their main limitation lies in their lack of
validation across cultures. Cultural adaptation is required to
guarantee proper assessment, reproducibility, and comparability of results [56]. Patient and caregiver participation to outcome definition and prioritization would also help identify the
best tools, ensuring effective quantification of patient-/caregiver-relevant outcomes, including psychological and physical well-being. Other relevant issues are also being taken into
account, like gender-related features, or outcomes related to a
quickly evolving digitally supported world [57].

Next steps and future perspectives
AD diagnostic biomarkers support an accurate and early etiological diagnosis, which is considered a priority not only by
clinicians but also by global policies (global action plan on the
public health response to dementia 2017–2025 [58], and
World Alzheimer Report 2011 [59]). The possible availability
of disease-modifying treatments should not be the only reason
in support of an early diagnosis. Indeed, an early detection
allows access to treatments of proven efficacy, both pharmacological (e.g., acetylcholinesterase inhibitors) and nonpharmacological (e.g., cognitive rehabilitation) [60, 61]; guarantees more proper handling of behavioral and psychiatric
symptoms in those with more advanced disease stage [62,
63]; allows access to clinical trials; and facilitates decisions
on life arrangements [64]. However, to date, the utility of an
early detection still cannot emerge from available data [65],
which may prevent the implementation of these diagnostic
procedures as well as the pursuing of the above global priorities. On the other hand, promoting clinical biomarker testing
before knowing its actual cost-effectiveness may expose to
possible overdiagnosis (e.g., in the case of asymptomatic individuals positive to brain amyloidosis). If useful for research
purposes, the potential harm provided to patients [66] should
be weighted thanks to thorough assessment of pertinent outcomes. Improved outcome definition may therefore allow
more sensitive detection of both potential positive and negative effects of early diagnosis, while better informing about
any significant increase of patient health as required by regulators and policy makers to decide on the approval and reimbursement of new diagnostic procedures [3, 7, 8]. Researchers
in other fields of medicine are facing this issue, as well. For

example, disciplines like oncology, psychiatry, or other diagnostic fields, such as imaging, laboratory, or genetic testing,
also suffer from immature outcome definition, attributed to a
lack of a consented definition of clinical meaningfulness [67,
68]. The assessment of clinical utility in these fields is, as for
amyloid-PET, limited to the impact of the biomarker-based
diagnostic procedure on prescribed treatment and on patients’
psychological reaction to diagnosis disclosure, besides measures of survival more frequently assessed in oncology.
Conversely, measures assessing patient social functioning
and autonomy in daily life, as well as measures of caregiver
overall well-being, are similarly scanty. This limitation depends crucially on the lack of a consensual and comprehensive definition of clinical meaningfulness in the first place, and
on its challenging operationalization. Indeed, the concept of
clinical meaningfulness is complex and heterogeneous in itself, including disease-, physical-, and psychosocial-related
outcomes [69]. For neurocognitive disorders, this means including not only cognitive and functional outcomes but also
emotional, social, and behavioral implications for patients,
caregivers, and society [70, 71]. Defining and operationalizing
such outcomes require full awareness of the impact that a
diagnosis of dementia generates in the family, in the community, as well as in clinical contexts (World Alzheimer Report
2019 [72]). Issues like personal interaction with patients, impact of diagnosis communication, counseling and support
along the diagnostic procedure, and continuity in the taking
charge of the patient should all be entailed by a consistent and
participatory approach. This means that the perspective of
treatment should take into account not only the presence or
absence of a disease modifier for AD within a uniquely medical perspective but should also include other therapeutic options [60–63], a plan for patient support from and beyond
diagnosis (e.g., from plan to impact III [73]), and specific tools
facilitating communication between patients, caregivers, and
professionals (e.g., CO-desiGning DemeNtia dIagnoSis ANd
post-diagnostic CarE, COGNISANCE study [74]). Moreover,
outcome assessment should be specific to the social, cultural,
and economic context to which it is addressed. This allows to
quantify and maximize the health benefits independently on
the availability of resources (e.g., strengthening responses to
dementia in developing countries, STRiDE [75]) but also to
leverage on each other experience and export models and
tools to transfer clinical innovation into practice. Such wider
framework can provide the context to empower the community in participating more actively in clinical decisions as well
as in specific research steps that require their input, in view of
serving their own ultimate well-being.

Limitations
The main limitation of this review consists of considering only
the field of amyloid imaging. Other biomarkers are available,
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at variable status of validation advancement. We chose
amyloid-PET for its relatively advanced and well-structured
validation. Besides other biomarkers, also other fields, like
non-pharmacologic intervention, or other medical fields may
provide useful input feeding the next steps toward defining
clinical utility, outcomes, proxies, and causal links. Finally,
the study population considered in our review consists of MCI
and mild dementia. This choice is limited in that results relate
to outcomes relevant to or assessable at the early stages of
disease. However, this is in line with the purpose of etiological
biomarkers to provide a timely diagnosis possibly enabling to
delay the development of dementia. Moreover, considering
MCI and early dementia allows to assess progression, another
possible outcome that can be measured and compared between diagnostic procedures.

Conclusions
This review describes the current scenario and may help outline future directions to improve the definition of outcomes of
clinical utility. More concretely, the availability of different
biomarkers (PET-, CSF-, or blood-based) could allow for a
better detection rate and diagnostic accuracy, in agreement
with the WHO Global Action Plan (Aim 4, [58]), and translate
into a more appropriate patient management. The actual impact on health will have to be verified in terms of improved
health, quality of life, survival, and costs. In this perspective,
next steps require that patient-centered outcomes, focusing on
long-term well-being, be better defined and introduced for
pilot assessment in phase 4 studies, preparing to proper phase
5 assessments [4, 5]. Long-term outcomes like mortality and
disability are relevant and objective, but their link to the diagnostic procedure is difficult to quantify. A way forward in
these cases may include (a) the definition of proxies, i.e..
variables that are easier to assess and related to the target
outcome and closer in time to the diagnostic procedure, and
(b) the demonstration of causal connection between proxies,
indicators or other outcomes that lie between the diagnostic
procedure and the ultimate target outcome in logical and temporal sequence [76]. Then, models as those used already, but
fed with concrete data on outcomes specifically defined a
priori, may produce better informed predictions than currently
possible [40–42]. The definition and prioritization of such
proxies should include a balanced involvement of different
pertinent stakeholders in order to effectively respond to the
societal needs and provide balanced information for clinical
and policy decisions [7, 8]. This collaborative framework
should include different agencies (e.g., including health technology ones), so that fine-tuning along the process could spare
unwarranted efforts.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00259-020-05187-x.
Acknowledgment Dr. van der Flier holds the Pasman chair.
Funding Open Access funding enabled and organized by Projekt DEAL.
This study was supported by the Italian Ministry of Health (Ricerca
Corrente 2020). V. Garibotto was also supported by the Swiss National
Science Foundation (projects 320030_169876, 320030_185028 and
IZSEZ0_188355) and by the Velux foundation (project 1123). F.
Barkhof is the coordinator of AMYPAD, a project that received funding
from the Innovative Medicines Initiative 2 Joint Undertaking under grant
agreement no. 115952. This Joint Undertaking receives the support from
the European Union’s Horizon 2020 for research and innovation program
and EFPIA. He is supported by the NIHR biomedical research center at
UCLH. Research programs of Wiesje van der Flier have been funded by
ZonMW, NWO, EU-FP7, EU-JPND, Alzheimer Nederland,
CardioVascular Onderzoek Nederland, Health~Holland, Topsector Life
Sciences & Health, stichting Dioraphte, Gieskes-Strijbis fonds, stichting
Equilibrio, Pasman stichting, Biogen MA Inc, Boehringer Ingelheim,
Life-MI, AVID, Roche BV, Fujifilm, Combinostics. WF holds the
Pasman chair. WF has performed contract research for Biogen MA Inc
and Boehringer Ingelheim. WF has been an invited speaker at Boehringer
Ingelheim, Biogen MA Inc, and WebMD Neurology (Medscape). WF is
consultant to Oxford Health Policy Forum CIC and Roche BV. All
funding is paid to her institution. WF is associate editor at Alzheimer’s,
Research & Therapy.
Data Availability All data generated or analyzed during this study
are included in the present paper or in otherwise accessible
sources (published papers, project descriptions) referenced
throughout.

Compliance with ethical standards
Conflict of interest V. Garibotto received financial support for research
through her institution from Siemens Healthineers, GE Healthcare, Life
Molecular Imaging, Cerveau Technologies, Roche, Merck. G.D.
Rabinovici receives research support from the National Institutes of
Health, Alzheimer’s Association, American College of Radiology,
Rainwater Charitable Foundation, Gift from Edward and Pearl Fein,
Avid Radiopharamaceuticals, Eli Lilly, Life Molecular Imaging, GE
Healthcare. He has served as a consultant for Axon Neurosciences,
Eisai, GE Healthcare, Merck, Genentech. He serves on a data safety
monitoring board for Johnson & Johnson. He is an Associate Editor for
JAMA Neurology.
F. Barkhof is a member of steering committee and safety monitoring
boards for Merck, Biogen and Bayer. He is a consultant for Novartis,
Roche, IXICO, GeNeuro, and Combinostics; his institutions received
research support from EU/EFPIA Innovative Medicines Initiative Joint
Undertaking (EPAD and AMYPAD consortia), Horizon (EuroPOND),
UK MS Society, IMDI-NOW (PICTURE), NIHR UCLH Biomedical
Research Centre, and ECTRIMS-MAGNIMS. He is section Editor for
Neuroradiology. The other authors declare that they have no conflict of
interest.
Ethics approval Not applicable (the work did not involve human nor
animal participants)
Consent to participate Not applicable
Consent for publication Not applicable

Eur J Nucl Med Mol Imaging
Code availability Not applicable

14.

Open Access This article is licensed under a Creative Commons

Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article
are included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

15.

16.

17.

References
18.
1.

2.

3.

4.

5.

6.

7.
8.

9.

10.
11.

12.

13.

Dubois B, Hampel H, Feldman HH, Scheltens P, Aisen P, Andrieu
S, et al. Preclinical Alzheimer’s disease: definition, natural history,
and diagnostic criteria. Alzheimers Dement. 2016;12(3):292–323.
Jack C Jr, Bennet DA, Blennow K, Carrillo MC, Dunn B,
Haeberlein SB, et al. NIA-AA research framework: toward a biological definition of Alzheimer’s disease. Alzheimers Dement.
2018;14(4):535–62.
Leone MA, Brainin M, Boon P, Pugliatti M, Keindl M, Bassetti CL.
Guidance for the preparation of neurological management guidelines by EFNS scientific task forces - revised recommendations
2012. Eur J Neurol. 2013;20(3):410–9.
Boccardi M, Gallo V, Yasui Y, Vineis P, Padovani A, Mosimann
U, et al. The biomarker-based diagnosis of Alzheimer’s disease. 2lessons from oncology. Neurobiol Aging. 2017;52:141–52.
Frisoni GB, Boccardi M, Barkhof F, Blennow K, Cappa S, Chiotis
K, et al. Strategic roadmap for an early diagnosis of Alzheimer’s
disease based on biomarkers. Lancet Neurol. 2017;16(8):661–76.
https://doi.org/10.1016/S1474-4422(17)30159-X.
Boccardi M, Dodich A, Albanese E, Gayet-Ageron A, Festari C,
Ashton NJ, et al. The strategic biomarker roadmap for the validation
of Alzheimer’s diagnostic biomarkers: methodological update.
EJNMMI. 2020. https://doi.org/10.1007/s00259-020-05120-2.
FDA. Early Alzheimer’s disease: developing drugs for treatment,
guidance for industry. Food and Drug Administration; 2018.
EMA. Guideline on the clinical investigation of medicines for the
treatment of Alzheimer’s disease. European Medicine Agency;
2018.
Frisoni GB, Barkhof F, Altomare D, Berkhof J, Boccardi M,
Canzoneri E, et al. AMYPAD Diagnostic and patient management
study: rationale and design. Alzheimers Dement. 2019;15(3):388–
99. https://doi.org/10.1016/j.jalz.2018.09.003.
Imaging Dementia-Evidence for Amyloid Scanning (IDEAS).
Website: https://www.ideas-study.org/.
de Wilde A, van Maurik IS, Kunneman M, Bouwman F, Zwan M,
Willemse EA, et al. Alzheimer’s biomarkers in daily practice
(ABIDE) project: rationale and design. Alzheimers Dement
(Amst). 2017;6:143–51. https://doi.org/10.1016/j.dadm.2017.01.
003.
Moher D, Liberati A, Tetzlaff J, Altman DG. Preffered reporting
Items for systematic reviews and meta-analyses: the PRISMA statement. J Clin Epidemiol. 2009;62:1006–12.
Frederiksen KS, Hasselbalch SG, Hejl AM, Law I, Højgaard L,
Waldemar G. Added diagnostic value of (11)C-PiB-PET in memory clinic patients with uncertain diagnosis. Dement Geriatr Cogn
Dis Extra. 2012;2(1):610–21. https://doi.org/10.1159/000345783.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Schipke CG, Peters O, Heuser I, Grimmer T, Sabbagh MN, Sabri
O, et al. Impact of beta-amyloid-specific florbetaben PET imaging
on confidence in early diagnosis of Alzheimer’s disease. Dement
Geriatr Cogn Disord. 2012;33(6):416–22.
Degerman Gunnarsson M, Lindau M, Santillo AF, Wall A, Engler
H, Lannfelt L, et al. Re-evaluation of clinical dementia diagnoses
with pittsburgh compound B positron emission tomography.
Dement Geriatr Cogn Dis Extra. 2013;3(1):472–81. https://doi.
org/10.1159/000356273.
Grundman M, Pontecorvo MJ, Salloway SP, Murali Doraiswamy
P, Fleisher AS, Sadowsky CA, et al. Potential impact of amyloid
imaging on diagnosis and intended management in patients with
progressive cognitive decline. Alzheimer Dis Assoc Disord.
2013;27(1):4–15. https://doi.org/10.1097/WAD.
0b013e318279d02a.
Ossenkoppele R, Prins ND, Pijnenburg YA, Lemstra AW, van der
Flier WM, Adriaanse SF, et al. Impact of molecular imaging on the
diagnostic process in a memory clinic. Alzheimers Dement.
2013;9(4):414–21. https://doi.org/10.1016/j.jalz.2012.07.003.
Mitsis EM, Bender HA, Kostakoglu L, Machac J, Martin J, Woehr
JL, et al. A consecutive case series experience with [18 F]
florbetapir PET imaging in an urban dementia center: impact on
quality of life, decision making, and disposition. Mol
Neurodegener. 2014;9:10. https://doi.org/10.1186/1750-1326-910.
Sánchez-Juan P, Ghosh PM, Hagen J, Gesierich B, Henry M,
Grinberg LT, et al. Practical utility of amyloid and FDG-PET in
an academic dementia center. Neurology. 2014;82(3):230–8.
https://doi.org/10.1212/WNL.0000000000000032.
Zannas AS, Doraiswamy PM, Shpanskaya KS, Murphy KR,
Petrella JR, Burke JR, et al. Impact of 18F-florbetapir PET imaging
of β-amyloid neuritic plaque density on clinical decision-making.
Neurocase. 2014;20(4):466–73. https://doi.org/10.1080/13554794.
2013.791867.
Ishii K, Ishibashi K, Sakata M, Wagatsuma K, Toyohara J,
Murayama S. Clinical impact of amyloid PET with [C-11]
Pittsburgh compound b on the diagnosis of early onset dementias.
Alzheimers Dement. 2016;12(7):P1161–2.
Grundman M, Johnson KA, Lu M, Siderowf A, Dell'Agnello G,
Arora AK, et al. Effect of amyloid imaging on the diagnosis and
management of patients with cognitive decline: impact of appropriate use criteria. Dement Geriatr Cogn Disord. 2016;41(1-2):80–92.
https://doi.org/10.1159/000441139.
Boccardi M, Altomare D, Ferrari C, Festari C, Guerra UP, Paghera
B, et al. Assessment of the incremental diagnostic value of
Florbetapir F 18 imaging in patients with cognitive impairment:
the incremental diagnostic value of amyloid PET with [18F]Florbetapir (INDIA-FBP) study. JAMA Neurol. 2016;73(12):
1417–24.
Bensaïdane MR, Beauregard JM, Poulin S, Buteau F, Guimond J,
Bergeron D, et al. Clinical utility of amyloid PET imaging in the
differential diagnosis of atypical dementias and its impact on caregivers. J Alzheimers Dis. 2016;52(4):1251–62. https://doi.org/10.
3233/JAD-151180.
Weston PS, Paterson RW, Dickson J, Barnes A, Bomanji JB,
Kayani I, et al. Diagnosing dementia in the clinical setting: can
amyloid PET provide additional value over cerebrospinal fluid? J
Alzheimers Dis. 2016;54(4):1297–302. https://doi.org/10.3233/
JAD-160302.
Ceccaldi M, Jonveaux T, Verger A, Krolak-Salmon P, Houzard C,
Godefroy O, et al. Added value of 18F-florbetaben amyloid PET in
the diagnostic workup of most complex patients with dementia in
France: a naturalistic study. Alzheimers Dement. 2018;14(3):293–
305. https://doi.org/10.1016/j.jalz.2017.09.009.
Carswell CJ, Win Z, Muckle K, Kennedy A, Waldman A, Dawe G,
et al. Clinical utility of amyloid PET imaging with (18)F-

Eur J Nucl Med Mol Imaging
florbetapir: a retrospective study of 100 patients. J Neurol
Neurosurg Psychiatry. 2018;89(3):294–9. https://doi.org/10.1136/
jnnp-2017-316194.
28. Zwan MD, Bouwman FH, Konijnenberg E, van der Flier WM,
Lammertsma AA, Verhey FRJ, et al. Diagnostic impact of [18F]
flutemetamol PET in early-onset dementia. Alzheimers Res Ther.
2017;9(1):2. https://doi.org/10.1186/s13195-016-0228-4.
29. Zhong Y, Karlawish J, Johnson MK, Neumann PJ, Cohen JT. The
potential value of β-amyloid imaging for the diagnosis and management of dementia: a survey of clinicians. Alzheimer Dis Assoc
Disord. 2017;31(1):27–33. https://doi.org/10.1097/WAD.
0000000000000168.
30. Pontecorvo MJ, Siderowf A, Dubois B, Doraiswamy PM, Frisoni
GB, Grundman M, et al. Effectiveness of Florbetapir PET imaging
in changing patient management. Dement Geriatr Cogn Disord.
2017;44(3-4):129–43. https://doi.org/10.1159/000478007.
31. de Wilde A, van der Flier WM, Pelkmans W, Bouwman F, Verwer
J, Groot C, et al. Association of amyloid positron emission tomography with changes in diagnosis and patient treatment in an unselected memory clinic cohort: the ABIDE project. JAMA Neurol.
2018;75(9):1062–70. https://doi.org/10.1001/jamaneurol.2018.
1346.
32. Leuzy A, Savitcheva I, Chiotis K, Lilja J, Andersen P, Bogdanovic
N, et al. Clinical impact of [18F] flutemetamol PET among memory
clinic patients with an unclear diagnosis. Eur J Nucl Med Mol
Imaging. 2019;46(6):1276–86. https://doi.org/10.1007/s00259019-04297-5.
33. Rabinovici GD, Gatsonis C, Apgar C, Chaudhary K, Gareen I,
Hanna L, et al. Association of amyloid positron emission tomography with subsequent change in clinical management among
Medicare beneficiaries with mild cognitive impairment or dementia. JAMA. 2019;321(13):1286–94. https://doi.org/10.1001/jama.
2019.2000.
34. Cotta Ramusino M, Garibotto V, Bacchin R, Altomare D, Dodich
A, Assal F, et al. Incremental value of amyloid-PET versus CSF in
the diagnosis of Alzheimer’s disease. Eur J Nucl Med Mol Imaging.
2020;47(2):270–80. https://doi.org/10.1007/s00259-019-04466-6.
35. Triviño-Ibáñez EM, Sánchez-Vañó R, Sopena-Novales P, RomeroFábrega JC, Rodríguez-Fernández A, Pardo CC, et al. Impact of
amyloid-PET in daily clinical management of patients with cognitive impairment fulfilling appropriate use criteria. Medicine
(Baltimore). 2019;98(29):e16509. https://doi.org/10.1097/MD.
0000000000016509.
36. Lim YY, Maruff P, Getter C, Snyder PJ. Disclosure of positron
emission tomography amyloid imaging results: a preliminary study
of safety and tolerability. Alzheimers Dement. 2016;12(4):454–8.
https://doi.org/10.1016/j.jalz.2015.09.005.
37. Grill JD, Cox CG, Kremen S, Mendez MF, Teng E, Shapira J, et al.
Patient and caregiver reactions to clinical amyloid imaging.
Alzheimers Dement. 2017;13(8):924–32. https://doi.org/10.1016/
j.jalz.2017.01.001.
38. Vanderschaeghe G, Schaeverbeke J, Bruffaerts R, Vandenberghe
R, Dierickx K. Amnestic MCI patients’ experiences after disclosure
of their amyloid PET result in a research context. Alzheimers Res
Ther. 2017;9(1):92. https://doi.org/10.1186/s13195-017-0321-3.
39. Visser LNC, Kunneman M, Murugesu L, van Maurik I, Zwan M,
Bouwman FH, et al. Clinician-patient communication during the
diagnostic workup: the ABIDE project. Alzheimers Dement
(Amst). 2019;11:520–8. https://doi.org/10.1016/j.dadm.2019.06.
001.
40. Guo S, Getsios D, Hernandez L, Cho K, Lawler E, Altincatal A,
et al. Florbetaben PET in the early diagnosis of Alzheimer’s disease: a discrete event simulation to explore its potential value and
key data gaps. Int J Alzheimers Dis. 2012;2012:548157. https://doi.
org/10.1155/2012/548157.

41.

Hornberger J, Michalopoulos S, Dai M, Andrade P, Dilla T,
Happich M. Cost-effectiveness of florbetapir-pet in Alzheimer’s
disease: a Spanish societal perspective. J Ment Health Policy
Econ. 2015;18(2):63–73.
42. Hornberger J, Bae J, Watson I, Johnston J, Happich M. Clinical and
cost implications of amyloid beta detection with amyloid beta positron emission tomography imaging in early Alzheimer’s disease:
the case of florbetapir. Curr Med Res Opin. 2017;33:675–85.
43. Chiotis K, Saint-Aubert L, Boccardi M, Gietl A, Picco A, Varrone
A, et al. Geneva task force for the roadmap of Alzheimer’s biomarkers. Clinical validity of increased cortical uptake of amyloid
ligands on PET as a biomarker for Alzheimer's disease in the context of a structured 5-phase development framework. Neurobiol
Aging. 2017;52:214–27. https://doi.org/10.1016/j.neurobiolaging.
2016.07.012.
44. Fantoni ER, Chalkidou A. O' Brien JT, Farrar G, Hammers A. A
systematic review and aggregated analysis on the impact of amyloid
PET brain imaging on the diagnosis, diagnostic confidence, and
management of patients being evaluated for Alzheimer’s disease.
J Alzheimers Dis. 2018;63(2):783–96. https://doi.org/10.3233/
JAD-171093.
45. Kim Y, Rosenberg P, Oh E. A review of diagnostic impact of
amyloid positron emission tomography imaging in clinical practice.
Dement Geriatr Cogn Disord. 2018;46(3-4):154–67. https://doi.
org/10.1159/000492151.
46. Barthel H, Sabri O. Clinical use and utility of amyloid imaging. J
Nucl Med. 2017;58(11):1711–7. https://doi.org/10.2967/jnumed.
116.185017.
47. Garibotto V, Herholz K, Boccardi M, Picco A, Varrone A,
Nordberg A, et al. Clinical validity of brain fluorodeoxyglucose
positron emission tomography as a biomarker for Alzheimer's disease in the context of a structured 5-phase development framework.
Neurobiol Aging. 2017;52:183–95. https://doi.org/10.1016/j.
neurobiolaging.2016.03.033.
48. Nestor PJ, Altomare D, Festari C, Drzezga A, Rivolta J, Walker Z,
et al. Clinical utility of FDG-PET for the differential diagnosis
among the main forms of dementia. Eur J Nucl Med Mol
Imaging. 2018;45(9):1509–25. https://doi.org/10.1007/s00259018-4035-y.
49. Boccardi M, Festari C, Altomare D, Gandolfo F, Orini S, Nobili F,
et al. Assessing FDG-PET diagnostic accuracy studies to develop
recommendations for clinical use in dementia. Eur J Nucl Med Mol
Imaging. 2018;45(9):1470–86. https://doi.org/10.1007/s00259018-4024-1.
50. Gooblar J, Carpenter BD, Coats MA, Morris JC, Snider BJ. The
influence of cerebrospinal fluid (CSF) biomarkers on clinical dementia evaluations. Alzheimers Dement. 2015;11(5):533–540.e2.
https://doi.org/10.1016/j.jalz.2014.04.517.
51. Mattsson N, Lönneborg A, Boccardi M, Blennow K, Hansson O,
Geneva task force for the roadmap of Alzheimer’s biomarkers.
Clinical Validity of Cerebrospinal Fluid Aβ42, Tau, and
Phospho-Tau as Biomarkers for Alzheimer's Disease in the
Context of a Structured 5-phase Development Framework.
Neurobiol Aging. 2017;52:196–213. https://doi.org/10.1016/j.
neurobiolaging.2016.02.034.
52. Bentvelzen A, Aerts L, Seeher K, Wesson J, Brodaty H. A comprehensive review of the quality and feasibility of dementia assessment measures: the dementia outcomes measurement suite. J Am
Med Dir Assoc. 2017;18(10):826–37. https://doi.org/10.1016/j.
jamda.2017.01.006.
53. Janssen O, Vos SJB, García-Negredo G, Tochel C, Gustavsson A,
Smith M, et al. Real-world evidence in Alzheimer’s disease: the
ROADMAP data cube. Alzheimers Dement. 2020;16(3):461–71.
https://doi.org/10.1016/j.jalz.2019.09.087.

Eur J Nucl Med Mol Imaging
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Dementia outcomes measurement suite (DOMS). Website: www.
dementia-assessment.com.au [Tool / Guide / Education, 01-062010].
Real world outcomes across the Alzheimer’s disease spectrum for
better care: multi-modal data access platform (ROADMAP) – interactive data cube. Website: https://datacube.roadmap-alzheimer.
org.
Ramada-Rodilla JM, Serra-Pujiadas C, Delclos-Clanchet GL.
Cross-cultural adaptation and health questionnaires validation: revision and methodological recommendations. Salud Publica Mex.
2013;55(1):57–66. https://doi.org/10.1590/s003636342013000100009.
Jutten RJ, Peeters CFW, Leijdesdorff SMJ, Visser PJ, Maier AB,
Terwee CB, et al. Detecting functional decline from normal aging to
dementia: development and validation of a short version of the
Amsterdam IADL Questionnaire. Alzheimers Dement. 2017;8:
26–35.
WHO. Global action plan on the public health response to dementia
2017-2025. Website: https://www.who.int/mental_health/
neurology/dementia/action_plan_2017_2025/en/.
Prince M, Bryce R, Ferri C. Alzheimer’s Disease International.
World Alzheimer Report 2011: the benefits of early diagnosis and
intervention. http://www.alz.co.uk/research/
WorldAlzheimerReport2011.pdf. Published 2011. Accessed
December 5, 2018.
Woods B, Aguirre E, Spector AE, Orrell M. Cognitive stimulation
to improve cognitive functioning in people with dementia.
Cochrane Database Syst Rev. 2012;2:CD005562.
Bahar-Fuchs A, Martyr A, Goh AM, Sabates J, Clare L. Cognitive
training for people with mild to moderate dementia. Cochrane
Database Syst Rev. 2019;3:CD013069.
Liperoti R, Landi F. The management of behavioral and psychological symptoms of dementia: the need for tailored interventions. J
Am Med Dir Assoc. 2013;14(4):306–7.
Na R, Yang J-H, Yeom Y, Kim YJ, Byun S, Kim K, et al. A
systematic review and meta-analysis of nonpharmacological interventions for moderate to severe dementia. Psychiatry Investig.
2019;16(5):325–35.
Weimer DL, Sager MA. Early identification and treatment of
Alzheimer’s disease: social and fiscal outcomes. Alzheimers
Dement. 2009;5:212–26.
Patnode CD, Perdue LA, Rossom RC, Rushkin MC, Redmond N,
Thomas RG, et al. Screening for cognitive impairment in older

adults updated evidence report and systematic review for the US
Preventive services task force. JAMA. 2020;323(8):764–85.
66. Isaacs JD, Boenink M. Biomarkers for dementia: too soon for routine clinical use. Lancet Neurol. 2020;19(11):884–5.
67. Mazzone PJ, Rufatto Sears C, Arenberg DA, Gaga M, Gould MK,
Massion PP, et al. ATS assembly on thoracic oncology. evaluating
molecular biomarkers for the early detection of lung cancer: when is
a biomarker ready for clinical use? An Official American Thoracic
Society Policy Statement. Am J Respir Crit Care Med.
2017;196(7):e15–29. https://doi.org/10.1164/rccm.2017081678ST.
68. First MB, Pincus HA, Levine JB, Williams JB, Ustun B, Peele R.
Clinical utility as a criterion for revising psychiatric diagnoses. Am
J Psychiatry. 2004;161(6):946–54. https://doi.org/10.1176/appi.
ajp.161.6.946.
69. Bossuyt PM, McCaffery K. Additional patient outcomes and pathways in evaluations of testing. Med Decis Mak. 2009;29:E30–8.
70. Neumann PJ, Tunis SR. Medicare and medical technology – the
growing demand for relevant outcomes. N Engl J Med. 2010;362:
377–9.
71. Bossuyt PMM, Reitsma JB, Linnet K, Moons KGM. Beyond diagnostic accuracy: the clinical utility of diagnostic tests. Clin Chem.
2012;58(12):1636–43.
72. Alzheimer’s Disease International. World Alzheimer Report 2019:
Attitudes to dementia. 2019. Website: https://www.alz.co.uk/
research/world-report-2019.
73. Alzheimer’s Disease International. From Plan to Impact III: maintaining dementia as a priority in unprecedented times. 2020.
Website: https://www.alz.co.uk/adi/pdf/from-plan-to-impact-2020.
pdf.
74. CO-desiGning DemeNtia dIagnoSis ANd post-diagnostic CarE
(COGNISANCE) project. Website: http://cheba.unsw.edu.au/
consortia/cognisance.
75. Strengthening responses to dementia in developing countries
(STRiDE). Website: https://stride-dementia.org/.
76. Schünemann HJ, Schünemann AHJ, Oxman AD, Brozek J,
Glasziou P, Jaeschke R, et al. Grading quality of evidence and
strength of recommendations for diagnostic tests and strategies.
BMJ. 2008;336:1106–10.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

