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ABSTRACT

Introduction: Alzheimer’s disease (AD) is a
progressive, neurodegenerative disease and is
the most common cause of dementia. Lecane-
mab is a humanized monoclonal antibody tar-
geting amyloid protofibrils for the treatment of
early AD. In the phase II BAN2401-G000-201
trial (NCT01767311), lecanemab reduced amy-
loid accumulated in the brain and slowed pro-
gression on key global and cognitive scales
evaluating efficacy after 18 months of
treatment.
Methods: A disease simulation model was used
to predict the long-term clinical outcomes of
lecanemab for patients with early AD [i.e., mild
cognitive impairment (MCI) due to AD and
mild AD dementia] on the basis of BAN2401-
G000-201 trial data and published literature.

The model captures the pathophysiology and
management of AD, with a focus on simulating
the effects of disease modification and early
intervention on disease progression. The model
compares lecanemab in addition to standard of
care (SoC) versus SoC alone.
Results: Lecanemab treatment was estimated to
slow the rate of disease progression, resulting in
an extended duration of MCI due to AD and
mild AD dementia and shortened duration in
moderate and severe AD dementia. The mean
time to mild, moderate, and severe AD demen-
tia was longer for patients in the lecanemab ?

SoC group than for patients in the SoC group by
2.51, 3.13, and 2.34 years, respectively. On base-
case analysis, lecanemab was associated with
0.73 incremental life years (LY) and 0.75 incre-
mental quality-adjusted LYs (QALY), and the
caregiver QALYs lost was reduced by 0.03 years.
The model also predicted a lower lifetime
probability of admission to institutional care in
lecanemab ? SoC versus SoC group (25% versus
31%).
Conclusion: The model results demonstrate the
potential clinical value of lecanemab for
patients with early AD and how it can slow the
rate of disease progression and reduce the life-
time probability for institutionalized care.
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Key Summary Points

Alzheimer’s disease (AD) is the most
common cause of dementia and the
leading cause of death among older
populations in the USA, which exerts a
significant burden on patients and their
caregivers.

The objective of this analysis was to assess
the lifetime health outcomes of
lecanemab in the treatment of early AD
using a patient-level disease simulation
model.

Lecanemab treatment was estimated to
slow the rate of disease progression,
increase time with mild cognitive
impairment and mild AD, and reduce
time with moderate and severe AD; in
addition, it was estimated to reduce the
lifetime probability of being
institutionalized for patients treated with
lecanemab in addition to standard of care
(SoC) versus SoC only.

Predicted health outcomes provide a
foundation for healthcare decision-
makers to understand the potential
clinical and socioeconomic value of
lecanemab.

INTRODUCTION

Alzheimer’s disease (AD) is a progressive, neu-
rodegenerative disease that affects memory,
thinking, and behavior. It is the most common
cause of dementia and the leading cause of
death among older populations. AD accounts
for 60–80% of all dementia cases, affecting an
estimated 1 in 14 people over the age of 65 years
and 1 in 6 people older than 80 years [1]. AD is
the fifth-leading cause of death among Ameri-
cans age 65 and older, accounting for 120,000
deaths in 2019 [2]. It is projected that the

population age 65 and older will reach 74 mil-
lion by 2030, with 8.5 million living with AD
[1].

AD may initially present as mild cognitive
impairment (MCI) and advance through mild,
moderate, and severe stages of dementia. MCI
due to AD is the symptomatic pre-dementia
phase of AD; these individuals have subtle
cognitive changes and more memory problems
than are normal for their age, but their symp-
toms do not interfere with everyday activities.
People with severe AD rely completely on others
for their care, which is a significant burden on
caregivers. AD is diagnosed by demonstrating
the presence of the characteristic neuropatho-
logical hallmarks, beta-amyloid (Ab) plaques
and neurofibrillary tangles. Positron emission
tomography (PET) imaging of the brain and
lumbar puncture are often used to determine
the level of Ab, total tau (T-tau), and phospho-
rylated tau (P-tau) in cerebrospinal fluid (CSF)
during the diagnosis of dementia due to AD [1].
Pharmacologic therapies are the standard of
care (SoC) for AD dementia management, and
include memantine and cholinesterase inhibi-
tors, such as donepezil, rivastigmine, and
galantamine [3, 4]. New studies are focusing on
disease-modifying therapies (DMT) to produce
an enduring change in the clinical progression
of AD by interfering with the underlying
pathophysiological mechanisms of the disease
process, often through a variety of primary or
intermediate mechanisms such as effects on
amyloid or tau [5]. DMTs are the most common
type among the 120? agents currently being
studied in more than 150 clinical trials of
treatments for AD [6]. Aducanumab, a mono-
clonal antibody directed at Ab plaques, was
approved by the US Food and Drug Adminis-
tration under the accelerated approval pathway
for AD [7]. A recent study assessed the long-term
clinical outcomes of aducanumab for patients
with early AD; the treatment was predicted to
provide a lower lifetime probability of patients
transitioning to AD dementia and institution-
alized care as well as delays in the median time
to transition to AD dementia and institution-
alization [8].

Lecanemab, also called BAN2401, is a
humanized monoclonal antibody targeting
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amyloid protofibrils—a soluble aggregated form
of Ab—for the treatment of AD, which was
explored in the BAN2401-G000-201 trial (Study
201; NCT01767311) [9]. Two ongoing phase III
clinical trials are exploring the safety and effi-
cacy of lecanemab in individuals with preclini-
cal AD (AHEAD 3–45; NCT04468659 [10]) and
individuals with early AD (CLARITY AD;
NCT03887455) [11]. Study 201 was a random-
ized, double-blinded, phase II study using a
Bayesian adaptive design with response-adap-
tive randomization to assess the efficacy and
safety of lecanemab versus placebo in 856
patients with MCI due to AD and mild AD
dementia. All eligible subjects were confirmed
amyloid positive via amyloid PET or CSF
Ab1–42. The trial did not meet the 12-month
primary endpoint of super-superiority to pla-
cebo on the AD Composite Score (ADCOMS),
which indicates a[80% probability of[ 25%
slowing; however, statistical significance was
achieved on key endpoints evaluating efficacy
after 18 months of treatment in patients
receiving the highest treatment dose (10 mg/kg
biweekly) compared with placebo. This inclu-
ded reduction of amyloid by PET standard
uptake value ratio (SUVr) accumulated in the
brain (-0.30 adjusted mean change from base-
line) and slowing cognitive decline measured
with ADCOMS by 30%, Clinical Dementia Rat-
ing Scale-Sum of Boxes (CDR-SB) by 26%, and
AD assessment scale-cognitive subscale 14 by
47% [12]. Dose-dependent changes from base-
line were observed across the PET results and
the clinical endpoints.

The objective of this analysis was to assess
the long-term health outcomes of lecanemab in
the treatment of early AD. An evidence-based
disease simulation model was developed using
data from Study 201 and published literature to
compare lecanemab ? SoC versus SoC alone in
a cohort of patients with MCI due to AD and
mild AD dementia. The modeled base case
explored the population with early AD who had
MCI due to AD and mild AD dementia and
confirmed Ab pathology. Assessments were also
conducted in key patient subsets: MCI due to
AD; mild AD dementia; and early AD with a
mean age of 65 years.

METHODS

Model Structure

The AD Archimedes condition-event (ACE)
model is a patient-level simulator that captures
the pathophysiology and management of AD,
focusing on the effects of disease modification
and early intervention on disease progression.
Disease progression is simulated on the basis of
changes in the underlying biomarkers (e.g.,
measures of Ab and tau levels), and their con-
nections to clinical presentation of AD, which
are measured by various patient-level scales of
cognition, behavior, function, and dependence
(Fig. 1). The relationships among changes in
these measures over time are quantified using
predictive mixed linear equations derived from
long-term observational data from the AD
Neuroimaging Initiative (ADNI) [13]. ADNI
offers valuable insight into the long-term nat-
ural history of AD from patients with subtle
cognitive dysfunction to patients with early AD.
A total of 1735 patient profiles from ADNI are
included in AD ACE with normal cognition
through mild AD dementia. Stored baseline
characteristics for these patients can be used to
select a specific patient subset with certain
characteristics (e.g., age, disease severity). The
patients in a defined subset are randomly sam-
pled and simulated in the AD ACE model to
study disease progression and treatment effects
under different scenarios. Full details on the AD
ACE model structure and equations have been
previously published [14, 15].

Model Parameters

The BAN2401-G000-201 (Study 201) 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 institu-
tional 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 anal-
yses and response-adaptive randomization
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design to evaluate the safety routinely and
review the futility analysis results.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors. Model parameters were
primarily informed by published literature or
the Study 201 outcomes.

Base-Case Population and Patient Subsets
Explored in Scenario Analyses
Both Study 201 and the base-case population in
this modeling work were focused on patients
with MCI due to AD and mild AD dementia and
confirmed Ab pathology. Hence, a population
of patients with early AD with characteristics
similar to the trial population was selected for

the base-case analysis. A subset of 429 individ-
ual patient profiles were selected from the
existing 1735 ADNI patients in the AD ACE
simulator that were matched on the key trial
inclusion criteria: age range 50–90 years, Mini-
Mental State Examination C 22, Clinical
Dementia Rating (CDR) 0.5, and amyloid PET
SUVr level C 1.1 [9]. The mean baseline char-
acteristics of the selected profiles were closely
aligned with the placebo and 10 mg/kg
biweekly lecanemab groups of the trial, as
shown in Table 1.

Alternative populations defined by age and
baseline disease severity were considered in the
scenario analyses. Alzheimer’s disease pro-
gresses along a continuum of severity and with
varying disease trajectories [16]. The extent to

Fig. 1 High-level model diagram outlining the key
relationships in AD ACE simulator. AD Alzheimer’s
disease, DMT disease-modifying therapy, ADAS-Cog
Alzheimer’s Disease Assessment Scale-Cognitive, ADL
activities of daily living, ApoE4 apolipoprotein E4,
ARIA-E amyloid-related imaging abnormalities-edema/ef-
fusion, CDRSB Clinical Dementia Rating Sum of Boxes,
CSF t-tau cerebrospinal fluid total tau, DAD Disability
Assessment Scale for Dementia, DS dependence scale,
FDG-PET fluorodeoxyglucose–positron emission tomog-
raphy, IADL instrumental activities of daily living, MMSE
Mini-Mental State Examination, NPI Neuropsychiatric
Inventory Questionnaire, PET positron emission

tomography, SUVr standard uptake value ratio. *Key
baseline patient characteristics: age, sex, race, education,
ApoE4 status, baseline biomarkers, baseline scales. �DMT
effect is directly applied on amyloid PET SUVr level.
�Includes ARIA-E. §DMT is initiated in patients with
confirmed amyloid positive MCI due to AD or mild AD
and discontinues once patients progress to moderate AD.
}Defined by CDRSB thresholds: MCI due to AD\ 4.5,
mild AD C 4.5 to\ 9.5, mild AD C 9.5 to\ 16, severe
AD C 16
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which dementia progresses is also highly vari-
able, which affects clinical outcomes. Hence, an

average disease trajectory may not truly repre-
sent the reality in modeling clinical outcomes.

Table 1 Base-case patient characteristics and key model inputs

Baseline characteristic ADNI subpopulation Trial population
(10 mg/kg biweekly lecanemab/placebo)

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

Age, median (range), years 71.5 (55–80) 73 (51–88)/72 (50–89)

PET SUVr, mean (SD) 1.38 (0.14) 1.37 (0.16)/1.40 (0.16)

MMSE, mean (SD) 25.9 (2.1) 25.6 (2.4)/26.0 (2.3)

CDR-SB, mean (SD) 2.8 (1.5) 3.0 (1.4)/2.9 (1.5)

Female, % 46% 42%/58%

Patient utilities* Values Source

MCI due to AD 0.80 Landeiro et al. [23]

Mild AD dementia 0.74

Moderate AD dementia 0.59

Severe AD dementia 0.36

Caregiver disutilities* Values Source

MCI due to AD 0.000 Assumption

Mild AD dementia 0.036 Mesterton et al. [26]

Moderate AD dementia 0.070

Severe AD dementia 0.086

Proportion institutionalized, % Values Source

MCI due to AD 0.0% Assumption

Mild AD dementia 3.8% Neumann et al. [24]

Moderate AD dementia 11.0%

Severe AD dementia 25.9%

HRs for mortality (versus general population) Values Source

MCI due to AD 1.00 Assumption

Mild AD dementia 2.92 Andersen et al. [19]

Moderate AD dementia 3.85

Severe AD dementia 9.52

Ab beta-amyloid, AD Alzheimer’s disease, ADNI Alzheimer’s Disease Neuroimaging Initiative, CDR-SB Clinical Dementia
Rating Sum of Boxes, HR hazard ratio, MCI mild cognitive impairment, MMSE Mini-Mental State Examination, PET
positron emission tomography, SD standard deviation, SUVr standard uptake value ratio
*Applied in both the community and institutional care settings
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In addition, Petersen et al. [17] reported an
estimated 15–20% of adults over 65 years of age
met the criteria for MCI, where the prevalence
of MCI increased with age from 6.7% for ages
60–64 years to more than 25% for ages 80–-
84 years. Treatment may then be initiated at a
younger age than in clinical trial settings
[16, 17].

The impact of early or late treatment on
delaying the onset of AD dementia or progres-
sion to more severe AD was explored through
patient subsets defined on the selected base-case
ADNI profiles. Online Supplementary Material
Table S1 provides details on each subset. Sce-
narios included various subsets of patient pro-
files to explore the impact of earlier treatment
initiation. These included: (1) early AD with a
median baseline age of 65 years versus
71.5 years in the base case; (2) MCI due to AD;
and (3) MCI due to AD with a mean baseline age
of 65 years. The impact of later treatment was
explored in a subset with mild AD dementia.
Additional patient profiles were grouped
according to quintiles based on the range of
baseline CSF t-tau in the selected base-case
ADNI profiles; these subsets explored the
impact of early-to-late treatment based on the
level of neurodegeneration as measured by CSF
t-tau.

Disease Progression
The AD ACE disease equations developed from
analyses of longitudinal patient-level data from
the ADNI dataset [13] were used to model the
natural history progression of AD for patients
managed according to SoC. ADNI patients with
confirmed Ab pathology were considered in this
modeling simulation to be consistent with the
main study inclusion criteria and patient eligi-
bility in the lecanemab trial. Using the AD ACE
model, 2000 individual patient profiles were
sampled from selected ADNI patients and sim-
ulated separately on the lecanemab ? SoC and
SoC alone arms to capture AD natural history,
disease trajectory, and treatment effect.

The model used CDR-SB thresholds to define
AD severity levels for patients, as their predi-
cated cognition level deteriorate over time (i.e.,
MCI due to AD\4.5, mild AD C 4.5 to\ 9.5,
mild AD C 9.5 to\16, severe AD C 16). Patient

utility, caregiver disutility, and hazard of mor-
tality changed as patients progressed to more
advanced stages of AD.

Mortality
Mortality was modeled in AD ACE by applying
hazard ratios (HR) to age-specific US general
population survival [18] to naturally increase
the probability of death across all health states
as patients age. HR estimates from Andersen
et al. [19] were used for the base-case settings
(Table 1); this randomly drawn population-
based cohort study in which participants were
followed for 14 years demonstrated that the
presence and severity of AD dementia were
associated with reduced survival. In base-case
analysis, it was assumed that the presence of
MCI due to AD did not impact the risk of
mortality. Wilson et al. [18] reported an
increased risk of mortality for patients with MCI
in a US population that was considered in the
scenario analysis to explore the potential
impact of excess mortality in patients with MCI
due to AD. Impact of alternative HRs from
Wimo et al. [20] were also explored in the sce-
nario analysis.

Institutionalization
The model used estimates derived from the
Consortium to Establish a Registry for Alzhei-
mer’s Disease [21] data to inform the proportion
of patients at each AD severity level who were
institutionalized (Table 1). Patients were subject
to an annual risk of institutionalization that
varied according to AD disease severity. No risk
of institutionalization was assumed for patients
with MCI due to AD due to limited evidence in
the literature and potential minimal impact on
the outcomes.

Treatment Effect and Dosing
No changes were made to the published AD
ACE disease equations to model the treatment
effects of Study 201; the model used matching
equations to predict progression in the lecane-
mab ? SoC and SoC alone arms over time. A set
of calibrated reductions were initially applied to
the predicted amyloid PET SUVr values in the
model’s SoC arm to match the observed
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treatment effects in two key trial endpoints over
trial duration (i.e., -0.30 mean reduction in
amyloid PET SUVr and 26% decline in the rate
of change in CDR-SB over 18 months).

AD ACE disease equations predict the change
in a given measure over time on the basis of
selected baseline characteristics and prior values
and rate of change of selected biomarkers and
cognitive/behavioral measures. Amyloid PET is
a predictor in all AD ACE disease equations;
hence any calibrated reductions in amyloid PET
SUVr at a given timepoint would impact the
prediction of amyloid PET SUVr and other
modeled biomarkers and scales at later
timepoints.

The calibrated reduction in amyloid PET
SUVr resulted in different trajectories of amy-
loid and CDR-SB for patients in the lecane-
mab ? SoC and SoC arms (Fig. 2). These mean
trajectories were generated on the basis of a

simulation of 2000 sampled ADNI patients in
AD ACE and indicated that the predicted AD
natural history in the SoC arm and the cali-
brated treatment effect applied in the lecane-
mab ? SoC arm of the model were both closely
aligned with the trial outcomes. The change in
mean CDR-SB of simulated patients in the pla-
cebo arm of the model was 1.58 over the
18-month time horizon, similar to the 1.50
CDR-SB change reported by the trial. The
reductions achieved in amyloid PET SUVr
(-0.30) and CDR-SB (26%) also perfectly mat-
ched what was observed in the trial.

Beyond the trial duration, treatment effect
was further calibrated on the amyloid PET SUVr
level to match its mean value across all simu-
lated profiles to approximately 0.9, i.e., the
mean amyloid level observed in cognitively
normal individuals in the ADNI dataset. The
amyloid level was further maintained at that

Fig. 2 Calibration of treatment effect on amyloid level
during and beyond trial time horizon. AD Alzheimer’s
disease, CDRSB Clinical Dementia Rating Scale-Sum of
Boxes, MCI mild cognitive impairment, PET positron

emission tomography, SoC standard of care, SUVr
standard uptake value ratio
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level until treatment discontinuation, after
which amyloid progression followed the natural
history. This assumption was reviewed and
approved by clinical experts. In the base-case
scenario, patients on treatment were assumed
to receive a 10 mg/kg intravenous biweekly dose
of lecanemab and remain on treatment until
progression to moderate AD or a worse health
state defined as CDR-SB C 9.5. Treatment stop-
ping rules based on a fixed treatment durations
of 1.5, 3, and 5 years were explored in scenario
analyses. Recent results from the EMBARK trial
for aducanumab indicated that reduction of
amyloid plaque levels was maintained during a
1.6-year treatment gap from feeder studies to
the EMBARK baseline [22]. Hence, a scenario
was included to explore a residual effect for
lecanemab even after treatment stoppage (i.e.,
1.5 years treatment duration ? maintain
reduced amyloid level).

Treatment Discontinuation
In the base-case analysis, no treatment discon-
tinuation was assumed to help assess the true
efficacy of treatment with lecanemab and its
impact on clinical outcomes in study partici-
pants who strictly adhered to the protocol and
planned treatment. In Study 201, the discon-
tinuation risk was 35.6% (217 subjects) in the
lecanemab treatment groups compared with
23.3% (57) in the placebo group over the
18-month trial period [12]. In particular, the
risk was higher in the lecanemab 10 mg/kg
monthly [36.4% (92)] and biweekly groups
[44.1% (71)] for reasons considered unrelated to
treatment (i.e., subject choice, treatment-emer-
gent adverse events, or others). In the latter
group, many subjects who were apolipoprotein
E4 (ApoE4) carriers and were on treatment for
less than 6 months were discontinued in
accordance with request of one regulatory
authority that was related to a safety observa-
tion for ApoE4 carriers receiving the highest
dose of lecanemab and the risk of developing
amyloid-related imaging abnormalities-
edema/effusion (ARIA-E) events. Only 24.8% of
participants in the 10 mg/kg biweekly group
discontinued treatment for reasons considered
related to treatment [i.e., adverse events (AEs),
subject choice, or inadequate therapeutic

effect]. This translated into a 17.3% annual risk
of discontinuation, which was explored in the
scenario analyses to help assess the predicted
outcomes in those not fully adhering to treat-
ment regimen. The protocol for Study 201
mandated treatment discontinuation due to
ARIA-E, whereas in the two ongoing phase III
studies, treatment can be continued despite
asymptomatic mild ARIA-E ; for other ARIA-E
events, dosing can be paused until resolved.
Annual discontinuation risk levels of 10% and
20% were explored as alternatives in the sce-
nario analysis to account for the potential
impact of this adjustment.

AEs
In Study 201, the incidence rates of serious AEs
and treatment-emergent AEs other than ARIA-E
and infusion reactions aligned with those
expected for a population with early AD and
were similar across the placebo and lecanemab
treatment groups. Infusion reactions observed
in the trial were mostly mild to moderate (grade
1 to 2) and typically responded to prophylactic
treatment. Sixteen cases of ARIA-E were
observed in 161 subjects in the 10 mg/kg
biweekly group, three of which were symp-
tomatic cases, consisting of headache, visual
disturbances, or confusion [12]. Hence, the
model only accounted for the impact of ARIA-E
with a 9.9% occurrence rate in the first year, and
only 18.8% of these cases were symptomatic.
Discontinuation due to ARIA-E was not
accounted for in the model, as they resulted in
only short treatment interruptions.

Utilities
Utility measures of health-related quality of life
are preference values that patients assign to
their overall health status that summarize both
positive and negative effects of quality of life
into one score between 0 (equal to death) and 1
(equal to perfect health). There are different
approaches to measure utility based on patient
responses to questions about their functional
status, or assignment of a single rating to their
overall health by means of rating scale, time
tradeoff, or willingness to pay. Patient utilities
were informed by a fixed-effect meta-analysis
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conducted using studies identified in a system-
atic literature review by Landeiro et al. [23],
which included utilities for individuals at each
AD severity level derived from European Quality
of Life-5 Dimensions (EQ-5D) instrument. The
same utility estimated on the basis of disease
severity was used in the community and insti-
tutionalized settings (Table 1). Alternative val-
ues from Neumann et al. [24] were considered
in the scenario analysis. In addition to the
health state utilities, a disutility of -0.14 esti-
mated for headache [25] was applied to patients
experiencing ARIA-E for 12 weeks [12]. Care-
giver disutilities were informed on the basis of
Mesterton et al. [26]; patients were assumed to
have one caregiver during their lifetime.

Model Outcomes

Clinical findings have suggested that treatment
with lecanemab impacts disease pathology and
slows clinical decline in early AD when com-
pared with placebo. The current study aimed to
measure the lifetime health outcomes of leca-
nemab in delaying the onset of AD dementia or
clinical worsening in patients with early AD.
The mean and median time of delay in each of
the current health states and the transition time
to the immediate next state were estimated.

The main model outcomes included the
mean and incremental health outcomes of
lecanemab ? SoC versus SoC, and the lifetime
impact of lecanemab on delaying the
mean/median time to key events such as
mild/moderate/severe AD dementia and insti-
tutional care. Outcomes related to the impact of
treatment on time spent in community/insti-
tutional care and proportion of patients pro-
gressing to more severe AD, being
institutionalized, or discontinuing treatment
were also reported by the model. Survival anal-
yses were applied to individual patient results to
estimate the mean (area under the curve) and
median time to key events. The model also
reported on the first time at which 50% of alive
patients were in a certain condition, such as
progression to mild AD dementia or worse (i.e.,
median time to event [of those alive]).

The model captured the mean and incre-
mental patient life years (LY) by AD severity
level in both community and institutional care
settings. An annual discount rate of 3% was
applied to overall discounted LYs and quality-
adjusted LYs (QALY). The overall QALYs were
further broken down to patient QALYs, care-
giver QALYs lost, and QALYs lost to ARIA-E AEs.
Equal value of LYs (EvLYs) gained was also cal-
culated by applying age-specific general popu-
lation utility values to periods corresponding to
survival gains for lecanemab [27].

RESULTS

Base-Case Analysis

The base-case analysis explored the potential
long-term health outcomes of lecanemab for
patients with early AD over a lifetime horizon.
All base-case results presented in Table 2 were
generated on the basis of a lifetime simulation
of 2000 patients sampled from the ADNI patient
profiles. As illustrated in Fig. 3, the rate of dis-
ease progression decreased for patients treated
with lecanemab ? SoC compared with those
treated with SoC alone, and treated patients
spent more time in the earlier stages of disease.
Compared with SoC alone, the proportions of
patients on lecanemab ? SoC who progressed
to mild AD, moderate AD, and severe AD were
reduced by 7%, 13%, and 10%, respectively. The
model also predicted a 25% lifetime probability
of needing institutional care for patients treated
with lecanemab ? SoC versus 31% for those
who received SoC alone. The estimated mean
time on treatment was 6.63 years, and 48% of
patients discontinued treatment because of
progression to moderate AD.

The mean/median time-to-event outcomes
all increased for patients in the lecanemab ?

SoC group versus SoC alone by increments of
2.51/0.99 years for mild AD; 3.13/1.95 for
moderate AD; 2.34/2.01 for severe AD; and
0.74/0.69 for institutional care. The incremen-
tal median times to mild and moderate AD (of
those alive) were 0.87 and 3.44, respectively,
although the median time was not reached for
severe AD and institutional care.
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Table 2 Base-case results

Modeled health outcomes SoC Lecanemab 1 SoC Incremental

Patients with/progressed to mild AD dementia, % 92% 85% 27%

Patients with mild AD dementia at baseline 17% 17% 0%

Patients progressed to mild AD dementia 75% 68% -7%

Patients progressed to moderate AD dementia, % 61% 48% -13%

Patients progressed to severe AD dementia, % 36% 26% -10%

Patients institutionalized, % 31% 25% -6%

Patients discontinued treatment, % NA 48% NA

Mean time to event� (undiscounted, years)

Mild AD 3.10 (2.84–3.42) 5.61 (5.12–6.16) 2.51

Moderate AD 6.14 (5.81–6.54) 9.27 (8.60–10.02) 3.13

Severe AD 9.07 (8.62–9.62) 11.41 (10.74–12.17) 2.34

Institutional care 6.96 (6.56–7.39) 7.70 (7.16–8.28) 0.74

Median time to event (years)

Mild AD 2.15 3.14 0.99

Moderate AD 5.15 7.10 1.95

Severe AD 8.09 10.10 2.01

Institutional care 6.65 7.34 0.69

Median time to event (of those alive) (years)

Mild AD 1.84 2.71 0.87

Moderate AD 5.59 9.03 3.44

Severe AD 10.41 NR NA

Institutional care 15.25 NR NA

Time on treatment (undiscounted, years) NA 6.63 NA

Total LYs (undiscounted) 7.37 (7.18–7.55) 8.40 (8.17–8.63) 1.03

Time in community care 6.34 7.50 1.16

MCI due to AD 2.47 3.83 1.36

Mild AD 2.45 2.58 0.14

Moderate AD 1.10 0.89 -0.22

Severe AD 0.33 0.22 -0.11

Time in institutional care 1.02 0.89 -0.13

MCI due to AD 0.00 0.00 0.00
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In the base-case analysis, patients treated
with lecanemab ? SoC were estimated to spend
11.6 more years in community care and 0.13
fewer years in institutional care compared with

the SoC group, which translated into overall
incremental survival of 1.03 years (8.40 years
for lecanemab ? SoC versus 7.37 years for SoC).
In both care settings, lecanemab treatment was

Fig. 3 Patient disposition in different AD severity levels or death over lifetime (lecanemab ? SoC versus SoC). AD
Alzheimer’s disease, MCI mild cognitive impairment, SoC standard of care

Table 2 continued

Modeled health outcomes SoC Lecanemab 1 SoC Incremental

Mild AD 0.14 0.18 0.04

Moderate AD 0.34 0.32 -0.02

Severe AD 0.54 0.38 -0.16

Total LYs (discounted) 6.38 7.11 0.73

Total QALYs (discounted) 4.22 (4.13–4.31) 4.97 (4.85–5.09) 0.75

Patient QALYs, total 4.43 5.15 0.72

Lost to ARIA AEs NA 0.001 NA

Caregiver QALYs lost 0.21 0.18 -0.03

Total EvLYG (discounted) 4.22 5.12 0.90

Bold fonts are used to report both main events and row headings
AD Alzheimer’s disease, AE adverse event, ARIA amyloid-related imaging abnormalities, EvLYG equal value of life-years
gained, LY life-year, MCI mild cognitive impairment, NA not applicable, NR not reached, QALY quality-adjusted life-year,
SoC standard of care
�The average survival from time 0 to a specified timepoint was estimated as the area under the survival curve up to that
point
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estimated to result in longer time with mild AD
and shorter time with moderate and severe AD.
When accounting for health discount, the
model predicted incremental total LYs and
QALYs of 0.73 (7.11 versus 6.38) and 0.75 (4.97
versus 4.22), respectively, for lecanemab ? SoC
versus SoC only. Incremental QALYs were esti-
mated at 0.72 for patients (5.15 versus 4.43),
whereas incremental caregiver QALYs lost were
-0.03 (0.18 versus 0.21) for patients treated
with lecanemab ? SoC versus SoC alone. Mini-
mal incremental QALYs lost due to ARIA AEs
was estimated from the model.

Scenario Analyses

The impacts of alternative population subsets,
model settings, input sources, and assumptions
were assessed in scenario analyses. Outcomes,
including QALYs, mean time to mild AD
dementia, and mean time to moderate AD
dementia are presented in Table 3; other
detailed outputs from the model are provided in
Online Supplementary Material.

When including the subset of patients with
MCI due to AD, the model estimated similar
incremental mean time to AD dementia (2.53
versus 2.51 years), longer incremental mean
time to moderate AD dementia (3.34 versus
3.13 years), and 0.07 additional QALYs over a
lifetime compared with the base case. In the
mild AD dementia subset, the overall gain in
QALYs decreased by 0.39 and the patient pro-
gressed to moderate AD dementia faster com-
pared with the base-case scenario where most
patients did not have AD dementia at baseline.
Initiating lecanemab in patients with early AD
with a median baseline age of 65 years resulted
in an additional QALY gain of 0.23 over a life-
time and a slight delay in progression to mod-
erate AD dementia. Additional QALY gains of
0.37 over a lifetime and an additional 0.78 years
incremental mean time to AD dementia were
observed to be higher for patients initiating
lecanemab compared with the base case in the
subset with MCI due to AD with a mean base-
line age of 65 and who were earlier in their
disease trajectory. The results for patients were
further divided into quintiles based on baseline

CSF t-tau level and indicated that lecanemab
treatment was associated with better clinical
outcomes and QALYs in the lower quintiles that
included patients earlier in their tau tangle
pathology.

The shorter time horizon of 5 and 10 years
resulted in smaller predicated incremental
QALYs (0.11 and 0.43 years, respectively) and
lower delay in time to mild and moderate AD
dementia compared with the lifetime base case.
Adjusting the discount rate to 0.0% and 5%
resulted in an incremental QALY gain of 1.02
and 0.61, respectively.

Scenario analyses were also conducted using
alternative sources to inform the parameters of
inputs for mortality and patient utility. Using
HRs from Wimo et al. [20] did not significantly
impact the incremental QALYs but resulted in a
decrease in incremental mean time to moderate
AD dementia compared with the base case (2.16
versus 3.13 years). The incremental QALYs
declined by 0.08 compared with the base case
when Neumann et al. [24] was used to inform
patient utilities in different AD severity levels.

The effect of treatment discontinuation and
duration was further explored in different sce-
narios. Patients followed the natural history of
disease once they discontinued/stopped treat-
ment in all scenarios except one tested scenario
in which the achieved amyloid reduction over
treatment duration of 1.5 years was maintained
over a lifetime after discontinuation. Longer
treatment duration resulted in higher predicted
gain in QALYs and a longer delay in time to
mild and moderate AD. An annual discontinu-
ation risk of 17.3% was applied to align with the
risk observed in the trial; this resulted in 4.86
QALYs for patients treated with lecanemab ?

SoC versus 4.97 for the base case—a -0.11
change—as well as shorter times to mild and
moderate AD (-0.64 and -0.63 years,
respectively).

DISCUSSION

This modeling analysis used the AD ACE disease
simulator to evaluate the long-term health
benefits of treatment with lecanemab. The
flexible modeling framework of AD ACE

876 Neurol Ther (2022) 11:863–880



allowed assessment of the impact of different
patient subsets and major sources of uncer-
tainty in this study. The base-case results indi-
cated that, for amyloid-positive patients
diagnosed with MCI due to AD or mild AD
dementia, lecanemab ? SoC compared with
SoC alone provided a 0.75 additional gain in
QALYs, 2.51 years of delay in mean time to
progression to AD dementia, a 0.13 decrease in
years in institutional care, and 1.16 more years
in community care. These results depended on
the timeframe of the analysis, as the predicted
benefits of lecanemab ? SoC accumulated
steadily over time, with better health outcomes
as the time horizon was increased.

The estimated mean time to mild AD was
relatively higher than the estimated median
time to mild AD in both studied arms because
the distribution of time to mild AD was right-
skewed (Fig. 3). The shape of the distribution for
time to moderate and severe AD became more
symmetrical as patients experienced disease
progression, which resulted in closer estimates
for the mean and median outcomes.

Lecanemab treatment was estimated to slow
the rate of disease progression, resulting in an
extended duration in MCI due to AD and mild
AD dementia and shortened duration in mod-
erate and severe AD dementia. The mean time
in advanced stages of AD was reduced in the
lecanemab ? SoC arm compared with SoC
alone as, with lecanemab treatment, fewer
patients progressed to later stages of AD during
their lifetime and those who did progress were
at an increased risk of background mortality due
to their older age at progression.

Scenario analyses indicated that the impact
of lecanemab on health outcomes and QALYs
was more significant if treatment was initiated
at earlier ages in patients with MCI due to AD
and in patients earlier in their tau pathology
(first, second, and third quintiles). In these
scenarios, the estimated gain in QALYs ranged
from 0.72 to 0.92, whereas in the mild AD
dementia subset, the QALY gain was only 0.36.
These outcomes were consistent with the find-
ings in recent studies and the increased recog-
nition that DMTs may be more effective if they
are initiated at presymptomatic stages of
dementia [28].

Scenario analyses on treatment stopping or
discontinuation indicated that longer time on
treatment or maintenance of a residual effect
after discontinuation resulted in higher long-
term health outcomes and QALYs gained. For
instance, the maximum 5-year treatment stop-
ping rule scenario resulted in only a 0.06
decrease in QALYs versus the lifetime base-case
scenario, although the mean incremental time
to AD decreased by 0.54.

Selecting an alternative source to inform the
hazard of survival increased QALYs by 0.64 in
both arms but did not impact the incremental
gain in QALYs. This was mainly derived by
lower HRs reported in Wimo et al. [20] versus
the base-case source [19]. Considering excessive
mortality risk for patients with MCI due to AD
resulted in slightly lower gain in QALYs but
increased delay in mean time to mild AD
dementia. The approach to modeling survival
could be a potential source of bias for estimat-
ing the benefit of a DMT in the long term. Some
published studies modeled survival on the basis
of baseline patient characteristics and did not
account for the change in hazard of death by
disease severity level, which can potentially
result in lower survival gains [29, 30].

A key strength of this modeling analysis
compared with previous cohort studies was that
actual individual patient characteristics were
used, rather than mean cohort characteristics,
to better capture patient heterogeneity. Disease
progression in AD ACE was modeled using a set
of disease equations that explicitly tracked the
change in amyloid level and CDR-SB, the sec-
ondary endpoints in Study 201. This was dif-
ferent from Markov models [8, 31] in which the
treatment effect is typically expressed as a
reduction in transition probabilities between
discrete health states and is assumed to last as
long as patients remain on treatment. The
treatment effect was also modeled by calibrat-
ing the reduction in amyloid level to achieve
the effects observed during the trial (Fig. 2).

The model has some limitations that should
be considered. First, the efficacy data came from
the 18-month Study 201 and expert opinion
was used to model the long-term effect of leca-
nemab; however, ongoing phase III studies will
soon be able to inform the model inputs and
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refine the findings. The AHEAD 3–45 study
provides additional evidence on preclinical AD
and disease progression at earlier stages, which
may further refine the results. Second, there is
uncertainly around sources to inform the risk of
mortality and patient utility in the literature.
This model used the best-available published
studies to inform these parameters. Third, the
model only explored the indirect effect of
treatment on cognition through CDR-SB and
did not account for other severity domains (e.g.,
behavior, function, or dependence) or compos-
ite measures such as ADCOMS, which was the
primary endpoint of Study 201. Fourth, the
model created the simulated population by
sampling actual patient profiles from ADNI with
matching mean characteristics, which may not
closely represent the profile of the Study 201
population. Last, the model projected severity
using a single measure of disease severity (CDR-
SB) and modeled risk of institutional care and
patient utility through simple estimates based
on disease severity level.

Longer-term data are needed through clinical
trial follow-up and longitudinal real-world data to
better validate the key assumptions in this model.
It is instrumental to conduct value assessment
studies to demonstrate the economic impact of
lecanemab and evaluate how the delay in disease
progression can result in substantial savings for
the patient and caregivers.

CONCLUSIONS

This modeling study and the estimated health
outcomes provided a foundation for healthcare
decision-makers to understand the potential
clinical, economic, and societal value of leca-
nemab for the treatment of patients with early
AD. The analysis indicated that treatment with
lecanemab would translate to a lower lifetime
probability of transitioning to AD dementia or
institutional care, and increased mean survival
in the community compared with SoC.
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