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ABSTRACT

Introduction: Alzheimer’s disease (AD) is a
progressive neurodegenerative disorder associ-
ated with memory, cognitive, and behavioral
deficits, and brings significant economic burden
on caregivers and healthcare systems. This
study aims to estimate the long-term societal
value of lecanemab plus standard of care (SoC)
versus SoC alone, corresponding to a range of
willingness-to-pay (WTP) thresholds based on
the phase III CLARITY AD trial readouts from
both the US payer and societal perspectives.
Methods: An evidence-based model was devel-
oped to simulate the effects of lecanemab on
disease progression in early AD using intercon-
nected predictive equations based on longitu-
dinal clinical and biomarker data derived from
the Alzheimer’s Disease Neuroimaging Initia-
tive (ADNI). The model was informed with the
results of the phase III CLARITY AD trial and
published literature. Key model outcomes
included patient life-years (LYs), quality-

adjusted life-years (QALYs), and total costs of
both the direct and indirect costs of patients
and caregivers over a lifetime horizon.
Results: Patients treated with lecanemab plus
SoC gained an additional 0.62 years of life ver-
sus SoC alone (6.23 years vs. 5.61 years). The
mean time on lecanemab was 3.91 years, and
the treatment was associated with an increase in
patient QALYs of 0.61 and an increase in total
QALYs of 0.64 when both patient and caregiver
utilities were considered. The model estimated
that the annual value of lecanemab for the US
payer perspective was US$18,709–35,678
($19,710–37,351 for societal perspective) at the
WTP threshold of $100,000–200,000 per QALY
gained, respectively. Scenario analyses of
patient subgroups, time horizon, input sources,
treatment stopping rules, and treatment dosing
were conducted to explore the impact of alter-
native assumptions on the model results.
Conclusion: The economic study suggested
that lecanemab plus SoC would improve health
and humanistic (quality of life) outcomes and
reduce economic burden for patients and care-
givers in early AD.

Keywords: Alzheimer’s disease; Cost-
effectiveness; Lecanemab; CLARITY AD;
Patient-level simulator; Quality-adjusted life-
years; Economic burden; Willingness-to-pay

A. A. Tahami Monfared (&) � Q. Zhang
Eisai Inc., 200 Metro Blvd, Nutley, NJ 07110, USA
e-mail: Amir_Tahami@eisai.com

A. A. Tahami Monfared
McGill University, Epidemiology, Biostatistics, and
Occupational Health, Montreal, QC, Canada

W. Ye � A. Sardesai � H. Folse � A. Chavan � K. Kang
Evidence Synthesis, Modeling and Communication,
Evidera Inc, Bethesda, MD 20814, USA

Neurol Ther

https://doi.org/10.1007/s40120-023-00460-1

http://orcid.org/0000-0003-4003-3192
http://crossmark.crossref.org/dialog/?doi=10.1007/s40120-023-00460-1&amp;domain=pdf
https://doi.org/10.1007/s40120-023-00460-1


Key Summary Points

Alzheimer’s disease is a progressive
neurodegenerative disease which brings
significant economic burden on caregivers
and healthcare systems.

Using a validated disease simulation
model and data from the large,
confirmatory phase III CLARITY AD trial,
this study estimates the societal value of
lecanemab plus standard of care (SoC)
versus SoC alone, considering various
willingness-to-pay (WTP) thresholds and
both the perspectives of the US payer and
society.

While a broader range of values was
considered, the severity-adjusted
willingness-to-pay (WTP) threshold of
$200,000 per quality-adjusted life-year
(QALY) gained accurately reflects the
societal value of lecanemab.

Patients treated with lecanemab plus
standard of care experienced better health
outcomes (i.e., additional life-years,
quality-adjusted life-years gained, and
decreased costs) than those treated with
standard of care alone over a lifetime time
horizon from both US payer and societal
perspectives.

Predicted health economic outcome
results provide a foundation for
healthcare decision-makers to understand
the potential clinical, economic, and
societal value of lecanemab.

INTRODUCTION

Alzheimer’s disease (AD) is a progressive neu-
rodegenerative disorder associated with mem-
ory, cognitive, and behavioral deficits, and is
the most common cause of dementia,
accounting for 60–70% of all dementia cases. [1]
Among Americans aged over 65 years, AD is the

fifth leading cause of death. Approximately 6.5
million Americans aged over 65 years are esti-
mated to have AD, and this number is predicted
to reach 13.8 million by 2060. [2] Clinically, AD
progresses from normal cognition to mild cog-
nitive impairment (MCI), followed by demen-
tia. As the disease progresses, the severity of the
associated cognitive and functional deficits
increases, escalating the burden on caregivers
and healthcare systems. [3] In 2021, family
members and other caregivers provided
approximately 16 billion hours of unpaid care,
valued at US$271 billion; this care is associated
with additional costs, such as emotional distress
and detrimental mental and physical care out-
comes. [2] In 2022, the estimated direct costs of
providing long-term care and hospital services
to those aged C 65 years with dementia were
$321 billion. [2]

AD is characterized by two neuropathologi-
cal hallmark features—the accumulation of
abnormal protein deposits in the brain, includ-
ing ß-amyloid (Ab) plaques and neurofibrillary
tangles. Biomarkers are important indicators of
the presence and progression of a disease, and
they play a crucial role in diagnosing and
monitoring AD. In AD, two common types of
biomarkers are used: positron emission tomog-
raphy (PET) imaging and cerebrospinal fluid
(CSF) analysis. PET imaging estimates the
amount of amyloid and tau in the brain, while
CSF analysis measures the soluble biomarkers in
the cerebrospinal fluid. Both biomarkers help
diagnose and monitor AD development and
progression. [2, 4] Disease-modifying therapies
(DMTs), i.e., treatments interfering with the
pathological mechanisms underlying disease
processes, are currently a subject receiving close
review by stakeholders in the field of AD
research, and studies are focusing on DMTs that
target various primary and intermediate mech-
anisms, including therapies that affect Ab or
tau. [5] Over 120 agents are currently under
investigation in more than 150 clinical trials in
various phases; of these agents, 82.5% target the
mechanisms underlying AD to achieve disease
modification. [6]

Lecanemab, a humanized IgG1 monoclonal
antibody targeting amyloid protofibrils, was
investigated in a large, confirmatory phase III
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clinical trial (CLARITY AD; NCT03887455). [7]
The CLARITY AD study was an 18-month,
multicenter, double-blind, placebo-controlled
trial investigating treatment with lecanemab in
early AD patients aged 50–90 years, with evi-
dence of amyloid positivity confirmed by PET
imaging or CSF measurement. The trial results
demonstrated that the individuals randomly
assigned to receive lecanemab (10 mg/kg every
two weeks) experienced greater reductions in
brain amyloid levels and slower clinical decline
in cognition and function scales [Clinical
Dementia Rating Scale-Sum of Boxes (CDR-SB)
and Alzheimer’s Disease Composite Score
(ADCOMS)] compared to those given placebo
after 18 months trial duration.

Recent studies have been published to assess
the long-term health outcomes [8] of lecane-
mab as well as to estimate the potential value of
lecanemab [9] based on the efficacy observed in
the phase IIb trial (Study 201). [10] The objec-
tive of this study was to estimate the long-term
societal value of lecanemab plus standard of
care (SoC) versus SoC alone, corresponding to a
range of willingness-to-pay (WTP) thresholds
based on the phase III CLARITY AD trial read-
outs. Alzheimer’s disease is a progressive and
degenerative condition that significantly
impairs an individual’s quality of life and daily
functioning, and imposes a considerable eco-
nomic burden on caregivers and the healthcare
system. Therefore, higher WTP thresholds may
be appropriate to adequately address the dis-
ease’s substantial burden. [11] To achieve this
goal, a previously developed evidence-based
disease simulation model [12] was updated
using data from the phase III CLARITY AD trial
and the published literature to compare leca-
nemab plus SoC versus SoC alone both from the
US payer and societal perspectives. [12]

METHODS

Model Overview

AD Archimedes condition-event (ACE) is a
patient-level simulator that models the pro-
gression of AD based on complex interactions
between the underlying pathological

components (e.g., biomarkers measuring Ab
and tau levels) and clinical presentation of AD
(e.g., patient-level scales measuring cognition,
behavior, function, and dependence) to esti-
mate the potential effects of DMTs on disease
progression. [12, 13] AD ACE was developed
based on a systemic literature review of eco-
nomic modeling studies investigating AD, [14]
the good modeling practice guidelines by the
International Society of Pharmacoeconomics
and Outcomes Research, [15] and a review of
ongoing clinical trials investigating DMTs for
AD. AD ACE has been validated using patient
registries, clinical trials, and published litera-
ture, and has been shown to accurately predict
and provide robust estimates of dementia,
institutionalization, and mortality due to AD
over a long-term horizon. [12, 13]

To simulate the effects of DMTs and inter-
ventions on disease progression in early AD, AD
ACE estimates disease progression using inter-
connected predictive equations based on lon-
gitudinal clinical and biomarker data derived
from the Alzheimer’s Disease Neuroimaging
Initiative (ADNI). [16] The biomarkers extracted
from the longitudinal ADNI dataset include CSF
protein levels (Ab1-42 and total tau), fluo-
rodeoxyglucose-PET (assessing brain cell meta-
bolic activity), and magnetic resonance imaging
(MRI) (assessing hippocampal volume). Because
the ADNI dataset does not effectively capture
the more severe stages of AD, to simulate AD
progression in more severe stages of AD, AD
ACE relies on equations based on cognitive and
behavioral scales derived from the Assessment
of Health Economics in Alzheimer’s Disease II
(AHEAD) study. [17, 18] This adjustment
enhances the accuracy of the model and makes
it more representative across the entire AD
continuum and its varying levels of disease
severity. Once a patient progresses to the mod-
erate AD stage, as determined by a Mini Mental
State Examination (MMSE) score below 15,
representing a stage of moderately severe to
severe Alzheimer’s, AD ACE switches from the
ADNI equations to the AHEAD equations.
Despite being derived independently from sep-
arate datasets, both the ADNI and AHEAD
equations were found to provide similar pre-
dictions of disease progression rates across the
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range of mild to moderate AD. [12, 13] Com-
patibility and consistency in reported measures
were carefully assessed and tested once switch-
ing between ADNI and AHEAD equations. A
rigorous evaluation has been conducted fol-
lowing the transition from the ADNI to AHEAD
equations to ensure that the reported measures
remained consistent and compatible. [12, 13]

Furthermore, transitions between commu-
nity and institutional care settings are captured
by AD ACE as patients progress to more severe
stages of AD. The detailed structure and equa-
tions of AD ACE have been previously pub-
lished. [8, 9, 13, 19]

AD ACE includes the option to adopt either a
payer or a societal perspective to capture the
direct and indirect outcomes of AD over a time
horizon of a lifetime. The key outcomes evalu-
ated by the model include patient life-years
(LYs), quality-adjusted life-years (QALYs), total
costs, and incremental cost-effectiveness ratios.
QALYs and costs are further stratified, and some
components are optional. The total costs
include both the direct and indirect costs of
patients and caregivers in the community and
institutional care settings, with indirect costs
included only in the societal perspective repor-
ted separately. Furthermore, the overall QALYs
are divided into patient QALYs, caregiver QALYs
lost (optional), and QALYs lost due to amyloid-
related imagining abnormalities-edema/effu-
sion (ARIA-E) adverse events (AEs). Because the
model accumulates outcomes over a lifetime
time horizon, an annual discount rate of 3%
was applied to all outcomes, following recom-
mendations for cost-effectiveness analyses in
the US. [20]

A population of patients in the early AD
stage was selected for the base-case analysis.
These patients had MCI due to AD or mild AD
dementia with confirmed Ab pathology. In
total, ADNI included 1735 patient profiles, of
which 260 were selected as inputs for AD ACE.
This subgroup of patients was matched based on
the inclusion criteria of the CLARITY AD trial as
follows: an age of 50–85 years, an MMSE score
greater than or equal to 22, and an amyloid PET
standardized uptake value ratio (SUVr) of 1.1.
[10] The mean baseline characteristics of the
selected patients were highly consistent with

those of the patients in the placebo and leca-
nemab groups in the phase III CLARITY AD trial
(Table 1). In total, 2000 individual patient pro-
files were sampled from the selected subgroup
of 260 ADNI patients with replacement. Then,
the sampled profiles were simulated on the
lecanemab plus SoC arm and SoC alone arm
separately to capture the disease trajectory and
treatment effect. Key patient subsets and vari-
ous treatment stopping rules and dosing regi-
mens were applied in the assessments.

To evaluate the influence of parameter
uncertainty and the robustness of the results in
different settings, scenario and sensitivity anal-
yses were applied. In the scenario analyses,
patient subsets were selected based on the base-
case 260 ADNI profiles, and the impact of early
or late treatment on the onset of AD dementia
and progression to more severe disease was
evaluated. Furthermore, the profiles were
grouped by the baseline level of total tau (t-tau)
in CSF to determine the impact of early or late
treatment on the neurodegeneration level.

The CLARITY AD trial was conducted in
accordance with the Declaration of Helsinki and
the International Council for Harmonization
and Good Clinical Practice guidelines, and was
approved by the institutional review board or
independent ethics committee at each site. All
patients provided written informed consent. An
independent interim monitoring committee
was responsible for oversight and conduct of
the interim analyses and response-adaptive
randomization design to routinely evaluate the
safety and review the futility analysis results.

This assessment relies on previously con-
ducted studies and does not involve any new
studies with human participants or animals
conducted by the authors. The model parame-
ters were primarily informed by published lit-
erature or the results of the CLARITY AD trial.

Model Inputs

Clinical Inputs
Disease Progression AD ACE modeled the
natural history of the progression of AD in
patients receiving SoC using disease equations
constructed based on longitudinal patient-level
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Table 1 Base-case patient characteristics and model clinical inputs

Baseline characteristic ADNI subpopulation Trial population (LEC 10 mg/kg BW/PBO)

Base case: MCI due to AD and mild AD dementia population (with confirmed Ab pathology)

Age, mean (SD), years 73.2 (6.8) 71.4 (7.9)/71.0 (7.8)

PET SUVr, mean (SD) 1.39 (0.15) 1.44 (0.17)/1.37 (0.20)

MMSE, mean (SD) 25.7 (2.2) 25.5 (2.2)/25.6 (2.2)

CDR-SB, mean (SD) 3.21 (1.38) 3.17 (1.34)/3.22 (1.34)

CDR-Global = 0.5, % 78.1% 80.8%/80.7%

Female, % 44.60% 51.6%/53%

Patient utilitiesa Values Source Uncertainty range

MCI due to AD 0.80 Landeiro et al. (2020) 0.75–0.85 (95% CI)

Mild AD dementia 0.74 0.69–0.79 (95% CI)

Moderate AD dementia 0.59 0.47–0.71 (95% CI)

Severe AD dementia 0.36 0.19–0.53 (95% CI)

Caregiver disutilitiesa Values Source Uncertainty range

MCI due to AD 0.000 Assumption –

Mild AD dementia 0.036 Mesterton et al. (2010) 0.028–0.043 (± 20%)

Moderate AD dementia 0.070 0.056–0.084 (± 20%)

Severe AD dementia 0.086 0.068–0.103 (± 20%)

Proportion institutionalized, % Values Source Uncertainty range

MCI due to AD 0.0% Assumption –

Mild AD dementia 3.8% Neumann et al. (1999) 3.0–4.6% (± 20%)

Moderate AD dementia 11.0% 8.8–13.2% (± 20%)

Severe AD dementia 25..9% 20.7–31.1% (± 20%)

HRs for mortality (vs. general population) Values Source Uncertainty range

MCI due to AD 1.00 Assumption –

Mild AD dementia 2.92 Andersen et al. (2010) 2.43–3.52 (95% CI)

Moderate AD dementia 3.85 2.94–5.05 (95% CI)

Severe AD dementia 9.52 6.60–13.74 (95% CI)

Treatment discontinuation Values Source Uncertainty range

Annual rate, % 13.0% CLARITY AD 10%–20%

Ab ß-amyloid, AD Alzheimer’s disease, ADNI Alzheimer’s Disease Neuroimaging Initiative, BW bi-weekly, CDR clinical dementia rating, CDR-SB clinical

dementia rating sum of boxes, CI confidence interval, HR hazard ratio, MCI mild cognitive impairment, MMSE mini-mental state examination, PBO

placebo, PET positron emission tomography, SD standard deviation, SUVr standard uptake value ratio.
aApplied both in the community and institutional care settings
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data from ADNI (i.e., early AD) [16] and pub-
lished equations from AHEAD (i.e., more severe
stages). [17, 18] To determine the patients’ dis-
ease severity at baseline and over time, AD ACE
relied on the CDR-SB thresholds as fol-
lows:\4.5, MCI due to AD; C 4.5 to\9.5, mild
AD; C 9.5 to\16, moderate AD; and C 16, sev-
ere AD. [21] Therefore, the proportion of
patients with MCI due to AD at baseline should
be comparable between AD ACE and the phase
III CLARITY AD trial (i.e., the proportion of
individuals with CDR-SB scores\4.5 in AD ACE
is comparable to that of individuals with CDR-
Global scores = 0.5 in the CLARITY trial).

Mortality To naturally increase the probabil-
ity of death due to age in the model, the hazard
ratios (HR) of age-specific mortality in the gen-
eral US population [22] were applied to model
mortality across all severity levels of AD. In the
base-case settings, the excess mortality hazard
derived from a previous population-based
cohort study was then applied to individuals
with mild to severe dementia as defined by their
CDR-SB scores. [23] In the current analysis, MCI
due to AD was considered to have no impact on
the risk of mortality. The HRs applied in the
scenario analyses were derived from a previous
study. [24]

Institutionalization The model applied esti-
mates based on data from the Consortium to
Establish a Registry for Alzheimer’s Disease [25]
to determine the probability of transitioning
from the community to institutionalized care
by the severity level of AD. Patients with MCI
due to AD were assumed to have no risk of
institutionalization based on the available lit-
erature and minimal impact on the outcomes.
In the scenario analyses, additional prevalence-
based institutional data reflecting the propor-
tion of patients institutionalized at each sever-
ity level of AD were further explored. [26]

Treatment Effect and Dosing of
Lecanemab Treatment with lecanemab is
assumed to directly act on PET amyloid levels as
a surrogate endpoint, which then influences
other outcomes, [27, 28] since amyloid PET
SUVr is a predictor in all disease equations used

by AD ACE. AD ACE can model DMT targeting
amyloid levels by evaluating the estimated
amyloid PET SUVr outcomes of a simulated
patient, and then projecting the course of dis-
ease progression for that patient’s lifetime to
predict how the effect on amyloid PET SUVr will
impact health–economic outcomes, such as
LYs, QALYs, and total costs.

However, the primary outcome of the
CLARITY AD trial was mean change from base-
line in the CDR-SB at 18 months. To determine
the appropriate treatment effect on amyloid
PET SUVr needed to match the CDR-SB results
from the trial, a calibration approach was used,
in which the treatment effects on amyloid PET
SUVr were tuned until the model result for
CDR-SB matched the target values from the
CLARITY AD. Since AD ACE applies treatment
effects over time, the calibration process was
applied to work back to the amyloid PET SUVr
at each time interval. The calibrated reduction
in the amyloid PET SUVr in a time interval
influenced the values in subsequent time
intervals for predicted amyloid PET SUVr, CDR-
SB, and other AD biomarkers and scales. In the
analysis, data regarding the change from base-
line in the amyloid PET SUVr in the phase III
CLARITY AD study were used as the basis for
calibrating the mean amyloid PET SUVr reduc-
tions required at different time intervals. The
calibrated reductions in amyloid PET SUVr
resulted in predictions of CDR-SB that closely
matched the changes from baseline in the CDR-
SB observed in the trial during the first
18 months after treatment initiation (Fig. 1).

Furthermore, amyloid PET data from a
model-based simulation study exploring the
effect of continued treatment with lecanemab
[29] were used to simulate the treatment effect
beyond the time horizon of the CLARITY AD
trial, until the mean amyloid level reached that
observed in individuals with normal cognition
in the ADNI dataset. [16] Then, the cognitively
normal mean amyloid level in patients who
remained on lecanemab was maintained by
additional reduction in the amyloid PET level.
This assumption was validated by clinical
experts. The calibration process did not impact
the default AD ACE equations, but only adjus-
ted the estimated PET SUVr values over time.
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In the base-case scenario, the model assumed
that the patients receiving treatment were given
10 mg/kg of intravenous lecanemab biweekly,
resulting in a 27% estimated change in the
CDR-SB from baseline based on a conventional
mixed model for repeated measures (MMRM).
As MMRM cannot generate a confidence inter-
val around ratios reflecting a percentage reduc-
tion or change from baseline, a variation
of ± 15% was applied in the sensitivity analyses
to evaluate uncertainty in the lecanemab treat-
ment effect. This variation is consistent with
the results across key randomization strata in
the CLARITY AD trial [7] and a recently reported
range of percentage reduction estimated using
six different statistical approaches. [30] The
potential impact of alternative treatment dos-
ing regimens on the treatment effect during a
maintenance phase was also evaluated in the
scenario analyses. The treatment effect

scenarios in the model after 18 months were
based on the outcomes reported in a model-
based simulation study investigating the effect
of a long-term maintenance dosing regimen
beyond the 18-month trial period. The study
showed that less frequent dosing could prevent
the re-accumulation of amyloid and maintain
the treatment effect beyond the trial duration.
[29] In each dosing regimen scenario, the mean
amyloid reduction in the maintenance time
intervals was recalibrated by adjusting the mean
amyloid reductions estimated in the base-case
setting.

Treatment Discontinuation In the CLARITY
AD trial, the risk of discontinuation was 18.8%
(169 participants) in the lecanemab arm and
15.6% (140 participants) in the placebo arm
throughout the 18-month trial period. [7] Study
participants discontinued treatment due to AEs,

Fig. 1 Amyloid PET SUVr and CDR-SB trajectories.
Calibration of treatment effect on amyloid level during
and beyond trial time horizon. AD Alzheimer’s disease,

CDR-SB clinical dementia rating sum of boxes, PET
positron emission tomography, SoC standard of care, SUVr
standard uptake value ratio
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opted to discontinue the treatment regimen,
were lost to follow-up, withdrew consent, or
discontinued for another unspecified reason.
Adverse events leading to discontinuation of
the trial agent occurred in 6.9% of the partici-
pants in the lecanemab arm and 2.9% of those
in the placebo arm. [7] The overall annual risk
of discontinuation, i.e., 13.0%, was used in the
base-case analysis. Treatment discontinuation
also occurred in the base case following pro-
gression to a moderate stage of AD, as deter-
mined by a CDR-SB score C 9.5. In the
sensitivity analyses, annual discontinuation risk
levels of 10% and 20% were applied. In the
scenario analyses, various treatment discontin-
uation rules based on fixed treatment durations
of 1.5, 3, and 5 years were evaluated. Once a
patient discontinued treatment, the mean cali-
brated amyloid reductions were no longer
applied, and the changes in the amyloid level
were estimated based on the risk equations for
the natural history of disease progression. As a
consequence of this approach, patients contin-
ued to experience a residual benefit of treat-
ment even after discontinuation; however, this
benefit gradually waned over time, such that
eventually patients would be in a similar state as
if they had not been treated.

AEs The incidence rates of serious AEs were
14% in the lecanemab arm and 11.3% in the
placebo arm. Infusion-related reactions (1.2%
vs. 0 in the lecanemab arm and placebo arm,
respectively), ARIA-E (0.8% vs. 0), atrial fibril-
lation (0.7% vs. 0.3%), syncope (0.7% vs. 0.1%),
and angina pectoris (0.7% vs. 0) were the most
commonly reported serious AEs. The over-
all incidence rates of AEs did not differ between
the two arms. The most common AEs in the
lecanemab arm were infusion-related reactions,
ARIA with cerebral microhemorrhages, cerebral
macrohemorrhages or superficial siderosis,
headaches, and falls. Mild to moderate (grades
1–2, 96%) infusion reactions occurred mostly
following the first dose (75%), and these
patients positively responded to prophylactic
treatment. In total, 113 (12.6%) cases of ARIA-E
AEs were observed in 898 participants in the
lecanemab group, with 25 (2.8%) symptomatic
cases including headache, visual disturbance,

and confusion. The ARIA-E events were mild to
moderate (91%), mostly asymptotic (78%),
reported during the first three months of the
treatment (71%), and resolved within four
months after detection (81%). Therefore, the
model considered a 12.6% occurrence rate of
ARIA-E adverse events in the first year, of which
22% were symptomatic. No treatment discon-
tinuation due to ARIA-E AEs was considered in
the model because these events only resulted in
brief treatment interruptions in the phase III
CLARITY AD trial.

Cost Inputs
This study evaluated the direct and indirect
costs of community and residential care for
patients and their caregivers. Sources providing
cost data in the US across the full disease con-
tinuum are lacking; therefore, data from multi-
ple sources were combined. The community-
based care costs for patients with MCI and mild
AD, including the direct medical and non-
medical costs of healthcare resource use and
indirect costs of caregiving, were obtained from
GERAS-US, [31] a longitudinal, prospective
cohort study adapted from GERAS I [32]. GERAS
I evaluated the community-based costs of
patients with mild, moderate, and severe
dementia due to AD, and revealed that the costs
increased along with the severity of the disease
[32]. Both GERAS I and GERAS-US employed the
MMSE scale to define the severity of AD [31, 32].
Because GERAS-US did not report the mean
monthly costs of patients with moderate and
severe dementia due to AD, the mean relative
ratio between the estimated costs of mild AD
and those of moderate and severe AD obtained
from GERAS I was computed, and AD ACE
applied this mean relative ratio to the commu-
nity-based care costs for mild AD from GERAS-
US to estimate the mean monthly costs. The
computed mean relative ratios are consistent
with previously reported findings regarding the
average cost of care by disease stage (1.3 for mild
to moderate AD and 2.0 for mild to severe AD)
[19, 33] and the average ratios used by the Alz-
heimer’s Association (1.3 for mild to moderate
AD and 2.0 for mild to severe AD) [34].

Genworth’s Cost of Care Survey tool [35] was
used to obtain the direct non-medical costs in
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the residential setting. In 2021, the monthly
median cost of a room in a residential care
facility in the US was $8,477. Because this cost
does not change as the severity of AD increases,
the model did not adjust this cost. Other costs
associated with residential care for both patients
and caregivers were assumed to be the same as
those for community-based care; however,
regarding the indirect non-medical costs of
caregiving, the model applied only 44% of the
informal care giving cost in the community-
based setting [36].

The patients receiving lecanemab further
accrued monitoring costs, assumed to be the
cost of five MRI scans in the first year. This
approach aligns with the drug label recom-
mendations and is easily accessible in typical
clinical practice settings. In certain cases, indi-
viduals may require additional clinical or radi-
ologic monitoring to ensure proper
management of AEs; however, it is important to
focus on the routine costs of disease manage-
ment in economic evaluations. This is because
including rare or unusual costs, such as those
associated with extreme AE cases, may not
accurately reflect the typical costs of the inter-
vention or treatment being evaluated. Focusing
on routine and typical costs allows for a more
accurate representation of the true economic
impact of the intervention on a broader
population.

The unit costs were obtained from the Cen-
ters for Medicare and Medicaid Services (CMS)
Physician Fee Schedule [37]. The estimates
based on GERAS already included the symp-
tomatic treatment costs, and thus, these costs
were not included in the analysis. The medical
resource use costs were obtained from the CMS
database [37] and IBM� RED BOOK�. [38] The
diagnostic and screening costs, i.e., CSF and PET
scans, were not included in the base-case anal-
ysis due to variations in and uncertainties
regarding reimbursement policies; however,
these costs were evaluated in the scenario
analyses. All costs were adjusted to 2022 US
dollars according to the price index of personal
consumer expenditures for healthcare by the US
Bureau of Labor Statistics. [39] All cost cate-
gories are shown in Table 2.

Utilities
The patient utilities were obtained by conduct-
ing a fixed-effect meta-analysis of the studies
included in a previously published systematic
literature review [40]. The included studies
defined the severity of AD using the MMSE,
CDR-Global, Alzheimer’s Disease Assessment
Scale-Cognitive Subscale, and Global Deterio-
ration Scale. In the scenario analyses, alterna-
tive values based on the CDR-Global score
obtained from Neumann et al. [41] were
applied. The same utilities estimated based on
the disease severity were applied in the com-
munity and institutionalized settings. For
patients experiencing ARIA-E for 12 weeks, an
estimated disutility due to headache of – 0.14
was applied [42]. Each patient was assumed to
have one caregiver, and the caregiver disutilities
were obtained from a previous study [43].

RESULTS

Base-Case Analysis

Over a lifetime time horizon, patients treated
with lecanemab plus SoC gained an additional
0.62 years of life versus SoC alone (6.23 years vs.
5.61 years). The mean time on lecanemab was
3.91 years, and the treatment was associated
with an increase in patient QALYs of 0.61 and
an increase in total QALYs of 0.64 when both
patient and caregiver utilities were considered.

The total costs per patient associated with
lecanemab plus SoC, excluding drug acquisition
costs, decreased by $6,263 from a payer per-
spective (i.e., patient health and social care
costs only) and $7,451 from the societal per-
spective (i.e., including caregiver healthcare and
informal care costs) compared to SoC alone.
From the payer perspective, the community
care costs increased by $5,091 while the costs of
residential care decreased by $12,439, resulting
in a total decrease in care-related costs per
patient of $7,349. When caregiver costs were
considered, lecanemab plus SoC was associated
with total incremental costs per patient of
$7,671 and – $16,207 from community-based
care and residential care, respectively, yielding a
decrease in the total cost of care of $8,536 per
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patient. Lecanemab was associated with addi-
tional monitoring and ARIA-E management
costs of $1,018 and $68, respectively. The model
estimated that the annual societal value of
lecanemab for the US payer perspective was
$18,709–35,678 ($19,710–37,351 for societal
perspective) for the WTP threshold of
$100,000–200,000 per QALY gained, respec-
tively (Table 3).

Scenario Analysis

Scenario analyses were conducted to explore the
impact of alternative population subgroups,
time horizons, input sources, treatment stop-
ping rules, and treatment dosing on the model
results. Incremental LYs, QALYs, total costs, and
societal value estimates based on a WTP
threshold of $200,000/QALY are presented in
Table 4. In a subset of patients with MCI due to
AD only, the model estimated higher incre-
mental QALYs and lower incremental costs,
resulting in a 2% (payer) and 3% (societal)

Table 2 Cost inputs

Alzheimer’s disease stage

Parameter MCI Mild Moderate Severe Source/note

Community care costs (monthly) Uncertainty range (± 20%)

Patient healthcare $1,254 $1,471 $1,958 $2,250 Robinson et al., 2020

Patient social care $222 $410 $653 $1,095

Caregiver healthcare $754 $781 $799 $811

Caregiver informal care $988 $2,184 $3,227 $5,402

Total cost $3,218 $4,847 $6,637 $9,558

Residential care costs (monthly) Uncertainty range (± 20%)

Patient healthcare $1,254 $1,471 $1,958 $2,250 Assumed to be same as community care costs

Patient social care $8,762 $8,762 $8,762 $8,762 Genworth[35]

Caregiver healthcare $754 $781 $799 $811 Assumed to be same as community care costs

Caregiver informal care $435 $961 $1,420 $2,377 Assumed 44% of community care costs

Total cost $11,205 $11,976 $12,940 $14,200

Parameter Unit cost Source/note

Screening costs (used only in scenario analysis)a

CSF $468.28 CMS physician fee schedule

PET scan $3,935.37 CMS physician fee schedule

Monitoring costs $1,060.70 CMS physician fee schedule

MRI unit cost $212.14 CMS physician fee schedule

Direct costs due to ARIA-E

Asymptomatic ARIA-E $424.28 Includes 2 MRIs

Symptomatic ARIA-E (mild/moderate) $796.80 Includes 2 MRIs, 1 physician visit, and 3 methylprednisolone IV infusions

Symptomatic ARIA-E (severe) $1,098.27 Includes 2 MRIs, 1 physician visit, 3 methylprednisolone IV infusions, and 7 prednisolone oral tablets

AD Alzheimer’s disease, ARIA-E amyloid-related imaging abnormalities-edema/effusion, CMS Centers for Medicare and Medicaid Services, CSF cerebrospinal fluid,

IV intravenous, MCI mild cognitive impairment, MRI magnetic resonance imaging, MRU medical resource use, PET positron emission tomography
aCSF and PET scan costs were adjusted using the weighted testing positivity rates for MCI and mild AD reported by Rabinovici et al. to effectively incorporate the

cost of both positive and negative tests required to treat one additional patient
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Table 3 Base-case results

Modeled outcomes Payer Societal

SoC LEC 1 SoC D SoC LEC 1 SoC D

Total LYs (discounted) 5.61

(5.47–5.74)

6.23

(6.07–6.38)

0.62 5.61

(5.47–5.74)

6.23

(6.07–6.38)

0.62

Mean time to AD dementia 2.35

(2.17–2.58)

4.48

(4.04–4.99)

2.13 2.35

(2.17–2.58)

4.48

(4.04–4.99)

2.13

Total QALYs (discounted) 3.87

(3.78–3.96)

4.48

(4.36–4.60)

0.61 3.68

(3.60–3.77)

4.32

(4.21–4.42)

0.64

Patient QALYs 3.87 4.48 0.61 3.87 4.48 0.61

QALYs loss due to caregiver

disutility

NA NA NA - 0.19 - 0.16 0.02

QALYs loss due to ARIA NA -0.002 NA NA - 0.002 NA

Time on treatment

(undiscounted, years)

NA 3.91

(3.79–4.02)

NA NA 3.91

(3.79–4.02)

NA

Total costs (excluding lecanemab

drug cost) (discounted)

$201,960 $195,697 - $6,263 $390,153 $382,702 - $7,451

Monitoring costs NA $1,018 NA NA $1,018 NA

ARIA management costs NA $68 NA NA $68 NA

Care costs $201,960 $194,612 - $7,349 $390,153 $381,616 - $8,536

Community care costs $112,006 $117,096 $5,091 $278,340 $286,011 $7,671

Patient direct medical $87,847 $93,164 $5,318 $87,847 $93,164 $5,318

Patient indirect medical $24,159 $23,932 -$227 $24,159 $23,932 -$227

Caregiver direct medical NA NA NA $45,065 $49,498 $4,432

Caregiver informal NA NA NA $121,269 $119,417 -$1,852

Institutional care costs $89,955 $77,515 -$12,439 $111,812 $95,605 -$16,207

Patient direct medical $16,838 $14,162 -$2,676 $16,838 $14,162 -$2,676

Patient indirect medical $73,117 $63,353 -$9,763 $73,117 $63,353 -$9,763

Caregiver direct medical NA NA NA $6,690 $5,780 -$910

Caregiver informal NA NA NA $15,168 $12,310 -$2,858

Value at $100,000 WTP threshold per QALY gained (annual) $18,709 $19,710

Value at $150,000 WTP threshold per QALY gained (annual) $27,194 $28,531

Value at $200,000 WTP threshold per QALY gained (annual) $35,678 $37,351

AD Alzheimer’s disease, ARIA amyloid-related imaging abnormalities, LEC lecanemab, LY life-year, NA not applicable,
QALY quality-adjusted life-year, SoC standard of care, WTP willingness-to-pay
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increase in value compared to the base case. The
estimated value in a subset of patients with mild
AD dementia only decreased by 30%, and was
associated with lower incremental QALYs com-
pared to the base case. When comparing a
younger population with a mean baseline age of
65 years, the model estimated additional incre-
mental QALYs gained and a cost-saving over the
lifetime yielding a higher value compared to the
base-case scenario (i.e., payer, $45,763 vs.
$35,678; societal, $48,472 vs. $37,351). The
expected benefit associated with lecanemab was
further observed in patients with MCI due to
AD with a mean baseline age of 65 years (i.e.,
over 49% increase in total incremental QALYs
yielding 30% increase in value for payer per-
spective and 48% increase in total incremental
QALYs, yielding a 32% increase in value for
societal perspective vs. base case, respectively).
The scenario analysis also explored patient
subsets stratified by the use of symptomatic
drugs including acetylcholinesterase inhibitors
(donepezil, rivastigmine, and galantamine) and
memantine at baseline. Patients without
symptomatic drug use at baseline had higher
QALYs gained (payer, 0.68 vs. 0.61; societal,
0.71 vs. 0.64) compared to the overall popula-
tion, yielding higher value estimates (payer,
$37,069 vs. $35,678; societal, $39,345 vs.
$37,351). When applying the treatment effect
stratified by apolipoprotein E4 (APOE4) gene
carrier status, the estimated value decreased by
6% for carriers and increased by 8% for non-
carriers compared with the base-case. When
patients were further divided into five quintiles
based on their baseline CSF t-tau level, lecane-
mab produced better outcomes and a higher
value in patients with lower t-tau at baseline.
The value changed from 25% to - 19% and 29%
to - 22% from the lowest to highest quintile of
CSF t-tau versus the base case for the payer and
societal perspectives, respectively.

Shorter time horizons resulted in lower
incremental QALYs and less cost-savings,
yielding lower predicted values compared to the
lifetime results from both perspectives. Using
lower mortality HRs derived from the Swedish
dementia registry [24] resulted in 8% (payer)
and 13% (societal) increases in value versus the
base case. The model predicted lower

incremental QALYs compared to the base case
[41]. Results were slightly impacted by using a
different risk of institutionalization and
including screening costs.

The effect of treatment stopping rules and
alternative treatment dosing were explored in
different scenarios. In one scenario, treatment
was stopped after 1.5 years with no residual
benefit. Another scenario assumed the achieved
amyloid reduction over a treatment duration of
1.5 years was maintained over a lifetime even
after discontinuation. The model predicted
lower QALYs gained and lower values in both
cases. When patients were assumed to switch to
a less frequent maintenance dosing schedule
from biweekly dosing in the initial 1.5 years to
once every 4 weeks in the maintenance phase
assuming similar treatment effect to the base
case, the estimated economic value increased by
44% for both payer and societal perspectives.

Sensitivity Analysis

A series of one-way sensitivity analyses were
conducted to demonstrate the impact of vary-
ing the key parameters in the model. The results
from the societal perspective at a WPT threshold
of $200,000 are presented in a tornado diagram
in Fig. 2. Varying the discount rate had the lar-
gest impact on the potential value of lecane-
mab. The predicted value decreased by 4.6% or
increased by 9.8% when applying an annual
discontinuation risk of 10% or 20%, respec-
tively. Varying treatment effect as the percent-
age reduction in CDR-SB at 1.5 years by ± 15%
of the base-case value of 27% changed the value
by 5.8% and – 6.4%, respectively. The predicted
value had a positive correlation with patient
utilities for MCI due to AD and care costs for
moderate and severe AD. Patient utility for
moderate and severe AD, and care costs for MCI
due to AD and mild AD were negatively associ-
ated with lecanemab value. Lower mortality
HRs for severe AD resulted in higher estimated
value for lecanemab. The remaining parameters
tested resulted in a less than 1% change in value
compared to the base case. The results of the
one-way sensitivity analysis can be seen in
Fig. 2.
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DISCUSSION

This modeling analysis used the AD ACE disease
simulator to estimate the value of lecanemab
plus SoC versus SoC alone for various WTP
thresholds based on the phase III CLARITY AD
trial readouts from both the US payer and
societal perspectives. The flexible framework of
AD ACE allowed further assessment on the
influence of different key patient subsets,
applying alternative treatment stopping rules
and dosing regimens, as well as parameter
uncertainty in this study.

The CLARITY AD trial provides compelling
evidence of a clinical benefits of lecanemab. The
treatment clears Ab plaques, alters other disease
biomarkers, and lessens clinical decline in
individuals with early AD [7]. The observed
treatment effect expanded with time on ther-
apy, and indicated a disease-modifying effect.
In this study, however, we assumed that the
treatment effect would remain constant during
the on-treatment period, in which patients were
receiving lecanemab treatment, and continued
at this same rate throughout the follow-up
period. Treatment may be discontinued due to
AEs or if the patient transitions to moderate AD
dementia or a more severe stage. The aligns
with the guidance and recommendations of the

Alzheimer’s Association working group, which
consists of experienced and internationally
recognized clinicians and researchers [44]. The
group aimed to reassess the definition of a sig-
nificant and meaningful benefit or slowing of
ADs, while prioritizing the needs of patients and
their families. According to the working group,
if treatments are continued long-term—longer
than the 18 months of a typical Phase III Alz-
heimer’s trial—and sustain their effectiveness at
the same modest levels as in the clinical trial,
they would be expected to show cumulative
benefits that become larger, more readily
apparent, and more meaningful over time. [44]
Given that treatment effect expanded with time
on therapy over the 18-month trial duration in
the CLARITY AD, our modeling assumption
may have been conservative.

In the base case, early AD stage patients with
MCI due to AD or mild AD dementia had an
additional 0.61 gain in QALYs (societal, 0.64)
and $6,263 decrease in total non-treatment
costs (societal, $7,451) when treated with leca-
nemab plus SoC versus SoC alone. For people
treated with lecanemab, the total institutional
care costs decreased by $12,439 (societal,
$16,207) while the total community care costs
increased by $5,091 (societal, $7,671) as treated
patients spent more time in the community
care over their lifetime. Compared to Study 201,

Fig. 2 One-way sensitivity analyses results. AD Alzheimer’s disease, CDR-SB clinical dementia rating sum of boxes, MCI
mild cognitive impairment
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fewer patients in the CLARITY AD trial discon-
tinued treatment during the 18-month trial
period, resulting in a longer mean time on
treatment (3.91 years vs. 3.77 years in the pre-
vious analysis). At WTP threshold of $200,000
per QALY gained, the estimated annual value
for lecanemab was $35,678 and $37,351 from
the payer and societal perspectives, respectively.
Considering the severity of ADs disease and its
substantial burden, these findings provide
strong evidence for the overall societal value of
lecanemab.

The scenario analyses showed that lecane-
mab had a greater impact on total incremental
costs and QALYs when initiated at earlier ages
in patients with MCI due to AD dementia, and
in patients earlier in their tau pathology (lower
quintiles). The estimated QALYs gained ranged
from 0.67 to 0.91 in the MCI due to AD subset
versus 0.36 in the mild AD dementia subset,
which was consistent with our previous findings
based on Study 201 population characteristics
and emphasizes the importance of early detec-
tion and treatment in AD [9]. A subset of
patients with symptomatic drug use at baseline
had lower QALYs gained yielding a lower value
estimate compared to the overall patient pop-
ulation. APOE4 is a strong risk factor gene for
developing AD, and carriers of APOE4 alleles
were shown to have a higher risk and earlier
onset of AD than non-carriers [45]. In the sce-
nario where stratified treatment effect by
APOE4 gene carrier status was explored, the
predicted value was 6% lower for carriers and
8% higher for non-carriers compared to the
base-case estimates.

Scenario analyses of treatment stopping rules
and treatment dosing were conducted to
explore the impact of alternative assumptions
on the model results. The study findings indi-
cated that a shorter time on treatment resulted
in lower QALYs gained and less cost savings. A
less frequent dosing regimen in the mainte-
nance phase while assuming the same treat-
ment effect as the base case increased the value
by 44%.

A main update of this study compared to the
previous preliminary assessment was that it
used the recently published data from the large
phase III CLARITY AD trial to assess the cost-

effectiveness of lecanemab. To align with the
primary outcome of the trial, a calibration pro-
cess regarding the treatment effect on amyloid
levels was carefully conducted (illustrated in
Fig. 1) until the treatment effect observed in the
model matched with the target values from the
CLARITY AD study. This process continued
beyond the time horizon of the CLARITY AD
trial by using another study exploring the effect
of continued treatment of lecanemab [29].

This study also has some limitations. Firstly,
in this study, the amyloid PET level serves as a
surrogate endpoint assumed to mediate or pre-
dict the effects of lecanemab on the key trial
outcomes. If this conditional independence
assumption is unwarranted, the mean cost and
QALY estimates may be biased, and uncertainty
may be underestimated [46]. The use of
unsuitable surrogate endpoints and lack of
accounting for uncertainty could impact future
research efforts. However, lecanemab was
shown to reduce brain amyloid levels and was
associated with less decline on clinical measures
of cognition and function than placebo in the
large phase III CLARITY AD confirmatory trial.
Next, while a strength of this model is the use of
relevant studies to obtain data regarding key
parameters, such as the mortality risk, costs,
utility, and risk of institutionalization, uncer-
tainty continues to exist in these parameters.
Scenario and sensitivity analyses in our study
aimed at reducing prediction uncertainty on
model outputs. Furthermore, while the indirect
treatment effects were assessed using CDR-SB,
the behavior, dependence, function, and other
domains were not examined. Moreover, disease
severity, which was used to model patient util-
ities and the institutionalization risk, was esti-
mated based on a single—but validated and
widely used—measure (CDR-SB). The key
assumptions underlying the model require fur-
ther validation based on data derived from
clinical trials with long-term follow-up periods
and longitudinal real-world evidence. Such
evidence will inevitably emerge following the
market authorization of lecanemab, enabling
the collection of real-world data. Finally, while
studies of disease progression using ADNI have
highlighted the pivotal role of regional Ab and
tau deposition in AD and have identified
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genetic factors underlying the disease, the
restrict inclusion and exclusion criteria and lack
of diversity in ethnocultural cohorts may have
limited external validity [47]. Altogether, in this
study, lecanemab exhibited the ability to delay
AD onset, thereby increasing the number of
disease-free years and reducing care-related
costs, significantly benefiting not only patients
and their caregivers but also society overall.

CONCLUSION

The economic analysis suggested that lecane-
mab plus SoC compared with SoC alone could
lead to higher health and humanistic (quality of
life) outcomes and lower economic burden for
patients and caregivers in early AD. The findings
of this study demonstrate the potential eco-
nomic and societal value of lecanemab and can
be used as a foundation for healthcare decision-
making and health policy.
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