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Abstract

Sections

Anti-amyloid treatments for early symptomatic Alzheimer disease
have recently become clinically available in some countries, which
hasgreatly increased the need for biomarker confirmation of amyloid
pathology. Blood biomarker (BBM) tests for amyloid pathology

are more acceptable, accessible and scalable than amyloid PET or
cerebrospinal fluid (CSF) tests, but have highly variable levels of
performance. The Global CEO Initiative on Alzheimer’s Disease
convened a BBM Workgroup to consider the minimum acceptable
performance of BBM tests for clinical use. Amyloid PET status was
identified as the reference standard. For use as a triaging test before
subsequent confirmatory tests such as amyloid PET or CSF tests,

the BBM Workgroup recommends that a BBM test has a sensitivity

of >90% with a specificity of >85% in primary care and >75-85% in
secondary care depending on the availability of follow-up testing.
For use as a confirmatory test without follow-up tests, a BBM test should
have performance equivalent to that of CSF tests — a sensitivity and
specificity of ~90%. Importantly, the predictive values of all biomarker
tests vary according to the pre-test probability of amyloid pathology
and must be interpreted in the complete clinical context. Use of BBM
tests that meet these performance standards could enable more people
toreceive an accurate and timely Alzheimer disease diagnosis and
potentially benefit from new treatments.
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Introduction

Since 2021, the first disease-modifying treatments (DMTs) for Alzhei-
mer disease (AD) have been entering clinical practice: the amyloid-3
(AB) antibodies aducanumab and lecanemab were approved by
the FDA', and a third — donanemab — is currently under considera-
tion for FDA approval®’. These new therapies are indicated for early
symptomatic AD, including mild cognitive impairment (MCI) or mild
dementiacaused by AD, and biomarker confirmation of amyloid pathol-
ogy isrequired before their initiation®’. Therefore, the new availability
of these treatments creates a pressing need for accurate, biomarker-
based diagnosis of AD in people with MCland mild dementia', to enable
initiation of treatment early in the course of symptomatic AD, when it
is likely to be most effective’.

A range of health-care professionals are involved in the diagno-
sis of symptomatic AD, including primary care providers, advanced
practice clinicians (for example, nurse practitioners and physician
assistants) and specialists, such as geriatricians, neurologists and
geriatric psychiatrists". An assessment typically includes a history from
individuals who know the patient well, review of medical records, physi-
cal and neurological examinations, cognitive testing, routine labora-
tory tests and structural neuroimaging'>. However, 85% of diagnoses
are made by clinicians who are not dementia specialists, most com-
monly primary care providers®, and clinicians report that diagnosis of
symptomatic AD is challenging' . Although data on the accuracy
of symptomatic AD diagnosis in primary care are limited, a review
suggests that 31-74% of patients with symptomatic AD are not identi-
fied”. Even when patients were evaluated by adementiaspecialist, the
aetiological diagnosis changed in36% of patients following an amyloid
PET scan'®. Misdiagnosis can lead to delays in care, administration of
inappropriate therapies and incorrect prognostic guidance.

Difficulties with the diagnosis and management of dementia are
exacerbated by a growing population of older adults and a shortage
of dementia specialists. Currently, -55 million people worldwide
live with dementia, of whom an estimated 60-80% have AD"",
and the number of people with dementia is expected to increase to
>139 million by the year 2050 (ref. 19). According to projections by
the National Center for Health Workforce Analysis, the demand for
neurologists will exceed supply throughout every region of the USA
by 2025 (ref. 20), and access to specialist services is already limited
or even absent in some low-income and middle-income countries?.
Asaresult of these shortages, many people with cognitiveimpairment
currently do not undergo an appropriate assessment, and access to
dementia specialistsis likely to become even more limited in future.

As anti-amyloid treatments become more widely available, bio-
marker testing to determine the presence of amyloid pathology s likely
tobecomeanessential component of the routine assessment of people
who present for evaluation of cognitive impairment. Clinical tests to
determine the presence of amyloid pathology have been available for
over adecade and include amyloid PET and cerebrospinal fluid (CSF)
tests that incorporate measurements of AB,,, AP, total tau (t-tau)
andtauphosphorylated at position181(p-taul81)**. Theseimaging and
fluid biomarkers are strongly associated with AD neuropathology,
including amyloid plaques and neurofibrillary tangles****". How-
ever, biomarkers have infrequently beenused in clinical practice until
recently, partly because DMTs have not been available so biomarker
results have been unlikely to change patient management and out-
comes>**, and also because of the high costs, limited access and per-
ceived risks of the biomarker tests>*. Over the past 5 years, multiple
blood biomarker (BBM) tests for the detection of AD pathology have

been developed and are now widely used in AD research studies and
clinical trials®~. In comparison with amyloid PET and CSF tests, BBM
tests are more acceptable and accessible and can be rapidly scaled up
to meetincreased need for biomarker testing®’. Additionally, BBM tests
could potentially be used inboth primary and secondary care settings.

Although multiple BBM tests are now clinically available, the
performance of these tests varies widely, raising the question of
the minimum accuracy required for atest to be clinically useful. In this
Consensus Statement, we present recommendations from The Global
CEO Initiative (CEOi) on Alzheimer’s Disease BBM Workgroup on the
minimumacceptable performance of BBM tests for clinical use. These
recommendations areintended to provide patients, providers and test
developers with minimum standards for clinically used BBM tests, as
well as describe the rationale for these standards.

Methods

The CEOQiisapartnership of individualsinacademia, patient advocacy
organizations, pharmaceutical companies and other private industry
groups that work together to address major challenges in the field of
AD. The patient advocacy organization USAgainstAlzheimer’s con-
vened the CEOi and initiated the BBM Workgroup in 2022 to prepare
stakeholders for the widespread adoption of BBM testsin clinical prac-
tice?®. The BBM Workgroup consists of academics who areinvolvedin
the validation of BBM tests, multiple diagnostics companies that are
developing BBM tests, multiple pharmaceutical companies that expect
BBM tests to be useful in treatment pathways and patient advocacy
groups that hope to improve care and treatment for people with AD.
Multiple patient advocacy organizations and private industry groups
contributed to the funding of the BBM Workgroup. Within the BBM
Workgroup, a workstream was established to examine the minimum
acceptable performance of BBM tests for clinical use. Rather than
considering specific BBM tests, the BBM Workgroup sought to define
performance standards that could be applied to any test.

The BBM Workgroup nominated co-leaders of the workstream
(S.E.S.and O.H.), who are dementia specialists, routinely use biomarker
testsin clinical diagnosis of dementia and have extensive expertise and
publications on the validation of fluid biomarker tests. The co-leaders
then recruited a core team of dementia specialists who routinely use
biomarker tests in the clinical diagnosis of dementia (D.G., A.C.P.,
G.D.R.,S.S.and M.S.-C.) and who also have expertise and publications
on fluid and/or imaging biomarkers of AD. The core team of seven
dementia specialistsrepresented three countries (Sweden, Spainand
the USA) and different regions of the USA (California, Midwest and East
Coast). The co-leaders and the core team served voluntarily and with-
out financial compensation. The CEQi provided administrative sup-
port,such as coordinating meetings, note taking and help with creating
presentations.

The BBM Workgroup invited stakeholders from academia,
industry, private foundations and patient advocacy groups to a kick-
off meeting, inwhichthe co-leaders described the goal of the group —
to determine the minimum performance of BBM tests necessary for
use in clinical care — and elicited feedback on the essential issues to
consider in formulating recommendations. After this kick-off meet-
ing, the core team met approximately weekly for several months and
reviewed the current literature and practice regarding the following
topics: clinical use of AD biomarker tests, the advantages and disad-
vantages of different biomarker modalities, analytical validation and
reference standards for BBM tests, one and two cut-off approaches
for categorizing test results and the predictive value of BBM tests.
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Following this thorough review, the core team developed a method-
ology to consider the performance of BBM tests using FDA-approved
CSF tests as abenchmark.

The BBM Workgroup then developed recommendations for the
use of BBM tests in target patient populations in primary and secondary
care. The predictive values of BBM tests with various levels of perfor-
mance were analysed in different clinical settings and patient profiles.
After discussion of these analyses with the entire core team, the BBM
Workgroup co-leaders proposed recommendations for the minimum
performance of the BBM tests. The core team discussed and adjusted
the recommendations until all core team members unanimously agreed
with the recommendations. The core team then drafted target product
profiles for BBM tests with asimilar format to those developed for other
types of diagnostic tests. The co-leaders then presented the findings
of the core team to the stakeholders and elicited feedback.

At the request of the co-leaders, a medical writer (D.R.) was
engaged to assist with identifying literature on the epidemiology of
AD and health-care system preparedness; the identified literature was
reviewed with the co-leaders. A manuscript was outlined and drafted by
the co-leaders, including the literature that had been reviewed by the
core team and the recommendations of the core team. The core team
reviewed and revised the manuscript, after which the manuscript was
circulated to stakeholders for additional feedback, which was reviewed
by the co-leaders and the manuscript revised appropriately. Criteria for
authorship included attendance at stakeholder meetings and review
and commentary on the manuscript. A final version of the manuscript
was approved by all co-authors before submission.

Clinical use of AD biomarker tests

Amyloid PET and CSF tests are the biomarker modalities typically
used inthe clinical diagnosis of symptomatic AD, and some providers
have started to use BBM tests. Other types of AD biomarker tests are
not commonly used in clinical practice. Currently, clinical biomarker
testing is only recommended for individuals with cognitive impair-
ment who have undergone a comprehensive assessment including a
medical evaluation, neurological examination, cognitive testing and
laboratory testing for common reversible causes of cognitive impair-
ment*?***, Many conditions other than AD can cause or exacerbate
cognitive impairment, and the comprehensive assessment is designed
to identify these alternative aetiologies. Given that cognitive symp-
toms often have multiple causes, no AD biomarker test is intended as
astandalone diagnostic test for symptomatic AD* ",

In2018, the National Institute on Aging and the Alzheimer’s Asso-
ciation established the ATN research framework, in which evidence of
the two major categories of AD pathology — amyloid (A) and patho-
logical tau (T) — is needed for the diagnosis of AD*. Biomarkers of
neurodegeneration and/or neuronal injury (N) are nonspecific so are
not, inthis framework, used for diagnosis but to help with staging of the
disease®. However, this research framework cannot readily be applied
to clinical diagnosis. PET is almost never used to detect pathological
tauinthe clinic, and, although CSF levels of phosphorylated tau were
used as a measure of pathological tau in the original ATN research
framework, subsequent work has demonstrated that CSF levels of
p-taul81 are more closely associated with amyloid pathology than
with tau pathology®**. The ATN framework is now being updated, and
novel fluid biomarkers that more specifically reflect tau pathology are
being studied®. At the current time, amyloid pathology is usually the
only type of AD pathology evaluated in clinical practice, typically via
amyloid PET or CSF biomarker tests. Consequently, symptomatic AD

dementiais usually clinically diagnosed on the basis of positive amyloid
biomarkersinthe context ofatypical AD clinical syndrome after ruling
out other potential causes®.

Amyloid PET is highly informative in AD research studies and
clinical trials because it enables the density and distribution of amyloid
pathology to be visualized in the brain***. However, amyloid PET has not
beenwidely used in clinical practice because the imaging equipment
andradiotracers are expensive and require highly specialized person-
nel” . CSF tests are currently the most widely used AD biomarkersin
secondary dementia clinics worldwide and are generally less expensive
thanamyloid PET*'>?>%", The core CSF biomarkers for the diagnosis of
ADincludetheratio of AR, to either AP,,, p-taul8lort-tau (AB,,/AB.o,
p-taul81/AB,, or t-tau/AB,, ratios)*>*. Although collection of CSF via
lumbar puncture is safe and typically well tolerated, some people are
unwilling toundergo the procedure on the basis of misconceptions that
itisassociated with substantial risks®*®. Inaddition, some people who
take anti-coagulant drugs areineligible to undergo lumbar punctures
owing to the risk of bleeding complications®’. More common limita-
tions include the fact that relatively few clinicians are comfortable
performing lumbar punctures, and reimbursement for the procedure
canbeinadequate*,

Following their rapid development, BBM tests for AD are now
widely usedin AD research studies and clinical trials, and multiple BBM
tests are now clinically available*”. In the prescribing information for
lecanemab, the modality of biomarker testing required to establish
the presence of amyloid pathology was not specified, leaving openthe
option of using BBM tests®’. Given that confirmation of amyloid pathol-
ogyisrequired forinitiation of anti-amyloid treatments, BBM measures
that are strongly associated with amyloid pathology are highly desir-
able. The most promising BBM measures for amyloid statusinclude the
AB,,/AB4,and tau phosphorylated at different sites, including p-taul81,
p-tau217 and p-tau231 (refs. 41-50).

BBM tests have unique advantages over amyloid PET and CSF
tests, which could enable their use more widely in the clinical diagno-
sis of symptomatic AD. Blood tests are seen as safe and acceptable by
most patients and blood tests are commonly used in clinical practice
throughout the world®. Use of blood tests can also be scaled up more
easily than use of other AD biomarker modalities because blood col-
lection does not require highly specialized personnel or equipment
(although blood must be collected and stored under the appropriate
conditions)**,

The different BBM tests that have been developed have widely
varying performances for classification of amyloid status. Even
BBM tests that are designed to measure the same analyte have major
differences in performance associated with the assay type (mass
spectrometry versus immunoassay), antibodies or other reagents
used or the specific assay platform? The accuracy of different tests
in classifying amyloid status is typically quantified with the receiver
operating characteristic area under the curve (AUC; Fig. 1), in which
1.00is perfectaccuracy and 0.50 is chance performance. Assays of the
plasma AB,,/AB,, ratio have AUCs of 0.70-0.85 in classification of amy-
loid PET status, and mass spectrometry-based assays are typically more
accurate than immunoassays®*~°. Assays for various phosphorylated
tauspecies performeven better in predicting amyloid status as deter-
mined withamyloid PET or CSF tests*>*". In particular, assays of plasma
levels of p-tau217 or the ratio of p-tau217 to non-phosphorylated tau
have AUCs of 0.92-0.98, which is similar to those of CSF tests for clas-
sifying amyloid PET status*®**"*'. Although BBM tests could enable
muchbroader use of AD biomarker testing, the wide variationin their
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Fig. 1| Determining performance of blood biomarker tests for amyloid
pathology. a, Amyloid PET is used as the reference standard for evaluating the
performance of blood biomarker (BBM) tests for amyloid pathology. A positive
BBM result is considered a true positive if amyloid PET is also positive and is
considered a false positive if amyloid PET is negative. A negative BBM result
isconsidered a true negative if amyloid PET is also negative and considered a
false negative if amyloid PET is positive. The sensitivity of a BBM test is defined
as the percentage of amyloid PET-positive individuals with a positive BBM test.
The specificity is defined as the percentage of amyloid PET-negative individuals
withanegative BBM test. Sensitivity, specificity and the prevalence of amyloid
pathology in the tested population are used to determine the positive predictive
value (PPV; thelikelihood that anindividual with a positive BBM test is amyloid
PET positive) and negative predictive value (NPV; the likelihood thatan

False-positive rate (1 - specificity)

individual with a negative BBM test is amyloid PET negative) of a test. Calculation
ofthe PPVand NPV of a test is critical when determining its clinical utility. b, The
receiver operating characteristic (ROC) curve quantifies the ability of a test to
distinguish between individuals with and without amyloid pathology. The curve
isaplot of the sensitivity as a function of the false-positive rate and across a range
of potential cut-offs. ¢, The area under the ROC curve (AUC; indicated by the
shaded area) is ameasure of test performance that does not depend on a specific
cut-offvalue so can be used to compare the performance of various biomarker
tests. The AUC provides a measure of the ability of a test to discriminate between
individuals who are amyloid PET-positive and PET-negative; an AUC of 1.0
indicates perfect discrimination, whereas an AUC of 0.5 indicates performance
no better than chance.

performance raises the question of how accurate a test must be for
use in clinical practice.

Analytical validation and reference standard
Theinitial stepin the evaluation of aBBM test is analytical validation to
assessits ability to reliably measure the analyte of interest. Factors such
asthevariability of measurements, the sensitivity of the test, the range
ofvalues measured and the effects of potentially interfering substances
are examined. Pre-analytical sample handling and processing can affect
biomarker values, so a consistent protocol for blood collection and
handling is necessary®. The clinical performance of a test depends
onthe analytical performance of the assay and pre-analytical factors,
as well as the association of the analyte with key clinical outcomes.
Akey consideration for any diagnostic test is the reference stand-
ard againstwhichitis compared. Three PET tracers that bind to amyloid
plaques were validated using neuropathology as the reference standard
and were subsequently approved by the FDA: F-florbetapir in 2012,

BF-flutemetamol in 2013 and **F-florbetabenin 2014 (refs. 22,29-31,62).
The sensitivities and specificities of these three tracers (determined
by the accuracy with which positive or negative amyloid PET visual
read reflects the presence or absence of AD neuropathology) were
96% and 100% for ®F-florbetapir, 86% and 92% for **F-flutemetamol
and 98% and 89% for 'F-florbetaben, respectively>****, One PET tracer
that binds to tau-containing neurofibrillary tangles, ‘*F-flortaucipir,
was approved by the FDA in 2020 (refs. 65-68). A visual read of
BE-flortaucipir PET had a sensitivity of 95% and a specificity of 81% for
ameasure of neurofibrillary tangle and amyloid pathology®’. Given the
high agreement of amyloid PET visual read with AD neuropathology,
the FDA accepted amyloid PET visual read as the reference standard
in its approval of three CSF tests for amyloid pathology associated
with AD (Table 1).

However, amyloid PET visual read is not a perfect reference stand-
ard for amyloid status. In a study of 9,958 clinical amyloid PET scans,
positive or negative amyloid PET visual reads were discordant with
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quantitative measures of the same scans in 14% of cases; discordance
was particularly high in cases with borderline values®. Even at expert
centres, discordance between visual read and quantitative measures
of the same amyloid PET scans is -5%, also usually in cases with bor-
derline values™. Therefore, although amyloid PET has been accepted
as areference standard for fluid biomarker tests, even a CSF or BBM
test that perfectly classifies individuals according to the presence or
absence of amyloid pathology would not be expected to have 100%
concordance withamyloid PET status by visual read”. Given that some
BBM tests might rival or even exceed the performance of amyloid
PET for determining amyloid status, studies that look at correlations
between BBM tests and neuropathology are particularly important to
truly understand the accuracy of fluid biomarker tests. Nevertheless, on
thebasis thatamyloid PET hasbeen used as the reference standard for
current FDA-approved CSF tests, the BBM Workgroup also used amyloid
PET asthe reference standard in the analysis of BBM test performance.

Determining sensitivity and specificity
Inresearchstudies, continuous measures are often used for biomarker
analyses, whereas clinical tests, including those for AD biomarkers,
typically involve cut-offs that categorize results as positive (abnormal)
or negative (normal)*. The terms sensitivity and specificity are typi-
cally used to describe the performance of a test in classifying a gold
standard clinical outcome, such as neuropathologically confirmed AD.
In some studies evaluating the agreement between fluid biomarkers
of AD and amyloid PET, the term positive percent agreementisusedin
place of sensitivity and the term negative percent agreement is used
in place of specificity because amyloid PET is not a perfect measure
of amyloid pathology. However, given that amyloid PET has a high
correspondence with neuropathology, we use the terms sensitivity
and specificity because they are more familiar. If amyloid PET is used
asthereferencestandard, the sensitivity of aBBM test is defined as the
percentage of amyloid PET-positive individuals with a positive BBM test.
The specificity is defined as the percentage of amyloid PET-negative
individuals with a negative BBM test (Fig. 1).

For a test to rule out amyloid pathology, a cut-off that results in
high sensitivity is needed to minimize false-negative results and ensure
that mostindividuals with amyloid pathology areidentified. Minimiz-
ing false-negative results isimportant because they canlead to delays
incare or even misdiagnosis, resultingininappropriate orinadequate
care’", For a test to confirm amyloid pathology, a cut-off that results
in high specificity is needed to minimize false-positive results and
ensure that individuals without amyloid pathology are identified®.

False-positive results can lead to unnecessary anxiety, referrals and
associated expenses’, as well as the possibility of unnecessary treat-
ment with amyloid-lowering DMTs, the risks of which are unclear in
individuals without amyloid pathology’”.

Various methods canbe used to determine single cut-offs for fluid
biomarker tests that classify individuals as positive or negative™”>. How-
ever,5-20% of individuals (depending on the cohort) have aborderline
level of amyloid pathology, meaning the values are near the cut-offand
repeat testing could resultindiscordant results (for example, a positive
result followed by anegative result whenrepeated)™ . For this reason,
the BBM Workgroup considered the use of two cut-offs to define three
categories of results: positive, intermediate and negative (Fig. 2). This
approachis currently used by the FDA-approved Lumipulse CSF test, in
which theintermediate category is defined as ‘likely positive’, and a simi-
larapproach hasbeen applied to atest for plasma p-tau217 (refs. 78,79).
The use of two cut-offsincreases the overall accuracy of atest for classi-
fyingindividuals with or without amyloid pathology. Although the BBM
Workgroup recommends consideration of atwo cut-offs approach, this
approachis not required if a single cut-off yields acceptable accuracy.

Tests with poorer performance typically have higher variability in
measurements, thereby increasing the proportion of tests that result
in intermediate values. The use of two cut-offs can enable tests with
performance sslightly below acceptable levels of accuracy toreach the
threshold for acceptable performance. However, because intermedi-
ate BBM test results do not provide a clear answer regarding amyloid
status, the BBM Workgroup recommended that a BBM test should
result in intermediate values for no more than 15-20% of individuals
inatypical clinical population. The core team of dementia specialists
reported obtaining borderline CSF test resultsin ~15-20% of patients,
which were often uninformative and frustrating for patients and pro-
viders. The BBM Workgroup members agreed that if an even higher
percentage of patients received borderline BBM tests results, this
would not be acceptable.

The most appropriate approachif BBMtests results areintermedi-
ate varies by patient and care setting>*’®. For patients whose BBM test
resultsareintermediate but greater certainty regarding amyloid status
isneeded in the short term, for example, if an individual is a potential
candidate for anti-amyloid treatments, an amyloid PET or CSF test
would be appropriate if these modalities are available. However, if
determining amyloid status is not likely to affect short-term patient
management, such asiftheindividual simply desired greater diagnostic
certainty, orifamyloid PET or CSF tests are not available, repeating the
BBM test at a later time (for example, in1year) might be reasonable.

Table 1| Performance of FDA-approved CSF assays for the classification of amyloid PET status by visual read

Test Biomarker Cohort Cohortsize Sensitivity (%) Specificity (%) Prevalence of amyloid PPV (%) NPV (%)
pathology (%)
Fujirebio Lumipulse’ AB4,/ABso ADNI 292 92° 84° 68 922k 84%P
Roche Elecsys®' p-tau181/AB,, BioFINDER 277 91 89 NA NA NA
ADNI 646 88 93 54 93 87
Roche Elecsys® t-tau/ABy, BioFINDER 277 91 89 NA NA NA
ADNI 646 85 94 54 94 84

AB, amyloid-B; AB.,. AB peptide 42; AB,,, AB peptide 40; ADNI, Alzheimer’s Disease Neuroimaging Initiative study; BioFINDER, Swedish BioFINDER study; NA, not available (not included in FDA
summary); NPV, negative predictive value; PPV, positive predictive value; p-tau181, tau phosphorylated at position 181; t-tau, total tau. "When the categories of ‘positive’ and ‘likely positive’ were
both considered as positive; when likely positive results were excluded, sensitivity was 92% and specificity was 93%. °If the prevalence of amyloid pathology in the Lumipulse cohort was the
same as that in the Elecsys cohort (54%), the PPV would be 87% and the NPV would be 90% when positive and likely positive results are both considered positive.
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Fig. 2| The two cut-off approach for blood biomarker tests of amyloid
pathology. Use of two cut-off values for blood biomarker (BBM) testingina
group of people with cognitive symptoms leads to three categories of results:
positive, intermediate and negative, increasing the accuracy with which people
canbe classified as having or not having amyloid pathology. Ideally, no more
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than 15-20% of individuals would be classified as having intermediate results.
Interpretation of positive and negative results depends on the clinical suspicion
of Alzheimer disease (Tables 3 and 4). CSF, cerebrospinal fluid. Adapted from
ref.78, CCBY 4.0 (https://creativecommons.org/licenses/by/4.0/).

Determining the predictive value of BBM tests
Sensitivity and specificity are helpful for describing the performance
ofatestinresearch studies, but the clinical utility of a BBM test is bet-
ter reflected by the likelihood that an individual with a positive BBM
testisamyloid PET-positive — the positive predictive value (PPV) —and
the likelihood that anindividual with a negative BBM test is amyloid
PET-negative — the negative predictive value (NPV) (Fig.1). The PPV and
NPV are strongly influenced by the prevalence of amyloid pathology
in the population being tested. The relationships among PPV, NPV,
test performance (sensitivity and specificity) and the prevalence of
amyloid pathology can be visualized with an online calculator of the
predictive value of blood tests for brain amyloidosis developed by
S.E.S. and co-workers.

The prevalence of amyloid pathology varies by age, severity of
clinical symptoms, race and/or ethnicity, sexand APOE genotype®* .
Inalarge study of people with cognitive impairment of uncertain aetiol-
ogy (theImaging Dementia — Evidence for Amyloid Scanning (IDEAS)
study), the prevalence of amyloid pathology was 55.3% among people
with MCland 70.1% among people who met the criteria for dementia’®.
The prevalence of amyloid pathology — or the pre-test probability of
amyloid positivity — varies according to patient and provider charac-
teristics, but an estimate of this parameter is necessary to calculate the
PPV and NPV of a BBM test. Therefore, when considering use of BBM
testsinsecondary care settings, the BBM Workgroup considered three
differentlevels of prevalence of amyloid pathology on the basis of key
studies and clinical experience in the BBM Workgroup: 80%, 50% and
20%, corresponding to individuals with high, intermediate or low clini-
calsuspicionof AD, respectively, based on the assessment of a dementia
specialist'®%°%%7 When considering use of BBM tests in primary care,
two different levels of amyloid prevalence were considered: 50% for
olderindividuals with more concerning symptoms (for example, peo-
ple aged >70 years with forgetfulness of personal events that occurs
daily and has progressively worsened over the past year) and 20% for
younger patients with less concerning symptoms (for example, an
individual aged <65 years with occasional memory lapses)®°®°,

Estimating the likelihood of amyloid pathology is critical for
appropriateinterpretation of BBM test results. Calculators thatincor-
porate easily ascertainable parameters that are strongly associated

withthe prevalence of amyloid pathology, such as age and performance
on cognitive tests, would enable a preliminary estimate of the likeli-
hood of amyloid pathology, thereby enabling calculations of the PPV
and NPV of the test for a given individual®*®. This type of preliminary
estimate could be especially helpful for providers who have limited
experience with biomarker testing. An example of such a calculator
for estimating the prevalence of amyloidosis based on age and Mini
Mental State Examination, based onaresearch cohort, has been devel-
oped by S.E.S. and co-workers. Similar calculators or estimates could
be provided by diagnostics companies in conjunction with BBM test
results to help providers to interpret the results. However, clinicians
should refine the estimated likelihood of amyloid pathology on the
basis of their complete diagnostic work-up and adjust their estimate
asadditional clinical data about the patient become available to them.
For example, if a young patient with subtle symptoms and a lower
initial estimated likelihood of amyloid pathology exhibits progressive
worsening of memory symptoms at their follow-up appointment, the
estimate should be adjusted upwards.

CSF tests as abenchmark

FDA-approved CSF tests for amyloid pathology are animportant bench-
mark for BBM test performance. The FDA approved the Fujirebio Lumi-
pulse G CSF B-Amyloid Ratio test (which measures the AB,,/AB,, ratio)
on the basis of'its relatively high agreement with amyloid PET status
by visualread inastudy of 292 participantsin the Alzheimer’s Disease
Neuroimaging Initiative (ADNI)”*°°. In this study, two cut-offs were
used and the CSF test had a sensitivity of 92% and a specificity of 84%
for amyloid PET status by visual read when individuals with ‘positive’
and ‘likely positive’ results were both considered positive, and 92%
sensitivity and 93% specificity when the category of likely positive
was excluded”.

The RocheElecsys tests, which measure the p-taul81/Ap,, or t-tau/
AP, ratio and use a single cut-off, received FDA approval on the basis of
substantial equivalence to amyloid PET in two research cohorts’. Ina
training cohort of 277 individuals from the Swedish BioFINDER study,
the p-taul81/Ap,, test had a sensitivity of 91% and a specificity of 89%
for amyloid PET status by visual read. In a second validation cohort of
646 participants enrolled in the ADNI, the same test had a sensitivity
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of 88% and a specificity of 93% for amyloid PET status by visual read”".
The t-tau/AP,, test performed similarly®.

These FDA-approved CSF tests provide benchmarks for the per-
formance of AD biomarker tests and suggest that ~90% sensitivity
and specificity for amyloid PET status by visual read is substantially
equivalent to amyloid PET.

Context of use

Two major uses for BBM tests are expected: triaging and confirma-
tion of amyloid pathology. For triaging tests, a negative result would
identify individuals who are unlikely to have amyloid pathology and
who might therefore benefit from further assessment for causes of
cognitive impairment other than AD. A positive result would identify
individuals with anincreased likelihood of having amyloid pathology
and who need further testing with a more accurate test. Therefore,
triaging tests primarily serve to identify individuals who are unlikely
to have amyloid pathology. These tests are most appropriate for use
in patients with a pre-test probability of amyloid positivity <50%, as
anegative BBM result in this scenario is associated with a high NPV,
providing high confidence that the individual does not have amyloid
pathology. When the pre-test probability of amyloid positivity is >50%,
anegative BBM result does not rule out amyloid pathology so is less
helpful. For example, even a BBM test with a sensitivity and specificity
of 90% has an NPV of only 69% if the pre-test probability of amyloid
positivity is 80%, as might be estimated for a patient aged >75 years with

Table 2 | Minimum acceptable performance of blood
biomarker tests for triaging or confirmation of amyloid
pathology

Test Minimum Predictive value
acceptable according to prevalence
performance of amyloid pathology

Prevalence Predictive
of amyloid values
pathology?®

Confirmatory test 90% sensitivity 80% PPV 97%
90% specificity NPV 69%

50% PPV 90%
NPV 90%
20% PPV 69%
NPV 97%

High-specificity triaging test  90% sensitivity 80% PPV 96%

85% specificity NPV 68%
50% PPV 86%

NPV 89%

20% PPV 60%

NPV 97%

Low-specificity triaging test ~ 90% sensitivity 80% PPV 94%

75% specificity NPV 65%
50% PPV 78%

NPV 88%

20% PPV 47%

NPV 97%

NPV, negative predictive value; PPV, positive predictive value. All calculations assume
dichotomous categories or the grouping of intermediate and positive outcomes in a test with
two cut-offs. *Estimates of the prevalence of amyloid pathology will vary by clinical setting
and patient profile. See Table 5 for the complete BBM target product profiles for triage and
confirmatory tests in primary and secondary care.

atypical AD dementia syndrome (Table 2). Therefore, aBBM test cannot
be used to rule out amyloid pathology for all patients, and clinicians
must continue to consider AD as a possible (albeit unlikely) aetiology
inpatients with anegative BBM test result but clinical features that are
highly consistent with symptomatic AD.

For confirmatory BBM tests, a positive result would identify the
presence of amyloid pathology without the need for asecond test>*>,
Such confirmation can only be achieved with high confidence for
people whose pre-test probability of amyloid positivity is >50%, as
a positive BBM result is associated with a high PPV in this scenario.
For people with a pre-test probability of amyloid positivity <50%, a
positive BBMresult does not necessarily ruleinamyloid pathology. For
example, if the pre-test probability of amyloid positivity is 20%, as in
apatientaged <60 years with subtle symptoms of cognitive decline, a
BBM test with a sensitivity and specificity of 90% has a PPV of only 69%
(Table 2). An unexpected positive BBM result should prompt further
evaluation, such as more extensive clinical and cognitive testing, to
ensure an accurate estimation of the pre-test probability of amyloid
pathology.

Use of blood biomarker tests in secondary care
The BBM Workgroup considered the use of BBM tests in secondary
care by providers with expertise and experience in dementia, such
as neurologists, geriatricians, geriatric psychiatrists and generalist
medical doctors who have older patient populations and have received
additional training. For both triaging and confirmationin this setting,
the intended use of BBM tests is to help establish whether amyloid
pathology is the likely cause of cognitive impairment after completion
ofacomprehensive work-up, including a clinical assessment, cognitive
testing, structural neuroimaging and routine blood work.

The BBM Workgroup recommends the following criteria are
fulfilled to conduct aBBM test for anindividual in secondary care:

« Objectivetests provide evidence of cognitive impairment and/or
ahistory of progressive cognitive decline is clear.

« Afteracomprehensive assessment of existing medical conditions
and for other causes of cognitive decline, AD is suspected as a
possible aetiology of cognitive impairment.

« Biomarker testing is expected to increase the certainty of the
aetiological diagnosis of cognitive impairment, improve the diag-
nostic and prognosticinformation provided to patients and their
caregivers and/or improve management.

Use of blood biomarker tests in primary care

The BBM Workgroup additionally considered the use of BBM tests in
primary care by clinicians without highly specialized training in demen-
tia, including physicians, nurse practitioners and physician assistants.
An important consideration is that most AD biomarkers have been
studied and used only in secondary and tertiary care settings, and
the characteristics of patients seen in primary care settings might be
different. For example, specialist memory clinics might serve patients
with greater resources, in part because these clinics might have
requirements such as the patient bringing a friend or family member
to the visit®. Currently available data are insufficient to understand
how use of AD biomarkers varies between primary and secondary
care settings, and further studies are needed. Therefore, the BBM
Workgroup recommendations for theintended use and target popula-
tion for BBM tests largely match those for secondary care, with a few
differences.
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Table 3 | Interpretation of blood biomarker tests in primary care

Clinical suspicion for AD Accuracy of BBM test Predictive values Difference from CSFtest  Clinical interpretation of predictive values
High (50% prevalence of Sensitivity 90% PPV 90% 0% Positive test: marker of risk for AD — referral to
amyloid pathology) Specificity 90% NPV 90% 0% demer'1tia specialist recomme'nded '
Negative test: rules out amyloid pathology in most
Sensitivity 90% PPV 86% -4% patients
Specificity 85% NPV 89% 1%
Low (20% prevalence of Sensitivity 90% PPV 69% 0% Positive test: does not confirm amyloid pathology —
amyloid pathology) Specificity 90% e o referrél to dementia spemahstlrecommendn-ed
Negative test: rules out amyloid pathology in most
Sensitivity 90% PPV 60% -9% patients
Specificity 85% NPV 97% 0%

Clinical suspicion for AD is determined by the expected prevalence of amyloid pathology given the age and clinical presentation of the individual®. BBM tests with different levels of sensitivity
and specificity (second column) lead to different PPVs and NPVs (third column), which differ from the performance of CSF tests by different amounts (fourth column). On the basis of the
PPVs and NPVs, the recommended interpretation of a positive or negative result is given (fifth column). AD, Alzheimer disease; BBM, blood biomarker; CSF, cerebrospinal fluid; NPV, negative

predictive value; PPV, positive predictive value.

Owing to the very low pre-test probability of amyloid pathology
inthe younger population typically seen in primary care settings, the
BBM Workgroup recommends use of BBM tests for triaging in primary
careonly for patients aged 55 years or older. Most AD biomarkers have
notbeenwell studied in patients younger than 55 years of age, and CSF
tests are approved only for patients aged >55 years, so the validity of
these biomarkers in people below this age has not been established.
However, patients aged <55 years could be tested if suspicion for amy-
loid pathology is high, for reasons such as a clinical syndrome that is
highly consistent withsymptomatic AD, afamily history of early-onset
AD dementiainfirst-degree relatives, or adiagnosis of Down syndrome.

Given that a higher pre-test probability of amyloid positivity is
needed to achieve the high PPV required for a confirmatory test, the
BBM Workgroup recommends use of BBM tests for confirmation of
amyloid pathology in primary care only for people aged >65 years, as
the rate of amyloid positivity in this age group is highest. However, this
isageneral guideline; younger individuals for whom clinical suspicion
of ADis high could be tested.

Minimum acceptable performance

Withthe understanding that the prevalence of amyloid pathology varies
across clinical settings and patient profiles, the BBM Workgroup used
estimates for the prevalence of amyloid pathology in three theoreti-
cal patient categories (80%, 50% and 20%) to calculate the PPVs and
NPVs for BBM tests with different performance characteristics. The
core team of dementia specialists considered whether the PPVs and
NPVs for BBM tests with different levels of performance differed from
those of CSF tests with asensitivity and specificity of 90% substantially
enough that: BBM tests should not be used; or BBM tests could be used
with subsequent amyloid PET or CSF testing; or BBM tests could be
used without subsequent amyloid PET or CSF testing. After analys-
ing various scenarios, the BBM Workgroup reached consensus on the
recommended diagnostic accuracy of BBM tests for use in triaging
or confirmation of amyloid pathology (Tables 2-4) and developed
complete BBM target product profiles for triaging and confirmatory
tests in secondary and primary care (Table 5).

Use as atriaging test

For use as atriaging test, after which individuals with a positive result
are expected to undergo asecond confirmatory test withamyloid PET
or CSF testing, the BBM Workgroup concluded that a BBM test should

have asensitivity 290% for amyloid PET status and a specificity >75-85%,
depending on the availability of follow-up testing. High sensitivity is
needed to minimize the number of false-negative results, so that most
individuals withamyloid pathology are identified. This high sensitivity
is especially important because individuals with a negative result are
not expected to have afollow-up amyloid PET or CSF test. The minimum
acceptable specificity depends on the availability of follow-up testing
because most people whoreceive apositive result onatriaging test are
expected toundergo afollow-up test. Given that blood tests are highly
acceptable and accessible, a large number of positive results could
substantially increase the need for follow-up amyloid PET and CSF
tests. If capacity for amyloid PET and/or CSF tests is limited in a given
setting, use of atriaging test with high specificity (=85%) is necessary;
otherwise, thenumber of people whoreceive positive BBM results (both
true positive and false positive) could exceed the number of follow-up
tests that can be performed. If the capacity to perform amyloid PET
and/or CSF testsis not limited, for example, insecondary care centres,
thenatriaging test with lower specificity (=75%) might be acceptable.

Toillustrate how concerns about confirmatory test capacity influ-
ence the minimum acceptable specificity of triaging tests, consider a
clinic that can perform 200 confirmatory tests per year and serves
apatient population of1,000 individuals,among whomthe prevalence
of amyloid positivity is 50%. If a triaging BBM test with a sensitivity of
90% and aspecificity of 75% was used, 575 people would have a positive
result, exceeding the number that could undergo a confirmatory test.
Of these 575 people, 78% would have amyloid pathology. Of the 375
patients with apositive triaging BBM result who would not have access
to confirmatory testing, 82 would have afalse-positive BBM test result.
However, ifatriaging BBM test with a sensitivity of 90% and a specificity
of 85% was used, 525 patients would receive a positive result and of the
200 individuals with access to confirmatory testing, 86% would have
amyloid pathology. Slightly fewer people (325) with a positive triaging
BBM result would not have access to confirmatory testing but, more
importantly, only 46 would have a false-positive BBM test result. The
most clinically concerning issue with triaging tests is the number of
individuals with a false-positive result and no ability to obtain a follow-
up test; theseindividuals might accept the false-positive triaging result
asfinal, which could have adverse consequences.

Overall, current resource constraints underlie concerns that
substantial numbers of individuals with positive triaging BBM tests
will not have access to confirmatory testing and that the BBM test
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result will, therefore, be the only AD biomarker test result they obtain.
For this reason, the BBM Workgroup recommends higher specificity
(=85%) for triaging BBM tests if there is limited capacity to perform
confirmatory tests. However, if a clinic has adequate capacity to
perform confirmatory tests (that is, amyloid PET or CSF tests) in all
patients with a positive triaging BBM test result, then a specificity of
>75% is acceptable.

Use as a confirmatory test

For use as a confirmatory test without a follow-up amyloid PET or CSF
test, the BBM Workgroup concluded that the performance of BBM tests
should be equivalent to that of CSF tests; a sensitivity and specificity
of ~90% for amyloid PET status. The core team of dementia specialists
agreed thatifaBBM test was evenslightly less accurate than a CSF test,
the CSF test would be strongly preferred for confirmation of amyloid
pathology, especially if treatment with a DMT was a consideration.

Additional desirable performance characteristics
and validation studies

The BBM Workgroup agreed that BBM tests would ideally have <5%
discordance with respect to positive and negative status when blood
is collected and analysed on different occasions within a short inter-
val (for example, within 1-2 months). This performance standard has
not been applied to CSF tests and the discordance of FDA-approved
CSF tests over time has not been rigorously studied, largely because
lumbar punctures are not typically repeated within a short interval.
One study showed that individuals with discordant CSF test results
on repeated testing are likely to have CSF biomarker levels near the
cut-off and intermediate levels of amyloid pathology™. This finding
suggests that a two cut-off approach could reduce the proportion of
discordant results®’®,

For validation studies of BBM tests, the demographic characteris-
tics of the study cohort should ideally match the intended use popula-
tion. The FDA approved both the Lumipulse and Elecsys CSF tests on
the basis of assay performance in <1,000 research participants with
minimal racial or ethnic diversity’*”". These studies did not determine
whether the tests performed consistently across racial and ethnic
groups, despite findings from several studies that have demonstrated
differences in the concentrations of some CSF biomarkers, includ-
ing t-tau and p-taul8l, between self-identified black individuals and
white individuals®”. In addition, three studies have demonstrated
differences in the rate of amyloid PET positivity in black and Hispanic
individuals compared with white individuals®'°. Several studies have
assessed the performance of BBM tests in different racial and ethnic
groups”°"'%2 In one such study, the likelihood of amyloid pathology
associated with plasmalevels of p-taul81, p-tau231and neurofilament
light chain differed between racial groups, but the AB,,/AB,, ratiowas
consistently associated with amyloid pathology across racial groups'*%.
Inanother study, plasmabiomarkers did not vary by racial group after
adjusting for comorbidities'.

Multiple medical conditions, including chronickidney disease, a
history of myocardial infarction and stroke, have been associated with
plasmalevels of biomarkersincluding Af,,, AB,o, p-taul81land p-tau217
(refs. 103-105). However, some biomarkers of AD are not as strongly
associated with these conditions as others. Examplesinclude the AB,,/
AB,o ratio'**'® and the ratio of p-tau217 to non-phosphorylated tau,
which was less strongly associated with kidney function than concen-
trations of p-tau217 alone'*’. In general, BBM tests based on biomarker
ratios seem to perform more consistently, although larger studies
are needed in cohorts that reflect the characteristics of the broader
population'”. Studies are currently underway to understand the rela-
tionships of AD biomarkers withrace, ethnicity, medical conditions and

Table 4 | Interpretation of blood biomarker tests in secondary care

Clinical suspicionfor AD Accuracy of Predictive Difference from DMT Clinical interpretation of predictive values
BBM test values CSF test candidate?
High (80% prevalence Sensitivity 90% PPV 97% 0% Possible Positive test: acceptable for confirmation of amyloid pathology in
of amyloid patholo et most patients
paee 2 o) Specificity 90% “Npyegw 0% Unlikely et o _ _
Negative test: does not definitively rule out amyloid pathology owing
Sensitivity 90% PPV 96% -1% Possible to the low NPV — should be followed by a CSF test, amyloid PET or a
Specificity 85%  Npy g% 1% Unlikely second BBM test if possible
Intermediate (50% Sensitivity 90% PPV 90% 0% Possible Positive test: acceptable for confirmation of amyloid pathology in
prevalence of amyloid Specificity 90% ) most patients
NPVI0% 0% Unlikel:
pathology) ° ° v Negative test: rules out amyloid pathology in most patients
Sensitivity 90% PPV 86% -4% Possible Positive test: only acceptable for confirmation of amyloid pathology
Specificity 85% - if patient cannot undergo CSF or amyloid PET testing — CSF or
° NPV80%  -10% Unlikely amyloid PET preferable if DMTs are being considered
Negative test: does not definitively rule out amyloid pathology owing
to the low NPV — should be followed by a CSF test, amyloid PET or a
second BBM test if possible
Low (20% prevalence Sensitivity 90% PPV 69% 0% Unlikely Positive test: does not confirm amyloid pathology — should be
of amyloid pathology) Specificity 90% N\pvo7% 0% Unlikely followgd by a CSF test of amyl'oid PET if po§sible .
Negative test: rules out amyloid pathology in most patients
Sensitivity 90%  PPV60%  -9% Unlikely
Specificity 90%  npyo7% 0% Unlikely

Clinical suspicion for AD is determined by the expected prevalence of amyloid pathology given the age and clinical presentation of the individual®®. BBM tests with different levels of specificity
(second column) lead to different PPVs and NPVs (third column), which differ from the performance of CSF tests by different amounts (fourth column) and influence whether an individual is
likely to be a candidate for DMTs (fifth column). On the basis of the PPVs and NPVs, the recommended interpretation of a positive or negative result are given (sixth column). AD, Alzheimer
disease; BBM, blood biomarker; CSF, cerebrospinal fluid; DMT, disease-modifying treatment; NPV, negative predictive value; PPV, positive predictive value.
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Table 5 | Target product profiles for triaging and confirmatory blood biomarker tests in primary and secondary care

Profile feature BBM test for use in primary care

BBM test for use in secondary care

Triaging test Confirmation test

Triaging test Confirmation test

Target users Primary care providers

Dementia specialists

Target patient
population
medical management

Evidence of cognitive impairment from objective tests and/or a clear history of progressive cognitive decline, preferably supported by an
individual who knows the patient well. Biomarker testing would be expected to help establish the aetiology of cognitive impairment and alter

AD is the suspected aetiology of cognitive impairment after
assessment for other medical conditions

AD is suspected as the aetiology of cognitive impairment after a
comprehensive assessment for other medical conditions

Age>b5 years Age>65 years

No age cut-off

Biomarker target  Analytes should reflect the key AD pathologies

Comparative
reference

Amyloid: correspondence with amyloid PET or AD amyloid plaque neuropathology
Tau: correspondence with tau PET or AD neurofibrillary tangle neuropathology

Intended use Positive test would identify
individuals with a high likelihood of
amyloid pathology but for whom a
second test is needed to confirm

pathology.
Negative test would identify

amyloid pathology when

clinical findings.

Positive test would confirm

interpreted in the context of all

Negative test would identify
individuals who are unlikely to

Positive test would confirm
amyloid pathology when
interpreted in the context of
all clinical findings.

Negative test would identify
individuals who are unlikely

Positive test would identify individuals
with a high likelihood of amyloid
pathology but for whom a second test
is needed to confirm pathology.
Negative test would identify
individuals who are unlikely to have

individuals who are unlikely to have have amyloid pathology amyloid pathology to have amyloid pathology
amyloid pathology

Accuracy Sensitivity 290% Sensitivity 290% Sensitivity 290% Sensitivity 290%

required Specificity 285% Specificity 290% Specificity 285% (75-85% might be Specificity290%

For a test with two cut-offs, <20%
of individuals should have an

intermediate result intermediate result

For a test with two cut-offs, <20%
of individuals should have an

acceptable with high capacity for
follow-up amyloid PET or CSF testing)
For a test with two cut-offs, <20%

of individuals should have an
intermediate result

For a test with two cut-offs,
<20% of individuals should
have an intermediate result

Reproducibility

<5% discordance in positive or negative status when blood is collected and analysed on different occasions

AD, Alzheimer disease; BBM, blood biomarker; CSF, cerebrospinal fluid.

social determinants of health, including the Study of Race to Under-
stand Alzheimer Biomarkers (SORTOUT-AB)'*®, the Health & Aging
Brain Study-Health Disparities (HABS-HD)'*° and the recently initi-
ated Alzheimer’s Diagnosis in Older Adults with Chronic Conditions
(ADACC)". In the meantime, confidence in biomarker results based
on BBM tests (as well as for amyloid PET and CSF tests) is highest for
individuals with demographics that resemble those of the research
cohortsin which the tests have been studied.

Barriers to use

Ifimplemented effectively, BBM tests could improve access to AD
biomarker testing, but several barriers and complexities need to be
addressed. First, cognitive impairment is often considered by the gen-
eral publictobe anormal sequela of ageing, which could reduce the like-
lihood that people will present for care before symptoms are advanced.
Second, people might not know how to access appropriate care or might
have limited access to care, especially given the shortage of dementia
specialists. Barriers to equitable care, such as language barriers, lack
of health-care insurance and limited finances, can also be consider-
able™. Third, primary care practitioners need more education on how to
assess people with cognitive impairment and estimate the likelihood of
amyloid pathology on the basis of factors such as age and severity
of symptoms, keeping in mind that AD biomarkers become abnormal
many years before the onset of cognitive impairment. Finally, providers
need to know the level of accuracy of the specific BBM tests they are
ordering. Before undergoing AD biomarker testing, patients and their
caregivers should be counselled about potential risks and benefits of

testing, the results of which could affect their work, driver licensing
and insurance, and could also cause stigmatization'. Measures must
be taken to mitigate these issues and thereby maximize the potential
of BBM tests for improving the diagnosis of early symptomatic AD.

Conclusions

The emergence of DMTs for AD is expected to transform the diagnosis
and management of people with cognitive impairment. These treat-
ments specifically target amyloid pathology, so biomarker confirma-
tion of this pathology is required before their initiation. Amyloid PET
and CSF tests that accurately detect amyloid pathology have been
available for many years but their use in clinical practice has beeninfre-
quent owing to the lack of specific AD treatments and the drawbacks
of these tests. However, now that biomarker confirmation of amyloid
pathology could have a major impact on patient care, the need for
AD biomarkers is likely to increase by orders of magnitude. Given the
limitations and capacity constraints of amyloid PET and CSF tests, BBM
tests arelikely to be the only modality that canreach the scale required
for testing of all people who might benefit from anaccurate diagnosis
and, potentially, DMTs.

The CEOi BBM Workgroup collaborated to develop target product
profilesto describe the minimum acceptable performance of BBM tests
for triaging or confirmation of amyloid pathology in primary and sec-
ondary care settings. Given the major implications of BBM test results
for individuals, the BBM Workgroup recommends high standards of
performance. For triaging in primary care, BBM tests can only be slightly
less accurate than CSF tests (=90% sensitivity and >85% specificity
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for amyloid PET status); otherwise, many people with false-negative
BBM test results would not be identified or the number of people with
positive BBM test results could exceed the capacity for confirmatory
amyloid PET or CSF testing. For triaging in secondary care, a BBM test
with lower specificity (>75-85%) might be acceptable in clinics with a
high capacity to perform follow-up amyloid PET or CSF testing. For con-
firmation of amyloid pathology, the performance of BBM tests should
beequivalent to that of FDA-approved CSF tests, with asensitivity and
specificity of -90%. IfBBM tests are less accurate than CSF tests, amyloid
PET or CSF tests are preferable for confirmation of amyloid pathology,
especially if the individual could be a candidate for DMT.

A large number of BBM tests are currently in development for
clinical use?, and the quality and quantity of information available
regarding their performance are highly variable. Therefore, rather
than judging specific BBM tests, the CEOi BBM Workgroup recom-
mends performance standards that could be applied to any test; the
BBM Workgroup does not endorse any specific BBM test. Several BBM
tests that are currently available have high accuracy in classification
ofamyloid status and might meet the standards recommended by the
BBM Workgroup, especially when the two cut-off approach is used.
Given the major capacity constraints and drawbacks of amyloid PET
and CSF testing, integration of such high-performance BBM tests in
clinical care could enable many more people with cognitive impair-
ment to receive an accurate and timely diagnosis and to benefit from
new DMTs for early symptomatic AD.

Published online: 12 June 2024

References

1. Engelborghs, S. et al. Diagnostic performance of a CSF-biomarker panelin
autopsy-confirmed dementia. Neurobiol. Aging 29, 1143-1159 (2008).

2. Hampel, H. et al. Blood-based biomarkers for Alzheimer’s disease: current state and
future use in a transformed global healthcare landscape. Neuron 111, 2781-2799 (2023).

3. Schindler, S. E. & Atri, A. The role of cerebrospinal fluid and other biomarker modalities in
the Alzheimer’s disease diagnostic revolution. Nat. Aging 3, 460-462 (2023).

4. Hansson, O. et al. The Alzheimer’s Association appropriate use recommendations for
blood biomarkers in Alzheimer’s disease. Alzheimers Dement. 18, 2669-2686 (2022).

5. Hansson, O., Blennow, K., Zetterberg, H. & Dage, J. Blood biomarkers for Alzheimer’s
disease in clinical practice and trials. Nat. Aging 3, 506-519 (2023).

6. Mintun, M. A. et al. Donanemab in early Alzheimer’s disease. N. Engl. J. Med. 384,
1691-1704 (2021).

7. Sims, J.R. et al. Donanemab in early symptomatic Alzheimer disease: the
TRAILBLAZER-ALZ 2 randomized clinical trial. JAMA 330, 512-527 (2023).

8.  Legembi. Prescribing Information. Eisai Inc. and Biogen. https://www.accessdata.fda.
gov/drugsatfda_docs/label/2023/761269s000lbl.pdf (2023).

9. Aduhelm. Prescribing Information. Biogen and Eisai Inc. https://www.accessdata.fda.gov/
drugsatfda_docs/label/2021/761178s003lbl.pdf (2021).

10.  Cummings, J. & Fox, N. Defining disease modifying therapy for Alzheimer’s disease.

J. Prev. Alzheimers Dis. 4,109-115 (2017).

1. No Authors Listed. 2023 Alzheimer’s disease facts and figures. Alzheimers Dement. 19,
1598-1695 (2023).

12. Schindler, S. E. Fluid biomarkers in dementia diagnosis. Continuum 28, 822-833 (2022).

13. Drabo, E. F. et al. Longitudinal analysis of dementia diagnosis and specialty care among
racially diverse Medicare beneficiaries. Alzheimers Dement. 15, 1402-1411 (2019).

14.  No Authors Listed. 2020 Alzheimer’s disease facts and figures. Alzheimers Dement. 16,
391-460 (2020).

15.  Gauthier, S., Rosa-Neto, P., Morais, J. A. & Webster, C. World Alzheimer report 2021:
journey through the diagnosis of dementia. Alzheimer’s Disease International. https://
www.alzint.org/u/World-Alzheimer-Report-2021.pdf (2021).

16. Gauthier, S., Webster, C., Servaes, S., Morais, J. A. & Rosa-Neto, P. World Alzheimer Report
2022: life after diagnosis: navigating treatment, care and support. Alzheimer’s Disease
International. https://www.alzint.org/resource/world-alzheimer-report-2022/ (2022).

17.  Bradford, A., Kunik, M. E., Schulz, P., Williams, S. P. & Singh, H. Missed and delayed
diagnosis of dementia in primary care: prevalence and contributing factors. Alzheimer
Dis. Assoc. Disord. 23, 306-314 (2009).

18. Rabinovici, G. D. et al. Association of amyloid positron emission tomography with
subsequent change in clinical management among Medicare beneficiaries with mild
cognitive impairment or dementia. JAMA 321, 1286-1294 (2019).

19. World Health Organization. Global Status Report on the Public Health Response to
Dementia (2021).

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

HRSA. Health Resources and Services Administration, National Center for Health
Workforce Analysis. Health Workforce Projections: Neurology Physicians and Physician
Assistants. https://bhw.hrsa.gov/sites/default/files/bureau-health-workforce/data-
research/bhw-factsheet-neurology.pdf (2017).

Bhattacharyya, D. S., Hossain, M. H., Dutta, G. K., Nowrin, |. & Saif-Ur-Rahman, K. M.
Service coverage and health workforce allocation strategies for geriatric and palliative
care in low- and middle-income countries: a protocol for a systematic review and
meta-analysis. Medicine 101, e29030 (2022).

Hansson, O. Biomarkers for neurodegenerative diseases. Nat. Med. 27, 954-963

(2021).

Shaw, L. M. et al. Appropriate use criteria for lumbar puncture and cerebrospinal

fluid testing in the diagnosis of Alzheimer’s disease. Alzheimers Dement. 14, 1505-1521
(2018).

Johnson, K. A. et al. Appropriate use criteria for amyloid PET: a report of the Amyloid
Imaging Task Force, the Society of Nuclear Medicine and Molecular Imaging, and the
Alzheimer’s Association. Alzheimers Dement. 9, e-1-e-16 (2013).

Clark, C. M. et al. Cerebral PET with florbetapir compared with neuropathology at
autopsy for detection of neuritic amyloid-f3 plaques: a prospective cohort study.

Lancet Neurol. 11, 669-678 (2012).

Mattsson-Carlgren, N. et al. Cerebrospinal fluid biomarkers in autopsy-confirmed
Alzheimer disease and frontotemporal lobar degeneration. Neurology 98, €1137-€1150
(2022).

Long, J. M. et al. Preclinical Alzheimer’s disease biomarkers accurately predict cognitive
and neuropathological outcomes. Brain 145, 4506-4518 (2022).

The Global CEO Initiative on Alzheimer’s Disease. UsAgainstAlzheimer’s. https://www.
usagainstalzheimers.org/our-enterprise/CEQi (2024).

Amyvid. Prescribing information. Eli Lilly and Company. https://www.accessdata.fda.gov/
drugsatfda_docs/label/2012/202008s000lbl.pdf (2012).

Neuraceq. Prescribing information. Piramal Imaging S.A. https://www.accessdata.fda.
gov/drugsatfda_docs/label/2014/204677s000lbl.pdf (2014).

VizamyLl. Prescribing information. GE Healthcare. https://www.accessdata.fda.gov/
drugsatfda_docs/label/2016/203137s005!bl.pdf (2016).

Jack, C. R. Jr. et al. NIA-AA research framework: toward a biological definition of
Alzheimer’s disease. Alzheimers Dement. 14, 535-562 (2018).

Therriault, J. et al. Association of phosphorylated tau biomarkers with amyloid positron
emission tomography vs tau positron emission tomography. JAMA Neurol. 80, 188-199
(2023).

Barthélemy, N. R. et al. CSF tau phosphorylation occupancies at T217 and T205 represent
improved biomarkers of amyloid and tau pathology in Alzheimer’s disease. Nat. Aging 3,
391-401(2023).

Horie, K. et al. CSF MTBR-tau243 is a specific biomarker of tau tangle pathology in
Alzheimer’s disease. Nat. Med. 29, 1954-1963 (2023).

Krishnadas, N., Villemagne, V. L., Doré, V. & Rowe, C. C. Advances in brain amyloid
imaging. Semin. Nucl. Med. 51, 241-252 (2021).

Hardy-Sosa, A. et al. Diagnostic accuracy of blood-based biomarker panels: a systematic
review. Front. Aging Neurosci. 14, 683689 (2022).

Porsteinsson, A. P., Isaacson, R. S., Knox, S., Sabbagh, M. N. & Rubino, I. Diagnosis of early
Alzheimer’s disease: clinical practice in 2021. J. Prev. Alzheimers Dis. 8, 371-386 (2021).
Domingues, R., Bruniera, G., Brunale, F., Mangueira, C. & Senne, C. Lumbar puncture in
patients using anticoagulants and antiplatelet agents. Arq. Neuropsiquiatr. 74, 679-686
(2016).

Bonomi, S., Gupta, M. R. & Schindler, S. E. Inadequate reimbursement for lumbar
puncture is a potential barrier to accessing new Alzheimer’s disease treatments.
Alzheimer’s Dement. 19, 5849-5851(2023).

Janelidze, S. et al. Plasma B-amyloid in Alzheimer’s disease and vascular disease.

Sci. Rep. 6, 26801 (2016).

Nakamura, A. et al. High performance plasma amyloid-3 biomarkers for Alzheimer’s
disease. Nature 554, 249-254 (2018).

Schindler, S. E. et al. High-precision plasma 3-amyloid 42/40 predicts current and future
brain amyloidosis. Neurology 93, e1647-e1659 (2019).

Janelidze, S. et al. Plasma P-tau181in Alzheimer’s disease: relationship to other
biomarkers, differential diagnosis, neuropathology and longitudinal progression to
Alzheimer’s dementia. Nat. Med. 26, 379-386 (2020).

Karikari, T. K. et al. Blood phosphorylated tau 181 as a biomarker for Alzheimer’s disease:
a diagnostic performance and prediction modelling study using data from four
prospective cohorts. Lancet Neurol. 19, 422-433 (2020).

Thijssen, E. H. et al. Diagnostic value of plasma phosphorylated tau181in Alzheimer’s
disease and frontotemporal lobar degeneration. Nat. Med. 26, 387-397 (2020).

Ashton, N. J. et al. Plasma and CSF biomarkers in a memory clinic: head-to-head comparison
of phosphorylated tau immunoassays. Alzheimers Dement. 19, 1913-1924 (2023).
Palmaquist, S. et al. Discriminative accuracy of plasma phospho-tau217 for Alzheimer
disease vs other neurodegenerative disorders. JAMA 324, 772 (2020).

Ashton, N. J. et al. Plasma p-tau231: a new biomarker for incipient Alzheimer’s disease
pathology. Acta Neuropathol. 141, 709-724 (2021).

Mila-Aloma, M. et al. Plasma p-tau231 and p-tau217 as state markers of amyloid-8
pathology in preclinical Alzheimer’s disease. Nat. Med. 28, 1797-1801 (2022).

Karikari, T. K. Blood tests for Alzheimer’s disease: increasing efforts to expand and
diversify research participation is critical for widespread validation and acceptance.

J. Alzheimers Dis. 90, 967-974 (2022).

Nature Reviews Neurology | Volume 20 | July 2024 | 426-439

436


http://www.nature.com/nrneurol
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/761269s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/761269s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761178s003lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/761178s003lbl.pdf
https://www.alzint.org/u/World-Alzheimer-Report-2021.pdf
https://www.alzint.org/u/World-Alzheimer-Report-2021.pdf
https://www.alzint.org/resource/world-alzheimer-report-2022/
https://bhw.hrsa.gov/sites/default/files/bureau-health-workforce/data-research/bhw-factsheet-neurology.pdf
https://bhw.hrsa.gov/sites/default/files/bureau-health-workforce/data-research/bhw-factsheet-neurology.pdf
https://www.usagainstalzheimers.org/our-enterprise/CEOi
https://www.usagainstalzheimers.org/our-enterprise/CEOi
https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/202008s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/202008s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/204677s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2014/204677s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/203137s005lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/203137s005lbl.pdf

Consensus statement

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Verberk, I. M. W. et al. Characterization of pre-analytical sample handling effects on

a panel of Alzheimer’s disease-related blood-based biomarkers: results from the
Standardization of Alzheimer’s Blood Biomarkers (SABB) working group. Alzheimers
Dement. 18, 1484-1497 (2022).

Brand, A. L. et al. The performance of plasma amyloid beta measurements in identifying
amyloid plaques in Alzheimer’s disease: a literature review. Alzheimers Res. Ther. 14,195
(2022).

Janelidze, S. et al. Head-to-head comparison of 8 plasma amyloid-B 42/40 assays in
Alzheimer disease. JAMA Neurol. 78, 1375-1382 (2021).

Zicha, S. et al. Comparative analytical performance of multiple plasma AB42 and AB40
assays and their ability to predict positron emission tomography amyloid positivity.
Alzheimers Dement. https://doi.org/10.1002/alz.12697 (2022).

Palmaquist, S. et al. Performance of fully automated plasma assays as screening tests for
Alzheimer disease-related 3-amyloid status. JAMA Neurol. 76, 1060-1069 (2019).
Karikari, T. K. et al. Blood phospho-tau in Alzheimer disease: analysis, interpretation, and
clinical utility. Nat. Rev. Neurol. 18, 400-418 (2022).

Barthelemy, N. R., Horie, K., Sato, C. & Bateman, R. J. Blood plasma phosphorylated-tau
isoforms track CNS change in Alzheimer’s disease. J. Exp. Med. 217, €20200861 (2020).
Janelidze, S. et al. Head-to-head comparison of 10 plasma phospho-tau assays in
prodromal Alzheimer’s disease. Brain 146, 1592-1601(2023).

Ashton, N. J. et al. Diagnostic accuracy of a plasma phosphorylated tau 217 immunoassay
for Alzheimer disease pathology. JAMA Neurol. 81, 255-263 (2024).

Barthelemy, N. R. et al. Highly accurate blood test for Alzheimer’s disease is similar or
superior to clinical cerebrospinal fluid tests. Nat. Med. 30, 1085-1095 (2024).

Anand, K. & Sabbagh, M. Amyloid imaging: poised for integration into medical practice.
Neurotherapeutics 14, 54-61(2017).

Sabri, O. et al. Florbetaben PET imaging to detect amyloid beta plaques in Alzheimer’s
disease: phase 3 study. Alzheimers Dement. 11, 964-974 (2015).

Curtis, C. et al. Phase 3 trial of flutemetamol labeled with radioactive fluorine 18 imaging
and neuritic plaque density. JAMA Neurol. 72, 287-294 (2015).

Jie, C., Treyer, V., Schibli, R. & Mu, L. Tauvid™: the first FDA-approved PET tracer for
imaging tau pathology in Alzheimer’s disease. Pharmaceuticals 14, 110 (2021).

Tauvid. Prescribing Information. Eli Lilly and Company. https://www.accessdata.fda.gov/
drugsatfda_docs/label/2020/212123s000Lbl.pdf (2020).

Fleisher, A. S. et al. Positron emission tomography imaging with [18FIflortaucipir and
postmortem assessment of Alzheimer disease neuropathologic changes. JAMA Neurol.
77, 829 (2020).

Ossenkoppele, R. et al. Discriminative accuracy of [18F]flortaucipir positron emission
tomography for Alzheimer disease vs other neurodegenerative disorders. JAMA 320,
1151-1162 (2018).

La Joie, R. et al. Quantitative amyloid-PET in real-world practice: lessons from the
imaging dementia — evidence for amyloid scanning (IDEAS) study. Alzheimers Dement.
19, e082874 (2023).

Bucci, M. et al. A multisite analysis of the concordance between visual image
interpretation and quantitative analysis of [(18)F]flutemetamol amyloid PET images.

Eur. J. Nucl. Med. Mol. Imaging 48, 2183-2199 (2021).

Ranson, J. M. et al. Predictors of dementia misclassification when using brief cognitive
assessments. Neurol. Clin. Pract. 9, 109-117 (2019).

Cummings, J. et al. Lecanemab: appropriate use recommendations. J. Prev. Alzheimers
Dis. 10, 362-377 (2023).

Cummings, J. et al. Aducanumab: appropriate use recommendations. J. Prev. Alzheimers
Dis. 8, 398-410 (2021).

Dumurgier, J. et al. A pragmatic, data-driven method to determine cutoffs for CSF
biomarkers of Alzheimer disease based on validation against PET imaging. Neurology 99,
e669-e678 (2022).

Bartlett, J. W. et al. Determining cut-points for Alzheimer’s disease biomarkers: statistical
issues, methods and challenges. Biomark. Med. 6, 391-400 (2012).

Leuzy, A. et al. Robustness of CSF AB42/40 and AB42/P-tau181 measured using fully
automated immunoassays to detect AD-related outcomes. Alzheimers Dement. 19,
2994-3004 (2023).

Cullen, N. C. et al. Test-retest variability of plasma biomarkers in Alzheimer’s

disease and its effects on clinical prediction models. Alzheimers Dement. 19, 797-806
(2023).

Brum, W. S. et al. A two-step workflow based on plasma p-tau217 to screen for amyloid
beta positivity with further confirmatory testing only in uncertain cases. Nat. Aging 3,
1079-1090 (2023).

US Food and Drug Administration. Center for devices and radiological health.
Evaluation of automatic class Ill designation for Lumipulse G B-amyloid ratio (1-42/1-40)
decision summary. https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN200072.
pdf (2022).

Jansen, W. J. et al. Prevalence estimates of amyloid abnormality across the Alzheimer
disease clinical spectrum. JAMA Neurol. 79, 228-243 (2022).

Koutsodendris, N., Nelson, M. R., Rao, A. & Huang, Y. Apolipoprotein E and Alzheimer’s
disease: findings, hypotheses, and potential mechanisms. Annu. Rev. Pathol. 17, 73-99
(2022).

Mishra, S. et al. Longitudinal brain imaging in preclinical Alzheimer disease: impact of
APOE €4 genotype. Brain 141, 1828-1839 (2018).

Toledo, J. B. et al. APOE effect on amyloid-3 PET spatial distribution, deposition rate, and
cut-points. J. Alzheimers Dis. 69, 783-793 (2019).

84.

85.

86.

87.

88.

89.

90.

.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101

102.

103.

104.

105.

106.

107.

108.

109.

10.

m.

Mielke, M. M. Consideration of sex differences in the measurement and interpretation
of Alzheimer disease-related biofluid-based biomarkers. J. Appl. Lab. Med. 5, 158-169
(2020).

O’'Bryant, S. E., Petersen, M., Hall, J. & Johnson, L. A. Medical comorbidities and ethnicity
impact plasma Alzheimer's disease biomarkers: important considerations for clinical
trials and practice. Alzheimers Dement. 19, 36-43 (2023).

Ossenkoppele, R. et al. Prevalence of amyloid PET positivity in dementia syndromes:

a meta-analysis. JAMA 313, 1939-1949 (2015).

Janssen, O. et al. Updated prevalence estimates of amyloid positivity from cognitively
normal to clinical Alzheimer’s disease dementia: the Amyloid Biomarker Study.
Alzheimers Dement. 17, e054889 (2021).

US Food & Drug Administration. Calculator for positive predictive value (PPV) and
negative predictive value (NPV) for individual tests and combined. https://www.fda.gov/
media/137612/download (2023).

Palmquvist, S. et al. Accurate risk estimation of 3-amyloid positivity to identify prodromal
Alzheimer’s disease: cross-validation study of practical algorithms. Alzheimers Dement.
15, 194-204 (2019).

US Food and Drug Administration. FDA permits marketing for new test to improve
diagnosis of Alzheimer's disease. https://www.fda.gov/news-events/press-
announcements/fda-permits-marketing-new-test-improve-diagnosis-alzheimers-disease
(2022).

US Food and Drug Administration. Center for Devices and Radiological Health. Elecsys
B-amyloid (1-42) CSF I, Elecsys phospho-tau (181P) CSF: 510(k) substantial equivalence
determination decision summary. https://www.accessdata.fda.gov/cdrh_docs/reviews/
K221842.pdf (2022).

US Food and Drug Administration, Center for Devices and Radiological Health. Elecsys
-amyloid (1-42) CSF I, Elecsys total-tau CSF substantial equivalence determination
decision summary. https://www.accessdata.fda.gov/cdrh_docs/pdf23/K231348.pdf
(2023).

Lewis, A. et al. Association between socioeconomic factors, race, and use of a specialty
memory clinic. Neurology 101, e1424-e1433 (2023).

Morris, J. C. et al. Assessment of racial disparities in biomarkers for Alzheimer disease.
JAMA Neurol. 76, 264-273 (2019).

Howell, J. C. et al. Race modifies the relationship between cognition and Alzheimer’s
disease cerebrospinal fluid biomarkers. Alzheimers Res. Ther. 9, 88 (2017).

Garrett, S. L. et al. Racial disparity in cerebrospinal fluid amyloid and tau biomarkers
and associated cutoffs for mild cognitive impairment. JAMA Netw. Open 2, 1917363
(2019).

Hajjar, I. et al. Association of plasma and cerebrospinal fluid Alzheimer disease
biomarkers with race and the role of genetic ancestry, vascular comorbidities, and
neighborhood factors. JAMA Netw. Open 5, 2235068 (2022).

Wilkins, C. H. et al. Racial and ethnic differences in amyloid pet positivity in individuals
with mild cognitive impairment or dementia: a secondary analysis of the Imaging
Dementia-Evidence for Amyloid Scanning (IDEAS) cohort study. JAMA Neurol. 79,
1139-1147 (2022).

Deters, K. D. et al. Amyloid PET imaging in self-identified non-Hispanic black participants
of the Anti-Amyloid in Asymptomatic Alzheimer’s Disease (A4) study. Neurology 96,
€1491-e1500 (2021).

Gottesman, R. F. et al. The ARIC-PET amyloid imaging study: brain amyloid differences by
age, race, sex, and APOE. Neurology 87, 473-480 (2016).

Schindler, S. E. et al. Effect of race on prediction of brain amyloidosis by plasma
AB42/AB40, phosphorylated tau, and neurofilament light. Neurology 99, e245-e257
(2022).

Ramanan, V. K. et al. Association of plasma biomarkers of Alzheimer disease with
cognition and medical comorbidities in a biracial cohort. Neurology 101, €1402-e1411
(2023).

Syrjanen, J. A. et al. Associations of amyloid and neurodegeneration plasma biomarkers
with comorbidities. Alzheimers Dement. 18, 1128-1140 (2022).

Mielke, M. M. et al. Performance of plasma phosphorylated tau 181 and 217 in the
community. Nat. Med. 28, 1398-1405 (2022).

Pichet Binette, A. et al. Confounding factors of Alzheimer’s disease plasma

biomarkers and their impact on clinical performance. Alzheimers Dement. 19,
1403-1414 (2023).

Janelidze, S., Barthelemy, N. R., He, Y., Bateman, R. J. & Hansson, O. Mitigating the
associations of kidney dysfunction with blood biomarkers of Alzheimer disease by using
phosphorylated tau to total tau ratios. JAMA Neurol. 80, 516-522 (2023).

Schindler, S. E. & Karikari, T. K. Comorbidities confound Alzheimer’s blood tests.

Nat. Med. 28, 1349-1351(2022).

Bonomi, S. et al. Relationships of cognitive measures with cerebrospinal fluid but not
imaging biomarkers of Alzheimer disease vary between black and white individuals.
Ann. Neurol. 95, 495-506 (2023).

O’Bryant, S. E. et al. The Health & Aging Brain Among Latino Elders (HABLE) study
methods and participant characteristics. Alzheimer’s Dement. 13, €12202 (2021).

NIH RePORT. Alzheimer diagnosis in older adults with chronic conditions ADACC
network. https://reporter.nih.gov/search/b2KGO6DoXkaLoSt6R2fyAA/project-
details/10726511 (2023).

Vanderschaeghe, G., Dierickx, K. & Vandenberghe, R. Review of the ethical issues of a
biomarker-based diagnoses in the early stage of Alzheimer’s disease. J. Bioeth. Ing. 15,
219-230 (2018).

Nature Reviews Neurology | Volume 20 | July 2024 | 426-439

437


http://www.nature.com/nrneurol
https://doi.org/10.1002/alz.12697
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/212123s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/212123s000lbl.pdf
https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN200072.pdf
https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN200072.pdf
https://www.fda.gov/media/137612/download
https://www.fda.gov/media/137612/download
https://www.fda.gov/news-events/press-announcements/fda-permits-marketing-new-test-improve-diagnosis-alzheimers-disease
https://www.fda.gov/news-events/press-announcements/fda-permits-marketing-new-test-improve-diagnosis-alzheimers-disease
https://www.accessdata.fda.gov/cdrh_docs/reviews/K221842.pdf
https://www.accessdata.fda.gov/cdrh_docs/reviews/K221842.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf23/K231348.pdf
https://reporter.nih.gov/search/b2KG06DoXkaLoSt6R2fyAA/project-details/10726511
https://reporter.nih.gov/search/b2KG06DoXkaLoSt6R2fyAA/project-details/10726511

Consensus statement

Acknowledgements

The authors thank Y. Li and B. Saef at Washington University for providing coding assistance
to S.E.S. for the online applications on the predictive value of BBM tests. The authors
acknowledge Gates Ventures, Eisai and Eli Lilly for providing financial support for a medical
writer, who was assigned independently of these funders by the CEQi at the request of S.E.S
and O.H. to assist with preparation of the manuscript.

Author contributions

S.E.S., O.H.,D.G.,ACP, G.D.R, S.S. and M.S.-C. were members of the core team that reviewed
the literature and developed the consensus recommendations. S.E.S. and O.H. were the
primary writers of the manuscript; they provided the initial outline, drafted much of the text
and identified the majority of references. S.E.S. and her co-workers developed the online
applications. GV. convened the CEOi, which supported the formation of the Workgroup. D.R.
reviewed the epidemiology of AD and health-care system preparedness and assisted S.E.S.
and O.H. with preparation of the manuscript. D.H., K.A.P., E. Scholler and DY. provided support
to the BBM Workgroup, including coordinating meetings, note taking during meetings,
facilitating communications with stakeholders and verification of specific numbers cited in the
manuscript (for example, for CSF biomarker assays). All other authors are stakeholders who
represent academia, industry, private foundations and patient advocacy groups and

who reviewed the manuscript and provided suggested revisions to the core team. All authors
reviewed the manuscript and approved the final submitted version.

Competing interests

S.E.S. has analysed plasma biomarker data provided to Washington University by C2N
Diagnostics; no personal or research funding was provided by C2N Diagnostics to S.E.S.
S.E.S. has consulted or served on scientific advisory boards for Eisai and has an unpaid
position on the Board of the Greater Missouri Alzheimer’s Association. S.E.S. and her
laboratory are funded by the NIH (RO1 AGO70941). A.C.P. and her laboratory are funded

by the Alzheimer’s Association; the Carolyn and Eugene Mercy Research Gift; the Karen
Strauss Cook Research Scholar Award; the NIH (RO1 AG063819 and RO1 AG064020) and the
Robert J. and Claire Pasarow Foundation. A.C.P. also serves on the scientific advisory board

of Sinaptica Therapeutics and has served as a consultant to Eisai. G.D.R. receives research
funding from Avid Radiopharmaceuticals, GE Healthcare, Genentech and Life Molecular
Imaging and has served as a consultant for Alector, Eli Lilly, Genentech, GE Healthcare,
Johnson & Johnson, Merck and Roche. S.S. has provided consultation to AbbVie, Acumen,
Alector, Biogen, Bolden, Corium, Eisai, Eli Lilly, Genentech, Kisbee, Labcorp, Novo Nordisk,
Prothena and Roche. S.S. is also a member of the Alzheimer’s Disease and Related Disorders
Therapeutics Work Group and is an author of the Appropriate Use Recommendations for
lecanemab and aducanumab. M.S.-C. has given lectures in symposia sponsored by Almirall,
Eli Lilly, Novo Nordisk, Roche Diagnostics and Roche Farma; has received consultancy fees
(paid to his institution) from Roche Diagnostics; served on advisory boards for Grifols and
Roche Diagnostics; was granted a project (funded to the institution) by Roche Diagnostics;
received in-kind support for research (to the institution) from ADx Neurosciences, Alamar
Biosciences, Avid Radiopharmaceuticals, Eli Lilly, Fujirebio, Janssen Research & Development
and Roche Diagnostics. M.S.-C. receives funding from the European Research Council under
the European Union Horizon 2020 research and innovation programme (grant agreement no.
948677); ERA PerMed (ERAPERMED2021-184); Project ‘PI19/00155’ and ‘P122/00456’ funded
by Instituto de Salud Carlos 1l (ISCIII) and co-funded by the European Union; a fellowship
from ‘la Caixa’ Foundation (ID 100010434) and the European Union Horizon 2020 research
and innovation programme under the Marie Sktodowska-Curie grant agreement no. 847648
(LCF/BQ/PR21/11840004). A.S.K. has received payments through organizational affiliations
for grants, contracts, consulting fees, honoraria, meeting support, travel support, in-kind
research and professional support over the past 36 months from the Acadia Pharmaceuticals,
the Alzheimer’s Association, Alzheon, Biogen, Clinical Trials on Alzheimer’s Disease Conference,
Davos Alzheimer’s Consortium, Digicare Realized, Eisai, Eli Lilly, Embic, High Lantern Group,
International Neurodegenerative Disorders Research Center, Relz and Serdi Publishing. M.M.M.
has consulted or served on advisory boards for Biogen, Eisai, Eli Lilly, LabCorp, Merck, Roche,
Siemens Healthineers and Sunbird Bio and receives grant support from the National Institutes of
Health, Department of Defense and the Alzheimer’s Association. R.B. is an employee of Eisai. S.B.
is an employee and stockholder at Hoffman-La Roche. D.H. is the Chief Operating Officer of the
Davos Alzheimer’s Collaborative and is the former Executive Director of the Global CEO Initiative
on Alzheimer’s Disease. D.R.J. is an employee of Eisai. J.F.M. is a stockholder in Eli Lilly and is a
scientific consultant for the Davos Alzheimer’s Collaborative — System Preparedness. K.A.P.

is a paid consultant for the Global CEO Initiative on Alzheimer’s Disease. E.S. is a paid
consultant for the Global CEO Initiative on Alzheimer’s Disease. GV. is the Founding Chairman
of the Board for the Davos Alzheimer’s Collaborative and is Chairman and Co-Founder of

UsAgainstAlzheimer’s. A.A.-S. has served on advisory boards for Fujirebio Diagnostics,

Roche Diagnostics and Siemens Healthineers and has received honorarium for speaking
engagements with Roche Diagnostics. J.A. is an employee and stockholder of Prothena
Biosciences. J.B.B. is an employee and shareholder of C,N Diagnostics. J.H. is an employee

of Eli Lilly. Y.H.H. is an employee of Eisai. S.M. has received consulting and/or speaker fees
from Biogen, C2N, Eisai, Novartis, Novo Nordisk and Roche/Genentech. S.M. is supported

by grant RO1 AG083189-09 from the NIH as well as research contracts to the University of
Southern California from Biogen, C2N, Eisai, Eli Lilly and Roche/Genentech. S.M. also serves
on the board of directors of Senscio Systems and on the scientific advisory boards of AiBure
Technologies, ALZPath and Boston Millennia Partners. M.M. is an employee and shareholder
of C,N Diagnostics. E. Somers is an employee of Eisai. C.ET. is a contract researcher for ADx
Neurosciences, AC-Immune, Aribio, Axon Neurosciences, Beckman-Coulter, BioConnect,
Bioorchestra, Brainstorm Therapeutics, Celgene, Cognition Therapeutics, EIP Pharma, Eisai,

Eli Lilly, Fujirebio, Grifols, Instant Nano Biosensors, Merck, Novo Nordisk, Olink, PeopleBio,
Quanterix, Roche, Siemens, Toyama and Vivoryon and has received payment or honoraria from
Grifols, Novo Nordisk and Roche for consulting services in which all payments were made

to her institution. C.ET. has grants or contracts for research from the Alzheimer Association,
Alzheimer Drug Discovery Foundation, Alzheimer Netherlands, the Dutch Research Council
(ZonMw; including TAP-dementia, a ZonMw funded project (no. 10510032120003) in the
context of the Dutch National Dementia Strategy), the European Commission (Marie Curie
International Training Network, grant agreement no. 860197 (MIRIADE)), Health Holland,
Innovative Medicines Initiatives 3TR (Horizon 2020, grant no. 831434), European Platform for
Neurodegenerative Diseases (IMI 2 Joint Undertaking (JU), grant no. 101034344) and Joint
Programme Neurodegenerative Disease (blood proteins for early discrimination of dementias),
National MS Society (Progressive MS alliance) and The Selfridges Group Foundation. E. Shobin
is a paid employee and shareholder of Biogen. H\V. is an employee and shareholder of
Biomarkable. M\W.W. has served on advisory boards for Acumen Pharmaceutical, Alzheon,
Cerecin, Merck Sharp & Dohme and the North Carolina Registry for Brain Health. MW.W. has
provided consulting to Boxer Capital, Cerecin, Clario, Dementia Society of Japan, Dolby Family
Ventures, Eisai, Guidepoint, Health and Wellness Partners, Indiana University, LCN Consulting,
MEDACorp, Merck Sharp & Dohme, the North Carolina Registry for Brain Health, Prova
Education, T3D Therapeutics, the University of Southern California and WebMD. M.W.W. holds
stock options with Alzeca, Alzheon, ALZPath and Anven. M.W.W. also serves on the University of
Southern California Alzheimer’s Clinical Trials Consortium grant, which receives funding from
Eisai, and has received support for research from the following funding sources: Alzheimer's
Association, Australian Catholic University (HBI-BHR), Biogen, California Department of Public
Health, Department of Defense, GE Healthcare, Hillblom Foundation, Johnson & Johnson,
Kevin and Connie Shanahan, NIH/NINDS/National Institute on Aging, Siemens, The Stroke
Foundation, University of Michigan, the Veterans Administration and Vanderbilt University
Medical Center. DW. is an employee and shareholder of Quanterix. O.H. has acquired research
support (for his institution) from ADx, AVID Radiopharmaceuticals, Biogen, Eli Lilly, Eisai,
Fujirebio, GE Healthcare, Pfizer and Roche. In the past 2 years, O.H. has received consultancy
and/or speaker fees from AC Immune, Amylyx, Alzpath, BioArctic, Biogen, Bristol Meyer
Squibb, Cerveau, Eisai, Eli Lilly, Fujirebio, Merck, Novartis, Novo Nordisk, Roche, Sanofi and
Siemens. D.G., C.U.-M., JW., J.R.D., DY. and D.R. declare no competing interests.

Additional information
Peer review information Nature Reviews Neurology thanks A. Heslegrave, S. Lehmann and the
other, anonymous, reviewer(s) for their contribution to the peer review of this work.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this
article under a publishing agreement with the author(s) or other rightsholder(s); author self-
archiving of the accepted manuscript version of this article is solely governed by the terms
of such publishing agreement and applicable law.

Related links

Calculator for estimating the prevalence of amyloidosis based on age and Mini Mental
State Examination: https://amyloid.shinyapps.io/NPV_PPV_Covariates/

Online calculator of the predictive value of blood tests for brain amyloidosis: https://
amyloid.shinyapps.io/NPV_PPV/
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