FEATURE SCIENTIFIC PERSPECTIVE

Current Screening Tests/Biomarkers
for Alzheimer’s Disease: Implications

for Clinicians

by Vimita Patel, MD & George Grossberg, MD

Izheimer’s disease (AD), a neurodegenerative

ASisease, afflicts approximately seven million
eople in the United States as of 2024

(Figure 1)." This chronic, progressive disorder can
only be definitively diagnosed on autopsy by directly
observing characteristic atrophy in the cerebral
cortex as well as amyloid-beta (AP) plaques and
neurofibrillary tangles via microscopy. Without an
autopsy, Alzheimer’s disease can be suspected based
on clinical findings. Other conditions that can present
similarly must be ruled out and features are identified
via an accurate history, physical exam, bloodwork
and neuroimaging in clinical settings, often primary
care being the first point of contact. Additionally,
cognitive tests and supportive imaging/lab testing
require a clinical indication to perform them in the
first place: oftentimes the emergence of symptoms or
family history. Cognitive tests such as the Saint Louis
University Mental Status (SLUMS) exam, the Mini
Mental Status Exam (MMSE) and Montreal Cognitive
Assessment (MoCA) are efficient and widely used tools
to screen for cognitive impairment however are limited
by language, education, and lower sensitivity for mild
cognitive impairment (MCI).
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Current Federally Approved Supportive
Modalities for Alzheimer’s Disease Diagnosis

Imaging modalities such as magnetic resonance
imaging (MRI), computed tomography (CT), and
positron emission tomography (PET) are frequently
utilized and validated to aid a probable diagnosis. 18F
fluoro-deoxy-glucose (FDG)-PET imaging, which
measures cerebral glucose metabolism, has shown
vbenefit in distinguishing mild cognitive impairment as
it relates to AD from other neurodegenerative diseases
and healthy controls. However, FDG-PET imaging has
limitations in accuracy when it comes to older patients
with late-onset AD. This led to the development of
amyloid precursors for PET imaging as the more specific
biomarkers for AD. Radiopharmaceuticals such as
"C-labeled Pittsburgh Compound-B (used in the first
amyloid human amyloid PET study, but limited by a
short half-life), ["*F]Florbetapir and [**F]Florbetaben
enable the quantification of cortical AP plaque burden
and have a high specificity for the detection of AD
pathophysiology.? The newer radiotracers are taken up
rapidly through the blood brain barrier and quickly
washed out from areas that do not contain A, allowing
a clear contrast for cerebral amyloid burden. A limitation
of the well-studied ["*F]Florbetapir scans is that amyloid
burden may be detected even in cognitively intact older
individuals,’® especially those who have uncontrolled
hypertension or who are carriers of the APOE4 gene
(genetic variant known for risk of developing AD). Tau
misfolding (a hallmark of Alzheimer’s pathology) can also
be detected via PET imaging, for example via the United
States Food and Drug Administration (FDA) approved
radiotracer Flortaucipir. However, it is posited that this
agent is a better diagnostic tool in people with more
advanced stages of dementia rather than mild cognitive
impairment. The utility of brain PET in general is limited
by cost and availability to the patient.
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Figure 1. Prevalence of Alzheimer's disease in 2024 by age.
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were at a 15-fold risk to convert to
amyloid PET positive. Given this,

the functional prospects of measuring
a serum amyloid-beta 42/40 ratio

to predict amyloid burden and in

turn the development of AD were
promising. The study also concluded
that APOE4 status and age can improve
the accuracy of utilizing this test.
However, it is worth noting that an
important limitation in the study was
that the correspondence between the
plasma amyloid-beta 42/40 ratio and
cognitive impairment was not studied.
In other words, the idea that this test
will accurately predict a transition to
cognitive impairment has not been

The standard of care relative to the use of
biomarkers to support a diagnosis of mild cognitive
impairment due to AD includes amyloid PET
or cerebrospinal fluid (CSF) examination. CSF
biomarkers, specifically reduced amyloid-beta 42,
elevated total tau and elevated phosphorylated tau, have
been recognized since 2010s as important supporting
evidence for early detection of AD. However, obtaining
these samples still involves an invasive procedure
(the lumbar puncture). This led to a growing need
to discover blood/plasma-based biomarkers that may
similarly aid diagnoses but are easier to obtain in
primary care settings and can be used as preliminary
screens to see if more expensive/invasive testing is
indicated.

Developments in Blood-Based
Biomarker Testing

In August 2019, a cohort study published in
Neurology concluded the utility of plasma amyloid-
beta 42/40 ratio in predicting current and future
amyloidosis.” The authors used an immunoprecipitation
and liquid chromatography-mass spectrometry assay
to measure this ratio in both plasma and CSF samples
from 158 cognitively intact individuals. They compared
the ratio to each person’s amyloid PET scan, which was
the reference standard for current amyloidosis. They
found high, statistically significant correspondence
between plasma ratio and amyloid burden; in addition,
they found that individuals with a positive amyloid-
beta 42/40 ratio, but a negative amyloid PET scan,
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studied.

Quest Diagnostics released the AD-Detect™ Test
on July 31, 2023, a direct-to-consumer plasma-based
biomarker test for AD that measures amyloid-beta 42
and amyloid-beta 40 in blood to provide an amyloid-
beta 42/40 ratio.® It was marketed for people aged 18
and older who may have mild cognitive impairment or
a family history of AD. It could be purchased directly
from the Quest website followed by scheduling an
appointment at Quest labs. A telehealth physician
would then review the purchase for medical necessity
per the website, however it was not clear what the exact
criteria to determine this necessity were. The results
would then be made available online. Should the test
be positive, a physician would contact the individual to
talk about further steps. Broadly, Quest reported that
the goal was to create an accessible, patient-initiated
test that may be able to predict the risk for Alzheimer’s
disease in patients with only mild symptoms. However,
this test has not been approved by the FDA.

According to the Quest website, the AD-Detect™
Test was set to cost $399. It was not reimbursed by
insurance. The results were to be provided in a numeric
fashion along with distinct categories of low, medium,
and high risk of amyloid presence in the brain. In
addition, the website stated a report would be provided
to patients of their current and past 5 amyloid-beta
42/40 ratios for patients to trend their risk. Per the
Quest press release’” on July 31, 2023, a licensed
physician would be reviewing website orders for the
test to determine “appropriateness,” however the exact
criteria for appropriateness and the specialty of the
physician were not made clear. In addition, the press



release also mentioned the option for individuals to
discuss their results with a licensed physician, however
the specifics of results interpretation and discussion
were not made clear.

Due to the lack of long term, large scale clinical
trials that can support the use of the AD-Detect™ test
to conclusively guide assessment and treatment, it is
not recommended for routine use in clinical settings. In
addition, the Alzheimer’s Association did not endorse
the use of the AD-Detect™ test by consumers given the
lack of rigorous data and FDA approval.® No peer-
reviewed research validating the AD-Detect™ test had
been published except an abstract of a poster presented
at the Alzheimer’s Association International Conference;
however, Quest then noted some of the data presented
was incorrect and that the assay had a specificity of 71%
for detecting PET-positivity.” Experts then raised the
concern that this number was not reassuring enough
given the downstream impact of false positives attached
to a test such as this.

The consequences of asymptomatic people accessing
direct-to-consumer blood-based biomarker tests need to
be considered carefully. Given this test is not currently
considered evidence-based medicine, interpreting results
can be confusing both for the patient as well as their
physician. In addition, if an asymptomatic individual
screened positive on the test, they may still not be
eligible for current, FDA-approved AD treatments.
Lifestyle modification may be the only advice that can
be made to an asymptomatic individual who is deemed
“intermediate” or “high” risk for amyloid burden,
however it can be argued that these recommendations
should be followed by all individuals anyway (better
diets, exercise, controlling cardiovascular risk factors,
keeping the mind active, etc). It is also worth noting
that the presence of cerebral amyloid deposition does
not always correlate with the development of cognitive
impairment and may be related to normal aging and
APOE genotype.' Ethically, given the cost of this test
and limited insurance coverage, the accessibility of this
test may already be limited to individuals of certain
financial means. The question also arises of how an
individual who has been categorized as “intermediate”
or “high” risk is supposed to use that information in
their day-to-day functioning—should the individual be
cognizant of their risk if they are working a high-stress,
highly intellectualized job? Should they feel compelled
to let family, friends, and employers know about their
risk even if they have not manifested any symptoms?
And what role should their clinicians, who did not
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directly recommend or administer the test, be playing
for their patients? Dementia is still a highly stigmatized
illness; the psychological ramifications of utilizing
direct-to-consumer tests are not yet fully understood.

On July 19 2023, the University of Michigan
published the results of a poll of people aged 65-80
and their thoughts relative to various tests to screen
for cognitive impairment/disorders." Specifically for
blood-based biomarkers, only 17% said they were
familiar with such tests and 80% of older adults
stated that they look to their health care providers for
cognitive screening or blood-based biomarker tests
if they feel they are appropriate. A majority of older
individuals (74%) felt that a positive blood biomarker
test result would make them believe they were likely
to develop Alzheimer’s disease. Remarkably, the poll
also found that 60% of older adults, women more than
men, would experience significant distress in response
to a positive result on either cognitive screening tests
or blood tests. The responsibility of diagnosing a
progressive illness such as AD should weigh heavily
on clinicians determining the need to administer these
tests; but for a direct-to-consumer test, these numbers
highlight the potential for misunderstanding results if
not guided carefully.

As of March 2024, AD-Detect™ is no longer being
marketed on the Quest website for unclear reasons. It is
also unclear if this withdrawal is temporary.

Another leading candidate for blood-based
biomarker testing is phosphorylated tau 217
(p-tau217). A systematic review published in 2022
utilizing 676 publications showed that p-tau217 is a
sensitive marker of manifestation and progression of
AD and is specific to AD alone as it does not predict
these changes in other neurodegenerative diseases.'
Previous studies have shown 100-400% increase
in phosphorylated tau in patients with Alzheimer’s
disease;" this specific biomarker also correlates the
most to an amyloid burden. Another study' showed
that plasma p-tau217 and phosphorylated tau 231
(p-tau231) had the strongest association with AR PET
retention in early accumulating regions in preclinical
Alzheimer’s disease. The PrecivityAD2, marketed by
Washington University startup C2N Diagnostics, is a
promising algorithm that combines plasma measures
of percent p-tau217 with amyloid-beta 42/40 ratio.

In a recent study" involving 583 individuals with
suspected AD, PrecivityAD2 yielded 88% agreement
with amyloid PET and showed strong clinical validity
across two independent cohorts. This test, like most
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other blood-based biomarker tests, is expensive and not
reimbursed by insurance. At the time of this writing,
there are no FDA-approved blood-based biomarkers.

Towards a New Definition
of Alzheimer's Disease?

The standard of care at this time for diagnosing AD
is clinical; with the advent of blood-based biomarkers,
there has been discussion about how this may change
the very definition of AD diagnosis. A currently
active National Institute on Aging and Alzheimer’s
Association (NIA-AA) working group posits revising
criteria for AD diagnosis from a clinical one to one
strictly characterized by the objective presence of
biomarkers.'® Per Dr. Clifford R. Jack Jr., the chair
of this group, as quoted in a recent New York Times
article, the definition of AD should be changed to mean
“someone who has biomarker evidence of amyloid in
the brain has the disease, whether they’re symptomatic
or not”."” This group does not recommend utilizing
biomarkers for someone who does not have cognitive
decline. However, this is likely to happen inadvertently
and inevitably (especially given direct-to-consumer
biomarker tests being marketed) and may lead to a
diagnosis of AD without any associated clinical signs or
symptoms. There are strong ethical concerns regarding
asymptomatic individuals being diagnosed with AD
and how they are expected to use this information—
as mentioned earlier, should they be restricted from
certain jobs, inform their friends and family, and
suffer the significant distress of being diagnosed with
AD when there is no absolute certainty that they will
develop cognitive decline? Per the article, the American
Geriatrics Society has already called the proposed idea
“premature” and pointed out potential conflicts of
interest due to several of the involved panel members
having ties to pharmaceutical/biomarker companies.

Treatment Based on Biomarker Testing
Discussion regarding the drive to develop blood-
based biomarker testing to detect cognitive impairment
due to AD would be incomplete without mentioning
the role of newer AD treatments. The argument has
been made by proponents of using biomarker testing
as the gold standard for AD diagnosis that clinicians
can then start treatment with medications indicated
for MCI due to AD and early stages of AD dementia.
Specifically, aducanumab and lecanemab—these
monoclonal antibodies administered via IV infusion
target AP plaques. Aducanumab received accelerated
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FDA approval (not full FDA approval) but not without
intense controversy. Lecanemab has received full FDA
approval. Both drugs are indicated for mild cognitive
impairment due to AD and mild AD. Biogen has since
abandoned aducanumab.

In a phase III trial of lecanemab with 1,795
patients aged 50-90 years with MCI due to AD or
early AD dementia AD, lecanemab slowed the rate of
clinical decline by 27% after 18 months of treatment
compared to placebo, leading to the authors concluding
that “lecanemab reduced markers of amyloid in
early Alzheimer’s disease and resulted in moderately
less decline on measures of cognition and function
than placebo at 18 months but was associated with
adverse events.”'® One major potential side effect
of these monoclonal antibodies is amyloid-related
imaging abnormalities (ARIA), which most commonly
presents as temporary swelling of the brain and may
be accompanied by small areas of hemorrhage in or
on the surface of the brain. It is often asymptomatic,
but some people may have symptoms such as
headache, confusion, and even seizures.” These are
not insignificant risks and need to be weighed versus
potential clinical benefits.

Currently, a major four-year phase III clinical
trial is underway called the AHEAD study which
investigates whether administering lecanemab to
amyloid-positive people who have no symptoms can
prevent cognitive decline.”” Healthy adults aged 55-80
and without a prior diagnosis of AD are eligible for the
study and individuals are divided to two separate sister
trials depending on their baseline amyloid PET burden.
Both trials utilize PET, plasma biomarker testing
including PrecivityAD2, and CSF biomarker testing for
outcome measures. Primary outcome measure for one

of the two sister trials is cognitive testing and the other
is amyloid PET.

Retinal Scans as Screening Tools

Emerging research is targeting other potential
screening tools for Alzheimer’s disease including retinal
scans. According to recent studies,” optical coherence
tomography angiography (OCTA) scans can be used
to detect reduced capillary density and other retinal
changes in APOE4 carriers. It was also discovered by the
team that the capillary abnormalities were independent
of amyloid pathology as suggested by prior PET scans.
APOE4 variant has long been known to increase the
risk of developing AD however new research just

published? has shown APOE4 homozygosity may be a



true genetic cause of AD. The study, conducted in over
500 people with APOE4 homozygosity, showed by age
55, over 95% of them had AD related brain changes
and by age 65, most of them had abnormal amyloid
plaque accumulation. Detecting abnormalities that may
be specific to APOE4 carriers in a non-invasive way
may be very useful. However, it is important to note
that the risk of ARIA with amyloid targeting drugs such
as lecanemab is significantly elevated in individuals
with two copies of APOEA4, to the extent that some
experts do not recommend this treatment for APOE4
homozygous individuals. The challenge remains—even
if non-invasive tests can reasonably suggest the presence
of APOE4, would the benefits of early treatment in
those with mild cognitive impairment or no symptoms
at all outweigh the risks?

Conclusion

Alzheimer’s disease screening and diagnosis remains
an evolving field and is only set to become more
complex. Robust evidence is still needed to justify
routine use of emerging biomarkers, and in particular
blood-based biomarkers, safely and effectively in the
office setting. Thorough counseling, keeping in mind
what is in the patient’s best interest, will be ever more
important in selecting/utilizing biomarker testing
for patients with cognitive impairment or at-risk
for cognitive impairment due to conditions such as
Alzheimer’s disease.
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