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Background: In the US alone, most of over 7.2 million older adults with Alzheimer’s Disease
(AD) treat their AD with symptom-relieving therapies. Starting in 2021, three disease-modifying
monoclonal antibodies (mAbs) entered the US market as the first disease-modifying treatments
for early Alzheimer's disease (AD). Despite years of presence in the US market, the value of
these mAbs remains uncertain due to high treatment-related costs and an unclear comparative
value of their clinical benefit.

Objectives: 1) To estimate the cost-effectiveness of adding aducanumab, lecanemab, or
donanemab to the current standard of care (SOC) and 2) to evaluate the value of reducing
uncertainties around the mAbs from a US health care perspective and a modified societal
perspective.

Methods: A Markov simulation model was developed by incorporating literature and a prior
cost-impact model of delaying AD progression. The clinical benefit and cohort’s characteristics
mirrored results from phase 3 clinical trials of the three agents. The price of the agents was

estimated using wholesale acquisition costs published by Micromedex® RED BOOK®. The



model used a 1-week cycle length and estimated 10-year cost impact and comparative
incremental cost-effectiveness ratios (ICERs) among the SOC and the mAbs. Results were
described from both a health care sector and a societal perspective. One-way sensitivity analysis
was conducted to demonstrate key drivers of cost-effectiveness of the mAbs. Cost-effectiveness
acceptability curve and the expected value of perfect information (EVPI) used probabilistic
sensitivity analysis to demonstrate the comparative value of the mAbs and the value of resolving
uncertainties.

Results: The three agents were estimated to delay progression from MCI to severe AD by 6.2 -
9.2 months. The analysis showed that SOC costs $243,300 and $757,800 from the health care
sector and the modified societal perspective, respectively, over 10 years. From the health care
sector perspective, the mAbs incurred additional $55K, $73K, and $82K for aducanumab,
lecanemab, and donanemab, respectively. From the modified societal perspectives, donanemab
added $73K, and aducanumab and lecanemab added $48K and $64K to the cumulative costs,
respectively. Donanemab had the higher comparative ICER at $304,200/QALY, followed by
lecanemab at $175,300/QALY. Key driving factors of ICER among lecanemab and donanemab
were age at the treatment initiation, patient health state utility values in earlier AD states, and the
drug acquisition costs across both perspectives. SOC had more favorable cost-effectiveness at a
WTP of $150K/QALY across both perspectives, and lecanemab was more favored at a WTP of
$200K/QALY. The EVPI of the decisions around lecanemab versus SOC was estimated to be
$143 million at WTP of $190K/QALY and $155K/QALY for the health care sector and the
modified societal perspectives, respectively. The EVPI around donanemab versus lecanemab was
approximately $109 million at the WTP of $300K/QALY and $275K/QALY for the healthcare

sector and the societal perspectives, respectively.



Conclusion: In the model simulation, the novel AD treatments incurred substantial costs with
modest clinical benefits, with donanemab adding the highest cost. Assuming the treatment costs
based on WAC, only lecanemab was found likely to be cost-effective under a WTP of
$200K/QALY from the modified societal perspective. The cost-effectiveness of the mAbs is
substantially influenced by the patient’s age at the treatment initiation, patient health state utility

values at earlier AD states, and the drug acquisition costs.
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1. INTRODUCTION

Alzheimer’s Disease (AD) is a progressive neurodegenerative disorder of unclear
pathogenesis and the leading cause of dementia, affecting 6.9 million people aged over 65 years
in the United States alone. (1,2) The national economic burden of AD or other dementias among
the older population continues to rise, with an estimated cost of $360 billion in 2024.! The
disease not only imposes a profound burden on patients and their families but also places
considerable pressure on healthcare systems and societal resources due to its progressive course

and the absence of a definitive treatment that dramatically slows or reverses the disease.

Patients with AD progress through four distinct stages: mild cognitive impairment (MCI),
mild AD, moderate AD, and severe AD.* Each stage is associated with increasing levels of
cognitive and functional disability, requiring higher levels of care and support. The progression
eventually leads to death, with a substantial impact on patients’ quality of life and economic
outcomes.? Mortality risk is significantly higher in patients with advanced AD stages, as patients’

overall health is exacerbated by comorbidities.>®

Before 2021, the management strategies for AD were largely limited to symptom
management targeting alleviation of moderate-to-severe cognitive and functional decline.? In
2021, a novel therapy, Aduhelm (Aducanumab), was approved by the FDA after displaying a
meaningful effect on delaying AD progression in early AD patients.” FDA approval of drugs in
the same class, Leqembi (Lecanemab) and Kinsula (Donanemab), soon followed. These drugs

demonstrated even greater efficacy in slowing disease progression in early AD patients.®’

Aduhelm, Leqgembi, and Kinsula are anti-amyloid monoclonal antibodies (mAbs) that
target formation of amyloid-beta, a key hallmark of AD pathology, and slow progression of
disease. Phase 3 clinical trials for these therapies showed a reduction in disease progression
ranging from approximately 22-29% compared to placebo.'%!? Despite these advancements,
adoption of these therapies remains limited due to their high costs. Wholesale acquisition costs
(WAC) in 2025 range between $2,100 and $2,800 per month, excluding costs associated with
administration or the management of adverse effects.'*!> These treatments require intravenous
infusions administered in healthcare clinics, potentially imposing further financial burdens on
patients, care partners, and healthcare systems.'6"!® As a result, the cost-effectiveness of these

therapies remains unclear.



Given the rapidly growing aging population and the emergence of novel treatments, there
has been an increasing need to understand the economic implications of AD. This study aims to
develop a simulation model of AD progression in patients with MCI to 1) estimate the cost-
effectiveness of adding the novel mAbs to the AD standard of care (SOC) from a US health care
sector perspective and a modified societal perspective, and 2) evaluate the uncertainty and value
of additional research for each of the three treatment strategies when compared to SOC.
Scenario analyses were conducted to assess an enhanced therapeutic benefit assumption and
varying discounted drug pricing strategies from the US health care sector and the modified

societal perspectives.

2. METHODS

This study follows the Consolidated Health Economic Evaluation Reporting Standards
(CHEERS) reporting guidelines.'”

2.1. Model Overview

This study adapted a previously developed simulation model of AD progression.?’
Building on the framework, the model was structured to perform economic evaluation of the
novel mAbs, aducanumab, lecanemab, and donanemab. The model used data on disease
progression, costs of care, productivity, health state utility values, rates of institutionalization,
mortality, and other mAbs-relevant factors. Parameters were sourced from the peer-reviewed and
gray literature, including reports from the Institute for Clinical and Economic Review (ICER)
and US Bureau of Labor Statistics. The model employed a 1-week cycle and 10-year time
horizon to capture the precise impact of mAbs on cost and health effects amid the rapid

progression of AD.

2.2. Perspectives

The cost-effectiveness analysis using the simulation model was conducted from a US
health care sector perspective and a modified societal perspective. The US health care sector

perspective included patient utility and healthcare and out-of-pocket costs, and the modified
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societal perspective additionally included care partner disutility and costs from patient’s non-

healthcare, patient productivity, care partner productivity, and care partner healthcare.

2.3. Simulation Cohort

The characteristics of the simulation cohort were designed to mirror the baseline
characteristics of the early AD patients across the phase 3 clinical trials of Aducanumab
(NCT02484547; NCT02477800), Lecanemab (NCT03887455), and Donanemab
(NCT04437511).!%12 The mean age, proportion of male participants, and baseline Clinical
Dementia Rating — Sum of Boxes (CDR-SB) score were calculated by taking a weighted average

of the reported demographics from the three trials.

2.4. CDR-SB Trajectory Curve of AD progression

The model used a multivariate continuous-time disease progression (MCDP) function
developed by Kiihnel and colleagues to estimate a progression trajectory in early AD patients by
their change in CDR-SB score.?? The model was based on data of 2,152 individuals with more
than 10 years of follow-up times in the Alzheimer’s Disease Research Initiative (ADNI)
database.?? Cohorts in the ADNI database were previously reported to take medication for AD
including donepezil, galantamine, rivastigmine, memantine, benzodiazepines, and
antidepressants, all of which are still common AD treatments at the time of this research.?**
Given that the first novel mAbs for AD, aducanumab, was approved and commercialized in
2021, we assumed that the ADNI sample population used the conventional AD medication

regimen which we defined in our model as SOC.

Our model referenced Kiihnel’s MCDP model to estimate the progression in early AD
patients who received the SOC, and to extrapolate progression in patients received the three
mAbs by synthesizing the treatment efficacy estimates into the MCDP equation [See Methods
2.5.4 Treatment Benefits]. The projected CDR-SB outcomes were converted into AD stages
according to the established conversion scale.* [See Methods 2.4. Health States] The equation

and the visual presentation of the MCDP model are presented in Figure 1.



2.5. Health States

There were five health states in this model, which were four AD states and death. The
four AD states — MCI, Mild AD, Moderate AD, and Severe AD — were mapped by CDR-SB

score using an established conversion scale* as presented in Tuble 1.

2.6. Model Inputs

Given limited post-marketing data on mAbs, model parameters were selected based on
available literature to capture key outcomes essential for evaluating the impacts of mAbs across

all AD states. A summary of these parameters is provided in Zable 2.

2.6.1. Treatment Benefit

10-12 and

The treatment efficacy of the mAbs were sourced from Phase 3 clinical trials
established network meta-analyses.?* For the base case analysis, we used the trials data to obtain
the mean change in CDR-SB scores for between the treatment and placebo groups at the end of
each study period, converted into a weekly rate estimate of CDR-SB change, and synthesized to
the MCDP-model-based trajectory to extrapolate AD progression in each treatment arm during
the time horizon. Each clinical trial included multiple treatment arms with varying dosing
regimens. The trials referenced for this research included multiple treatment arms that received
various dosing regimen. For this analysis, we only considered the clinical results from the trial
arm that received the FDA recommended maintenance doses, as specified in the mAbs package
inserts (Aducanumab: 10mg/kg IV every 4 weeks; Lecanemab: 10mg/kg IV every 2 weeks;
Donanemab: 1400mg IV every 4 weeks).!%!8 In the US, the mAbs are only indicated for MCI
and Mild AD due to AD due to the lack of evidence showing mAbs slowing disease progression
in Moderate AD and Severe AD.!®!® Thus, we assumed the treatment efficacy stops once patients

reach Moderate AD. [See Table 2] Treatment efficacy estimates from a network meta-analysis

were incorporated in a scenario analysis. [See Supplemental Appendix - Scenario Analysis 1]



2.6.2. Monitoring

The latest professional guidelines on the mAbs recommend clinicians to follow a drug-
specific magnetic resonance imaging (MRI) schedule to assess patient eligibility for mAbs and
surveil for any amyloid-related imaging abnormalities (ARIA) during the initial doses of
therapy.?>2” The recommended MRI schedule for each mAb was applied to the corresponding

treatment arm and linked to the cost outcomes associated with the monitoring requirement.

2.6.3. Adverse Events

The analysis considered four mAbs-related adverse events (AEs): mild-moderate
symptomatic ARIA, headache, fall, and Grade 1-2 infusion related reactions. These adverse
events were selected based on prevalence, previous evidence of their impact on cost and utility
values and/or because they are unique to the mAbs as reported in clinical trials. We assumed that
all ARIA events were mild-to-moderate symptomatic, requiring monthly MRIs accompanied by a
follow-up office visit until resolution.?>’ The analysis further assumed that all ARIA events
resolved in 12 weeks, resulting in 3 office visits and 3 MRI scans. 2°?” Headaches in patients
were assumed to be mild or moderate, which can be resolved with acute pain medications
recommended for migraine, such as NSAIDs or acetaminophen.?® Falls were assumed to cause
mild injury and incur a one-time physician’s office visit.”’ Infusion related reaction (IRR) was
assumed to be either Grade 1 or Grade 2 which are typically managed via acute antihistamine or

analgesic prescriptions without requiring a physician consultation.*

To reflect the costs from these AE’s, we assumed that an IRR incurred an additional 30-
minute-to-1-hour monitoring following the initial post-infusion monitoring period.>>*"*! In real-
world settings, patients are typically advised to take oral antihistamines or pain medications such
as NSAID or acetaminophen to manage IRR symptoms.*! We did not include the costs of
medications as they are considered minor. The cost estimates of managing the adverse events
were extracted from literature and the Center for Medicare & Medicaid Services (CMS).2%*! The

simulations did not consider the recurrence of adverse events.



2.6.4. Discontinuation Rate

Phase 3 clinical trials of the mAbs reported treatment discontinuation due to adverse
events, voluntary withdrawal, and death. We only considered discontinuation due to adverse
events.!%12 Of note, we assumed that the discontinuation rates do not account for temporary dose
suspensions resulting from ARIA events. [See Methods 2.5.3 Adverse Events] The
discontinuation rates were reported as cumulative rates at the end of each trial period (e.g., 18
months). The simulation assumed that treatment discontinuations mostly occur during the first 6
months. Thus, the discontinuation rate was converted to weekly rates during the first 6 months
and applied to the model. Patients who discontinued treatments anytime during the model time
horizon were assumed to follow the same progression rate as SOC arm immediately following
discontinuation of the mAbs. Patients were assumed to discontinue the mAbs once they reached

Moderate AD, after which their AD continued to progress following the SOC trajectory.

2.6.5. Costs

The analysis accounted for partial or all costs from patient healthcare, care partner
healthcare, patient non-healthcare, out-of-pocket, patient lost productivity, care partner lost
productivity (for both community and institutional settings), and long-term care costs, depending
on the perspective. [See Table 2] Patient healthcare costs represent the direct medical costs
including medications, hospitalizations, emergency department visits, outpatient visits, and
neuropsychological assessments. Caregiver healthcare costs include the same elements of
medical costs as those of patients, except for neuropsychological assessments. Patient non-
healthcare costs include costs incurred by dependent living accommodations, community

services, consumable goods, and financial support.>?

and neuropsychological assessments Patient
out-of-pocket costs include medical costs not covered by insurance for medications,

hospitalization, outpatient services, and other healthcare services.*®

Patient productivity at each AD state was estimated by a weighted average of individual
earnings in males and females aged 65 and older, based on the data from previous literature.>?

Care partner lost productivity was estimated based on the average hours spent caring for AD

33,34

patients®»** and the average wage in the US at the time of this analysis.*®



The monthly cost of the mAbs was estimated using the wholesale acquisition cost (WAC)
for the treatments.!*!> Appropriate bottle units and costs were applied according to the FDA-
recommended dose titration schedule for the mAbs at the initiation of the therapies.!¢"!® Since all
three AD treatments are administered via intravenous (I'V) infusion, typically provided by
healthcare professionals in a clinical setting, same administration cost per infusion was applied
across the mAb arms. Assuming that the mAb arms received the treatments in an outpatient
setting, drug administration cost was estimated using current procedural terminology (CPT) from
the 2024 physician fee schedule published by CMS.3! Corresponding drug and administration
costs for each mAb was applied for each cycle based on the recommended dosing schedule.'®!®
Cost related to monitoring and adverse event managements were also applied into our model. All
cost outcomes were reported in the 2024 Q4 USD using the Consumer Price Index (CPI)

Inflation Calculator.>37

2.6.6. Health Care Related Quality of Life

Patient utility values and care partner disutility values were included in the simulation as
appropriate for each perspective [See Methods 2.1 Model Overview]. Patient utility values varied
by patient’s AD state and residential setting (either community or institutional).>>** Care partner

disutility values were incorporated and varied according to the patient’s AD state.*

2.6.7. Mortality

AD is a progressive disease that ultimately leads to death. The death rate for each cycle
was estimated by weighing AD-state-specific mortality risk into the age- and sex-specific
background mortality to account for differential death rate in the population by the mean age and
sex ratio.>*! Background mortality risk was estimated using the 2022 US mortality data from

Human Mortality Database.*!

2.7. Model Output

The primary outcomes in our model were costs and quality-adjusted life expectancy

(QALYSs). The incremental cost-effectiveness ratio (ICER) was calculated to compare the



treatments to SOC. ICERs were rounded to the nearest hundred USD. Additional outcomes are
presented in the supplemental appendix. These include the time to transition from MCI to each
advanced AD state in each arm, estimated death in each AD state, estimated treatment
discontinuation prior to reaching Moderate AD, and prevalence of adverse events prior to
reaching Moderate AD in each treatment arm. [See Supplemental Appendix - Supplemental Table
2-4]

2.8. Key Assumptions

Table 3 summarizes the key assumptions.

2.9. Analyses

A 1-week cycle and 10-year time horizon were used for our analysis. Costs and health
effects were discounted at 3.0%.* ICERs were calculated and compared across the four
strategies accordingly to their QALY gain. The willingness-to-pay (WTP) threshold of $150,000
($150K)/QALY and $200,000 ($200K)/QALY in USD were used to assess treatment value.** Net
monetary benefit (NMB) for each treatment was obtained using the $150K/QALY threshold and

following equation:
NMB = (QALY gain x WTP) - Cost

One-way sensitivity analyses were performed for each model input to visualize and
compare the impact of each parameter variations to the ICER of each AD treatment. Each input
values were varied by £20% to assess their impact on ICER at lower and higher values. The
results were displayed in tornado diagrams, with five most influential parameters ranked by their
impact, displaying the highest impact at the top. Cost-effectiveness plane and acceptability curve
(CEAC) were plotted by using probabilistic analysis with 10,000 iterations to show varying cost-
effectiveness to different WTP thresholds. Furthermore, expected value of perfect information
(EVPI]) analysis was undertaken to estimate monetized value of precise evidence of outcomes

around mAbs based on NMB using the following equation:**

EVPI = | Average Value of Maximum NMB between Compared Strategies at Each Trials —

Maximum Value of Average NMB between Compared Strategies | x Effective Population

10



EVPI provides the potential value of reducing uncertainty or amount of investment justifiable
toward further research around the cost-effectiveness of mAbs to inform research priorities and
treatment-related decision-making. A broad range of WTP was considered for both CEAC and
EVPI, ranging from $0 to $1,000,000.

Two scenario analyses were conducted to investigate the societal impact of mAbs in AD
when 1) the treatment efficacies are more distinguished across the mAbs using the network meta-
analysis evidence, and 2) when the drug pricing is reduced via discounts and rebates in the

market. Results are provided in the Supplemental Appendix.

All analyses were conducted in R (v. 4.4.3) using a cost-effectiveness analysis package

dampack® and Microsoft® Excel® (Version 2505 Build 16.0.18827.20102).

3. RESULTS
3.1. Progression Trajectories: SOC vs. Treatments

Figure 2 presents the extrapolated progression trajectories of the four strategy arms. The
three mADb treatment arms showed delayed progression in CDR-SB score than the SOC arm,
with aducanumab exhibiting faster progression and donanemab exhibiting the slowest
progression. Incorporating the assumption of lost efficacy once reaching Moderate AD (CDR-SB
>9.5), each mAb arm exhibited a transition in progression rate between the month 55 and 60.
When comparing the number of months spent at each AD state across the four strategy arms,
aducanumab postponed progression up to 10 months, lecanemab up to 14 months and

donanemab up to 15 months, approximately. (Figure 2.B.)

3.2. Base Case Results

Base case results from both the health care sector and modified societal perspectives are

presented in Zable 4. From the health care sector perspective, the mAb arms showed QALY gain

of 0.23 for aducanumab, 0.35 for lecanemab and 0.37 for donanemab compared to the SOC arm
over the 10-year time horizon. The mAbs increased health care sector costs by $55,400 for
aducanumab, $73,100 for lecanemab, and $81,900 for donanemab. The SOC had higher NMB
($438,900) than any mAbs. Among the mAbs, lecanemab had the highest ($434,800) and
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aducanumab has the lowest NMB ($429,700). The superior QALY gain and the favorable costs
per QALY gain in lecanemab and donanemab resulted dominance over aducanumab. The
comparative ICER in lecanemab versus the SOC was $212,000/QALY and the ICER in
donanemab compared to lecanemab was $329,900/QALY.

From the modified societal perspective, the mAb arms had QALY gain of 0.25 for
aducanumab, 0.37 for lecanemab and 0.40 for donanemab compared to the SOC arm. Addition of
aducanumab in the treatment increased the societal costs by $45,000, lecanemab increased it by
$54,000, and donanemab increased it by $60,100 from the SOC costs. The NMB at
$200K/QALY threshold was the lowest in SOC (-$151,100) and highest in lecanemab (-
$141,900). Aducanumab was also dominated by lecanemab from the societal perspective. The
comparative ICER of adding lecanemab was $175,300/QALY compared to SOC, and
$304,200/QALY for donanemab compared to the lecanemab.

3.3. One-Way Sensitivity Analyses

One-way sensitivity analyses were conducted to identify the top five key drivers of
comparative cost-effectiveness for the pairwise strategy comparisons. The key drivers for higher
ICERs were similar across the two perspectives (Figure 3). From the health care sector
perspective, a higher ICER in lecanemab versus SOC was driven by an older patient age at a
treatment initiation, a lower utility of patients with MCI or Mild AD in the community setting, a
lower aducanumab acquisition cost and a higher lecanemab acquisition cost. A higher ICER in
donanemab versus lecanemab was driven by a lower lecanemab acquisition cost, an older patient
age at a treatment initiation, a lower discontinuation rate on donanemab, and a lower patient
utility at Mild AD. From the modified societal perspective, an older age at treatment initiation, a
lower patient utility at Mild AD, a lower aducanumab acquisition cost, and a higher lecanemab
acquisition cost, and a lower productivity in care partners with patients with Severe AD were key
drivers for higher ICER in lecanemab versus SOC. A higher ICER in donanemab versus
lecanemab exhibited with an older age at treatment initiation, lower lecanemab acquisition cost,
lower discontinuation rate in donanemab arm, a higher donanemab acquisition cost, and a lower

patient quality of life at Mild AD.
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3.4. Probabilistic Sensitivity Analysis

The probability of cost-effectiveness for all four strategies in lecanemab and donanemab
was assessed through simulation using 10,000 iterations (Figure 4). Aducanumab was excluded
from this analysis, because it was dominated by lecanemab and donanemab that had lower costs
per QALY gain than aducanumab. From the health care sector perspective, lecanemab was
10.6% and 62.2% likely to be cost-effective compared to SOC under the $150K/QALY and
$200K/QALY thresholds, respectively. Donanemab was 31.5% and 37.1% likely to be cost-
effective compared to lecanemab under the $150K/QALY and $200K/QALY thresholds,
respectively. From the modified societal perspective, lecanemab was 44.9% and 90.3% likely to
be cost-effective compared to SOC under $150K/QALY and $200K/QALY thresholds,
respectively. Donanemab was 33.4% and 39.3% likely to be cost-effective at the $150K/QALY
and $200K/QALY thresholds respectively.

From the modified societal perspective, lecanemab was 44.9% and 90.3% likely to be
cost-effective compared to SOC under $150K/QALY and $200K/QALY thresholds, respectively.
Donanemab was 33.4% and 39.3% likely to be under $150K/QALY and $200K/QALY
thresholds respectively.

When comparing all four strategies, the distribution of cost-effectiveness probabilities
showed that SOC is most likely to be preferred at $150K/QALY (Figure 5) from both the health
care sector and the modified societal perspectives. Lecanemab had a higher probability of cost-
effectiveness than SOC at approximately $250K/QALY threshold for the health care sector
perspective and $200K/QALY threshold for the modified societal perspective. Donanemab
maintained a higher probability of cost-effectiveness than SOC and lecanemab at approximately

$300K/QALY and higher thresholds for both perspectives.

3.5. Expected Value of Perfect Information

Figure 6 illustrates the estimated expected value of perfect information (EVPI) across the
range of WTP thresholds between $0 and $1,000K/QALY. The EVPI for the decision to add
lecanemab to the SOC peaked at a WTP of $190K/QALY for the health care sector perspective
and $155K/QALY for the modified societal perspective, with the cost estimated to be worth as

much as $143 million. In contrast, the EVPI for the decision around donanemab and lecanemab
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was worth as much as $109 million approximately at the WTP of $300K/QALY and
$275K/QALY for the healthcare sector and the modified societal perspectives, respectively. The
EVPI around donanemab versus lecanemab gradually declined to zero toward the

$1,000K/QALY WTP threshold.

3.6. Model Validation

Cost-effectiveness estimates of mAbs in the current literature widely vary, primarily due
to heterogeneity in models’ parameter values, structural assumptions, and different
interpretations of disease progression and health benefits from the interventions. To assess its
external validity, this model’s modified societal perspective results were compared with

published cost-effectiveness analysis studies of one or more mAbs in AD,340:47-50

In the current literature, costs and QALY's for supportive care or SOC in AD have been
reported in the range of $419,000 — $670,000 and 2.89 —4.95 from societal perspectives. The
QALYs reported for SOC from our analysis fell within the range of the established estimates,
whereas the costs were estimated to be higher than previously reported. This difference was
expected as our model accounts for inflation and includes additional costs associated with the
adverse events from the mAbs. Our analysis reports the incremental costs of $49,000, $64,800,
and $73,400 for aducanumab, lecanemab, and donanemab, respectively from the modified
societal perspective. These figures are generally lower than the incremental costs reported in the
past literature, which ranged from $127,800 to $202,000 for aducanumab®®, approximately
$120,000 for lecanemab***° and from $61,000 to $71,600 for donanemab.*’*® This difference is
largely attributed to model assumptions that incurred overall higher discontinuation rates and
higher 12-week-long dose suspension rates from ARIA during the first 6 months, saving

substantial drug costs in the cohort with MCI and Mild AD. [See Supplemental Table 2-4] While

economic outcomes remain heterogeneous across studies, our findings align with the reported

range of QALY estimates, supporting the credibility of our results.
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4. DISCUSSION

This Markov model-based economic analysis estimated and compared the cost-
effectiveness of adding the three FDA-approved mAbs to the current SOC in AD population.
Aducanumab and donanemab were less likely to be cost-effective than lecanemab from both the
health care sector and the modified societal perspectives. Lecanemab was only likely to be a
considerable treatment option at a WTP threshold of $200K/QALY from the societal perspective.
None of the mAbs were found to be cost-effective at the traditional WTP threshold of
$150K/QALY. The key drivers that impact ICERs of the mAbs were the age at which the
treatment was initiated, patient health state utility values associated with their AD state, and the
drug acquisition costs. The EVPI for decisions involving the AD treatment strategies was
estimated to be worth as much as $143 million for lecanemab versus SOC, and $109 million for

donanemab versus lecanemab.

In the current US market, where Aduhelm, the branded aducanumab, has been withdrawn
by the manufacturer, lecanemab and donanemab would be the only available mAbs for early AD
patients. Given our analysis results using WAC, lecanemab would be considered the preferred
option over donanemab. However, it is important to account for the potential net prices of these
mADbs, which are their actual acquisition costs after manufacturer rebates and discounts. Given
the lack of transparency around net prices in the US payer system, the true cost-effectiveness of
lecanemab and donanemab may differ from the estimates of this research. The variability of cost-

effectiveness of the mAbs was further explored in Scenario Analysis 2 of the Supplemental

Appendix.

When compared with current literature, our analysis reported generally higher QALY
gain and lower incremental costs for each treatment arm. For instance, a lifetime model by Ross
et al. reported that aducanumab increased lifetime QALY's by 0.133 and lifetime cost by
$127,800, and donanemab increased QALY's by 0.408 and cost by $71,600 from the societal
perspective.*® In contrast, our model estimated that aducanumab, lecanemab, and donanemab
increased the 10-year QALY by 0.25. 0.37, and 0.40, and the costs by $48,400, $64,800, and
$73,400, respectively. These discrepancies are likely due to the shorter time horizon (10-year vs.
lifetime), a higher survival from the lower baseline age (Baseline age: 71.1 vs. 75.2), and higher

proportion of patients discontinued the treatment in our simulation. Ross and colleagues reported
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that 50% of the patient died at 4.4 years in their simulation.*® Our model projected 50% survival
of AD patients at 8.2 years. The higher survival led to higher QALY and higher total cost in
SOC. However, as our analysis assumed that patients discontinue therapy once developing
Moderate AD, incremental costs from the mAbs were not as high as expected. The simulated
cohort received the mAbs as short as 49 months (aducanumab) and up to 64 months
(donanemab). Moreover, 14 — 20% of the simulated cohort discontinued the treatment prior to

reaching Moderate AD. [See Supplemental Table 2-4]

This analysis is one of the first models to include all three mAbs indicated for early AD
and assess the comparative cost-effectiveness of the mAbs in early AD patients. Besides the
heterogeneities between this model and the published models, what makes this model valuable is
the utilization of a continuous, unidirectional progression curve in CDR-SB score to map the
clinical AD progression and capture the granular cost and health outcomes in the weekly cycle.
Furthermore, this simulation incorporated adverse events such as headache, fall, and IRR, which
raise concerns and hesitancy with increased burden in using mAbs among elderly patients with
early AD. Additionally, owing to the fact that there could be various forms of caregiving and
supporting AD patients, it is challenging to accurately capture health effects in AD using a
simulation model which then potentially delay policymaking decisions. Addressing these

evidence gaps is imperative to improve the accuracy of economic evaluations in AD.

This study discusses the cost effectiveness and the value of the three novel AD treatments
from the health care sector and the modified societal perspectives in the US. Results from this
research allude to health economic challenges and opportunities associated with the novel AD
treatment for early AD patients. Findings from this research highlight that while these treatments,
especially lecanemab, may offer somewhat cost-effective clinical benefit with an ICER under the
WTP of $200,000 per QALY gain, the usability of these treatments may only pertain to certain
AD population. This raises questions about their long-term value in society. Additionally, the
substantial financial burden potentiated from these mAbs requires careful consideration in
promoting accessibility to the AD treatments. The results also stress the importance in exploring
value-based pricing models and potential price adjustments to align these treatments with
acceptable economic thresholds, ensuring access and sustainability of these treatments to patients

with early AD. [See Scenario Analysis 2] These findings not only inform policy and financial

strategies for stakeholders but also underscores the need for further research on indirect costs that
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are associated with AD management, treatments, productivity impacts, and stakeholder-specific

outcomes to refine the economic evaluation of these novel therapies.

There are several limitations to this study: 1) disease-associated costs and utility sourced
from evidence published more than a decade ago may not be reflective of that in current AD
population, 2) absence in post-marketing data may not accurately capture clinical outcomes in
real-world setting, 3) this model assumed low-grade severity on all adverse events, not incurring
any hospitalization, and 4) the modified societal perspective was not designed to capture certain
indirect costs, such as transportation expenses. Due to these limitations, additional validation

may be required to assess the accuracy of this analysis.

5. Conclusion

Findings from this analysis suggest that lecanemab may be cost-effective under the
$200,000/QALY benchmark at the published WAC in the US, while neither aducanumab nor
donanemab would be cost-effective. Of note, the actual net prices paid by CMS for these drugs
are likely to be substantially lower than the WAC. With aducanumab’s withdrawal from the US
market, enhancing clinical evidence and adjustments in drug pricing between the manufacturers
and health care entities would improve cost-effectiveness and utilization of the mAbs among the
early AD population in the US health care system. Additional research to close gaps in clinical
evidence in the real-world population is warranted to improve accuracy of comparative economic

evaluation in AD treatments.
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6. FIGURES AND TABLES
Table 1. AD Health States by Clinical Dementia Rating — Sum of Boxes (CDR-SB)*

AD Health States by CDR-SB

Parameter CDR-SB Range
Mild Cognitive Impairment (MCI) 0.5-4.0
Mild AD 4.5-9.0
Moderate AD 9.5-15.5
Severe AD 16.0-18.0

Figure 1. Progression Trajectory (A) Curve and (B) Formula of MCDP Model Developed by
Kiihnel et al.??

(A) (B)

u(t) =1-exp (%) + v

g = scaling of time
v =mean score of cognitively normal individuals

15~

L = mean deviation from v at time t=0

10-

CDR sum of boxes

0 100 200
Predicted disease month
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Table 2. Model Inputs

Model Parameters Estimates Dis tl:i%: tion References
Baseline Age 71.1 Uniform Assumption
Male% 45.9 Uniform Assumption, 10-12
Baseline CDR-SB 33 Uniform Assumption, 10-12
Alzheimer's Disease (AD) States
MCI-AD Mild AD Moderate AD Severe AD

Cost per month
Patient Healthcare $1,261 $1,479 $1,963 $2,254 Gamma 34, 37,53
Patient Non-Healthcare $223 $412 $654 $1,098 Gamma 34, 37,53
Caregiver Healthcare $757 $785 $801 $813 Gamma 34, 37,53
Patient Out-of-Pocket $184 $184 $184 $184 Gamma 37, 38
Patient Productivity® $2,262 $1,398 $792 $0 Gamma 32,37
Caregiver Lost Productivity!

Community $2,479 $4,060 $4,527 $10,707 Gamma 33-35

Institutionalized $1,078 $1,797 $2,659 $4,707 Gamma 33-35
Long Term Care $9,277 $9,277 $9,277 $9,277 Gamma 37, 54
Utility
Patient Utility

Community 0.73 0.69 0.53 0.38 Beta 34,35

Institutionalized 0.73 0.71 0.48 0.31 Beta 34,35
Caregiver Disutility 0.03 0.05 0.08 0.1 Beta 32
Other Inputs (per month)
Institutionalization 1.7 43 11.6 432 Beta 55, 56
Mortality Risk due to AD 1.04 2.36 2.75 8.04 Normal 5,6

Treatment Options
Aducanumab Lecanemab Donanemab

Drug Efficacy Parameters
gi)rgferzsi?ldpoint Reduction in 29% 27% 29%
Primary Endpoint 18 months 18 months 17.5 months 6,10-12
D/C Rate at Primary Endpoint 10.0% 9.1% 6.9%
Drug-Related Cost
Drug Costs per month $2,717.40 $2,304.74 $2,780.20 Gamma 35, 36, 42
‘;gggmamn Cost per month (CPT $57.70 $115.40 $57.40 Gamma 54,31
MRI Cost (CPT 70553) $314.08 Gamma -1 [See Supplemental

Adverse Events
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ARIA Rate per month 1.35% 0.89% 0.94% Beta

Management Cost per event’ $1,209.10 Gamma 10-12, 31, 42
Disutility per event 0.14 Beta

Headache Rate per month 1.12% 0.62% 0.80% Beta
Management Cost per event $19.22 Gamma 10-12, 42
Disutility per event 0.14 Beta

Fall Rate per month 0.81% 0.58% 0.76% Beta
Management Cost per event$ $88.95 Gamma 10-12, 31, 58
Disutility per event 0.2 Beta

IRR Rate per month 0.17% 1.50% 0.50% Beta

10-12, 25, 26, 31,

Management Cost per event’ $20.41 Gamma 59
Disutility per event 0.011 Beta

Discontinuation Rate per month 9.10% 6.90% 13.10% Beta 10-12

AD, Alzheimer's Disease; ARIA, Amyloid Related Imaging Abnormality; D/C, Discontinuation; IRR, Infusion Related
Reaction; MCI, Mild Cognitive Impairment;

All dollar amounts are in 2024 US dollar®’; Adverse events and discontinuations were assumed to occur during the first 6 month
of treatment initiation. Disutility rates for adverse events were assumed per event.

tPatient productivity was estimated using weighted average of individual income among males and females aged 65 or older3?
tCaregiver productivity was calculated using estimated hours lost per week and average hourly wage in the US ($35.93; Jan
2025)(35).

§Adverse Event Management Costs were calculated as following: ARIA: monthly MRI and physician's office visit for 3 months;
headache: outpatient prescription for migraine; Fall: a physician's office visit; IRR: additional 30-miniutes-to-1-hour monitoring
following initial monitoring (CPT 96366).
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Table 3. Key Model Assumptions

Key Model Assumptions:

Patients did not improve, and the progression was unidirectional. (See Figure 2)

Costs and utility values were applied according to AD stages, as such data mapped by CDR-
SB score was limited.

Progression trajectories for the treatment arms followed a similar trajectory as the progression
in the SOC arm as measured by CDR-SB.

Treatment benefits were extrapolated until patients reach moderate or severe disease (CDR-SB
>9.5)

Once patients entered Moderate AD, mAb treatments were discontinued

The discount rate for costs and outcomes was 3%.

Majority of adverse events and treatment discontinuation occurred in the first 6 months of
trials

Once patients discontinued the treatment, their disease progression followed the same
trajectory as the SOC.

The mAbs did not cost more than their wholesale acquisition cost

All patients with moderate, symptomatic ARIA discontinued the mAbs and underwent MRI
monitoring every month for 12 weeks.

All IRR events were mild-to-moderate and lasted 24 hours. Disutility from IRR was equivalent
to that of an injection site reaction.”!
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Figure 2. (A) Progression Trajectory Curve in CDR-SB and (B) Transition Months to Each AD
State

B soc M ~AoucaNuvAB - [ LecaNeMAB [ DONANEMAB

(A) Progression

Measured in Trials

Loss of Treatment Benefit from

1
1
|
1
|
1
|
1
1
|
1
|
1
1
1
1
|
1
|
1
1
| Progression to Moderate AD
|

Clinical Dementia Rating Sum of Boxes (CDR-SB)

[¥]

0 20 40 60 80 100

Months Since Start of Model

B)

Months To Each AD States

Transition Time (Months)
0 10 20 30 40 50 60 70 80 90 100 110

Severe AD

Transition from Mild AD:
Moderate AD

Mild AD

Mild AD Moderate AD Severe AD
mSOC 13.4 44.8 66.3

B Aducanumab 16.6 55 72.5
M Lecanemab 17.6 584 746
W Donanemab 17.8 59.6 75.5

22



Table 4. Base Case Results for the Health Care Sector Perspectives and the Modified Societal
Perspectives; Abbreviations: ICER, incremental cost-effectiveness ratio; LY, life-years; SOC,
standarad of care; QALY, quality-adjusted life years

Treatment Cost Costs QALY LYs NMB ICER vs. SOC League ICER
Health Care Sector Perspective
SOC $0 $243.,300 341 6.55 $268,200 -- --
Aducanumab | $80,327 $298,700 3.64 6.78 $247,300 $239,600 Ext. Dom.
Lecanemab $105,500 $316,400 3.76 6.85 $247,600 $212,000 $212,000
Donanemab $116,400 $325,200 3.78 6.88 $241,800 $220,400 $329,900
Modified Societal Perspective
SOC $0 $757,800 3.03 6.55 -$303,300 | -- --
Aducanumab | $80,327 $806,200 3.28 6.78 -$314,200 | $193,100 Ext. Dom.
Lecanemab $105,500 $822,700 3.40 6.85 -$312,700 | $175,300 $175,300
Donanemab $116,400 $831,200 343 6.88 -$316,700 | $184,400 $304,200
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Figure 3. One-Way Sensitivity Analysis Results from (A) the Health Care Sector Perspective and
(B) the Modified Societal Perspective: (1) Lecanemab vs. SOC, and (2) Donanemab vs.
Lecanemab
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Figure 4. Probabilistic Sensitivity Analysis: Cost-Effectiveness (CE) Plane Results for (A) the
Health Care Sector Perspective and (B) the Modified Societal Perspective with (C) Probability
Distribution Table: (1) Lecanemab vs. SOC, and (2) Donanemab vs. Lecanemab. Cost-

Effectiveness Probabilities by $150K/QALY and $200K/QALY WTP Thresholds.
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Figure 5. Cost-Effectiveness Acceptability Curve for (A) the Health Care Sector Perspective and
(B) the Modified Societal Perspective
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Figure 6. Expected Value of Information for (A) the Health Care Sector Perspective and (B) the
Modified Societal Perspective
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8. SUPPLEMENTAL APPENDIX

Supplemental Table 1. Impact Inventory

Type of Impact Included in This Health Impact Analysis Notes on
Sector (list category within each sector, with unit of measure From the Following Perspective? Source of
if relevant)? Evidence
Health Care Sector Societal
Formal Health Care Sector
Health outcomes (effects)
Longevity effects v N4
Health-related quality-of-life effects v v
Other health effects (eg, adverse events and
secondary transmissions of infections)
Health Medical costs
Paid for by third-party payers v v
Paid for by patients out-of-pocket v Ng
Future related medical costs (payers and patients) v
Future unrelated medical costs (payers and patients)
Informal Health Care Sector
Patient-time costs NA v
Health Unpaid caregiver-time costs NA v
Transportation costs NA * See Footnote®
Non-Health Care Sectors (with examples of possible items)
Labor market earnings lost NA v
Productivity Cost of unpaid lost productivity due to illness NA v
Cost of uncompensated household production NA v
Consumption Future consumption unrelated to health NA v
Social Services Cost of social services as part of intervention NA * See Footnote®
Legal or Criminal Justice None NA
Education None NA
Housing None NA
Environment None NA

a. Partially included under patient non-healthcare cost which include care-related transportation, nursing or home aids, and food delivery for
patients;
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Supplemental Table 2. Prevalence of Death by AD State

(1) MCI 2.(1)+Mild AD | 3.(2)+ Moderate | 4. (3)+ Severe
AD AD
SOC 1.6% 10.9% 18.7% 65.5%
Aducanumab | 2.0% 13.6% 20.1% 63.2%
Lecanemab 2.2% 14.5% 20.6% 62.4%
Donanemab | 2.2% 14.9% 20.9% 62.0%

Supplemental Table 3. Prevalence of Treatment Discontinuation by Treatment Arm Prior to
Progression to Moderate AD

MCI MCI + Mild AD
Aducanumab 7.2% 14.4%
Lecanemab 5.6% 11.2%
Donanemab 10.4% 20.8%

Supplemental Table 4. Prevalence of Adverse Events by Treatment Arm During the First 6
Months Following Treatment Initiation

ARIA Fall Headache IRR
Aducanumab 21.1% 12.0% 16.5% 2.4%
Lecanemab 14.3% 8.8% 9.5% 22.4%
Donanemab 14.4% 11.1% 11.5% 7.2%
Supplemental Table 5. MRI Monitoring Schedule Recommendations
Aducanumab® Lecanemab?® Donanemab?’

Recommended MRI
schedule after
treatment initiation

Prior to treatment
initiation, prior to 5™,
7" and 12" infusions.

Prior to treatment
initiation, prior to 5%,
7% and 14
infusions.

Prior to treatment
initiation, prior to 2™,
rd Ath th
3" 4% and 7
infusions.

Recommended MRI
schedule post-ARIA

Monthly MRI until ARIA resolves

35




Scenario Analysis 1. Network Meta-Analysis from the Modified Societal Perspective

In the absence of head-to-head trials between the four strategies, economic evaluation
using network meta-analysis (NMA) informs standardized estimates in relative treatment
efficacy, allowing more accurate comparative cost-effectiveness analysis. A scenario analysis
was conducted to assess impact on mAbs’ cost-effectiveness from the modified societal
perspective, using drug efficacy data derived from a peer-reviewed NMA. (46) The NMA
evaluated the relative efficacy of aducanumab, lecanemab, donanemab, and lithium compared to
conventional SOC. The treatment efficacy inputs used in the base case analysis and those based
on the NMA are presented in panel (7able 1), and visual representation of extrapolated AD
progression using the NMA data is shown in panel (Figure 1), and the analysis results are

presented in panel (7able 2).

SAl.Table 1. Treatment Efficacy Inputs from the Referenced NMA

Aducanumab Lecanemab Donanemab Source
Trial-based Percent 22.0% 27.11% 28.9%
Reduction in Progression 46
NMA-based Percent 10.4% 25.5% 34.3%
Reduction in Progression
NMA: network meta-analysis

SA1.Figure 1. AD Progression Extrapolation Based on the Referenced NMA
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SAl.Table 2. Model Outcomes from the Modified Societal Perspective

Costs QALY LYs NMB ICER vs. SOC League ICER
SOC $757,800 3.03 6.55 -$303,300 - --
Aducanumab $815,700 3.10 6.64 -$350,700 $911,000 ED
Lecanemab $823,600 3.37 6.83 -$318,100 $195,800 ED
Donanemab $829,100 3.55 6.97 -$296,600 $138,300 $138,300

ED: extended dominance; ICER: incremental cost-effectiveness ratio; Ly: life years; NMB: net monetary benefit; SOC:

standard of care;
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Scenario Analysis 2. Discounted Drug Pricing from the Modified Societal Perspective

A separate scenario analysis was conducted to examine the potential impact of drug

pricing discounts ranging from 10% to 50% from WAC from the modified societal perspective.

Deterministic model inputs were used to perform each scenario analysis. The analysis result

below presents cost-effectiveness profiles of the strategies identified from each discount

scenario. The cost-effectiveness profile of SOC does not vary with drug price discounts, thus

indicated at the top of the table below. The rightmost column presents the comparative ICER,

which represents cost-effectiveness of each mAbs compared to preceding strategy, ranked in the

increasing order of costs and QALYs. In each scenario, strategies that were dominated (D) or

extendedly dominated (ED) were identified and excluded from the relative ICER calculation.

SA2.Table 1. Cost-Effectiveness Profile Under Varied Drug Price Discounts from the Modified

Societal Perspective

Costs QALYs LYs NMB ICER vs. SOC Comparative ICER
SOC $757,800 3.03 6.55 -$303,300 -- --
10% Discount on WAC
Costs QALYs LYs NMB ICER vs. SOC Comparative ICER
Aducanumab $809,200 3.10 6.64 -$344,200 $807,800 ED
Lecanemab $813,700 3.37 6.83 -$308,200 $166,400 ED
Donanemab $817,300 3.55 6.97 -$284,800 $115,400 $115,400
20% Discount on WAC
Costs QALYs LYs NMB ICER vs. SOC Comparative ICER
Aducanumab $802,600 3.10 6.64 -$337,600 $704,500 ED
Lecanemab $803,900 3.37 6.83 -$298,400 $137,000 ED
Donanemab $805,500 3.55 6.97 -$273,000 $92,500 $92,500
30% Discount on WAC
Costs QALYs LYs NMB ICER vs. SOC Comparative ICER
Aducanumab $796,000 3.10 6.64 -$331,000 $601,200 ED
Lecanemab $794,000 3.37 6.83 -$288,500 $107,600 ED
Donanemab $793,700 3.55 6.97 -$261,200 $69,600 $69,600
40% Discount on WAC
Costs QALYs LYs NMB ICER vs. SOC Comparative ICER
Aducanumab $789,500 3.10 6.64 -$324,500 $497,900 D
Lecanemab $784,100 3.37 6.83 -$278,600 $78,100 D
Donanemab $781,900 3.55 6.97 -$249,400 $46,700 $46,700
50% Discount on WAC
Costs QALYs LYs NMB ICER vs. SOC Comparative ICER
Aducanumab $782,900 3.10 6.64 -$317,900 $394,700 D
Lecanemab $774,200 3.37 6.83 -$268,700 $48,700 D
Donanemab $770,100 3.55 6.97 -$237,600 $23,800 $23,800

D: dominance; ED: extended dominance; ICER: incremental cost-effectiveness ratio; LYs: life years; NMB: net monetary
benefit; mAbs: monoclonal antibodies; SOC: standard of care; WAC: wholesale acquisition cost;
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