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Abstract

Blood-based biomarkers (BBM) for Alzheimer’s disease (AD) are being increasingly

used in clinical practice to support an AD diagnosis. In contrast to traditional diag-

nostic modalities, such as amyloid positron emission tomography and cerebrospinal

fluid biomarkers, BBMs offer a more accessible and lower cost alternative for AD

biomarker testing. Their unique scalability addresses the anticipated surge in demand

for biomarker testing with the emergence of disease-modifying treatments (DMTs)

that require confirmation of amyloid pathology. To facilitate the uptake of BBMs in

clinical practice, The Global CEO Initiative on Alzheimer’s Disease convened a BBM

Workgroup to provide recommendations for two clinical implementational pathways

for BBMs: one for current use for triaging and another for future use to confirm

amyloid pathology. These pathways provide a standardized diagnostic approach with

guidance on interpreting BBM test results. Integrating BBMs into clinical practice

will simplify the diagnostic process and facilitate timely access to DMTs for eligible

patients.
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1 INTRODUCTION

Recent estimates from the US Health and Retirement Study suggest

that approximately 22%of individuals aged65 andolder havemild cog-

nitive impairment (MCI) and up to 10% have dementia.1 Alzheimer’s

disease (AD) is the most common cause of dementia, accounting for

approximately 60%–80% of dementia cases.2 AD is characterized

by the accumulation of extracellular plaques comprised of abnormal

amyloid β (Aβ) proteins, neurofibrillary tangles consisting of abnor-

mally hyperphosphorylated tau protein, and neuronal degeneration in

brain regions critical for cognitive function.3 AD pathology manifests

decades before the onset of cognitive symptoms.4 As the disease pro-

gresses to the symptomatic phase, patients first develop MCI before

transitioning to AD dementia.2

Despite the high prevalence of MCI and dementia, up to 92% of

patients with MCI remain undiagnosed or misdiagnosed in primary

care settings.5 This diagnostic challenge is further compounded by

delayed diagnoses in dementia cases,6 in part due to limited cognitive

screening in primary care and the absence of time- and cost-effective

diagnostic tools. Moreover, the scarcity of dementia specialists in the

United States exacerbates the situation, with many patients failing to

access specialty care,7 and those who are referred experiencing pro-

longed wait times (e.g., approximately 56 months following a referral

based on a brief cognitive assessment).8 Consequently, because the

majority of AD neuroimaging or cerebrospinal fluid (CSF) biomarker

testing takes place in specialty care settings (i.e., secondary or ter-

tiary care), only a small fraction of patients with cognitive impairment

receive such testing.9

The advent of disease-modifying treatments (DMTs) that slow the

clinical progression of AD by acting on the underlying pathophysio-

logical mechanisms is expected to trigger a surge in patients seeking

a determination of eligibility for these therapies.10 Lecanemab was

the first DMT to receive traditional approval from the US Food &

Drug Administration (FDA), followed by Donanemab and additional

drugs are in development. These new treatments act by lowering

brain amyloid and are indicated for patients with early symptomatic

AD, encompassing MCI and mild dementia due to AD.11,12 Because

these therapies target aggregated soluble and insoluble forms of Aß,

biomarker confirmation of amyloid pathology is required before initi-

ation. As these DMTs continue to gain momentum in clinical practice,

the need for biomarker testing to facilitate timely diagnosis of AD is

expected to increase by orders of magnitude.13,14

Traditional biomarker modalities for confirming AD pathology

include positron emission tomography (PET) with an amyloid-binding

radiotracer or a lumbar puncture to collect CSF to measure concen-

trations of Aß and tau.9 PET and CSF biomarkers have a number of

shortcomings including high cost, limited accessibility, and perceived

invasiveness, making them unsuitable for widespread use across care

settings for diagnosing AD in the general population.9,14,15 Recent

advancements in blood-based biomarker (BBM) tests for AD offer

a promising alternative. These tests are less costly, more accessible,

more acceptable to patients, and more practical for serial collection to

monitor disease progression. Furthermore, of the currently available

biomarker modalities, BBMs may be the only class capable of meet-

ing the demand for diagnosis that DMTs are likely to herald.9,13–16

Here, we present recommendations from The Global CEO Initiative on

Alzheimer’s Disease (CEOi) BBM Workgroup on implementing BBM

for clinical use in symptomatic AD. These recommendations aim to

facilitate the uptake of BBM tests in clinical practice to support a

more efficient diagnosis and accelerate access to novel treatments for

eligible patients.

2 METHODS

CEOi, under the auspices of UsAgainstAlzheimer’s, launched the BBM

Workgroup in 2022 to prepare stakeholders for the widespread adop-

tion of BBM tests in clinical practice. This initiative aimed to enable

a simpler, more timely, and more accurate diagnostic experience for

patients with symptomatic AD in the United States.17 Additionally, the

integration of BBMs into clinical practice will accelerate the AD diag-

nostic process and potential access to DMTs for eligible patients. The

focus on symptomatic patients stemmed from several considerations:

current DMTs are only approved for those with cognitive impairment

and amyloid pathology; the prognostic value of AD BBM testing in

asymptomatic populations is not well understood; and ethical con-

siderations regarding the diagnosis of AD pathology in cognitively

unimpaired individuals require further investigation.

The BBM Workgroup established two primary objectives: defin-

ing minimum acceptable performance standards for BBM tests and

providing implementation recommendations for clinical practice. Min-

imum performance standards and clinical implementation pathways

were established for two anticipated uses of BBM tests: triaging and

confirming amyloid pathology. For triaging, a negative BBM test result

identifies individuals unlikely to have amyloid pathology, prompting

further evaluation of non-AD causes of cognitive impairment. A pos-

itive result suggests an increased likelihood of amyloid pathology,

necessitating further testing with a more accurate test. For BBM tests

used to confirm amyloid pathology, a positive test result identifies

amyloid pathology without the need for a second test.9,13,15

The minimum performance recommendations for AD BBM tests

have been previously published.18 It is critical that BBM tests achieve

sufficient performance for their intended contexts of use. These rec-

ommendations serve to support clinicians in determining whether a

BBM test is acceptable for triaging or amyloid confirmation and guide

manufacturers in validating these tests.

Within theWorkgroup, a dedicated workstream was established to

develop clinical implementation recommendations. Coleaders of the

workstream, who are AD biomarker experts with extensive exper-

tise and publications on biomarker validation (M.M.M. and C.U.),

recruited a core team of diverse experts in biomarker testing and clin-

ical management of symptomatic AD (M.A., J.W.A., A.J., P.J.L., A.R.,

J.T., and D.W.). The coleaders and core team served voluntarily and

without financial compensation. CEOi provided administrative sup-

port, including coordinating meetings, taking notes, and slide deck

creation.
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RESEARCH INCONTEXT

1. Systematic review: Experts in biomarker testing and clin-

ical management of symptomatic Alzheimer’s disease

(AD) convened to discuss the adoption of AD blood-

based biomarkers (BBMs) in primary and secondary care

settings, physician decision pathways to identify appro-

priate individuals for BBM tests, and interpretation of

test results. Input from healthcare, industry, academia,

government, and patient advocacy sectors was included

in the drafting of consensus recommendations for clinical

implementation of ADBBMs.

2. Interpretation: Two implementation pathways for AD

BBMs are recommended to facilitate a more efficient

and accurate diagnostic journey for patients with symp-

tomatic AD: one for current use for triaging and another

for future use to confirm amyloid pathology.

3. Future directions: Integrating BBMs into clinical prac-

tice will facilitate early detection of pathology and timely

intervention. Multistakeholder engagement is required

to create and widely disseminate training resources for

healthcare professionals and patient educational content

that will facilitate the clinical use of BBMs.

The BBMWorkgroup invited stakeholders from academia, industry,

private foundations, and patient advocacy groups to a kick-offmeeting.

During this meeting, the coleaders outlined the group’s goal of devel-

oping clinical implementation recommendations for ADBBM tests and

gathered feedback on issues to consider. Following the kick-off meet-

ing, the core team met weekly for several months to review current

literature and discuss the following topics: barriers and facilitators to

implementingADBBMtests in primary and secondary care, thepatient

journey, physician decision pathways for identifying appropriate candi-

dates for AD BBM tests and DMTs, and the interpretation of AD BBM

test results. After extensive deliberation, two clinical implementation

pathwaysweredraftedby the core team. The coleaders thenpresented

these pathways to BBMWorkgroupmembers for feedback.

Theconsensus recommendationsencompass twoclinical implemen-

tation pathways: one for BBM tests used in triage and another for

confirming amyloid pathology. The integration of BBM tests for triag-

ing reflects a present-day scenario,whereBBMtests that have reached

sufficient accuracy can be used as a preliminary tool before confirm-

ing amyloid pathology with a confirmatory biomarker test. The second

pathway describes an emerging scenario in which a BBM test reaches

the minimum acceptable performance to confirm amyloid pathology

without a subsequent test.18

Several limitations to implementing these pathwayswere identified,

including a lack of consistent recommendations for assessing cogni-

tive impairment, the need for education on BBM test performance

characteristics, insufficient evidence on BBM performance in diverse

populations, potential implications of future direct-to-consumer tests,

and ethical considerations such as patients’ rights to decidewhether to

undergoBBMtesting, access to test results, and confidentiality. A thor-

ough discussion of these considerations can be found in our companion

article.19

3 CLINICAL IMPLEMENTATION PATHWAY FOR
AD BBM TESTING AS A TRIAGING TOOL FOR
ASSESSING DMT ELIGIBILITY IN SYMPTOMATIC
PATIENTS

The recommended implementation pathway for use of an AD BBM

test as a triaging tool is detailed in Sections 3.1–3.7 and illustrated in

Figure 1. For a simplified version of this pathway, refer to Figure 2. In

a triaging scenario, a negative BBM test result would indicate individ-

uals unlikely to have detectable brain amyloid pathology. This outcome

would prompt healthcare professionals (HCPs) to focus on evaluating

non-AD-related causes of cognitive impairment, which may stream-

line the diagnosis of other causes of cognitive impairment. A positive

result would suggest a higher likelihood of amyloid pathology, prompt-

ing referral to secondary care for further assessment and consideration

for a second, more accurate test (i.e., amyloid PET or CSF) for amy-

loid confirmation. The minimum acceptable performance criteria for

a BBM test for triage have been previously reported by the BBM

Workgroup.18 In primary care settings, BBMtests for triage are recom-

mended for patients typically aged ≥55 years, with no recommended

age cutoff in secondary care settings.

Importantly, BBM test results must be interpreted in the context

of all clinical data, including information resulting from a thorough

medical history and a brief cognitive assessment at aminimum. In addi-

tion, because some medical conditions (e.g., obesity or chronic kidney

disease) and some medications (e.g., secubitril/valsartan) may influ-

ence the concentration and interpretation of biomarkers, assessing

for these comorbidities is critical to ensure accurate interpretation of

results.20,21

3.1 Patient presents with cognitive symptoms

The pathway begins with a patient presenting with cognitive concerns

in a primary care setting (Figure 1). TheHCP collects the patient’smed-

ical history (history of cognitive concerns, sleep and mood changes,

past medical history, family history, social history [e.g., alcohol/drug

use], medications, and review of systems) and performs a physical

examination. The exact assessment may vary based on the differing

levels of dementia training received by HCPs in this setting (i.e., pri-

mary care providers, advanced practice providers, registered nurses,

medical assistants, and community health workers). Regardless of the

perceived level of risk for AD as the cause of cognitive impairment,

theHCP should consider other potential etiologies of cognitive impair-

ment and whether the patient’s medications or chronic conditions

could cause or contribute to the cognitive symptoms.22
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F IGURE 1 The integration of ADBBM tests as a triaging tool to support the determination of eligibility for DMT. The pathway follows a
symptomatic patient with cognitive concerns, starting in a primary care setting (purple boxes) and through secondary care (blue boxes) to
determine eligibility for a DMT. Determining APOE ε4 status should occur after a confirmatory CSF/PET test (gray outline). Patients can exit the
DMT pathway at various steps when AD is not deemed the likely cause of cognitive impairment (red line). * Medical history includes history of
present illness, pastmedical history, family history, social history, medications, allergies, and review of systems. † Steps 1 and 2 can occur during the
same visit. ‡ Step 3 can occur in primary or secondary care depending on how comfortable the primary care HCP is interpreting and disclosing
BBM and/or neuroimaging results, the availability of structural brain neuroimaging, and associated wait times. Aβ, amyloid beta; AD, Alzheimer’s
disease; APOE, apolipoprotein E; BBM, blood-based biomarker; CSF, cerebrospinal fluid; DMT, disease-modifying therapy; HCP, healthcare
professional; PET, positron emission tomography; Rx, medical prescription.

3.2 Determining the need for initial workup and
determining the level of concern for AD

The HCP should assess whether the patient has objective cognitive

symptoms that warrant further evaluation (Figure 1, Step 1). If no

objective cognitive symptoms are present and/or the patient declines

furtherworkup, no additional follow-up should be conducted. Itmay be

suggested that the patient be reassessed in 6 to 12months if the cogni-

tive symptoms persist. If the patient has objective cognitive symptoms

and is amenable to further testing, an initial workup should be initiated.

The initial workup may occur during the same visit or at a follow-up

visit.

The initial workup should include cognitive screening, depression

and/or neurobehavioral screening, and routine bloodwork to evaluate

for potential treatable causes of cognitive impairment (e.g., vitamin

B12 deficiency, thyroid abnormalities) (Figure 1, Step 2).23 Upon

reviewing the results of the initial workup, the HCP should determine

the patient’s level of risk for AD in accordance with local clinical and

practice standards. If AD is suspected as the cause of cognitive impair-

ment, the HCP should discuss the results with the patient and care

partner, ensuring their interest in continued workup before proceed-

ing. Conversely, if the patient’s cognitive impairment is not thought to

be caused by AD, the patient should be evaluated for non-AD causes of

cognitive impairment.

3.3 Conducting a BBM test in primary or
secondary care

The next step is to conduct a BBM test in either primary or secondary

care (Figure 1, Step 3). This choice is driven by how comfortable the

primary care HCP is in interpreting and disclosing BBM test results
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F IGURE 2 This figure is a simplified version of the pathway presented in Figure 1 illustrating where ADBBM tests (red text) can be integrated
as triaging tools to support the determination of eligibility for DMT. Determining APOE ε4 status should occur after a confirmatory CSF/PET test
(dotted line). Aβ, amyloid beta; AD, Alzheimer’s disease; APOE, apolipoprotein E; BBM, blood-based biomarker; CSF, cerebrospinal fluid; DMT,
disease-modifying therapy; HCP, healthcare professional; PET, positron emission tomography; Rx, medical prescription.

and associated wait times for specialty care. If the HCP is comfortable

interpreting a BBM test, an AD BBM test for triaging can be ordered

and conducted in primary care. Structural neuroimaging tests, such

as brain magnetic resonance imaging (MRI) or computed tomography

(CT) scans, can also be ordered concurrently or sequentially if these

resources are readily available. BBM tests are anticipated to become

more accessible than structural imagingmodalities, potentially leading

toquicker availability ofBBMtest results. Consequently, somepatients

may choose to forego neuroimaging at this stage.

Following BBM testing, the HCP should evaluate the level of con-

cern for AD (higher or lower), based on the patient’s age and clinical

symptoms. For instance, patients aged ≥65 years with a typical AD

amnestic clinical syndrome, due to nonreversible or biological causes,

including clear objective evidence of cognitive impairment would be

categorized as having a higher concern for AD. For patients with

a higher concern for AD and a positive BBM test result, the HCP,

patient, and care partner can jointly decide whether to proceed to

secondary care for additional evaluations to confirm amyloid pathol-

ogy and assess eligibility for DMTs. If a patient of high concern for

AD has a negative BBM test result, the HCP should discuss a referral

to secondary care for additional evaluation, including consideration of

non-AD dementias.

For patients with a lower concern for AD and a positive BBM test

result, the interpretation of the results depends on the rationale used

to determine the low risk of AD, such as the patient’s age and symp-

toms. TheHCPshould consider potential causes of false positivity, such

as lower pretest probability ofADor the presence of comorbidities and

associatedmedications that may impact BBM levels.20,21 Patients who

fall into this category may undergo concurrent evaluation for non-AD

causes of cognitive impairment in primary care while being referred to

secondary care for further assessment of AD DMT eligibility. In con-

trast, patients with a lower concern for AD and a negative BBM test

result may be deemed DMT-ineligible, and concurrent evaluation for

non-AD causes is recommended. Importantly, the BBM test used at

this step to triage patients suspected of amyloid pathology should have

a high negative predictive value (NPV; defined as the likelihood that

a patient with a negative BBM test will also receive a negative result

when tested with a validated reference standard) so there is high con-

fidence that individuals with a negative test are amyloid negative.18 If

the concern for AD increases after additional consideration, a repeat

BBM test can be performed after 6 to 12 months. If the HCP is not

comfortable interpreting anddisclosingBBMtest and/or neuroimaging

results, a direct referral to secondary care is recommended.

3.4 Secondary care evaluation

As described in Section 3.3, symptomatic patients may be referred

to secondary care under two scenarios: first, if concern for AD per-

sists after BBM testing with or without MRI/CT scans in primary care,

and second, if the patient is directly referred to a dementia specialist

without undergoing BBM testing. In secondary care, the dementia spe-

cialist should first perform additional workup such as a more detailed

patient history and examination, cognitive testing, and neuroimaging

testing (i.e., MRI/CT scans if not previously conducted in primary care)

(Figure 1, Step 4). If the results indicate that cognitive symptoms are

likely not related toAD, the patientmay undergo further evaluation for

non-AD causes. If results indicate AD-related cognitive symptoms, the

dementia specialist can perform a triage ADBBM test if not previously

done in primary care (Figure 1, Step 5).
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F IGURE 3 The integration of ADBBM tests as a confirmatory tool to detect the presence or absence of amyloid pathology to support the
determination of eligibility for DMT. The pathway follows a symptomatic patient with cognitive concerns, starting in a primary care setting (purple
boxes) through secondary care (blue boxes) to determine eligibility for a DMT. Determining APOE ε4 status should occur after a confirmatory BBM
test (gray outline). Patient can exit the DMT pathway at various steps when AD is not deemed the likely cause of cognitive impairment (red line). *
Medical history includes history of present illness, past medical history, family history, social history, medications, allergies, and review of systems.
† Steps 1 and 2 can occur during the same visit. ‡ Step 3 can occur in primary or secondary care depending on how comfortable primary care HCP is
interpreting and disclosing BBM and/or neuroimaging results, the availability of structural brain neuroimaging, and associated wait times. Aβ,
amyloid beta; AD, Alzheimer’s disease; APOE, apolipoprotein E; BBM, blood-based biomarker; CSF, cerebrospinal fluid; DMT, disease-modifying
therapy; HCP, healthcare professional; PET, positron emission tomography; Rx, medical prescription.

Following a positive BBM test (performed either in primary or sec-

ondary care), the dementia specialist may speakwith the patient about

undergoing a confirmatory biomarker test to confirm the presence of

amyloid pathology (Figure 1, Step 6). If the BBM test is negative, fur-

ther evaluation should focus on identifying non-AD causes of cognitive

symptoms. For patients with biomarker-confirmed amyloid pathol-

ogy who meet eligibility criteria for DMTs,12 the dementia specialist

may discuss determining apolipoprotein E (APOE) ε4 status (see Sec-

tion 3.5) to inform amore thorough discussion of the risks and benefits

associated with DMTs (see Section 3.6).

3.5 Determining APOE ε4 status for patients
eligible for DMTs

After confirming amyloid pathology with biomarker testing, determin-

ing APOE ε4 status is recommended for patients eligible for DMTs

(Figure 1, Step 7; see Eisai Inc. Highlights of Prescribing Information).12

APOE ε4 homozygotes may have an increased risk of side effects,

including amyloid-related imaging abnormalities (ARIA) associated

with currently available DMTs. Importantly, if APOE ε4 status is deter-
mined, the result should be returned to the patient by the dementia

specialist and supported with genetic counseling. If APOE ε4 status

is not assessed, the patient should be informed that it cannot be

determinedwhether theymay be at higher risk for ARIA.

3.6 Discussing risks and benefits of DMTs with
patients and their care partners

The dementia specialist should review the risks and benefits of DMTs

with eligible patients and their care partners (in the context of the

patient’s APOE ε4 status if available) and address treatment logistics

monitoring (Figure 1, Step 8). For patients who identify with a minori-

tized group, it should be noted that clinical trials of lecanemab included

approximately 20% of non-White individuals.24
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F IGURE 4 This figure is a simplified version of the pathway presented in Figure 3 illustrating where ADBBMs tests (red text) can be
integrated as confirmatory tools to support the determination of eligibility for DMT. Determining APOE ε4 status should occur after a
confirmatory BBM test (dotted line). Aβ, amyloid beta; AD, Alzheimer’s disease; APOE, apolipoprotein E; BBM, blood-based biomarker; CSF,
cerebrospinal fluid; DMT, disease-modifying therapy; HCP, healthcare professional; PET, positron emission tomography; Rx, medical prescription.

3.7 DMT prescription

If the patient is eligible for a DMT and the patient and care part-

ner provide informed consent, a DMT may be prescribed (for further

details on eligibility criteria see Eisai Inc. Highlights of Prescribing

Information.).12

4 CLINICAL IMPLEMENTATION PATHWAY FOR
AD BBM TESTING TO CONFIRM AMYLOID
PATHOLOGY

The recommended implementation pathway for an AD BBM test to

confirm the presence of amyloid pathology is illustrated in Figure 3.

For a simplified version of this pathway, refer to Figure 4. In the pri-

mary care setting, a BBM test that meets the minimum acceptable

performance for use as a confirmatory test is intended for patients

typically aged ≥65 years, when AD is suspected as the etiology of

cognitive impairment following an assessment of the patient’s medi-

cal conditions and clinical presentation.18 This age guideline considers

the lower likelihood of amyloid pathology in younger patients and

the limited research on BBM tests in this demographic. In secondary

care, where confirmatory BBM testing would be conducted following

a comprehensive evaluation by a dementia specialist, no age cutoff is

recommended.

In this pathway, a positive BBM test result identifies amyloid pathol-

ogy without the need for a second test (Figure 3). When the BBM test

is conducted in primary care (Figure 1, Step 3), patients with positive

results may be directly referred to secondary care for further assess-

ment of DMT eligibility (Figure 3, Steps 4–6). Patients with a negative

result would be deemed DMT-ineligible and concurrently evaluated

for non-AD causes of cognitive symptoms. In secondary care, follow-

ing a comprehensive workup, a positive BBM test result prompts the

determination of APOE ε4 status where applicable (Figure 3, Steps 4–

6), followed by a thorough discussion on the risks and benefits of DMTs

for patients who meet eligibility criteria (Figure 3, Step 7). Conversely,

a negative result prompts evaluation for non-AD causes of symptoms,

with appropriate interventions considered. Eligible patients provid-

ing informed consent alongside their care partner may be prescribed

DMTs.

5 CONCLUSIONS

Confirmation of amyloid pathology is required before initiating DMTs

for AD. BBM tests offer a promising solution to address the anticipated

surge in demand for AD biomarker testing that will accompany the

introduction of DMTs in clinical practice. These tests may alleviate the

burden in specialty care settings by triaging patients before confirma-

tory biomarker testing. Moreover, as BBM tests continue to advance,

they are expected to attain a level of accuracy that could eliminate

the need for a second biomarker test in some cases. To prepare stake-

holders for the widespread adoption of BBMs in clinical practice, CEOi

convenedaBBMWorkgroup toprovide recommendations for twoclin-

ical implementational pathways: one for current triage use and another

to prepare for BBMs tests that have reached sufficient performance to

confirm amyloid pathology. Integrating BBMs into clinical practice will

accelerate access to DMTs for eligible patients.
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