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diagnosis for Alzheinmer’s Disease early in the patient journey.
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About SYNAPS DX

Many people live with the assumption that dementia is a natural part of the aging
process without concern for a definitive diagnosis. This perception is fueled by the
unreliability of current diagnostic techniques and the drain on time-consuming,
expensive resources. However, as new treatments for dementia emerge, the race
is on to find a simple, definitive way to distinguish Alzheimer’s
disease (AD) from other neurodegenerative conditions.1

An estimated 5.8 million Americans aged 65 and older are living with AD.2 In 2020, AD
and other dementias cost the nation $305 billion, including $206 billion in Medicare
and Medicaid payments.3 Although AD is the most common type of dementia, there
are many other kinds, including multiple strokes, Parkinson’s disease, Lewy body
dementia, Huntington’s disease and B12 deficiency.
An early diagnosis of AD can help determine if a patient’s symptoms are truly due to
AD or some other conditions that can be curable, such as Lyme disease, infections,
emotional distress or nutritional deficiencies, such as a vitamin B12 deficiency. But
when it comes to diagnostic tests, considerable confusion exists in the marketplace,
with many claims being made, even as demand among all stakeholders is heating up
in response to the introduction of drugs to treat AD.
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The first drug approved to treat AD in 18 years has raised skepticism about its
effectiveness and overall safety, while it’s high cost leaves insurers reluctant to
approve its reimbursement.4 As high costs meet high consumer demand for
accurate diagnosis and treatment, the already floundering U.S. healthcare
system faces a potentially cataclysmic impact as the number of Americans
living with dementia continues to escalate. An economic study in 2018 by the
Alzheimer’s Disease Association identified the overall cost of AD at modeled
savings of $7.9 trillion to the healthcare system from improvements in early
diagnosis of AD in patients, many of whom are already suffering Mild Cognitive
Impairment (MCI).5
This four-part white paper series delves into:
1) the overall impact of AD
2) overcoming payer challenges related to AD diagnosis
3) the provider perspective on AD diagnosis and treatment
4) challenges for patients and caregivers dealing with AD.
This report also explores the most promising breakthrough for diagnosing AD to
date, SYNAPS Dx’s DISCERN™, the first accurate, gold-standard
autopsy-confirmed minimally invasive test for the definitive diagnosis of AD vs.
other forms of dementia. As the need for DISCERN™ is documented below, it
will also become evident that this test is well positioned to help address a
number of key issues that payers, providers and patients face when it comes
to getting a definitive diagnosis for AD early in the patient journey.6
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Background On Diagnosing AD
In 1906, German physician Dr. Alois Alzheimer first described a
disease of profound memory loss and microscopic brain changes
— now known as Alzheimer's disease (AD).7 Today, researchers are
striving to determine as many aspects of AD and other dementias
as possible to find new treatments to prevent, halt or reverse
disease progression.8
It’s important for stakeholders to understand that, while the
progression and increased severity of symptoms support clinical
diagnosis, only autopsy findings provide a definitive method to
diagnose AD. To complicate matters further, AD brain pathology
often occurs together with degeneration due to other age-related
neurological disorders, such as Parkinson’s disease, frontotemporal
dementia and multiple strokes.
Diagnosing patients with dementia, a significant loss of cognitive
function, begins with obtaining information about the medical
history of the patient and the patient's family, as well as mental
status tests like Mini Mental Status Exam (MMSE) and physical and
neurological exams. Additional diagnostic testing modalities
including amyloid PET, MRI and cerebrospinal fluid (CSF)-based
biomarker testing only slightly improve the AD diagnostic
accuracy of clinical diagnosis alone for distinguishing AD from
other causes of dementia. In a study out of Duke University,
misclassification of AD based on neuropsychological testing and
other data was found to be 41%, while the addition of these
imaging and CSF-based biomarkers improved the misdiagnosis
rate by 28.4%, leaving over a quarter of patients in the study
misdiagnosed. In line with the current coverage environment,
however, payers have recognized this shortfall and have limited
coverage on these modalities.9
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What is Alzheimer’s Disease?
The brain has 100 billion nerve cells, with each cell connecting
with other nerve cells through multiple communication networks
(an average of ~1,000 trillion connections/brain).10 Different groups
of nerve cells play a role in thinking, learning and remembering,
while others involve seeing, hearing and smelling. Brain cells
process, store information and communicate with each other
through connections called synapses. Microscopic changes in
these brain connections often begin concurrently with the first signs
of memory loss.
AD is a type of dementia that affects memory, thinking and
behavior. AD accounts for 60-80% of dementia cases and is not a
normal aspect of aging.11 Scientists believe AD prevents parts of a
brain cell from running properly. As damage spreads, synaptic
connections are first reduced in number and then brain cells lose
their ability to function and eventually die, causing irreversible
changes in the brain and eventually dementia.
Symptoms of AD occur because nerve cells (neurons) and their
connections (synapses) in parts of the brain involved in thinking,
learning and memory (cognitive function) have been damaged
or destroyed. Individuals typically live with AD symptoms for years.
Over time, symptoms tend to increase and start interfering with
individuals' ability to perform everyday activities. At this point, the
individual is said to have dementia due to AD.12
The majority of people with AD are 65 and older, with symptoms
growing worse over a number of years. In the early stages of AD,
memory loss is mild but gradually individuals lose the ability to
respond to their environment. Typically, AD patients live four to
eight years after diagnosis but can live as long as 20 years,
depending on other factors.13
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Plaques and Tangles
Two abnormal structures called plaques and tangles are the pathologic
hallmarks that, together with dementia in the clinic, identify AD at autopsy.
Plaques are deposits of a protein fragment called beta-amyloid that build up
in the spaces between nerve cells. Tangles are twisted fibers of another protein
called tau that build up inside cells.14

Source: https://thebrain.mcgill.ca/flash/d/
d_08/d_08_cl/d_08_cl_alz/d_08_cl_alz.html;
accessed November 9, 2021.

While autopsy studies demonstrate that most people develop plaques and tangles
as they age, individuals with AD may develop more of them in areas of memory
before spreading to other regions. However, in studies of non-demented aged
persons, significant numbers of plaques and tangles were often found at
autopsy, suggesting that these findings are not closely associated with cognitive
performance in the oldest-old patients (90 years old or older) without dementia.15
On the other hand, ~14% of people considered to have AD do not have
plaques and tangles.16
Many experts hypothesize that plaques and tangles play a role in blocking
communication among nerve cells and disrupting processes that cells require. The
evidence available to date indicates that it is the soluble, pre-plaque form of the
dominant protein in plaques, A Beta, that is toxic to synapses and the neurons. This
destruction and death of synapses and the nerve cells causes memory failure,
personality changes, problems carrying out daily activities and other symptoms
of AD. However, there is confounding evidence on the role(s) that the deposited
plaques and tangles play. A recent article demonstrated that centenarians with
little or no cognitive decline were found to have high levels of plaque and tau at
death,17 while another article suggested that more than one-third of people
studied with mild to moderate AD had minimal levels of plaque accumulation in
the cerebral cortex.18
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Source: Adapted from Alzheimer’s Association; What is Alzheimer’s Disease? Symptoms & Causes | alz.org; accessed November 9, 2021.

Challenges in Addressing AD
Memory loss can be brought on by a myriad of medical issues, including Lyme
disease, vitamin deficiencies, thyroid issues, drug interactions and the various
forms of dementia. Some of the conditions that are often mistaken for AD can
easily be addressed with inexpensive interventions. Without a definitive diagnosis,
however, it’s frustrating, expensive and overwhelming for patients and families,
providers and payers to know how to proceed in the care journey.
The FDA recently approved Aduhelm™ (aducanumab-avwa), an amyloid
beta-directed antibody indicated to treat early AD patients or MCI that has not
yet progressed to probable or moderate AD. Moreover, experts suggest that only
10% to 15% of individuals with MCI develop dementia each year.19
One-in-three patients with memory issues do not have AD disease and can benefit
from treatment that’s more appropriate based on the cause of their dementia. For
AD patients, it’s well understood that no drug, including the one recently
approved by the FDA, can treat the underlying disease. Two acetylcholinesterase
inhibitor drugs and one inhibitor of the synapse messenger, glutamate, have been
approved and provide some temporary symptomatic relief.
An early diagnosis allows patients to start clinical interventions sooner, providing
a cost savings for payers, as well as saving time, money and the despair of not
knowing for those involved. Early diagnosis also gives patients the chance to
have a say in their own care.
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Misdiagnosis
AD is often misdiagnosed because, until recently, no reliable diagnostic
existed that could be utilized in the first four to five years of the dementia
diagnosis. A meta-analysis of studies using the Mini-Mental State Examination
(MMSE) to evaluate the conversion from MCI to AD dementia found that the
accuracy of baseline MMSE scores ranged from sensitivities of 27% to 89% and
specificities from 32% to 90%, making them unreliable as a standalone metric.20
Consistent with the Duke University study cited above, a recent Cochrane
analysis concluded that “MRI is not accurate enough to predict which
patients with MCI will progress to Alzheimer disease because it will miss about
14% to 22% of cases and falsely predict approximately 48% to 60% of cases.”21
Combining MMSE plus imaging, plus additional biomarkers has
improved the accuracy of identifying AD in people with MCI.
Unfortunately, most patients with AD are diagnosed with a high degree of
certainty in the later stages of the disease, with very few being diagnosed in
the early stages when treatment can be the most effective. This has added
significantly to the detrimental impacts on the patient and family, as well as
adding to physician and payer burden.22
According to FDA labeling, treatment of AD with Aduhelm™ should be initiated
in patients with MCI or mild dementia stage of disease, the population in which
treatment was initiated in clinical trials. There are no safety or effectiveness data
on initiating treatment at earlier or later stages of the disease other than those in
the clinical studies.
Clinicians face a number of challenges, including being unable to make the
diagnosis in the first several years of the disease on their own. Secondly, no other
minimally invasive biomarkers that assist in making the diagnosis with a high
degree of autopsy-validated certainty. Third, clinicians often diagnose AD
without a brain biopsy but, until recently, the only truly definitive proof of AD vs.
other neurodegenerative dementias has been through autopsy validation.
Furthermore, many people with dementia have brain changes associated with
more than one cause of dementia. This is called mixed dementia. Some studies
report that the majority of people with the brain changes of AD also had the
brain changes of a second cause of dementia on autopsy.23 Other causes of
dementia include Parkinson’s disease, frontotemporal lobar degeneration
(FTLD), Lewy body disease, cerebral vascular disease or a mix of these with or
without AD. However, it is important that individuals receive an accurate
diagnosis – even in the presence of mixed dementias - to ensure they receive
treatment and follow-up care appropriate to their specific form of dementia.24
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Value of DISCERN™ Test
The DISCERN™ test is composed of
three assays that can tell you with
certainty if a patient has AD or if a
patient does not have AD. DISCERN™
is the only test that is related to the
regulation of synapse formation in the
brain. In studies of autopsy confirmed
cases of AD, the clinical accuracy of
DISCERN™ outperformed clinical
assessments of both early (<4 yrs) and
late stage (>4) AD patients with over
95% of patients correctly diagnosed.25

Source: NeuroDiagnostics; BIOMARKER DIAGNOSIS OF ALZHEIMER’S DISEASE; 1-Morphometric-Imaging-Biomarker-5d9e5402ce4dc.pdf (dta0yqvfnusiq.cloudfront.net); accessed November 9, 2021

In the DISCERN™ test, skin cells from a patient sample are grown in the lab and then
assessed in three assays. The three assays are as follow:
• Morphometric Imaging -- a method of evaluating the ability of neurons to form
networks. Studies have shown that neural network formations in peripheral skin
cells are well correlated to activity in the brain.
• Protein Kinase C Epsilon (PKCε) -- an enzyme that regulates synaptic and
neural growth and death, as well as regulates the formation and degradation
of amyloid beta toxic proteins and tangles.26 Tissue concentrations of PKCε
have been shown to correlate with those concentrations in the brain.
• AD Index – Extracellular-signal-regulated kinase 1 (ERK1) and ERK2 are two
enzymes found in fibroblasts. When quantitatively imaged their ratio is highly
correlated with AD and their values were also inversely correlated with
duration of disease (time from onset of AD symptoms).27
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With test assays demonstrating >95% sensitivity and specificity, DISCERN™ gives
patients and families the answers they need, enables providers to make a conclusive
diagnosis, and allows payers to establish protocols and prior authorizations for
prescribing and reimbursing treatment. It also helps pharmaceutical companies identify
appropriate clinical trial participants and may provide additional metrics to evaluate
treatment response.

Evolution of AD Diagnostics

Over the years there have been ongoing medical breakthroughs to test,
prevent and slow the progression of AD. The publications below chronicle
the evolution of these breakthroughs and how the innovative biomarkers
have significantly changed the testing and diagnosis of AD, validating the
clinical and economic value of DISCERN™.
•
•
•
•
•

•
•
•

Alzheimer dementia with sparse amyloid–AD mimic or variant? - Alberto
Serrano-Pozo and Bradley T. Hyman, 10/11/2015
Early diagnostic accuracy and pathophysiologic relevance of an
autopsy-confirmed Alzheimer’s disease peripheral biomarker - Tapan
Kumar Khan a, Daniel L. Alkon, 11/07/2008
PKC Deficits in Alzheimer’s Disease Brains and Skin Fibroblasts - Daniel L.
Alkon, 16/06/2014
An internally controlled peripheral biomarker for Alzheimer’s disease: Erk1
and Erk2 responses to the inflammatory signal bradykinin - Tapan K. Khan
and Daniel L. Alkon, 29/08/2006
Association of Cognitive Function Trajectories in Centenarians With
Postmortem Neuropathology, Physical Health, and Other Risk Factors for
Cognitive Decline - Nina Beker, PhD; Andrea Ganz, MSc; Marc Hulsman,
PhD; Thomas Klausch, PhD; Ben A. Schmand, PhD; Philip Scheltens, MD,
PhD, 15/01/2021
Soluble f-Amyloid Induction of Alzheimer’s Phenotype for Human Fibroblast
K+ Channels - Rene Etcheberrigaray, Etsuro Ito, Christopher S. Kim, Daniel L.
Alkont, 08/04/1994
Fibroblast Aggregation Rate Converges with Validated Peripheral
Biomarkers for Alzheimer’s Disease - Florin V. Chirila, Tapan K. Khan and
Daniel L. Alkon, 08/05/2014
Spatiotemporal Complexity of Fibroblast Networks Screens for Alzheimer’s
Disease - Florin V. Chirila, Tapan K. Khan and Daniel L. Alkon, 18/07/2012

For more information or to download these publications, visit:
https://discerntest.com/providers/resources/publications/.
DISCERN™ can be utilized as a tool to manage appropriate patient access to therapies
approved in the future, in addition to the clinical and economic benefits of improved
early, accurate diagnosis.
DISCERN™ identifies the AD specific degeneration biomarker for a definitive diagnosis,
differentiates AD from other non-AD dementias and identifies those with AD in addition to
other degenerative pathologies.
In part 2 of this white paper series, we will look at the payer perspective, in part 3 we will look
at the provider perspective, and in part 4, we will look at the patient/caregiver perspective.
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About SYNAPS Dx
SYNAPS Dx is privately held company focused on the research, development
and commercialization of diagnostics for neurological disorders and conditions,
including Alzheimer’s Disease. The Company offers DISCERN™, the first accurate,
minimally invasive test for the definitive diagnosis of Alzheimer’s disease (AD)
versus other forms of dementia. SYNAPS Dx’s laboratory is certified under the
Clinical Laboratory Improvement Amendments (CLIA) as qualified to perform
high complexity clinical laboratory testing. If you are a physician or a patient
looking for more information on the DISCERN™ test, visit https://discerntest.com/.
For more information on the Company, visit https://www.synapsdx.com/.
Contact: info@synapsdx.com.
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