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Abstract

Blood-based markers (BBMs) have recently shown promise to revolutionize the diag-
nostic and prognostic work-up of Alzheimer’s disease (AD), as well as to improve the
design of interventional trials. Here we discuss in detail further research needed to
be performed before widespread use of BBMs. We already now recommend use of
BBMs as (pre-)screeners to identify individuals likely to have AD pathological changes
for inclusion in trials evaluating disease-modifying therapies, provided the AD status is
confirmed with positron emission tomography (PET) or cerebrospinal fluid (CSF) test-
ing. We also encourage studying longitudinal BBM changes in ongoing as well as future
interventional trials. However, BBMs should not yet be used as primary endpoints in
pivotal trials. Further, we recommend to cautiously start using BBMs in specialized
memory clinics as part of the diagnostic work-up of patients with cognitive symptoms

and the results should be confirmed whenever possible with CSF or PET. Additional
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1 | INTRODUCTION

Blood-based markers (BBMs) have recently shown promise to revolu-
tionize the diagnostic and prognostic work-up of Alzheimer’s disease
(AD), as well as to improve the design of interventional trials. We
here aim to provide appropriate use recommendations for use of these
BBMs in clinical practice and trials. To this aim, we discuss the cur-
rent need for biomarkers; we briefly summarize the state-of-the-art of
results for the most promising BBMs; and, more importantly, we define
research priorities needed to fill significant knowledge gaps. Finally, we
describe the consensus appropriate use recommendations defined by
this expert group for use of BBMs in the clinic as well in trials.

2 | THE CURRENT NEEDS FOR BLOOD-BASED
AD BIOMARKERS

2.1 | Clinical practice

Approximately 25% to 30% of patients with a clinical diagnosis of AD
dementia are misdiagnosed when assessed at specialized dementia
clinics, and the accuracy of clinical diagnosis is similar or even lower
for other dementias, including frontotemporal dementia (FTD), demen-
tia with Lewy bodies (DLB), and vascular dementia.l~3 However, most
patients with cognitive or behavioral symptoms are managed in pri-
mary care where the misdiagnosis is even higher. Fifty percent to 70%
of symptomatic patients with AD are not recognized or correctly diag-
nosed in primary care today, because routine cognitive screening is
not performed and there is a lack of easily accessible, time- and cost-
effective, and accurate diagnostic tools.* The problem is even worse
in early stages of the disease, that is, in patients without dementia
who have either subjective cognitive decline (SCD) or mild cognitive
impairment (MCI). Further, clinicopathological studies highlight that
the match between clinical phenotype and biology/neuropathology in
neurodegenerative dementias is imperfect.* Such studies also note
that the diseases have a preclinical prodrome during which symp-
toms may be absent or very mild and non-specific despite active
neuropathological processes.*

Methods for individualized prognosis of progression from SCD and
MCI to AD dementia are also largely lacking. Timely and accurate
diagnosis of AD goes beyond providing patients with diagnostic and
prognostic information. It extends to optimization of treatment strate-
gies (e.g., with symptomatic cholinesterase inhibitors or possibly novel
anti-amyloid beta [Ag] therapies) and providing appropriate care. Mis-

diagnosis leads to unnecessary care-seeking and costly investigations

data are needed before use of BBMs as stand-alone diagnostic AD markers, or before

considering use in primary care.

Alzheimer’s disease, appropriate use recommendations, blood-based biomarkers, diagnosis,

due to diagnostic uncertainty. The established cerebrospinal fluid (CSF)
and positron emission tomography (PET) measures have excellent diag-
nostic properties, but they are less useful outside very specialized
clinics due to limited accessibility, invasiveness (e.g., CSF measures
require a lumbar puncture, and PET requires infusion of stable iso-
topes and exposure to radiation), contraindications (e.g., anticoagulant
medication might prohibit lumbar puncture) and high costs (PET is
expensive and not universally covered by health insurance).* This pre-
cludes use of CSF and PET biomarkers in most primary and secondary
care settings worldwide. Thus, a major benefit of the use of BBMs in
screening for AD pathology, or diagnosis, is that the collection of blood
is less invasive and likely less costly than CSF or neuroimaging mark-
ers,and more feasible at the primary care levels where most individuals
will present with cognitive symptoms.*> Although the development of
BBMs has been previously hindered by insufficient analytical sensitiv-
ities, recent studies suggest promising results using easily accessible
and potentially scalable BBM tests.*> For example, primarily in spe-
cialized memory clinics, blood-based AD biomarkers have been shown
to differentiate AD dementia from dementia caused by other neu-
rodegenerative disorders with accuracies non-inferior to CSF and PET
biomarkers, and to predict future development of AD dementia in
non-demented patients with cognitive complaints.*

2.2 | Clinical trials

When targeting upstream pathologies, such as AS pathology, thera-
pies will likely be more effective during the early preclinical (“pre-
symptomatic”) stages before manifest and irreversible neurodegener-
ation has already occurred. It is also possible that certain pathologies
(e.g., AB pathology) might trigger downstream events (e.g., spread
of neocortical tau aggregates and synaptic degeneration), in which
the latter eventually becomes independent from the initiating event.®
Therefore, diagnostic biomarkers identifying AD pathology before the
onset of overt clinical symptoms are needed to recruit suitable individ-
uals with early disease to clinical trials.*> Today, clinical trials typically
use AB-PET or CSF to screen for preclinical AD in cognitively normal
individuals. However, the very high costs and low accessibility (espe-
cially in more diverse socioeconomic settings), and high number of
screen failures (i.e., individuals who turn out to have normal PET or CSF
results) make this approach very challenging. Consequently, clinical
trials in this early stage of the disease have been hampered by the dif-
ficulty to recruit large numbers of participants across diverse settings.
For example, it took the A4 (Anti-Amyloid Treatment in Asymptomatic
Alzheimer’s) trial, which was the first phase 3 trial in preclinical AD,
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RESEARCH IN CONTEXT

1. Systematic Review: The authors reviewed the literature
using conventional (e.g., PubMed) sources and meeting
abstracts and presentations. We found that in the last
few years the number of publications on Alzheimer’s
disease (AD)-associated blood-based biomarkers (BBMs)
has increased dramatically, showing great promise for
especially plasma phosphorylated tau, amyloid beta, glial
fibrillary acidic protein, and neurofilament light for future
use in both clinical practice and trials. However, few
prospective studies have investigated the implementa-
tion of such BBMs in more heterogeneous populations.
These pertinent works are appropriately cited.

2. Interpretation: In the current review we recommend use
of AD-associated BBMs as (pre-)screeners in trials and
cautious introduction of BBMs in clinical practice, pro-
vided AD status is confirmed whenever possible using
cerebrospinal fluid or positron emission tomography.

3. Future Directions: In the current review, we summa-
rize prioritized research needed to be performed before
widespread use of AD-associated BBMs in clinical trials
and practice, including different types of preanalytical,
analytical, and real-world clinical studies.

3.5 years and > 4000 amyloid PET scans to identify and randomize
1169 participants with elevated brain amyloid. Therefore, it is very
likely that blood-based AD biomarkers will be increasingly used to
identify those more likely to have pre-symptomatic AD, who then can
undergo PET or CSF measurements to confirm preclinical AD before
entering the trial.*> Even for clinical trials involving prodromal or
dementia due to AD, blood biomarkers may substantially reduce the
cost of screening and time to fully enroll the trial. Further, there is a
need for BBMs to study drug target engagement or pharmacodynamic
drug effects on downstream disease processes like neurodegener-
ation or neuroinflammation.* As an example, in other neurological
diseases, like multiple sclerosis (MS), spinal muscular atrophy, and
human immunodeficiency virus (HIV)-associated neurocognitive dys-
function, plasma neurofilament light (NfL) concentration decreases
in response to disease-modifying treatment as a sign of reduced

neurodegeneration.”?

3 | WHAT BBMS ARE AVAILABLE TODAY AND
HOW DO THEY PERFORM?

3.1 | Plasma AB42/AB40
CSF AB42/AB40 is arobust biomarker for cerebral Ag pathology, with a
clear bimodal distribution and a small gray zone of results close to the

cut-point for positivity; a low ratio reflects selective depletion of Ag42
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from the CSF due to deposition in the growing plaques.*1° Similar
reductions in AB42/AB40 can be seen in plasma. Several immunopre-
cipitation mass spectrometry (IP-MS) methods have been developed
in which AB from plasma is extracted and subjected to MS-based
quantification. Using such methods, clear group-level reductions in
plasma AB42/AB40 levels are observed in amyloid PET-positive com-
pared to PET-negative people.'1~13 Further, immunochemical tests for
plasma AB42/AB40 have been developed that are easier to implement
in regular clinical chemistry laboratories.!* However, in one head-
to-head comparison, measurement of the AB42/AB40 ratios with the
immunoassays exhibited lower diagnostic performance for detection
of AB pathology compared to certain IP-MS methods (the areas under
the curve ranged between 0.69 and 0.78 for the different immunoas-
says compared to 0.86 for the best-performing IP-MS method).!®> An
important feature of plasma AB42/A340 is that the levels are fully
changed already during the pre-symptomatic disease stages; this is the
reason this biomarker, like CSF AB42/AB40, can identify AB pathology
in cognitively unimpaired (CU) people with accuracies as high as those
observed in cognitively impaired individuals.

The major problem with plasma AB42/A340 as an AB pathology test
is the small fold change between AB-positive and AB-negative individ-
uals (an 8%-15% reduction compared to 40%-60% in CSF).*1°> The
likely explanation is that the AB pathology-related reduction in plasma
AB42/AB40 occurs on top of peripherally present AS, because Ag pro-
duced in extracerebral tissues are conceivably not affected by brain
AB pathology. Consequently, plasma AB42/ApB40 is a less robust brain
Ag pathology biomarker than CSF AB42/AB40 for biological reasons.
It is challenging to standardize and maintain stability of this type of
test over time in clinical laboratory practice with the rigor needed to
reliably detect the small difference between AB-positive and -negative
individuals. Stringent pre-analytical and analytical protocols can help
mitigate the robustness issue with promising results,” and there is
today one clinical-grade IP-MS test for plasma AB42/AB40 available.
However, given the biological reasons for lack of robustness, we should
also continue to look for other blood biomarkers and/or combinations
with other measures (other markers or demographics, see below) to
detect A3 pathology.

Research priorities (Table 1):

1. Biomarker development studies to make plasma Afg tests that
reflect the central nervous system (CNS)-specific fraction of the
peptide (e.g., by quantifying CNS-specific forms of Ag, or by isolat-
ing CNS-specific vesicles) or have a greater fold change between
AB-positive and -negative individuals (e.g., C-terminally extended
ApB species, misfolded AB, or CNS-specific post-translational modi-
fications).

2. Real-world studies on the robustness of plasma AB42/AB40 as a
diagnostic test for cerebral AB pathology, incorporating the full
range of potential pre-analytical and analytical sources of variation,
for example, by repeated samplings of the same individuals over a
restricted time window. What are the impacts of such variations
on the biomarker results and clinical decisions? What is the total

allowable error for plasma Ag tests to be clinically useful?
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TABLE 1 Research priorities

AB

Brain-specific plasma AB tests: Biomarker development studies to make plasma A tests that reflect the CNS-specific fraction of the peptide (e.g., by
quantifying CNS-specific forms of AB, or by isolating CNS-specific vesicles) or have a greater fold change between AB-positive and -negative
individuals (e.g., C-terminally extended AB species, misfolded AB, or CNS-specific post-translational modifications).

Clinical robustness of plasma AB42/AB40: Real-world studies on the robustness of plasma A342/AB40 as a diagnostic test for cerebral A3 pathology,
incorporating the full range of potential pre-analytical and analytical sources of variation, for example, by repeated samplings of the same individuals
over a restricted time window. What are the impacts of such variations on the biomarker results and clinical decisions? What is the total allowable
error for plasma Ap tests to be clinically useful?

P-tau
Different plasma p-tau isoforms: Head-to-head studies comparing the performance of different p-tau isoform tests in different clinical contexts and

disease stages, using relevant reference standards.

Fully automated p-tau assays. Development and validation of novel fully automated assays for different p-tau markers (which has already been
developed for AB42/AB40, NfL, and GFAP).

Longitudinal change in plasma p-tau: Longitudinal studies of different pP-tau variants examining biomarker stability and what a clinically relevant
change in the concentration is. Further, establish associations between longitudinal changes in different p-tau variants with changes in tau-PET,
imaging measures of neurodegeneration, and cognition.

NfL

Change in NfL in relation to imaging markers of neurodegeneration: Longitudinal studies examining the diagnostic performance of plasma NfL for

detection of neurodegeneration in different age groups and diseases, using, for example, longitudinal MRl and FDG PET as biomarkers for
neurodegeneration. Such longitudinal studies should also determine the intra-individual biomarker stability of plasma NfL.

Brain-specific isoforms of neurofilaments: The development of assays for CNS-specific neurofilaments.

GFAP

Plasma GFAP versus neuropathology: Validation of the plasma GFAP against neuropathology to understand its relationship with disease mechanisms
and key pathological substrates of the better separation for plasma (serum) versus CSF when it comes to AD.

Further characterization of plasma GFAP: Studies examining the diagnostic performance of plasma GFAP for detection of astrocytic activation in
different age groups and in different clinical contexts using reference standard tests for neurodegeneration and AD pathology.

All

Diverse and representative populations: Real-world studies in diverse and representative populations in which the study participants undergo
reference standard assessment of AS and tau pathophysiology (preferably with neuropathological confirmation, or at least PET and CSF measures of
A and tau pathological changes) and evaluation of the causes of false positive and negative plasma biomarker outcomes.

Establishing the best plasma biomarker combinations: Establish the optimal combinations of plasma biomarkers in each clinical scenario when only
using the top-performing assays for all of the included BBMs (and when using relevant reference standards).

Compare the best plasma biomarker combinations versus CSF and PET: Compare the clinical performance of the best blood biomarker combinations
to the clinical performance of the best CSF and/or PET biomarkers whenever possible to better understand when and how BBM can substitute for
CSF and PET.

Improved diagnostic work-up: Determine whether the plasma biomarker combinations improve the more basic clinical assessments done in most
clinics today (i.e., assessment done without advanced CSF and PET assessments), and whether the addition of other easily accessible tests (such as
brief cognitive tests or genetics) improve the diagnostic and prognostic work-up even further.

Interpretation of biomarker results: Develop tools for interpretation of the results and for communication to the physician as well as to the patients.
Define the different types of information that can be obtained, for example, diagnostic as well as prognostic information.

Potential confounders: Studies examining clinical confounders and biological factors, including race and ethnicity, peripheral neuropathies and other
neurologic diseases, BMI, and kidney disease and the relative effects on the clinical performance of plasma AB42/Ap40, p-tau, NfL, and GFAP in large
cohorts.

Biological variation: Study of other variables relevant for real-world implementation, such as biological variation over time (intra-day and between-day
variation) in individuals with different conditions.

Pre-analytical protocol: Studies to refine the pre-analytical protocols even further for the most relevant plasma biomarkers of today. For all new
plasma biomarkers, the pre-analytical variation should be defined, and for this preferably, as central and accessible biorepository is available.

Assay standardization. The development of candidate reference materials and methods for the most promising plasma AD biomarker assays.

Total random error: Study the total random error of a biomarker result by repeatedly collecting blood and repeatedly analyzing a certain biomarker
over a shorter time period in ~40 to 50 individuals (with and without AD).

Systematic error: To determine systematic error of a certain assay or platform by analyzing samples from the same pools of plasma over extended time
periods and in different laboratories.

Clinical robustness: To determine clinical robustness in a real-world setting by using the assay in extended prospective studies over 1 to 3 years where
(1) pre-defined cut offs are used, (2) samples are analyzed continuously over the study period (e.g., on a daily or weekly basis rather than in single
batches), and (3) an appropriate reference standard is used (like AB PET).

(Continues)
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TABLE 1 (Continued)

Best markers as (pre-)screeners: Studies determining which combinations of BBMs are consistently most optimal for detection of AD pathology
changes in either preclinical (asymptomatic) or symptomatic AD when using the best assays for each biomarker.

Prospective validation of use of BBMs as (pre-)screeners: Prospective studies with sample-to-sample analyses over extended time periods (a couple of
years) and with a valid outcome (like AB-PET, tau-PET, or CSF AD biomarkers) to determine whether the clinical robustness of a BBM (or combination
of BBMs) over time is high enough for use as pre-screeners in clinical trial settings.

BBMs replacing PET or CSF when determining AD status for inclusion in trials: Determining whether use of conservative cut-offs for certain BBMs (or
combinations of BBMs) can result in valid predictions of the presence of AD pathological changes (>90%-95%), and thereby PET or CSF would not be
needed for inclusions in AD trials of individuals with clearly abnormal BBMs. However, studies would also need to define the gray zone (with
uncertain BBM results) where PET or CSF is needed for accurate detection of AD-status.

Longitudinal plasma p-tau, AB42/AB40, NfL, and GFAP levels in observational trials: Longitudinal, large-scale, and diverse observational trials should
determine the longitudinal changes in BBM over time, and whether such changes relate to other changes in more established biomarkers (such as

MRI, CSF, and PET) and changes in clinically relevant outcomes (e.g., cognition, motor function, and activities of daily living).

Longitudinal plasma p-tau, NfL, and GFAP levels in clinical trials: Study plasma p-tau, NfL, and GFAP as exploratory outcome markers in different
clinical trials to establish whether drug-induced reductions in biomarker concentrations associated with clinically beneficial outcomes.

Developing and validating BBMs in specialized memory clinics: Evaluation of BBMs in diverse (real life) secondary and tertiary memory clinic
populations should be done prospectively, using predefined cut-offs, and using relevant and accurate reference standards. Further, we need to
identify the optimal combinations of easily accessible and time-/cost-effective biomarkers and tests in memory clinic settings and study whether they
outperform the clinical assessments used today in most such secondary and tertiary clinics. We should also study whether certain BBMs (or
combinations with other easily accessible diagnostic methods) perform non-inferior to CSF and PET, that is, can certain BBM-based algorithms be
used alone to support an AD diagnosis, or should they only be used as a gatekeeper to CSF/PET.

Improved patient management in memory clinics: Determine whether addition of BBMs to standard clinical assessments and imaging improves the

diagnosis and significantly alters the management of the patients.

Developing and validating BBMs in primary care: Perform prospective studies in primary care settings, including representative and diverse
populations with cognitive symptoms, where BBMs and brief cognitive tests and other easily accessible methods are performed in the primary care
setting. However, the reference standard must be of high quality and preferably include CSF or PET for AD.

Combinations of BBM with other easily accessible and scalable tools in primary care: Identify the optimal combinations of easily accessible and
time-/cost-effective biomarkers and tests in this setting (e.g., combining BBMs with digital cognitive tests).

Improved patient management in primary care: Study whether BBMs outperform what is already available today in primary care (standard of care
today), and if they also improve diagnosis and management (including treatment decisions and referrals to memory clinics).

Abbreviations: A, amyloid beta; AD, Alzheimer’s disease; BBM, blood-based biomarkers; BMI, body mass index; CNS, central nervous system; CSF, cere-
brospinal fluid; FDG, fluorodeoxyglucose; GFAP, glial fibrillary acidic protein; MRI, magnetic resonance imaging; NfL, neurofilament light; PET, positron

emission tomography; p-tau, phosphorylated tau.

3. Real-world studies in diverse populations in which the study par-
ticipants undergo reference standard assessment of Ag pathology
(amyloid PET, CSF AB42/AB40, or neuropathology) to validate the
results.

4. Better understanding of the longitudinal intra-individual biological
and disease-associated variability and potential impact of medical

comorbidities and concomitant medications.

3.2 | Plasma phosphorylated tau

Several research groups have developed very sensitive phosphorylated
tau (p-tau) assays for use as blood biomarkers for AD, including assays
for tau phosphorylated at amino acid 181 (p-tau181), 217 (p-tau217),
or 231 (p-tau231). It should be noted that all available p-tau assays
measure phospho-forms of tau using antibodies that are directed to
the N-terminus or mid-domain of the protein, because these forms
of tau are present at much higher concentrations in biofluids than
full-length or C-terminal tau due to proteolytic processing of tau in
the release process of the molecule from neurons into biofluids.'®
Neuropathology-based studies have shown that plasma p-tau levels

are related to both the density of A plagues and tau tangles'? and that
levels of different plasma p-tau variants (i.e., p-tau181, p-tau217, and
p-tau231) can differentiate between cases with significant AD brain
pathology from those without.29-2% Importantly, increased plasma lev-
els of these p-tau variants have specifically been observed in AD and
not in other tauopathies, including primary age-related tauopathy,
progressive supranuclear palsy, corticobasal degeneration, or Pick’s
disease. It is presently unclear how well p-tau markers in biofluids
detect tau pathophysiology related to tangles, neuritic threads, taufila-
ments decorating neuritic plaques, and tau-containing granulovacuolar
degeneration bodies, but all of these may contribute to or associate
with the p-tau increase seen in AD.1?2¢ |n several large-scale clinic-
based studies, plasma p-tau has been shown to accurately separate
AD dementia from other neurodegenerative diseases with high diag-
nostic accuracy.2022-24.27.28 p|asma p-tau levels are increased ~250%
to 600% in AD dementia compared to the levels observed in non-
AD neurodegenerative disease; the largest relative increases in AD
dementia are often observed for p-tau217.2228 |n the memory clinic
setting, the diagnostic performance of plasma p-tau217 has been
shown to be similar to both CSF biomarkers and tau-PET imaging.%?
Further, in patients with MCI, both plasma p-tau181 and p-tau217



6 | Alzheimer’s & Dementia®

HANSSON ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

have been shown to accurately predict future cognitive decline and
conversion to AD dementia in the subsequent 2 to 6 years.20.27-31
The comparison of different plasma p-tau variants to detect AD neu-
ropathologic changes in CU individuals is ongoing. Several studies
have shown that plasma p-tau181, p-tau217, and p-tau231 start to
change when AB-PET becomes abnormal, and some studies suggest
that p-tau231 might be changing slightly earlier than the other p-tau
markers.2432 A few studies also show that plasma p-tau can predict
subsequent cognitive decline and worsening of fibrillar tau pathology
in CU individuals.?%:33-35

There are currently several high-performing plasma p-tau immuno-
chemical assays with similar performance, which bodes well for
successful clinical implementation, but there are also commonly
used assays with lower performance according to head-to-head
comparisons.?22836.37 There is currently one assay that has been
granted a Breakthrough Device designation by the US Food and Drug
Administration (FDA) as an aid in diagnostic evaluation of AD (p-
tau18127), and additional tests are in clinical development. Consider-
ations for further research include establishment of factors influencing
biological, pre-analytical, and analytical variation and potential con-
founders, such as co-occurrence of cerebrovascular and cardiovascular
diseases and performance in more diverse populations.

Plasma p-tau levels increase gradually over time in early stages
of AD, which may relate to the number of AD-affected neurons that
still manage to synthesize and secrete tau, and especially p-tau217
shows increase during both the preclinical and prodromal stages of the
disease.?® An emerging use of plasma p-tau is to detect and monitor
effects on tau pathophysiology by anti-Ag antibodies in clinical trials.
During the Alzheimer’s Association International Conference 2021,
reduced plasma p-tau217 concentration in response to donanemab
treatment were reported (unpublished results), and similar results
have been shown for aducanumab (in this case p-tau181 reduction).3?

Research priorities (Table 1):

1. Head-to-head studies comparing the performance of different p-
tau isoforms in different clinical contexts and across disease stages.
In such studies, it is important to note differences in the used
platforms and materials (e.g., antibodies), and MS-based methods
for simultaneous detection of different p-tau variants might be an
advantage in this setting.

2. Development and validation of novel fully automated assays for
different p-tau markers (which has already been developed for
AB42/AB40, NfL, and glial fibrillary acidic protein [GFAP]).

3. Longitudinal studies of different p-tau variants examining intra-
individual biomarker stability and what a clinically relevant change
in the concentration is. Further, establish associations between
longitudinal changes in different p-tau variants with changes in
tau-PET, imaging measures of neurodegeneration, and cognition.

4. Real-world studies in diverse populations in which the study par-
ticipants undergo reference standard assessment of AB and tau
pathophysiology (preferably with neuropathological confirmation,
or at least PET measures of A3 and tau pathological changes) and

evaluation of the causes of false positives and negatives.

5. Study plasma p-tau as an exploratory outcome marker in clinical
trials to establish whether drug-induced reductions in biomarker
concentrations associated with clinically beneficial outcomes.

3.3 | Plasma NfL

For many years, CSF NfL has been used as a neuroaxonal injury marker.
The highest NfL concentrations in CSF and blood are seen in amy-
otrophic lateral sclerosis (ALS), FTD, atypical parkinsonian disorders,
MS, and HIV-associated neurocognitive dysfunction.*>*! A more mod-
est elevation compared to age-matched controls is seen in AD. The
biomarker can be measured in both CSF and plasma (or serum), and
virtually all CSF findings have been replicated in blood with sensi-
tive assays.*%42 Familial AD mutation carriers show a gradual change
in blood NfL levels ~1 decade before expected clinical onset, which
probably marks the onset of neurodegeneration, and the higher the
increase, the more rapid clinical disease progression.*>** In sporadic
AD, there are associations of increased plasma NfL concentration with
AB and tau positivity, as well as with longitudinal neurodegeneration
as determined by magnetic resonance imaging (MRI); however, this is
mainly visible at more advanced dementia stages. Moreover, there is
a larger overlap between different AD disease stages than in famil-
ial AD,*> most likely due to the multitude of different age-related and
neurodegenerative changes that may result in NfL increase in people
older than 70 years of age. Importantly, NfL has a strong age rela-
tionship. This is likely the most important challenge when considering
how to use the test clinically. In anti-Ag antibody trials, attenuated
increases of CSF NfL have been reported,*®*” but whether this is seen
in blood as well is currently unknown. A positive feature of this mark-
ers is its strong pre-analytical robustness, thus being unaffected by
common variations in sample handling before analyses.*® More data
on biomarker performance in diverse populations, as well as on bio-
logical variation (e.g., influence of renal function, body mass index
[BMI], and peripheral neuropathy), are also needed. Several labora-
tories around the globe are already analyzing plasma NfL in clinical
laboratory practice.

Research priorities (Table 1):

1. Longitudinal studies examining the diagnostic performance of
plasma NfL for detection of neurodegeneration in different age
groups and diseases, using, for example, longitudinal MRI and flu-
orodeoxyglucose PET as biomarkers for neurodegeneration. Such
longitudinal studies should also determine the intra-individual
biomarker stability of plasma NfL.

2. The development of assays for CNS-specific neurofilaments.

3. Studies examining clinical confounders and biological factors across
diverse populations, including peripheral neuropathies, BMI, and
kidney disease and the relative effects on the clinical diagnostic and
prognostic performance in large cohorts.

4. Examine plasma NfL as an exploratory outcome marker in clinical
trials to establish whether drug-induced reductions in biomarker

concentrations associate with clinically beneficial outcomes.
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3.4 | Plasma GFAP

In AD, glial activation appears to be a reaction to A3 pathology, for
example, to degrade A or to counteract induced excitotoxity or to
supplement energy. For glial biomarkers, blood tests are difficult, due
to high extra-cerebral expression of many of the proteins, for exam-
ple, in macrophages, making the blood tests less reflective of brain
changes. However, one biomarker shows promise in this context: GFAP.
The strongest expression of this protein is seen in brain astrocytes,
and its blood concentration is strongly reflective of A accumulationin
the brain.*?-52 The association with Ag pathology appears stronger for
plasma GFAP than CSF GFAP, and plasma GFAP appears to be specific
to AB pathology because it is not associated with fibrillar tau pathol-
ogy when adjusting for AB pathology.*” Although GFAP is likely not
AD-specific, the magnitude of change in non-AD neurodegenerative
diseases, except for progranulin (GRN) mutation-related FTD, is rel-
atively small compared to AD.?3>* Studies have shown that plasma
GFAP levels can predict subsequent cognitive change and AD demen-
tia in patients with MCI°2 and cognitive decline in CU subjects.>>>®
Mild traumatic brain injury and cerebrovascular insults are impor-
tant potential confounders.>”->8 Clinical-grade assays for plasma GFAP
exist but more studies are needed in a memory clinic context.

Research priorities (Table 1):

1. Validation of the plasma GFAP against neuropathology to under-
stand its relationship with disease mechanisms and key pathological
substrates of the better separation for plasma (serum) versus CSF
when it comes to AD.

2. Studies examining the diagnostic performance of plasma GFAP
for detection of astrocytic activation in different age groups and
in different clinical contexts using reference standard tests for
neurodegeneration and AD pathology.

3. Studies examining pre-analytical confounders and biological fac-
tors, including peripheral neuropathy and kidney disease.

4. Study plasma GFAP as an exploratory outcome marker in differ-
ent clinical trials to establish whether drug-induced reductions
in biomarker concentrations associated with clinically beneficial
outcomes.

5. Studies examining clinical confounders and biological factors across
diverse populations, including peripheral neuropathies, BMI, and
kidney disease and the relative effects on the clinical diagnostic and

prognostic performance in large cohorts

3.5 | Combination of BBMs

Plasma biomarkers can be combined with each other or with other
easily accessible tests to increase clinical performance. Several studies
have investigated this topic, and prototype online algorithms have been
developed for certain clinical scenarios in which different biomarkers
are combined with clinical and demographic variables to obtain individ-
ualized outcomes.313%5? For example, p-tau might be combined with
AB42/AB40 ratio to be able to detect range of amyloid levels and add
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to the prediction of cognitive decline. However, as mentioned above,
certain plasma AS assays and p-tau assays perform less optimally than
others. The type of assays used to quantify a certain biomarker (e.g.,
AB42/AB40) in such analyses are important to notice.

3.5.1 | Detecting amyloid pathology in CU and MCI
Plasma AB42/AB40 is the most studied biomarker for cerebral A
pathology in both CU and MCI individuals.* Many studies have con-
sistently shown the added value of combining plasma A342/AB40 with
apolipoprotein E (APOE) genotype in this setting, #1517 but this is
somewhat controversial, because APOE genotype is an inborn risk indi-
cator rather than a biomarker for AB pathology (the CSF Ag tests work
independently of APOE genotype to detect cerebral A8 pathology®©).
Evidence indicates that that p-tau®? and/or GFAP>> might also add
independent information. The addition of plasma p-tau to plasma
AB42/AB40 might have most added value in MCI compared to CU,
because the plasma p-tau levels increase with disease progression, but
also because the performance of plasma AB42/AB40 might be slightly
lower in MCI than in CU.>?

3.5.2 | Distinguishing AD dementia from other
dementias

In the dementia stage, high-performing plasma p-tau assays may be
good enough on their own to differentiate AD dementia from other
dementias, with similar performance as CSF and amyloid or tau PET
markers.?2 As mentioned, plasma p-tau217 performs slightly better
than the other plasma p-tau variants for AD diagnosis, likely because
of the relatively large increase of this marker in the dementia stage of
AD compared to other p-tau isoforms.2228

In patients with dementia, a high plasma NfL value together with
a normal p-tau value, might indicate that the underlying etiology is
a non-AD dementia with substantial axonal degeneration like FTD or
corticobasal degeneration.*10:23

3.5.3 | Predicting development of AD dementia in
non-demented individuals

When using high-performing assays, both plasma p-taul81 and p-
tau217 have consistently been shown to be accurate markers when
predicting future development of AD dementia in symptomatic
patients with either MCI or SCD.2029-31 Similar results have been
obtained for p-tau2312* and for GFAP.°2°¢ The value of also adding
plasma NfL or plasma AB42/AB40 is much lower and therefore less
certain in this particular setting.313° However, when plasma p-tau
is combined with other easily accessible methods, including APOE
genotype and brief cognitive tests, the predictive algorithm performs
as accurately as CSF-based algorithms and clearly outperforms the

prediction made by dementia experts.3°
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3.5.4 | Predicting global cognitive decline in
non-demented individuals

There is also a need to predict future cognitive decline at an individ-
ual level, which is not only caused by AD pathological changes. In CU
individuals a combination of plasma p-tau, A42/AB40, and NfL was
associated with subsequent cognitive decline.33 However, in patients
with MCI a combination of plasma p-tau and NfL was found to predict
decline in global cognition.3!

Research priorities (Table 1):

1. Study the optimal combinations of plasma biomarkers in each clin-
ical scenario when only using high-performing and analytically
validated assays for all the included biomarkers.

2. Compare the clinical performance of the best blood biomarker com-
binations to the clinical performance of the best CSF and/or PET
biomarkers whenever possible.

3. Determine whether the plasma biomarker combinations improve
the more basic clinical assessments done in most clinics today (i.e.,
assessment done without advanced CSF and PET assessments), and
whether the addition of other easily accessible tests (such as brief
cognitive tests or genetics) improve the diagnostic and prognostic
work-up even further.

4. Develop tools for interpretation of the results and for communica-
tion and education to the physician as well as to the patients. Define
the different types of information that can be obtained, for example,

diagnostic as well as prognostic information.

4 | IDENTIFY KEY STEPS NEEDED TO BE TAKEN
BEFORE WIDESPREAD USE OF BBMS IN GENERAL

Assay validation against clinically relevant reference
standards

Once a test has been analytically validated (meaning that the test
specifically measures what it is supposed to measure with a high
enough precision and dynamic range, see Andreasson et al.t! for
details), the diagnostic performance in clinically relevant settings
needs to be established, preferably in relation to neuropathology
and/or reference/gold standard tests.'?-24 However, novel plasma
biomarkers can also be validated against other in vivo methods that
reflect AD pathology (although not optimal, this approach may give an
acceptable traceability chain toward neuropathology). AB-PET is the
most widely used reference standard given the fact that this method
has a high agreement with a presence of AB plaques in the brain, and it
was the only FDA-approved measure of A8 pathology until recently.*
However, AB-PET and CSF ApB42-based ratios (CSF AB42/AB40 or
ApB42/p-tau) are largely interchangeable to determine the A8 status®
and CSF analysis is therefore commonly used as a valid reference
standard instead of AB-PET, with the first CSF AB42/AB40 in vitro
diagnostic test cleared by the FDA in 2022. Emerging data have also
shown that tau-PET imaging reflects fibrillar tau pathology,* which is

why this method might be used as a reference standard in addition to
CSF or PET markers of Aj pathology. In general, one should be care-
ful and whenever possible not use clinic-based syndrome diagnosis as
reference standard that is not confirmed using either relevant in vivo
biomarkers (e.g., certain PET and CSF methods) or neuropathology.
Further, any clinic-based diagnosis must have been established blinded
to the outcome of the index test being evaluated.

Another endpoint that is important and relevant for patients and
clinical trialists is cognitive decline. Important questions include: What
is an individual’s probability of cognitive decline and conversion to
dementia over a certain time? How many years of relatively good
function are ahead? Therefore, a better understanding of progno-
sis for a given biomarker level at the individual level is needed.
Among CU populations, cognitive composites similar to the Preclini-
cal Alzheimer’s Cognitive Composite (PACC) are often used to detect
a relevant cognitive change over time in research and clinical trial
settings,®2 and in cognitively impaired populations (e.g., prodromal
AD and mild AD dementia) the Clinical Dementia Rating scale (CDR),
Alzheimer’s Disease Assessment Scale-Cognitive Subscale (ADAS-
cog), or Mini-Mental State Examination (MMSE) are often used. When
using progression to a certain type of dementia as outcome, the clinic-
based diagnosis must again have been established blinded to the
outcome of the test being evaluated, and as mentioned above it is pre-
ferred that a clinic-based dementia diagnosis (e.g., AD dementia) is
confirmed using either validated in vivo biomarkers (e.g., certain PET
and CSF methods) or neuropathology.

Research priorities (Table 1):

1. Perform head-to-head comparisons of different plasma biomarker
assays when using relevant reference standards.

2. Establish the most optimal combinations of easily accessible
biomarkers when using appropriate reference standards.

3. Establish cut-points relevant for the different contexts of use.

Pre-analytical protocol

The AD CSF biomarker analysis experience underscored the relevance
of not only analytical, but also pre-analytical, standardization.t3¢*
Variation was partially caused by the aggregation-prone nature of AD-
relevant proteins, especially A3, making them stick to certain plastics
or aggregate in vitro. With this background, studies have started to
define the effect of pre-analytical variation and define protocols for
sample handling of blood, plasma, and serum. In a large multi-center
study, the effects of frequently present variations in existing cohorts
were evaluated and variables deemed relevant by experts on a range of
plasma biomarkers.*8 The following variables were studied: (1) type of
tubes used to collect the blood, (2) time between sample collection and
centrifugation (for plasma), (3) centrifugation parameters (for plasma),
(4) time from sample collection to storage in a freezer, (5) tempera-
ture of samples during the different processing steps, (6) the aliquot
size used for storage in freezer, and (7) number of freeze/thaw cycles.
After analyses of AB42/AB40, p-taul81, total tau, GFAP and NfL, an
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easy-to-use standardized operating procedure for plasma handling was
established.*® We recommend using this protocol for collection of
blood in both research settings and clinical trials and practice. Further,
we note that it isimportant that a consensus protocol for pre-analytical
handling of blood samples is constructed in such way that it can be
used outside specialized settings to enable widespread implementa-
tion globally. For example, according to the current protocol samples
can be stored in a refrigerator (at 2-8°C) for 24 hours before cen-
trifugation, and another 24 hours before being either analyzed or
frozen.*8

Research priorities (Table 1):

1. Studies to refine the pre-analytical protocols even further for the
most relevant plasma biomarkers of today.

2. For all new plasma biomarkers, the pre-analytical variation should
be defined; a central and accessible biorepository would facilitate
this work.

3. Study of other variables relevant for real-world implementation,
such as biological variation over time (intra-day and between-day

variation) in individuals with different conditions.

4.1 | Clinical-grade assays

For real-world implementation in clinical laboratories, it is critically
important to have access to high precision in vitro diagnostic assays,
and currently several such assays are developed for BBMs. This means
that assays need to be optimized and analytically validated, but addi-
tionally must be produced in a way that guarantees analytical stability
in the measurements (a low lot-to-lot variation and bias), which is the
responsibility of the assay providers. However, in-house validation of
novel assays, as well as longitudinal assay performance monitoring
through internal and external quality control programs, is essential as
well, and guidelines for such validation and monitoring for AD biomark-
ers have been developed.®! For the CSF biomarker assays, batch and
inter-laboratory variation were major sources of variation.®>%® With
the advent of several plasma biomarker assays by several commercial
providers, the need for certified reference materials and methods to
standardize the assays to each other has become urgent .2° To achieve
this, bodies such as the International Federation of Clinical Chem-
istry and Laboratory Medicine (IFCC) and the Joint Committee for
Traceability in Laboratory Medicine (JCTLM), entitled to certify such
methods, should ideally be involved in the development process. Such
standardizationis crucial to directly compare results between different
studies, and ultimately to define global reference limits and cut-offs.1°
Inthe short term, such cut-offs will be assay-specific. These can be ver-
ified locally before implementation. Assay performance over time must
then be monitored to ensure that the cut-offs remain valid.

Research priorities (Table 1):

1. Expansion of the Alzheimer’s Association Global Biomarker Stan-
dardization Consortium (GBSC) Quality Control (QC) Program for

CSF biomarkers to plasma.
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2. The development of certified reference materials and methods for
the most promising plasma AD biomarker assays.

4.2 | Non-AD-associated factors affecting
biomarker concentrations

Certain (confounding) factors, which are not associated with the actual
neurodegenerative disease, may affect BBM concentrations. Such fac-
tors affecting CSF biomarker levels have been widely studied where,
for example, older age is strongly associated with higher levels of NfL,
even when correcting for known disease pathologies in the brain.67:¢8
However, blood levels of these biomarkers might also be related to
other factors, such as BMI, kidney disease, and comorbidities such
as peripheral neuropathies.” For example, low BMI (low blood vol-
ume), cardiovascular disease, and impaired kidney function might all
associate with higher blood levels of, for example, NfL and p-tau,6?-73
but the clinical relevance of these effects is uncertain.”4 The influ-
ence of such covariates is ideally defined in well-characterized, large,
and diverse population-based studies, especially if we target imple-
mentation in the normal population, but also in clinic-based cohorts.
However, it remains to be defined whether the cumulative effects
of these confounders significantly affect the final biomarker results,
beyond analytical and other sources of pre-analytical variation. Fur-
ther, a very relevant factor that might affect plasma biomarker levels is
ethnicity, which is only beginning to be explored.® Studies report con-
tradictory results regarding lower plasma levels of p-tau in, for example
Black or Latin American populations.”>~77 Observed differences may
have been dependent on differences in comorbidities, socioeconomic,
and educational factors,”® and whether these factors have different
effects at every disease stage is currently unknown. Thus, it is rele-
vant to further study and consider potential confounding factors, such
as socioeconomic factors next to other medical factors, for example,
kidney function and BMI.
Research priorities (Table 1):

1. Studies examining factors that may affect the interpretation of
BBMs are needed in large and diverse populations.

4.3 | Clinical robustness

As mentioned above, several factors might induce variability in BBM
values. There are both random and systematic errors.”® Random errors
include random fluctuations of the marker in blood and uncontrollable
factors related to blood collection and analysis (e.g., intra-assay vari-
ability). The total random error can be determined when performing
test-retest analyses, that is, when collecting blood and performing the
biomarker assay repeatedly close in time for the same individuals, using
the same protocol for blood collection, pre-analytical handling, and an
identical assay set-up. Systematic error can be related to systematic
differences in biomarker levels in blood collected in the morning com-

pared to evening, when using LiHep plasma instead of EDTA plasma,*®
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FIGURE 1 Potential future use of blood-based biomarkers in clinical trials. Biomarker applications in clinical trials for Alzheimer’s disease (AD)
can be useful for screening, inclusion, and treatment outcomes. The various purposes of each type are indicated in the columns. Screening and
inclusion: Clinical trials depend on correct grouping of subjects for the right treatments, therefore various biomarkers and inclusion criteria can be
used. Categorization of subjects can be done using risk/susceptibility biomarkers (indicate the potential for developing the disease), diagnostic
biomarkers (detect or confirm the presence of a disease), stratification markers (such as age or genetic risk factors, for example apolipoprotein E
&4, for which strata are expected to have a stronger response to treatment), and predictive biomarkers (determine who might benefit from and
respond to a particular treatment). Treatment outcomes: Once the clinical trials have begun, response and outcomes for the subjects can be
monitored by measuring the effects on the target protein of the drug as well by biomarkers as endpoints of the clinical trials; the holy grail is to use

biomarkers as surrogate endpoints that predict the clinical endpoints

or when changing the conditions of the assay (e.g., a new lot of antibod-
ies or calibrators). The systematic error for a particular assay can be
difficult to determine and often requires stability measurements over
extended time periods using the same samples. Both random and sys-
tematic error can result in false classification of individuals, especially
to those with biomarker values close to the predefined diagnostic cut-
offs used for a certain assay.*® To use a biomarker for which the values
in the disease group are very close to the values in the normal group
would require very low random and systematic errors to be clinically
robust. As mentioned above, plasma AB42/AB40 is reduced by only 8%
to 15% in AD, which is why the “total allowable error” for a clinically
robust plasma AB42/AB40 assay is likely to be < 3% to 5%. For plasma
p-tau, the total allowable error is much higher considering that this
marker is increased 250% to 650% in symptomatic AD.
Research priorities (Table 1):

1. Study the total random error of a biomarker assay by repeatedly
collecting blood and repeatedly analyzing a certain biomarker over
a shorter time in ~40 to 50 individuals (with and without AD).

2. To determine systematic error of a certain assay by analyzing sam-
ples from the same pools of plasma over extended time periods and
in different laboratories.

3. To determine clinical robustness in a real-world setting by using
the assay in extended prospective studies over 1 to 3 years dur-
ing which (1) pre-defined cut-offs are used, (2) samples are analyzed
continuously over the study period (e.g., on a daily or weekly basis
rather than in single batches), and (3) an appropriate reference
standard is used (such as AB PET).

5 | THE USE OF BBMS IN CLINICAL TRIALS

As depicted in Figure 1, BBMs might potentially be used to improve the
design of clinical trials in many ways, including identification of individ-
uals with the disease and use as surrogate endpoints predicting clinical
efficacy.

5.1 | The use of BBMs as a (pre-)screening step in
clinical trials

Currently the use of BBMs as a (pre-)screener for trials is only pos-
sible in AD-focused trials because of lack of specific BBMs for other
neurodegenerative dementias.* Approximately 15% to 30% of CU
individuals >60 years of age exhibit cerebral accumulation of AB
pathology changes.”?8% Consequently, it takes a lot of resources to
identify individuals with preclinical AD for intervention trials when
using A PET or CSF AD biomarkers to screen cognitively healthy
populations to identify individuals with asymptomatic AD pathology.*
Several preliminary studies have suggested that using BBMs as (pre-
)screener, with only those with abnormal BBM levels undergoing
PET or CSF, might substantially reduce the costs and the time
needed for recruitment of study participants to preclinical AD trials.
For example, it has been suggested that prescreening with a com-
bination of plasma AB42/AB40 and APOE genotype can substantially
reduce the number of AB-PET scans needed to identify individuals with
preclinical AD for trials.2*® In fact, an IP-MS method for quantifica-
tion of plasma AB42/AB40'! is currently evaluated in a prospective
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fashion as a (pre-)screener for detection of AB-PET abnormality in
the AHEAD 3-45 trial evaluating the effects of lecanemab in pre-
clinical AD (an anti-amyloid immunotherapy; NCT04468659). Further,
a plasma p-tau217 assay?? is used to identify individuals with pre-
clinical AD in the TRAILBLAZER-ALZ3 trial evaluating the clinical
effects of donanemab (an anti-amyloid immunotherapy) in a preclin-
ical AD population (NCT05026866). However, it is still unclear if
combinations of certain BBMs, like AB42/A840 and p-tau,”’ might
reduce the costs even further when used as pre-screeners in preclinical
AD trials.

It is important to consider the ramifications of disclosing biomarker
results to individuals who are currently asymptomatic, as there is not
yet sufficient information to make accurate predictions at the individ-
ual level as to exact risk and timeframe of developing the symptoms
of AD. Current prevention trials, such as the A4 Study, have disclosed
amyloid PET scan results to >4000 individuals, using a carefully devel-
oped process of screening and education prior to disclosure, with clear
language regarding the uncertainty of individual prediction.®2 With the
use of BBMs, trials will hopefully reach more diverse communities. As
there is currently less information, especially in diverse populations,
regarding the optimal cut-offs and predictive value of plasma biomark-
ers in asymptomatic individuals, it will be important to be circumspect
in providing results to participants. Further, the process of disclosing
AD BBM results must likely be further developed to work optimally
also in populations with lower education level.

BBMs could potentially also be used to reduce costs for screening
of symptomatic individuals with either prodromal AD or AD dementia
for interventional trials, but because the prevalence of AD pathology
is much higher in populations fulfilling the clinical criteria for amnes-
tic MCI or mild AD dementia (~50%-80%%8%84), the cost benefit for
using BBM as a (pre-)screener (with subsequent confirmation by either
CSF or PET analysis, as we recommend) will be less obvious compared
toin preclinical AD trials. As mentioned above, plasma p-tau may be the
most promising BBM for symptomatic AD,22 but might be combined
with, for example, APOE genotype or AB42/AB40 during the prodromal
disease stages.3°

Further studies are needed to study whether certain BBMs in the
future can be used as stand-alone biomarkers, without confirmation of
using CSF or PET, when including individuals with presumed preclini-
cal AD in trials. The required positive predictive values of such BBMs
should likely be > 90% to 95% in studies evaluating novel disease-
modifying therapies. Erroneously including study participants without
AD in such intervention trials could result in ethical issues, including
(1) disclosing incorrect information to an individual about AD status
(see above), (2) subjecting individuals without AD to potential harmful
therapies, and (3) reducing the statistical power to detect an effect of
the treatment. That said, BBMs might be used as stand-alone biomark-
ers identifying individuals at increased risk of having AD pathological
changes in interventional studies with less risk of side effects such as
lifestyle interventions.

Plasma biomarkers like NfL are also beginning to be used as screen-
ers in trials including some genetic neurodegenerative diseases, for

example, to sustain inclusion in trials targeting FTD associated with
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mutations in GRN or MAPT. In addition, plasma NfL increase may be
used as a biomarker for detection onset of neurodegeneration in these
mutation carriers who are about to enter the clinical phase of the dis-
ease. Finally, plasma AD biomarkers like p-tau can be used to rule out
concomitant AD pathology in individuals recruited to trials for non-AD
neurodegenerative diseases.

Research priorities (Table 1):

1. Studies determining which combinations of BBMs are consistently
most optimal for detection of AD pathology changes in either pre-
clinical (asymptomatic) or symptomatic AD when using the best
assays for each biomarker.

2. Prospective studies with sample-to-sample analyses over extended
time periods (a couple of years) and with a valid outcome (like Ag-
PET, tau-PET, or CSF AD biomarkers) to determine whether the
clinical robustness of a BBM (or combination of BBMs) over time
is high enough for use as pre-screeners in clinical trial settings.

3. Determining whether use of conservative cut-offs for certain BBMs
(or combinations of BBMs) can result in valid predictions of the
presence of AD pathological changes (> 90%-95%), and thereby
PET or CSF would not be needed for inclusions in AD trials of indi-
viduals with clearly abnormal BBMs. However, studies would also
need to define the gray zone (with uncertain BBM results) where
PET or CSF is needed for accurate detection of AD status.

Recommendations for current use of BBMs as (pre-)screeners in AD
trials (Table 2):

1. BBMs, especially plasma AB42/AB40 and p-tau assays with estab-
lished thresholds, can already now be used as a first screening step
in AD trials evaluating potential disease-modifying therapies, pro-
vided the AD status is confirmed with PET or CSF in the participants
with abnormal BBM outcomes before final inclusion in the trials.

2. Inthe future, it might be that only participants with uncertain BBM
outcomes (e.g., biomarker results close to the cut-off for positivity)
need to undergo PET and CSF to confirm a positive AD status, and
that those with clearly abnormal BBMs can enter the trial without
such evaluations (i.e., if longitudinal PET or CSF assessments are not
used as outcome measures in the trial). However, additional data
are needed to determine whether the BBMs have high enough pos-
itive predictive values to serve as stand-alone biomarkers for trial
inclusion.

3. In non-AD trials, BBMs (especially plasma AB42/A340 and p-tau
assays with established thresholds) can be used to exclude patients

likely having AD co-pathology.

5.2 |
trials

The use of BBM as a surrogate endpoint in

A challenging potential use of BBMs is as surrogate endpoints in clin-
ical trials of disease-modifying drug candidates. The basic idea is that

a treatment-induced change in a biomarker would reliably predict a
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TABLE 2 Recommendations of the use of AD-associated BBMs in clinical trials and practice

Biomarkers as a first screening step in clinical trials:

(1) BBMs, especially plasma AB42/AB40 and p-tau assays with established thresholds, can already now be used as a first screening step in AD trials
evaluating potential disease-modifying therapies, provided the AD status is confirmed with PET or CSF in the participants with abnormal BBM

outcomes before final inclusion in the trials.

(2) In the future, it might be that only participants with uncertain BBM outcomes (e.g., biomarker results close to the cut-off for positivity) need to
undergo PET and CSF to confirm a positive AD status, and that those with clearly abnormal BBMs can enter the trial without such evaluations (i.e., if
longitudinal PET or CSF assessments are not used as outcome measures in the trial). However, additional data are needed to determine whether the
BBMs have high enough positive predictive values to serve as stand-alone biomarkers for trial inclusion.

(3) In non-AD trials, BBMs (especially plasma AB42/AB40 and p-tau assays with established thresholds) can be used to exclude patients likely having AD

co-pathology.

Surrogate biomarkers in clinical trials:

(4) BBMs can be used as exploratory outcomes in most clinical trials in AD and other neurodegenerative dementias. BBMs need further validation before
they are used as primary endpoints in pivotal trials. BBMs could be used to inform decisions in clinical trials with adaptive design.

Use of BBMs in specialized memory clinic settings:

(5) BBMs (with established thresholds) should currently only be used in symptomatic patients at specialist clinics and the results should be confirmed
whenever possible with CSF or PET. Additional data are needed before use of BBMs as stand-alone diagnostic markers.

Use of BBMs in primary care:

(6) Additional data are needed for use of BBMs in primary care.

Abbreviations: A3, amyloid beta; AD, Alzheimer’s disease; BBM, blood-based biomarkers; CSF, cerebrospinal fluid; PET, positron emission tomography; p-tau,

phosphorylated tau.

beneficial clinical outcome, and that this prediction would be strong
enough to replace the measurement of the clinical outcome as the
endpoint in the trial.2> The use of surrogate endpoint biomarkers in
trials will likely be especially important in trials evaluating the effects
of interventions in participants with preclinical (asymptomatic) AD
for which very large and long-term studies are needed when using
a clinical outcome such as cognitive function.8¢ The FDA suggests
that surrogate endpoints can be classified into three groups depend-
ing on the level of clinical validation. First, a “candidate surrogate
endpoint” is a biomarker that needs further study in observational
studies and/or clinical trials. Second, a “reasonably likely surrogate
endpoint” is a marker “supported by strong mechanistic and/or epi-
demiologic rationale, but the amount of clinical data available is not
sufficient to show that they are a validated surrogate endpoint.”8” Such
a biomarker can be used to support the FDA'’s Accelerated Approval
program, and today AB-PET belongs to this category, but no other AD-
related biomarker.8” Third, a “validated surrogate endpoint” should
exhibit “a clear mechanistic rationale and clinical data providing strong
evidence that an effect on the surrogate endpoint predicts a specific
clinical benefit” and can consequently be used as a primary outcome
in pivotal trials.%” Today, no biomarker related to neurodegenerative
diseases belongs to this category. Even though BBMs should today
not be used as primary endpoints in pivotal trials, this does not pre-
clude the use of certain BBMs for decision making in clinical trials with
adaptive design, for which they could be used to inform decisions on
continuing a trial or not (where the primary outcome is still a clinical
outcome).

There are several observational studies showing that longitudinal
changes in plasma NfL are related to change in brain atrophy and cogni-
tive outcomes in, for example, AD,*° MS,8 and ALS.88 Further, effective

disease-modifying treatment in, for example, MS and spinal muscular
atrophy reduce NfL levels, and such reductions are associated with
the clinical efficacy of the intervention.8%.7° Recently, plasma p-tau has
been shown to increase over time in AD, and such increases relate to
brain atrophy and cognitive decline.'? More importantly, as mentioned
above, anti-AB immunotherapies reliably induce reductions in plasma
p-tau levels that are correlated with slower worsening of the disease,3?
and one can speculate that plasma p-tau might even be used in the
future to monitor individual treatment responses to anti-AgS therapies
in the clinic.

Research priorities (Table 1):

1. Longitudinal, large-scale, and diverse observational trials should
determine the longitudinal changes in BBM over time, and whether
such changes relate to other changes in more established biomark-
ers (such as MRI, CSF, and PET) and changes in clinically relevant
outcomes (e.g., cognition, motor function, and activities of daily
living).

2. Study longitudinal changes of BBMs in samples collected from
different interventional trials and correlate treatment-related
changes in BBMs with changes in clinical outcomes. Further, study
the dynamics of the biomarker levels in response to treatment and

the time needed to see a significant effect.

Recommendations for current use of BBMs as surrogate endpoints in
trials (Table 2):

1. BBMs can be used as exploratory outcomes in most clinical trials
in AD and other neurodegenerative dementias. BBMs need further
validation before they are used as primary endpoints in pivotal tri-
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als. BBMs could be used to inform decisions in clinical trials with
adaptive design.

6 | THE USE OF BBM IN CLINICAL PRACTICE

6.1 | The use of BBMs in specialized memory clinic
settings

Appropriate use criteria for clinical use of AD biomarkers were pub-
lished in 2013 for AB-PET (currently being updated) and in 2018
for CSF AD biomarkers.”192 Both sets of criteria indicate that these
biomarkers can be used in patients with cognitive impairment (i.e., MCI
or dementia) to differentiate AD from other dementia disorders. Fur-
ther, the CSF criteria also suggest using AD biomarkers in patients
with SCD at increased risk of AD, but there is an ongoing debate on
the clinical use of biomarkers in patients without objective cognitive
impairment such as in SCD.?® Naturally, patients with cognitive symp-
toms should undergo relevant clinical assessments and structural brain
imaging, and these CSF or PET biomarkers should only be used when
AD is a possible diagnosis and when such a diagnosis will alter the man-
agement of the patient. That is, BBM will always be an adjunct to, not
a substitute for, a thorough clinical evaluation and the clinician should
always interpret the biomarker findings in the context of the clinical
symptomology of the patient.

As mentioned above, several studies have shown that certain BBMs,
especially plasma p-tau, can be used with accuracy in both secondary
and tertiary memory clinics to (1) differentiate AD dementia from
other neurodegenerative diseases,?0-22-24.27.28 (2) detect AD pathol-
ogy in patients with MCI,2227 and (3) predict development of AD
dementia in patients with SCD or MCI.2027-31 However, much more
research is needed before widespread use of such BBM in the clinical
practice of specialized memory clinics.

Research priorities (Table 1):

1. Evaluation of BBMs in diverse (real-life) secondary and tertiary
memory clinic populations. This should be done prospectively, using
predefined cut-offs, and using relevant and accurate reference
standards.

2. lIdentify the optimal combinations of easily accessible and time-
/cost-effective biomarkers and tests in memory clinic settings and
study whether they outperform the clinical assessments used today
in most such secondary and tertiary clinics.

3. Study whether certain BBMs (or combinations with other easily
accessible diagnostic methods) perform non-inferior to CSF and
PET, that is can certain BBM-based algorithms be used alone to sup-
port an AD diagnosis, or should they only be used as a gatekeeper to
CSF/PET.

4. Determine whether addition of BBMs to standard clinical assess-
ments and imaging improves the diagnosis and significantly alters
the management of the patients.
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Recommendations for current use of BBMs in specialized memory
clinic settings (Table 2):

1. BBMs (with established thresholds) should currently only be used
in symptomatic patients at specialist clinics and the results should
be confirmed whenever possible with CSF or PET. Additional data
are needed before use of BBMs as stand-alone diagnostic markers.

6.2 | The use of BBMs in primary care settings

In most countries patients with cognitive symptoms are primarily diag-
nosed and treated in primary care. However, the diagnostic work-up
today in primary care is very challenging, because the assessments
often just include unspecific cognitive tests or questionnaires, basic
blood tests (e.g., thyroid-stimulating hormone, and vitamin B12) to rule
out other causes of cognitive impairment, and sometimes a structural
image of the brain. Few studies with validated reference standards
have been performed in primary care to study how well these tests can
differentiate between different dementia disorders. However, in most
countries the frequency of missed or delayed diagnosis of dementia
is very high.?* Consequently, there is a great need for accurate BBM-
based diagnostic and prognostic algorithms that can substantially
improve the diagnostic work-up of AD (Figure 2).

No studies have yet extensively evaluated BBMs for neurodegen-
erative diseases in primary care. Results obtained from secondary
or tertiary memory clinics cannot be directly translated to the pri-
mary care setting. The prevalence of neurodegenerative diseases is
lower in the primary care than specialized memory settings. Fur-
ther, the patient population with cognitive symptoms in primary care,
especially at older ages, is much more heterogenous with more fre-
quent comorbidities (e.g., diabetes, cardiovascular diseases, kidney
disease, depression, etc.) and co-pathologies (e.g., cerebrovascular dis-
ease), and more diverse socioeconomic backgrounds. Consequently,
well-performed BBM studies in diverse primary care populations are
needed. Such studies should also evaluate the impact of BBM on the
diagnostic accuracy and any change in patient management. We need
to establish whether novel BBMs might potentially improve the identi-
fication of patients with low likelihood of having a neurodegenerative
disease underlying their cognitive symptoms, for which other causes
should be considered and managed in the primary care setting (e.g.,
depression, anti-cholinergic treatments). We also need to understand
if they canidentify those with a high likelihood of having a neurodegen-
erative disease who might receive adequate treatment already in the
primary care setting or those who would need referral to a specialized
clinic.

Once validated, education packages regarding when to use the
biomarkers, what they represent, how to interpret the results in the
context of comorbidities, and what to do with the results need to
be developed in close collaboration between primary care physicians,
dementia specialists, communication experts, and patient representa-

tives (What does the patient want to know? what are the optimal tools
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Potential future use of blood-based biomarkers in primary care. In primary care we need easy and accurate methods to be able to

identify different underlying neurodegenerative diseases in patients with cognitive complaints. Ideally blood-based biomarkers together with
clinical assessments could be used to determine the patient-level probability of having a neurodegenerative disease like Alzheimer’s disease (AD),
which would improve patient management, including decisions regarding treatment or referrals to specialized clinics. However, it is very important
that novel diagnostic algorithms (based on blood-based biomarkers) are prospectively validated against relevant reference standards in large and

diverse primary care populations before implementation in clinical practice

for communication of results to patients?). A potential future scenario
is that a set of the BBMs discussed above could become available to pri-
mary care physicians as part of their health monitoring toolbox, even
for use in asymptomatic individuals. This potential use is currently pre-
mature and not supported by the classical World Health Organization
criteria for screening.”® Similarly, general population screenings and
direct-to-consumer tests are not recommended.

Research priorities (Table 1):

1. Perform prospective studies in primary care settings, including
representative and diverse populations with cognitive symptoms,
where BBMs and brief cognitive tests and other easily accessible
methods are performed in the primary care setting. However, the
reference standard must be of high quality and preferably include
CSF or PET for AD.

2. Identify the optimal combinations of easily accessible and time-
/cost-effective biomarkers and tests in this setting (e.g., combining
BBMs with digital cognitive tests).

3. Study whether BBMs outperform what is already available today in
primary care (standard of care today), and if they also improve diag-
nosis and management (including treatment decisions and referrals

to memory clinics).

Recommendations for current use of BBMs as in primary care
(Table 2):

1. Additional data are needed for use of BBMs in primary care.

7 | CONCLUDING REMARKS

Blood-based biomarkers for AD are already now improving the design

of clinical trials, and they are very likely to revolutionize the diag-

nostic work-up of AD in the future. That said, the implementation of
such markers in trials and practice must be done in a careful and con-
trolled way not to accidentally cause more harm than good. Much more
research is therefore needed before widespread clinical use of BBMs
as we have outlined above. Such research is also needed before the
community can establish Appropriate Use Criteria for clinical use of
BBMs, which is a prerequisite for general use of such markers in the
clinic. However, the acquired experience from implementation of CSF
AD biomarkers and AB-PET in many countries will ensure rapid valida-
tion of relevant BBMs in the first contexts of use, including trials and
specialized memory clinics. The implementation of BBMs in primary
care will likely take much longer, because relevant and high-quality
research studies on AD-related BBMs in this setting are very few, but
hopefully more prospective studies will be launched in the coming
years using relevant and accurate reference standards. Finally, we must
also develop and validate easily accessible and scalable biomarkers for
non-AD neurodegenerative disorders, such as synucleinopathies, TAR
DNA-binding protein 43, 3R tauopathies, and 4R tauopathies.
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