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Abstract

Background: This study evaluates the budget impact from a
payer perspective of using DISCERN™ in the diagnosis of
patients with symptoms of dementia evaluated for
Alzheimer’s Disease (AD).

Study Design: A decision-tree framework and mathematical
model were used to estimate clinical and cost implications
of testing with DISCERN™.

Methods: An excel-based model with a three-year horizon
was developed to assess the budget impact of DISCERN™
compared with the Current Diagnostic Pathway (CDP) to
diagnose AD in a Medicare Advantage plan with 1 M
beneficiaries. A targeted literature review was conducted to
identify values for model parameters, which were verified
through consultation with clinicians experienced in the
diagnosis and management of AD. A one-way sensitivity
analysis, with model parameters varied by + 10%, was
conducted to assess relative effect of key clinical and cost
parameters.

Results: DISCERN™ is estimated to decrease total costs by
S4.75 M over three years, which equates to approximately
$63.11 net savings per test per year for a cohort followed
over three years. While the cost of diagnosis with
DISCERN™ s higher than the cost of diagnosis with CDP
modalities, the overall costs associated with the CDP are
larger due to the longer time needed to receive a diagnosis
as well as the higher number of patients who receive a
misdiagnosis and require extra care.

Conclusion: DISCERN™ improves the rate of accurate,
definitive diagnoses of AD earlier in the disease and may
have the potential to generate savings for Medicare
Advantage.

Keywords: Alzheimer’s disease; Budget; Dementia;
Diagnosis

Introduction

Alzheimer’s Disease (AD) is a degenerative brain disease
characterized by memory loss and cognitive decline [1,2]. Mild
AD symptoms include difficulty recalling recent events and
completing normal cognitive tasks. Patients with moderate AD
become dependent on caretakers for some Activities of Daily
Livings (ADLs) and patients with severe AD experience motor
and balance impairments and require a full-time caretaker to
help with most ADLs [3].

AD occurs primarily in individuals over the age of 65 [1,3,4]. In
2022, the estimated prevalence of Americans aged > 65 with AD
dementia was 6.5 million, a number projected to rise to 13.8
million by 2060 [5]. The economic burden of AD is substantial,
with total payments for individuals with AD and other dementias
by patients and health insurers in the US estimated at $321
billion in 2022; of which Medicare and Medicaid are expected to
cover approximately $206 billion (64%). Growth in the number
of patients diagnosed with AD is expected to increase US health
care spending to approximately $1 trillion by 2050.

The standard defined by the US National Institutes of Health
(NIH) for diagnosing AD requires an autopsy-confirmed presence
of beta-amyloid and tau protein deposition in patients with
symptoms of dementia [6]. The Current Diagnostic Pathway
(CDP) includes multiple testing modalities, such as Magnetic
Resonance Imaging (MRI), Computed Tomography (CT), Positive
Emission Tomography (PET), Cerebrospinal Fluid (CSF) biomarker
tests and blood tests, which are used variably among providers
and are unable to diagnose AD definitively and distinguish it
from other forms of dementia [7,8]. Reported sensitivity and
specificity of currently available diagnostics are between 70.9%—
87.3% and 44.3%—70.8%, respectively [9]. Additionally, access to
diagnostics that detect amyloid and tau protein plaques is
limited by the diagnostics’ cost and limited coverage by health
insurers [10,11].

DISCERN™ was developed to distinguish AD accurately from
other forms of dementia, even in patients recently diagnosed
with dementia and those with mixed dementia. DISCERN™
comprises three assays that assess several critical factors related
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to AD that regulate memory, the formation of synaptic
connections among neurons, the levels of amyloid plaques and
the levels of neurofibrillary tangles in the brain. These assays
accurately produce an objective report indicating whether the
patient is “positive” or “negative” for AD, allowing physicians to
optimize medications prescribed for cognitive impairment
indicated in AD. DISCERN™ has been validated extensively using
autopsy-confirmed AD and has demonstrated significant
improvements over clinical diagnosis alone in people recently
diagnosed with dementia, achieving sensitivity and specificity
>95% for the diagnosis of AD [12-15].

Materials and Methods

Model overview

An excel-based model was developed in accordance with the
International Society for Pharmacoeconomics and Outcomes
Research (ISPOR) good practices for budget impact analyses [16].
The three-year model estimates the budget impact to a
Medicare Advantage plan of 1 Million (M) beneficiaries of using
DISCERN™ in the diagnosis of patients with symptoms of
dementia evaluated for AD compared with the CDP. The model
assesses direct medical costs/savings of patients based on the
following:

Evaluation/Diagnosis: The costs of diagnosis using DISCERN™
and the CDP.

False Negative (FN) diagnosis: The incremental cost of care
avoidable with a correct AD diagnosis and appropriately directed
medication. The cost was based on the weighted average of the
distribution of mild/moderate/severe AD direct costs by year
and the percentage of patients’ annual progression that could
be avoided with a correct diagnosis.

True Positive (TP) diagnosis: 1) AD medication costs following
a TP diagnosis. 2) The cost from a later TP diagnosis with the
CDP versus DISCERN™ given DISCERN™'s ability to provide
quicker results than the CDP in the year of diagnosis. 3) The
savings from the delay in AD progression due to appropriate AD
medication for patients who are correctly diagnosed after a FN
diagnosis. The patient’s stage of AD impacts the magnitude of
this benefit and determines whether the savings amount is a
complete or partial offset of the extra cost of care associated
with the initial FN diagnosis. If a patient is still in the mild stage,
the TP diagnosis offset 100% of the incremental cost of FN-
related care. However, the savings from a TP diagnosis declines
as a patient progresses in the model, with 88% and 75% of the
incremental cost of FN-related care offset in moderate and
severe AD, respectively [17,18].

False Positive (FP) diagnosis: Cost of AD medication for
patients who do not have AD. All patients with a FP diagnosis
were assumed to receive treatment for mild dementia.

True Negative (TN) diagnosis: No cost (aside from the initial
diagnostic cost). Treatment costs of patients with a TN diagnosis
were not included in the model Figure 1.
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Figure 1: Shows the care pathway and cost categories
used in the model.

Data and assumptions

A focused literature review was conducted to identify model
inputs, which were verified through consultation with clinicians
experienced in the diagnosis and management of AD (SH and
FH) to ensure the values reflected real-world experience. Given
current limitations in available longitudinal testing and
outcomes data, several assumptions were made to simplify the
model. First, patients in the model are evaluated for AD at the
beginning of the year and are evaluated each year they are alive
until they receive the correct diagnosis or until the end of the
model timeframe. Additionally, patients who receive a correct
diagnosis (i.e., a TP or TN) do not receive any further diagnostic
evaluation after the diagnosis is established. Second, the
frequency of testing used for the evaluation of AD decreases by
20% per vyear across all testing modalities (aside from
DISCERN™) in years 2 and 3 for patients who have been
misclassified (i.e., received FP or FN). Third, patients who die
within the time frame of the model are assumed to die at the
end of the year. Fourth, the model assumes all patients with an
AD diagnosis will receive treatment for AD, while patients with a
negative AD diagnosis will not receive any AD treatment. Finally,
while patients who receive a negative diagnosis may incur
treatment costs for another form of dementia, these costs are
not included in this model given the breadth of possible non-AD
diagnoses.

Model parameter estimates

Epidemiology: The number of new candidates eligible for
testing each year was estimated from the percentage of
Medicare Advantage beneficiaries, the incidence of dementia in
patients aged > 65 and the percentage distribution of mild,
moderate and severe dementia among these patients (Appendix

1) [4,19,20].

Distribution of patients receiving diagnostics: A recent survey
of primary care physicians, neurologists and geriatricians was
used to provide utilization rates of CT scans, MRIs, CSF
biomarker testing and amyloid PET scans in the CDP (Appendix
1) [8]. In the DISCERN™ arm, all patients receive DISCERN™,
along with some of the currently available diagnostic tools
according to clinicians’ expected use once DISCERN™ becomes
available.
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Diagnostic  performance  characteristics: The  CDP
performance characteristics used in the model represent the
entire diagnostic workup (Appendix 1) [9,21]. The performance
characteristics of DISCERN™ from validation studies were
applied to the use of DISCERN™ in conjunction with other
diagnostic tools in the model [12,13,22,23].

Average time to an AD diagnosis: The average time to
diagnosis of AD using the CDP was based on the reported time
to confirmation of a diagnosis from the initial office visit for a
“usual care” dementia cohort from the New England Veteran
Healthcare System (Appendix 1) [24]. The average time to
diagnosis for DISCERN™ was derived from validation studies
[12,13,22,23].

Duration of AD treatment: The duration of AD treatment in
the model was an average obtained from reported treatment
durations of donepezil across several studies (Appendix 1)
[25-28]. Donepezil was selected on the assumption that most
patients with mild AD will receive this drug at the start of
treatment. Additionally, AD medication use was assumed to stop
once a patient transitions to severe AD, as symptom-modifying
treatments have little impact on disease progression in this stage
[28,29].

Delay in AD progression due to medication for the treatment
of symptoms: The duration of delay in progression of AD
attributable to medication use is presented in Appendix 1.
Studies examining the long-term effects of cholinesterase
inhibitors like donepezil indicate that treatment produces an
average delay in cognitive decline in AD patients of 9 months—12
months [30]. Thus, the extra care needed for untreated AD
patients who progress because of a FN diagnosis was calculated
by taking 75% of the direct medical costs of AD from diagnosis
through month nine post-diagnosis.

Progression rates between stages of AD with and without
medication: While current medications do not impact the

Table 1: Total 2022 Cost inputs.
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underlying physiology of AD, early and appropriate utilization of
these medications enhances cognitive function [31]. The rates of
progression between the stages of AD were derived from a cost
effectiveness study of donepezil for the treatment of mild or
moderate AD and data from a 24-week randomized clinical trial
in which the enhancement of cognitive function due to
donepezil treatment was projected to slow disease progression
over time. The patient distribution across stages of AD over
three years is presented in Appendix 1.

Cost inputs: The model assesses direct medical costs paid by a
Medicare Advantage plan for AD patients, including medications,
hospitalizations, emergency room visits, outpatient visits and
neuropsychological assessments. Annual direct costs for mild,
moderate and severe stages of AD were derived from a
prospective cohort study [32]. These costs, originally reported in
2017 USD, were inflated to 2022 USD using the US Bureau of
Labor Statistics consumer price index data for Medical Care [33].
Costs of different diagnostics, including cost of diagnostic tools,
laboratory analyses, office visits and neuropsychological testing,
were taken from 2022 Medicare Physician and Clinical
Laboratory Fee Schedules and Coverage Policies [11,34-38]. The
cost of DISCERN™ is a weighted average of two proprietary
laboratory analyses codes: Code 0206U, which represents the
two assays performed on every sample and code 0207U, which
represents the third assay performed following discordance or
indeterminate results (approximately 20% of samples) [36].

Finally, individual AD medication costs were obtained from
PriceRx and an average annual cost was calculated based on
reported prescribing rates of physicians in a multi-country
survey and the distribution of mild, moderate and severe AD by
year [29,39]. To avoid double counting costs, diagnostic and
medication costs included directly in the model were subtracted
from the published estimates of the annual cost of a given AD
stage, where appropriate. Costs inputs are presented in Table 1.

Annual direct AD costs by stage

Stage Total 2022 per patient cost? Source
Mild AD $17,527.10 Robinson, et al.,, 2020
(32]
Moderate AD $20,752.09
Severe AD $26,645.69
Costs for diagnostic modalities
Diagnostic modality Average cost to payer | CPT codes? APC Codes® Sources
. American Psychological
{\leu:r;)psychologlcal $849.67 gg}; 62; - Association Service,
ests 96133 Inc, 2019 Psychological
96136 and Neuropsychological
96138 Testing: Billing and
96139 Coding Guide,
Addendum [34]
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CT scan $219.90 70450 5522 EncoderPro [38]
CMS April 2022 OPPS
MRI $490.33 70551 5523
70553 5572 Payment Addendum
[36]
CSF testing $676.64 62270+83520 (x3) 5442 CMS April 2022 ASC
Addendum [35]
Amyloid PET $1,511.34 78814 5594
78811 2018 Medicare
National HCPCS
FDG PET $1,581.46 78608 5594 Aggregate Report [37]
EEG $130.47 95717 - Evicore 2020 Head
95719 Imaging Policy [11]
PSG $1,016.51 95810 5724
DISCERN™ d $2,317.20 0206U -
0207U
Office visit $131.64 99241 -
99242
99243
99244
99245
Annual costs of AD medications by stage®
Stage AWAC Sources
Mild AD $625.56 Podhorna, et al., 2020
[29] Price Rx [39]
Moderate and severe ADf| $752.23

Note: a) 2017 costs were updated to annual rates and inflated to 2022 USD using CPI data for medical care from the Bureau of
Labor Statistics.

b) In instances where there is more than one CPT or APC code, an average was taken.

c) Neuropsychological testing costs were informed by the American Psychological Association's 2019 Psychological and
Neuropsychological Testing: Billing and Coding Guide. The guide provided three scenarios of how to bill for these services and the
average of the three scenarios was taken to obtain the total average cost.

d) To calculate the cost of DISCERN™, it was assumed that 100% of patients receiving DISCERN™ are billed using code 0206U
and 20% of patients are billed using both 0206U and 0207U.

e) Drug regimens considered were the following: Donepezil (Aricept) monotherapy, rivastigmine (Exelon) patch monotherapy,
rivastigmine (Exelon) oral monotherapy, memantine monotherapy, galantamine (Razadyne) monotherapy, donepezil + Namenda
(memantine), donepezil + galantamine. Costs of generics were used.

f) It was assumed that moderate and severe AD have the same medication cost.

Abbreviations: AD: Alzheimer’s Disease; APC: Ambulatory RESUltS
Payment Classifications; AWAC: Average Wholesale Acquisition
Cost; CDP: Current Diagnostic Pathway; CSF: Cerebrospinal Fluid;

CPT: Current Procedural Terminology; CT: Computed Base case analysis

Tomography; EEG: Electroencephalogram; FDG: Fluorodeoxy- In the model 24,602 beneficiaries aged > 65 with mild
glucose; MRI: Magnetic Resonance Imaging; PET: Positive dementia are evaluated for AD, of whom 17,222 (70%) have AD.
Emission Tomography; PSG: Polysomnography. In the base scenario, overall undiscounted savings with

DISCERN™ are estimated at $4.75 M over three years, which
Sensitivity analysis equates to approximately $63.11 net savings per test per year

for a cohort followed over three years. Figure 2 presents
undiscounted costs associated with the CDP versus the
DISCERN™ testing arm (which includes reduced use of currently
available diagnostic modalities) over three years. Figure 3

One-way sensitivity analyses were conducted to assess the
effect on three-year savings of varying model parameters by +
10% in relative terms.
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presents net savings associated with using DISCERN™ over
three years. While the cost of diagnosis with the DISCERN™ arm
is higher than with the CDP over three years, the overall costs
associated with the CDP are greater due the delay in receiving a
TP diagnosis and the extra cost of care required for FN patients.
Most cost savings are realized in the TP and FN categories
(Figures 2 and 3).

$140 $114.94 $110.19
$120 $0.23 ® Net FN Extra Care
[
53100 TP CDP Within-Year Diagnosis
H $42.90 Delay
E $80 FP Treatment Costs
(=3 $1.02
a S60 # TP Treatment Costs
=}
$40 ,
B Diagnosis
$20
S0
Cbp DISCERN™
Figure 2: Undiscounted three-year costs for CDP vs.
DISCERN™ for a Medicare Advantage plan with 1 M
beneficiaries.

Abbreviations: CDP: Current Diagnostic Pathway; FN: False
Negative; TP: True Positive; USD: United States Dollars.
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Diagnosis
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Diagnosis
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Figure 3: Total net savings with DISCERN™ over three
years for a Medicare Advantage plan with 1 M
beneficiaries.

Abbreviations: CDP: Current Diagnostic Pathway; FN: False
Negative; TP: True Positive; USD: United States Dollars.

Sensitivity analysis

Results from the one-way sensitivity analysis are shown in
Appendix Figure 2. The parameters with the greatest impact on
lowering savings in the model are the following: Reduced
sensitivity of DISCERN™, improved sensitivity of the CDP, a
reduction in the percentage of disease progression that is
avoided with AD treatment, a reduction in the total annual costs
of mild AD and a reduction in the percentage of mild dementia
caused by AD. The absolute values of the changes in savings
related to the top five inputs range from $4.95 M to 8.01 M
(Appendix Figure 2).
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Discussion

The need for an AD diagnostic test with better performance
characteristics than the CDP is well established [8,40]. Beyond
tests that can identify certain treatable causes of dementia
symptoms (e.g., hypothyroidism, vitamin By, deficiency, Lyme
disease) and, hence; can rule out AD, no single test can
definitively diagnose AD [7]. Additionally, the utilization of tests
varies widely among clinicians, resulting in a lack of a true
“standard of care” for AD diagnosis. Misdiagnosis also has cost
implications; for example, one retrospective analysis of patients
with vascular dementia showed that a misdiagnosis of AD
resulted in higher direct costs than matched counterparts [41].
An accurate, definitive AD diagnostic tool could provide prompt
access to current treatments as well as enable enrolment in
clinical trials for promising new therapies [8]. The need for an
improved AD diagnostic tool is especially important given
projections of escalating costs of AD care as the population ages
[5,40,42,43].

As DISCERN™ comprises multiple assays that yield superior
sensitivity and specificity compared with the CDP [9], more
patients receive a correct diagnosis with DISCERN™, which
allows for the use of appropriate medication earlier to delay
progression to higher cost stages of AD. While the upfront costs
of diagnosis in the DISCERN™ arm are larger than the cost of
diagnosis with the CDP, overall net savings are realized due to
the delay in receiving a TP diagnosis with the CDP and a higher
proportion of patients misdiagnosed with CDP testing, as FN
patients incur incremental costs associated with AD progression
before they receive a correct AD diagnosis in the model. The
benefit of a timely TP diagnosis is due to a reduction in the need
for additional medical assistance, including institutional care,
allowing clinicians to initiate appropriate treatment at an earlier
stage. Given that institutional care is particularly costly, any
minor delay to institutional care would have a meaningful
impact on offsetting costs of the disease [24].

Despite its potential economic benefits, relatively few
published studies have explored the impact of a timely diagnosis
of AD [42]. In one health-economic study, large clinical benefits
occurred when patients received symptomatic AD medications
eight years prior to standard diagnosis and Disease Modifying
Treatments (DMT) two years prior to a standard diagnosis [44].
Other economic analyses reported that early identification and
treatment of AD result in significant, positive social benefits and
savings [45-47].

The current model, like other models of dementia patients, is
comprehensive in that it includes repeat testing for patients who
have received a misdiagnosis [24,30]. Researchers who did not
include repeating testing recognize that their results cannot be
extrapolated to the wider community or to repeated rounds of
testing [27,48]. The current model is conservative, as it allows
patients with a FN diagnosis to offset some of the extra
progression-related costs once the patients are correctly
diagnosed with subsequent testing.

The model also employs a conservative approach by including
substantial CDP testing in combination with DISCERN™. In a
recent clinical utility study of 402 physicians, many providers
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indicated that they would use DISCERN™ in addition to the CDP
until they were comfortable with the test, at which point they
would reduce reliance on advanced imaging and biomarker
testing [8]. Therefore, the opportunity exists for additional
future savings with broader adoption of DISCERN™. A scenario
analysis in which DISCERN™ reduces the use of CT to 16%, MRI
to 27% and CSF, PET, EEG and PSG to 0% results in overall three-
year net savings of $14.5 M for a Medicare Advantage plan with
1 M beneficiaries.

In 2021, Aduhelm (aducanumab), an amyloid-directed DMT,
was granted FDA approval for the treatment of mild AD;
however, the high cost of aducanumab and future DMTs will
likely result in restrictions in their use (e.g., requiring a definitive
diagnosis of AD) [8]. For example, the 2022 national coverage
determination issued by the Centers for Medicare and Medicaid
Services (CMS) states that CMS will cover new AD treatments
involving amyloid beta-directed monoclonal antibodies if they
either A) Receive FDA traditional (non-accelerated) approval or
B) Are used with evidence of amyloid pathology consistent with
AD in FDA- or NIH-approved trials for patients with a clinical
diagnosis of mild cognitive impairment due to AD or mild AD
dementia [10]. Thus, AD diagnostic tests with very high accuracy
will become increasingly critical for drug development and
disease management [42].

With the ability to assess critical AD factors beyond the levels
of amyloid plaques alone, DISCERN™ provides clinical and
economic impacts that will become more pronounced as more
DMTs become available. Additionally, DISCERN™ can provide an
opportunity for Medicare Advantage plans to improve star
ratings through improved management of AD [49].

Limitations

This study is the first to estimate the economic impact
associated with the use of DISCERN™ for AD; however, the
study has limitations. First, for simplicity, the same performance
characteristics were used for initial tests and testing in
subsequent years and the sensitivity and specificity of the CDP
are variable. We used estimates based on published data and
analyzed the impact of performance characteristics in the
sensitivity analysis.

Second, total costs of AD progression for patients without
medication are unknown [50] but were estimated for the
purposes of this model. These costs were then wholly or
partially adjusted based on the patients’ stage of disease to
account for the ability of AD medications to delay disease
progression. Other models have used a single cost of AD
progression that does not account for disease stage [30]. An
additional scenario analysis using a single cost of AD progression
increased savings to $11.6 M over three years for a Medicare
Advantage plan with 1 M members.

Lastly, the model does not include indirect costs, such as
quality of life outcomes for patients and caregivers, the impact
on productivity, the direct costs of custodial care (such as adult
day care) and home safety modifications; consequently, the
model may not represent the full savings potential of
DISCERN™.,
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Conclusion

The economic burden of AD in the United States is substantial
and projected to increase significantly by 2050, 5 signaling the
clear need for early patient diagnosis and intervention to delay
disease progression and improve patient outcomes. DISCERN™
shows promise as an accurate and definitive diagnostic tool for
AD that results in savings for Medicare Advantage.
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