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EDITORIAL

A substantial body of evidence supports the
application of anti-amyloid monoclonal anti-
bodies in the Alzheimer’s disease (AD) clinical
care setting, particularly in those with mild
cognitive impairment and mild dementia.
Monoclonal antibodies specifically target amy-
loid function by binding to amyloid beta (Ab)
oligomers or other forms of amyloid (e.g., pla-
que) and clearing away the two proteins most
strongly implicated in the development of AD
and associated forms of dementia, Ab and tau
proteins, from neural cells. The monoclonal
antibodies aducanumab, lecanemab, gan-
tenerumab, and donanemab are of particular
interest, and aducanumab has received Fast
Track approval from the United States Food and
Drug Administration. The approval was based
more on the clearance of Ab from the brain by

aducanumab and less on the establishment of a
clinical efficacy signal. This dichotomy has
fueled controversy. Furthermore, monoclonal
antibodies are showing promise for the devel-
opment of new therapeutics targeting AD and
associated forms of dementia. New therapies
will need to fit into a new framework for patient
care which takes into consideration protocols to
mitigate the risk of virus exposure.

The COVID-19 pandemic has permanently
altered patient care protocols, and new proto-
cols are necessary for the implementation of
monoclonal antibody therapy as well. From the
presymptomatic stages to the confirmation of
an AD diagnosis, a map clearly delineating the
patient’s journey must be constructed in light of
post-COVID changes. Appropriate use guideli-
nes have been proposed by which a patient can
be accurately assessed and selected for anti-Ab
monoclonal antibody treatments to ensure the
highest possible quality of care at every step of
the patient’s journey, from suspicion of AD to a
confirmed diagnosis [1].

Four anti-amyloid monoclonal antibodies
are now in phase III or post-phase III clinical
trials. These include aducanumab, lecanemab,
gantenerumab, and donanemab [2]. All anti-Ab
monoclonal antibodies have robust evidence of
amyloid removal [3], and clinical data show
evidence of slowing decline. Thus there is a
strong possibility of one or more of these bio-
logics being approved as a disease-modifying
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treatment for AD (mild cognitive impairment or
Alzheimer’s dementia).

With expectations increasing for the possi-
bility of the first monoclonal antibody disease-
modifying treatment for AD, there are concerns
that physicians such as neurologists, primary
care physicians, geriatricians, or psychiatrists
are unable to effectively diagnose AD, gather
AD-directed biomarkers, or determine the
appropriateness in patient selection for anti-Ab
monoclonal antibodies.

THE PATIENT’S JOURNEY, STEP
BY STEP

A patient’s journey begins with a clinical pre-
sentation, based on the patient’s and informant
reports such as observations of someone close to
the patient (e.g., a friend or family member), or
genetic risk for AD. At this stage, the patient
may have already started manifesting the
symptoms common to AD, such as small lapses
in memory or changes in mood or behavior.
The clinical presentation of mild cognitive
impairment includes a report of cognitive
changes corroborated by an informant. The
definition of mild cognitive impairment is a
clinical one, with the phenotype including the
absence of functional impairment [4]. In order
to prepare patients for the era of disease-modi-
fying treatments, the current evaluation process
needs to evolve to add more steps.

Defining the Clinical Phenotype

The historical perspective for the determination
of mild cognitive impairment is the presence of
a cognitive change from premorbid function-
ing. This is amnestic in nature, without signifi-
cant behavioral or personality changes. A
suggested approach is outlined below.

First, the patient’s cognitive changes are
captured by informant-based questionnaires,
such as the Eight-item Informant Interview to
Differentiate Aging and Dementia (AD8),
Informant Questionnaire on Cognitive Decline
in the Elderly (IQCODE), and Alzheimer’s
Questionnaire (AQ) [5]. The AQ is an assessment

with high sensitivity (greater than 95%), in
which a score greater than 10 indicates a high
probability of Alzheimer’s dementia or mild
cognitive impairment [5]. Other questionnaires
such as the Lewy Body Composite Risk Score [6]
address specificity of screening for Lewy body
symptoms. Validated questionnaires can be
incorporated to exclude other common neu-
rodegenerative conditions such as frontotem-
poral dementia or primary progressive aphasia.

The incorporation of aggregate risk analysis
aids in the clinical diagnosis and increases the
probability of AD. An aggregate score above 12
signals a high probability of the presence of AD
[7].

Next, the patient undergoes bedside cogni-
tive screening, such as the Montreal Cognitive
Assessment (MoCA) [8] and Mini-Mental State
Exam (MMSE) [9]. MoCA and MMSE scores
below 25–26 indicate a higher probability of
impairment. A thorough physical and neuro-
logical exam is then conducted to screen for
normal pressure hydrocephalus, parkinsonism,
or focal symptoms suggestive of cerebrovascular
accident (CVA). Additional neuropsychological
testing to determine the cognitive profile
(amnestic versus non-amnestic) is an option.

The key change from standard practice is the
diagnostic tools that are used. First, the patient
might undergo neuropsychological evaluation
to determine whether the clinical phenotype
fits the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-V) for
mild neurocognitive disorder and the clinical
profile of amnestic mild cognitive impairment.
Amnestic mild cognitive impairment is defined
as prodromal AD with higher risk of progression
to AD dementia in most cases. In addition to
neuropsychological testing, the evaluation
should still include vitamin B12 and thyroid-
stimulating hormone testing to exclude B12
deficiency and hypothyroidism.

Magnetic resonance imaging (MRI) should
be performed to determine white matter rar-
efaction, the presence of infarcts, the number of
microhemorrhages, and the presence of com-
municating hydrocephalus or mass. Neu-
roQuant software can provide volumetric
analysis by region and determine whether there
is evidence of neurodegeneration [10].
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Identifying the Presence of Amyloid

In order for patients to be eligible to receive the
anti-amyloid disease-modifying treatments,
confirmation of the presence of amyloid
pathology will be needed. This can be derived in
one of three ways. First, plasma Ab42/40 has
Clinical Laboratory Improvement Amendments
(CLIA) certification, with specificity and sensi-
tivity of 75% [11]. At present, the test is not
reimbursed by the United States Centers for
Medicare & Medicaid Services, but it is an
appealing alternative because of the relatively
noninvasive aspects. Second, amyloid positron
emission tomography is approved by the United
States Food and Drug Administration, and has
shown very high sensitivity in detecting amy-
loid and altered patient management [12], but is
not reimbursed by the US Centers for Medicare
& Medicaid Services, thus limiting its usage.
Third is cerebrospinal fluid (CSF) testing for
Ab42 and total tau (t-tau) and phosphorylated
tau (p-tau). The Elecsys platform has recently
come into common use and detects the Ab42/
40 ratio, t-tau and p-tau, and the p-tau/amyloid
ratio. It has good sensitivity but is invasive.
Lumbar puncture and CSF analysis are covered
by the US Centers for Medicare & Medicaid
Services. Although detection of amyloid will
likely be required, it is not clear which modality
will emerge, as each offers advantages and dis-
advantages. At present, it appears that CSF
analysis is being ordered more often.

Establishing the Diagnosis and Preparing
for Infusion

At this phase, if all other potential underlying
conditions have been excluded, the probability
of detecting AD is high in the setting of bio-
marker confirmation. By following these steps
in this order and applying either International
Working Group (IWG) criteria or National
Institute on Aging–Alzheimer’s Association
(NIA-AA) working group criteria, the reliability
of such a diagnosis can be ensured with high
probability of accuracy. Eliminating underlying
conditions that either accompany or mimic
dementia can lead to more accurate detection of

AD, thereby allowing therapeutic interventions,
including newly emergent monoclonal anti-
body therapies, to commence in a timely and
efficacious manner. Furthermore, comprehen-
sive patient information would be essential for
determining a patient’s suitability for mono-
clonal antibody therapy and could be instru-
mental in calculating the probability of a more
successful outcome for patients who opt for this
particular type of therapeutic intervention.

Monoclonal Antibody Treatments
and Monitoring

Infusion of the monoclonal antibodies adu-
canumab (monthly), lecanemab (twice
monthly), and donanemab (monthly) will be
per package insert. For gantenerumab (monthly
in previous study and twice monthly in the
GRADUATE study), the subcutaneous injection
will also be per package insert. Post-approval,
there will be protocols for monitoring for amy-
loid-related imaging abnormalities (ARIA) with
serial MRI scans. ARIA is a term used to describe
imaging abnormalities associated with anti-Ab
monoclonal antibody therapy. They were noted
as vasogenic edema or microhemorrhages after
initial trials with the first group of monoclonal
antibodies, and we continue to see these radio-
logical changes with other monoclonal anti-
bodies at different frequencies. ARIA can be
subdivided into two groups: ARIA-E, which is
parenchymal edema or sulcal edema detected
on fluid-attenuated inversion recovery (FLAIR)
images; and ARIA-H, which is hemosiderin
deposition in the form of superficial siderosis or
microhemorrhages as seen in gradient-recalled
echo (GRE)/T2-weighted MRI.

There will be strategies for managing ARIA,
since most are clinically asymptomatic and can
be dosed through with some adjustments. It is
not clear whether these protocols will be pro-
scribed or physician-preferred. Ideally, a stan-
dardized reporting template should be used by
the neuroradiologists in all centers to uniformly
record radiological findings. Reports will be
reviewed by clinicians prior to the next dosing
increase to guide decisions about dosing
continuation.
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DISCUSSION

The incorporation of anti-amyloid monoclonal
antibodies as disease-modifying treatments for
mild cognitive impairment due to AD will
require some updating of the diagnostic
approach. It will not be simply a description of
the clinical phenotype and exclusion of other
conditions [13]. Rather, it will be transformed
into a more disease-specific approach, since up
to 50% of mild cognitive impairment may not
meet pathological criteria for AD. Therefore,
having biomarker evidence of Ab will be
important for determining the suitability of
monoclonal antibody treatment and for trans-
forming AD clinically from a diagnosis of
exclusion to a diagnosis of inclusion.
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