
ORIGINAL RESEARCH

A Path to Improved Alzheimer’s Care: Simulating
Long-Term Health Outcomes of Lecanemab in Early
Alzheimer’s Disease from the CLARITY AD Trial

Amir Abbas Tahami Monfared . Weicheng Ye . Aditya Sardesai .

Henri Folse . Ameya Chavan . Elena Aruffo . Quanwu Zhang

Received: February 3, 2023 / Accepted: March 21, 2023 / Published online: April 2, 2023
� The Author(s) 2023

ABSTRACT

Introduction: Alzheimer’s disease (AD), a pro-
gressive neurodegenerative disease, is the main
cause of dementia and one of the leading causes
of death for elderly people in the USA. Lecane-
mab is a humanized IgG1 monoclonal antibody
targeting amyloid protofibrils for the treatment
of early AD [i.e., mild cognitive impairment
(MCI) or mild AD dementia]. In a recent
18-month phase III trial, using a double-blind,
placebo-controlled design, lecanemab treat-
ment led to reduced brain amyloid burden and
significant improvements in cognitive and
functional abilities in individuals with early AD.
Methods: An evidence-based patient-level dis-
ease simulation model was updated to estimate
the long-term health outcomes of lecanemab
plus standard of care (SoC) compared to SoC

alone in patients with early AD and evidence of
brain amyloid burden, using recent phase III
trial data and published literature. The disease
progression is described by changes in the
underlying biomarkers of AD, including mea-
sures of amyloid and tau, and their connection
to the clinical presentation of the disease
assessed through various patient-level scales of
cognition and function.
Results: Lecanemab treatment was estimated to
slow the progression of AD to moderate and
severe stages and reduce the time spent in these
more advanced states. In individuals with early
AD, lecanemab plus SoC was associated with a
gain of 0.71 quality-adjusted life-years (QALYs),
a 2.95-year delay in mean time to progression to
AD dementia, a reduction of 0.11 years in
institutional care, and an additional 1.07 years
in community care as shown in the base-case
study. Improved health outcomes were
demonstrated with lecanemab treatment when
initiated earlier based on age, disease severity, or
tau pathology, resulting in estimated gains in
QALYs ranging from 0.77 to 1.09 years, com-
pared to 0.4 years in the mild AD dementia
subset, as shown by the model.
Conclusion: The study findings demonstrate
the potential clinical value of lecanemab for
individuals with early AD by slowing down
disease progression and prolonging time in
earlier stages of disease, which significantly
benefits not only patients and caregivers but
also society overall.
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Trial Registration: ClinicalTrials.gov identifier,
NCT03887455.
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Key Summary Points

Alzheimer’s disease (AD) is a
neurodegenerative disease that progresses
from mild cognitive impairment to mild,
moderate, and severe dementia, leading to
a significant burden to patients,
caregivers, and healthcare systems.

This study aimed to update the evaluation
of lecanemab’s long-term health
outcomes using a validated evidence-
based disease simulation model and the
phase III CLARITY AD trial results in early
AD.

Treatment with lecanemab plus standard
of care (SoC) slowed disease progression,
extended time in early disease stages,
delayed progression to advanced
dementia, and improved the quality of life
in patients with early AD.

This study validates our preliminary
assessment and provides strong evidence
to support the credibility and reliability of
our conclusions.

The results of this study provide
healthcare decision makers with a
foundation to better understand the
potential clinical and socioeconomic
value associated with lecanemab.

INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative
disease that progresses from mild cognitive
impairment (MCI) to mild, moderate, and sev-
ere dementia [1]. Approximately 60–70% of
dementia cases are caused by AD [2], and
6.2 million adults aged 65 years or more

currently have AD in the USA. An estimated
13.8 million older adults are projected to have
AD by 2060 [3]. In 2019, over 120,000 deaths
were attributable to AD, rendering it the sixth-
leading cause of death in the USA and the fifth-
leading cause of death among those aged
65 years or older [3]. Additionally, care for those
living with AD is costly, with an estimated
$271.6 billion in unpaid care provided by care-
givers and $321 billion in costs related to
healthcare, long-term care, and hospital services
in 2022 [3].

The diagnosis of AD is based on the presence
of the two classic neuropathological hallmarks
of AD, namely beta-amyloid (Ab) plaques and
neurofibrillary tangles. Neuroimaging and
cerebrospinal fluid (CSF) biomarkers are used to
improve diagnostic accuracy and distinguish
AD from other dementias. These biomarkers
include Ab, which is correlated with amyloid
precursor protein (APP) metabolism and amy-
loid deposition, total tau (T-tau) which reflects
neurodegeneration, and phosphorylated tau,
which reflects tangle pathology measurement;
they are evaluated using positron emission
tomography (PET) and lumbar puncture [3, 4].
Once a diagnosis of AD is confirmed, the stan-
dard of care (SoC) includes pharmacological
therapies, such as memantine and cholinester-
ase inhibitors, that are symptomatic in nature
and help counterbalance neurotransmitter dis-
turbance [5, 6]. However, the advent of disease-
modifying therapies (DMTs) with the ability to
impact the pathophysiological mechanisms
underlying AD, i.e., amyloid or tau, could have
high clinical value in halting or slowing the
progression of AD [7]. Currently, over 120
agents, of which 82.5% are DMTs, are under
investigation in over 150 clinical trials of treat-
ments for AD [8]. In June 2021, the US Food and
Drug Administration approved aducanumab, a
monoclonal antibody targeting Ab plaques, for
the treatment of AD. Aducanumab has been
shown to reduce the probability of and delay
the transition to dementia and institutional-
ization [9].

Lecanemab, a humanized IgG1 monoclonal
antibody targeting amyloid protofibrils (soluble
aggregated Ab), was investigated in Study 201, a
phase IIb study exploring the efficacy and safety
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of lecanemab in individuals with early AD (i.e.,
MCI due to AD and mild AD dementia) [10].
More recently, the 18-month, double-blind,
placebo-controlled, phase III CLARITY AD trial
(ClinicalTrials.gov identifier, NCT03887455)
was conducted to investigate lecanemab for the
treatment of early AD in individuals aged 50–-
90 years with evidence of amyloid positivity
based on PET or CSF testing. In the CLARITY AD
trial, the randomization was stratified based on
clinical subgroup (MCI due to AD or mild AD
dementia), baseline presence or absence of
approved AD symptomatic medication (e.g.,
acetylcholinesterase inhibitors, memantine, or
both), apolipoprotein E (ApoE) e4 carriers or
noncarriers, and geographic region. Compared
with those receiving placebo, patients treated
with a 10 mg/kg dose of lecanemab every
2 weeks exhibited greater reductions in amyloid
levels in the brain and less clinical decline on
measures of cognition and function, including
the Clinical Dementia Rating Scale-Sum of
Boxes (CDR-SB) and AD Composite Score
(ADCOMS) scales [11].

The long-term health outcomes of lecane-
mab were recently evaluated based on the effi-
cacy results of the phase IIb Study 201 [12]. In
this study, the objective was to present an
updated evaluation of the long-term health
impacts of lecanemab using the findings from
the large, confirmatory, phase III CLARITY AD
trial in early AD. To simulate the clinical effi-
cacy of lecanemab treatment on a cohort of
patients with early AD and confirmed brain
amyloid burden, the previously published evi-
dence-based disease simulation model [12] was
utilized. Individual patient profiles within the
model were carefully selected to closely match
the baseline characteristics of patients in the
CLARITY AD trial who received lecanemab
treatment. The findings of this study will serve
as a validation of our preliminary assessment
conducted at the outset of our research. The
thorough analysis and evaluation carried out in
this study will provide substantial evidence to
support the credibility and reliability of our
conclusions. This validation will not only instill
greater confidence in the accuracy and effec-
tiveness of our approach but also pave the way

for further exploration and development in this
area of study.

METHODS

Model Structure

To evaluate the effects of lecanemab plus SoC
on AD disease progression, the previously pub-
lished AD Archimedes condition-event (ACE)
model [13] was used. The AD ACE is a patient-
level simulator capturing the pathophysiology
and management of AD by simulating disease
progression based on alterations in underlying
markers, such as CSF Ab and T-tau protein
levels, brain cell metabolic activity based on
fluorodeoxyglucose (FDG)-PET, and hippocam-
pal volume based on magnetic resonance
imaging, and their association with the clinical
presentation of AD based on patient-level cog-
nitive, behavior, function, and dependence
scales. Predictive mixed linear equations are
utilized to assess alterations in these outcomes
over time. These equations are developed based
on longitudinal clinical and biomarker data
derived from the Alzheimer’s Disease Neu-
roimaging Initiative (ADNI) [14]. Further infor-
mation about these equations can be found in a
previous publication [13]. The profiles of 1735
patients with normal cognition, MCI, and mild
AD dementia from ADNI, including their base-
line characteristics, are incorporated into the
AD ACE. This enables a predefined subset of
patients with specific characteristics, such as age
group or disease severity, to be sampled and
simulated to investigate disease progression and
treatment effect under various scenarios.

To simulate the more severe stages of AD, AD
ACE employs equations based on cognitive and
behavioral scales from the Assessment of Health
Economics in Alzheimer’s Disease II (AHEAD)
study [15, 16]. This adjustment enhances the
accuracy of the model and makes it more rep-
resentative across the entire AD continuum and
its varying levels of disease severity. AD ACE
switches from the ADNI-based equations to the
AHEAD-based equations once a patient reaches
the moderate AD stage, i.e., a Mini Mental State
Examination (MMSE) score\15 representing a
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stage of moderately severe to severe Alzhei-
mer’s. The full details of AD ACE, its equations,
and validation of its ability to accurately predict
AD-related dementia, institutionalization, and
mortality were described in detail in previous
publications [12, 13, 17–19].

Study Population

The CLARITY AD trial and the base-case popu-
lation for this modeling effort focused on
patients with MCI due to AD and mild AD
dementia with confirmed Ab pathology. There-
fore, a population of patients with early AD who
shared similar characteristics with the CLARITY
AD trial [11] population from the ADNI data set
[14] was selected. This included a subset of 260
individual patient profiles from the existing
1735 ADNI patients in the AD ACE simulator.
These profiles were matched based on the key
trial inclusion criteria, which were age range of
50–90 years, Mini-Mental State Examina-
tion C 22, Clinical Dementia Rating (CDR) of
0.5, and amyloid PET standard uptake value
ratio (SUVr) level C 1.1 [20]. The mean baseline
characteristics of the selected profiles highly
resembled those of the placebo and 10 mg/kg
biweekly lecanemab groups in the CLARITY AD
trial (Table 1). To minimize the variability and
produce more reliable and robust model results,
the analysis was conducted using eight replica-
tions of the 260 selected individual patient
profiles from the ADNI. Each replication was
simulated separately on both the lecanemab
plus SoC arm and the SoC alone arm in order to
capture the AD natural history, disease trajec-
tory, and treatment effect. Furthermore, we
explored patient subsets based on disease
severity, treatment stopping rules, and dosing
regimens under different scenarios.

One-way sensitivity analyses were further
applied to assess the robustness of the results,
and parameter uncertainty was assessed in sce-
nario analyses. The population in the scenario
analyses comprised a subset of the 260 ADNI
profiles from the base-case analysis, and treat-
ment effect in different stages on AD onset and
progression. To further determine the effect of
treatment on AD-caused neurodegeneration,

Table 1 Population characteristics and model 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)

Global CDR score�, %

0.5 78.1 80.8/80.7

1 21.9 19.2/19.3

Female, % 44.60% 51.6%/53%

Patient utilities� Values Source

MCI due to AD 0.80 Landeiro et al.

(2020)

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.

(2010)

Moderate AD

dementia

0.070

Severe AD

dementia

0.086

Proportion

institutionalized,

%

Values Source
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profiles were grouped by baseline CSF T-tau
level.

Clinical Inputs

Disease Progression
The AD ACE modeled AD progression in
patients receiving SoC from early AD (using
equations based on longitudinal data from
ADNI) [14] to more severe stages of AD (using
equations from AHEAD) [15, 16]. AD ACE
defined the severity of AD based on the CDR-SB
thresholds as follows: \4.5, MCI; C 4.5 to
\9.5, mild AD; C 9.5 to \ 16, moderate AD;
and C 16, severe AD [21]. At baseline, the pro-
portion of patients with MCI due to AD in AD
ACE (i.e., CDR-SB scores\4.5) was comparable
to that in the CLARITY AD trial (i.e., CDR-Glo-
bal scores = 0.5).

Mortality
Mortality in all stages of AD was explored by
utilizing disease severity-specific hazard ratios
(HRs) applied to age-specific all-cause mortality
in the general US population [22] to reflect the
increase in mortality related to age. The risk of
general mortality was assumed to be unchanged
by MCI due to AD. Therefore, in the base-case
analysis, AD ACE used estimates of the HRs of
mortality in patients with mild to severe
dementia informed by a previously published
cohort study that showed an association
between severe AD dementia and reduced sur-
vival [23], while the HRs used in the scenario
analyses were informed by Wimo et al. [24].

Institutionalization
The probability of transitioning from commu-
nity care to institutional care according to the
severity level of AD was determined using esti-
mates based on data from the Consortium to
Establish a Registry for Alzheimer’s disease [25].
The risk of institutionalization varied by the
disease severity of AD. On the basis of the
available literature and limited impact on the
outcomes, patients with MCI caused by AD were
assumed to not be at risk of institutionalization.

Treatment Effect and Dosing
In the CLARITY AD trial, the change from the
baseline CDR-SB score at 18 months was the
primary endpoint. However, in the equations

Table 1 continued

Baseline
characteristic

ADNI
subpopulation

Trial population
(LEC 10 mg/kg
BW/PBO)

MCI due to AD 0.0% Assumption

Mild AD

dementia

3.8% Neumann et al.

(1999)

Moderate AD

dementia

11.0%

Severe AD

dementia

25.9%

HRs for mortality

(vs. general

population)

Values Source

MCI due to AD 1.00 Assumption

Mild AD

dementia

2.92 Andersen et al.

(2010)

Moderate AD

dementia

3.85

Severe AD

dementia

9.52

Treatment

discontinuation

Values Source

Annual rate, % 0% Assumption

AD Alzheimer’s disease, ADNI Alzheimer’s Disease Neu-
roimaging Initiative, BW biweekly, CDR Clinical
Dementia Rating, CDR-SB Clinical Dementia Rating Sum
of Boxes, HR hazard ratio, LEC lecanemab, MCI mild
cognitive impairment, MMSE Mini Mental State Exami-
nation, PBO placebo, PET positron emission tomography,
SD standard deviation, SUVr standard uptake value ratio
�The Global CDR scale uses scores ranging from 0 to 3,
with higher scores indicating greater impairment. A Global
CDR score of 0.5 is commonly used for clinical diagnosis
of MCI, while a score of 1 is often associated with mild
AD dementia
�Applied both in the community and institutional care
settings
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incorporated into the AD ACE, the predictor is a
surrogate endpoint, i.e., amyloid PET SUVr,
because lecanemab directly impacts the PET
amyloid level, which, in turn, impacts other
outcomes [26, 27]. Thus, AD ACE models the
amyloid PET SUVr in a simulated patient and
tracks the progression of AD across a lifetime
horizon to determine how DMT-induced chan-
ges in amyloid PET SUVr impact health out-
comes, including the patient’s life-years (LYs)
and quality-adjusted life-years (QALYs). The
QALY is a metric used to capture the value of
health outcomes, by considering both the
quality and length of life attributes. It is often
used to help inform healthcare policies and
resource allocation decisions by identifying
interventions that provide the greatest value. A
3% annual discount rate was applied to the
outcomes accumulated over a patient’s lifetime
based on prior recommendations for analyses in
the USA [28].

Since the primary endpoint in the CLARITY
AD trial was the CDR-SB score and AD ACE
relies on a surrogate endpoint, a calibration
process was applied. The calibration process,
which relied on the change in amyloid PET
SUVr from baseline in the CLARITY AD trial,
involved a simulation of approximately 2000
ADNI profiles (260 patient profiles with eight
replications) over a lifetime with no treatment
discontinuation. During this process, the treat-
ment effects on amyloid PET SUVr were con-
tinuously adjusted until the CDR-SB results
produced by AD ACE matched those produced
by the CLARITY AD trial. The default AD ACE
equations were not impacted by the calibration
process, which only calibrated the reductions
applied to estimated PET SUVr values over time.
Since a lifetime time horizon was applied, cali-
bration to reduce amyloid PET SUVr was per-
formed at each time interval, influencing the
predicted values of amyloid PET SUVr, CDR-SB,
other biomarkers, and other cognitive and
functional scales in the subsequent time
intervals.

To extend beyond the time horizon of the
CLARITY AD trial and extrapolate the effect of
continued lecanemab treatment, amyloid PET
data from a previous simulation study [29]
investigating the long-term treatment effect of

lecanemab were applied in the calibration pro-
cess. The calibration process using these data
was performed until the mean amyloid level
observed in those with normal cognition in the
ADNI data set was reached. An additional
reduction in the amyloid level was applied in
patients exhibiting normal cognition who con-
tinued treatment with lecanemab, following
consultation with clinical experts who validated
this assumption.

The process successfully resulted in predicted
CDR-SB scores closely matching the change
from baseline in CDR-SB scores during the first
18 months of the CLARITY AD trial after the
initiation of treatment. Figure 1 shows both the
short-term (3 years) and long-term amyloid PET
and CDR-SB trajectories in both the lecanemab
plus SoC arm and SoC alone arm, revealing that
the effects of lecanemab plus SoC on the PET
SUVr and CDR-SB values compared with those
of SoC alone are consistent between the AD ACE
model and CLARITY AD trial.

In the base-case scenario, patients in the
lecanemab plus SoC arm were assumed to
receive lecanemab (10 mg/kg intravenous
biweekly), which reduced the CDR-SB from
baseline by an estimated 27% according to a
conventional mixed model for repeated mea-
sures (MMRM). In the sensitivity analyses, a
± 15% variation was applied to assess uncer-
tainty based on a recently published study [30]
because MMRM cannot provide confidence
intervals demonstrating changes from baseline.
This is consistent with the subgroup analysis
across key randomization strata in the CLARITY
AD trial [11]. In the scenario analyses, the
effects of different dosing regimens during a
maintenance phase were explored based on
outcomes reported in a previous study that
explored a long-term maintenance dosing regi-
men extending beyond the trial period
(18 months) and showed that the accumulation
of amyloid was prevented and the treatment
effect was maintained with less frequent dosing
during the long-term maintenance phase [29].
In each dosing scenario, the reduction in PET
SUVr at each time interval during the mainte-
nance period was adjusted by the estimated
amyloid reduction in the base-case analysis.
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Treatment Discontinuation
In the base-case analysis, no treatment discon-
tinuation was assumed to assess the impact of
lecanemab on clinical outcomes of patients
who were stable on treatment. Scenario analyses
explored the impact of an annual treatment
discontinuation risk of 13.0% based on the
discontinuation observed in the CLARITY AD
study. Additionally, treatment was discontin-
ued when patients advanced to the moderate
stage of AD, characterized by a CDR-SB score
C 9.5, as lecanemab’s efficacy has not been
assessed in advanced AD stages (i.e., moderate
and severe AD dementia). Despite clinical trials
showing benefits of continuous treatment with
lecanemab, treatment stopping rules based on
fixed durations of treatment of 1.5, 3, and
5 years were explored in scenario analyses. This
is consistent with recent findings that demon-
strated that the treatment effect of lecanemab

was maintained after dosing was discontinued
over an average of 24 months in the gap period
prior to the Study 201 open-label extension
[31].

Following treatment discontinuation, mean
amyloid reductions were no longer applied, and
any estimated changes in amyloid PET SUVr
were calculated based on the risk equations
reflecting the natural progression of AD.
Therefore, the residual benefit of treatment
observed after treatment discontinuation grad-
ually diminished over time until the patients
reached a state similar to that observed in
patients who were did not receive the
treatment.

Adverse Events
In the lecanemab arm and placebo arm of the
CLARITY AD trial, the incidence rates of serious
adverse events (AEs) were 14% and 11.3%,

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

Dementia Rating Scale-Sum of Boxes, PET = positron
emission tomography, SoC = standard of care, SUVr = s-
tandard uptake value ratio
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respectively [11]. The most frequently reported
serious AEs included infusion-related reactions,
amyloid-related imaging abnormalities (ARIA)-
edema/effusion (ARIA-E), atrial fibrillation,
syncope, and angina pectoris. The rate of AEs
was comparable between the two groups. In the
lecanemab group, 6.9% of participants discon-
tinued treatment due to AEs, compared to 2.9%
in the placebo group. The most common AEs
(affecting more than 10% of the participants) in
the lecanemab group were infusion-related
reactions (26.4% with lecanemab and 7.4%
with placebo); ARIA with cerebral microhem-
orrhages, cerebral macrohemorrhages, or
superficial siderosis (ARIA-H; 17.3% with leca-
nemab and 9.0% with placebo); ARIA-E (12.6%
with lecanemab and 1.7% with placebo); head-
ache (11.1% with lecanemab and 8.1% with
placebo); and falls (10.4% with lecanemab and
9.6% with placebo) [11]. The reported infusion
reactions were mostly mild to moderate; of
these, 75% occurred after the first dose and
responded to treatment. Of the 898 individuals
receiving lecanemab in the trial, 113 reported
ARIA-E AEs and experienced headache, vision
problems, and confusion. These events were
mainly mild to moderate in nature and occur-
red during the first 3 months of treatment, but
resolved rapidly. Therefore, these events only
briefly interrupted treatment in the CLARITY
AD trial. On the basis of these data, AD ACE
applied an ARIA-E AE occurrence rate of 12.6%,
22% of which were considered symptomatic.
No ARIA-AE treatment discontinuation was
applied, in line with the observations in the
clinical trial.

Utilities
The patient utilities were informed by a previ-
ously published systematic literature review [32]
of studies defining AD severity based on the
MMSE, CDR-Global, AD Assessment Scale-Cog-
nitive Subscale, and Global Deterioration Scale.
These studies were subjected to a fixed-effect
meta-analysis to obtain the patient utilities. To
explore uncertainty, the scenario analyses
applied CDR-Global score values derived from
Neumann et al. [33]. The estimated utilities (by
AD severity level) were applied in both the
community care setting and the institutional

setting. A 1:1 ratio of patient to caregiver was
also considered, and caregiver disutilities were
informed by a previous study [34]. A disutility of
- 0.14, representing the disutility associated
with severe headache, was applied to patients
experiencing symptomatic ARIA-E for 12 weeks
[35].

Compliance with Ethics Guidelines

The CLARITY AD trial was conducted in accor-
dance 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 center.
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 evaluate the safety
routinely and review futility analysis results.
This assessment is based on previously con-
ducted studies and does not contain any new
studies with human participants or animals
performed by any of the authors.

RESULTS

Base-Case Results

The base-case analysis investigated the potential
long-term health outcomes of lecanemab plus
SoC in patients with early AD, over a lifetime
horizon. Table 2 presents the outcomes
obtained from a lifetime simulation of 2000
patients, sampled from the ADNI individual
patient profiles, across various levels of disease
severity and care settings. In this study, treat-
ment with lecanemab plus SoC was estimated to
slow down the progression of the disease,
allowing patients to stay longer in the earlier
stages of disease. A 27% reduction in clinical
decline, as measured by CDR-SB, among
patients treated with lecanemab plus SoC was
found to result in an 7.5% decrease in the
number of patients progressing to mild AD
dementia compared with SoC over a patient’s
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Table 2 Base-case results

Modeled health outcomes SoC LEC 1 SoC D

Patients with/progressed to mild AD dementia, %

Patients with mild AD dementia at baseline 20.9% 20.4% - 0.5%

Patients progressed to mild AD dementia 71.4% 63.9% - 7.5%

Patients progressed to moderate AD dementia, % 56.5% 42.8% - 13.7%

Patients progressed to severe AD dementia, % 30.0% 21.2% - 8.8%

Patients institutionalized, % 27.4% 22.5% - 4.9%

Patients discontinued treatment, % 0.0% 42.2% 42.2%

Mean time to event� (undiscounted, years)

Mild AD 2.35 (2.17–2.58) 5.06 (4.54–5.65) 2.71

Moderate AD 5.69 (5.32–6.16) 8.64 (7.91–9.57) 2.95

Severe AD 8.46 (8.0–9.0) 10.79 (10.02–11.79) 2.24

Institutional care 6.25 (5.82–6.71) 6.85 (6.25–7.49) 0.60

Median time to event (years)

Mild AD 1.68 2.52 0.84

Moderate AD 4.65 6.51 1.86

Severe AD 7.49 9.52 2.03

Institutional care 5.97 6.54 0.58

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

Mild AD 1.33 2.02 0.69

Moderate AD 5.03 8.16 3.13

Severe AD 9.03 NR NA

Institutional care 9.29 NR NA

Time on treatment (undiscounted, years) NA 5.84 (5.65–6.02) NA

Total LYs (undiscounted) 6.38 (6.20–6.55) 7.34 (7.12–7.56) 0.96

Time in community care 5.49 6.56 1.07

MCI due to AD 1.85 3.10 1.25

Mild AD 2.37 2.52 0.15

Moderate AD 0.99 0.77 - 0.22

Severe AD 0.27 0.17 - 0.10

Time in institutional care 0.89 (0.80–0.98) 0.78 (0.69–0.87) - 0.11

MCI due to AD 0.00 0.00 0.00

Mild AD 0.14 0.18 0.04

Moderate AD 0.27 0.26 - 0.01
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lifetime. The model also predicted that lecane-
mab treatment prevented 13.7% and 8.8% of
the patients from progressing to moderate and
severe AD dementia, respectively. Treatment
with lecanemab plus SoC led to a 4.9% decrease
in the number of patients requiring institu-
tional care and 42.2% discontinued treatment
over the study period.

Patient disposition across different levels of
AD severity or mortality over their lifetime is
presented in Fig. 2. Patients treated with leca-
nemab plus SoC were estimated to have a lower
lifetime probability of transitioning to AD
dementia (i.e., mild, moderate, or severe AD
dementia) compared with patients treated with
SoC alone, over a lifetime horizon. The use of
lecanemab decreased the proportion of patients
in the mild AD and more severe health states,
with an increase in mean time to reach severe
AD. With SoC, patients progressed to mild AD
in 2.35 years, which is over two times faster
than those on lecanemab (5.06 years). Treat-
ment with lecanemab also delayed the mean
time to more severe stages of AD by 2–3 years
and showed improvement in the average
expected time to institutionalization compared
with SoC. The median time to event also
increased with lecanemab compared with SoC
alone, by 0.842 years to mild AD, 1.862 years to

moderate AD, 2.031 years to severe AD, and
0.5767 years to institutional care. The model
also estimated the median time to event of
those alive, predicting lecanemab to increase
the time to mild AD by 0.69 years and to mod-
erate AD by 3.13 years.

When evaluating the total time spent in
community and institutional care for all
patients, the model predicted that patients
treated with SoC spent 5.49 and 0.89 years in
each setting, respectively. The use of lecanemab
extended time in the community setting by
1.07 years and reduced time in institutional care
by 0.11 years. On average, patients with MCI
spent more time in community care while those
with severe AD stayed longer in institutional
care.

Considering a discount rate for health out-
comes, the model estimated a total of 6.30 LYs
for patients treated with lecanemab plus SoC
and 3.68 LYs for those treated with SoC alone.
The estimated total discounted QALYs for
patients treated with lecanemab were
4.39 years, an increase of 0.71 QALYs over SoC,
including an estimated loss of 0.002 QALYs due
to ARIA AEs.

Table 2 continued

Modeled health outcomes SoC LEC 1 SoC D

Severe AD 0.48 0.34 - 0.14

Total LYs (discounted) 5.61 (5.47–5.74) 6.30 (6.14–6.46) 0.69

Total QALYs (discounted) 3.68 (3.60–3.77) 4.39 (4.27–4.50) 0.71

Patient QALYs, total 3.87 4.55 0.69

Lost to ARIA AEs NA 0.002 0.002

Caregiver QALYs lost 0.19 0.16 - 0.03

Total EvLYG (discounted) 3.68 4.53 0.85

AD Alzheimer’s disease, AE adverse event, ARIA amyloid-related imaging abnormalities, EvLYG equal value of life-years
gained, LEC lecanemab, LY life-year, MCI mild cognitive impairment, NA not applicable, NR not reported, 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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Scenario Analysis

The scenario analyses measured the impact of
alternative population subsets, model settings,
and input sources on the study results. The
results of the scenario analyses in terms of the
impact on QALYs and mean time to advancing
to more severe AD stages are presented in
Table 3; other detailed outputs from the model
are provided in the Supplementary Material.

In a subset of patients with MCI due to AD,
the model estimated similar incremental
results, with a mean time to AD dementia of
2.55 versus 2.71 years, longer incremental mean
time to moderate AD dementia (3.15 versus
2.95 years), and 0.06 additional QALYs over a
lifetime compared with the base-case. Patients
with mild AD dementia gained fewer total
QALYs (0.31 years less) and on average
advanced to moderate AD dementia faster than
the base-case where most patients had a con-
firmed diagnosis of MCI at study baseline. In
the scenario when lecanemab treatment was
initiated in younger patients (average baseline
age 65 years) with early AD, the QALY gain was
higher (1.03 versus 0.71 years) over a lifetime,
and the time to AD progression was longer (3.01
versus 2.71 years) than in the base-case analysis.
In patients with MCI due to AD who are

younger (mean baseline age of 65) and earlier in
their disease trajectory, an additional
0.38 QALYs gained, and a longer mean time to
AD dementia can be observed compared with
the base-case.

Patients were further divided into groups
based on their baseline CSF T-tau levels, and the
results suggested that lecanemab treatment was
linked to improved clinical outcomes and
greater QALY gains in patients with early stages
of tau pathology in the lower quintiles. Analysis
of different scenarios with shorter model time
horizons of 5 and 10 years showed smaller
QALY gains (0.13 and 0.46 years, respectively)
and a lower delay in mean time to mild and
moderate AD dementia compared with the
base-case analysis of a lifetime horizon. Adjust-
ing the discount rate to 0% and 5% resulted in
an incremental QALY gain of 0.94 and
0.59 years, respectively.

Alternative sources of mortality and patient
utilities in the model were evaluated as scenar-
ios. Using HRs from Wimo et al. [24] produced
similar incremental QALY gains and a quicker
progression to moderate AD dementia
(2.29 years) compared with the base-case
(2.95 years). Another scenario, using HRs for
patients with MCI derived from Wilson et al.
[36], resulted in lower overall gains in QALY and

Fig. 2 Patient distribution in health states with the use of SoC or lecanemab ? SoC. MCI = mild cognitive impairment,
SoC = standard of care, Tx = treatment
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a shorter mean time to advance to moderate AD
dementia, but a slower progression to mild AD
dementia than in the base-case analysis. The use
of patient utilities for various levels of AD
severity reported in Neumann et al. [33] caused
a 0.06 decrease in incremental QALYs compared
with the base-case.

The base-case analysis did not consider
treatment discontinuation, so the impact of
treatment discontinuation and duration was
explored as different scenarios. In all scenarios,
patients followed the natural history of the
disease once they stopped treatment, except for
one where the amyloid reduction achieved over
1.5 years of treatment was maintained over a
lifetime after treatment discontinuation. Over-
all, the results indicated that a shorter treat-
ment duration led to fewer predicted QALY
gains and a faster progression to mild and
moderate AD dementia. An annual discontinu-
ation rate of 13%, matching the observed dis-
continuation rate in the CLARITY AD trial,
resulted in 4.32 QALYs for patients treated with
lecanemab plus SoC versus 4.39 for the base-
case—a decline of 0.07—as well as shorter mean
times to mild and moderate AD dementia.
Sensitivity analysis using annual discontinua-
tion rates of 10% and 20% showed similar
results to the discontinuation rate observed in
the trial, with slightly lower QALYs and shorter
times to disease progression compared with the
base-case analysis.

DISCUSSION

This study used the AD ACE disease simulator to
evaluate the long-term health benefits of treat-
ment with lecanemab plus SoC versus SoC
alone, based on the results of the large, confir-
matory, phase III CLARITY AD trial [11]. The
flexible framework of AD ACE allowed the
assessment of different patient characteristics to
account for patient and disease heterogeneity,
as well as alternative data sources to explore
uncertainties and demonstrate robustness of the
results in this study.

The CLARITY AD trial presents compelling
evidence of the clinical benefits of lecanemab.
The treatment effectively clears Ab plaques,
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alters other disease biomarkers, and slows the
rate of clinical decline in individuals with early
AD [11]. Furthermore, the observed treatment
effect appears to improve with time on therapy,
suggesting a disease-modifying effect. However,
it is important to note that our study assumed a
constant treatment effect during the on-treat-
ment and follow-up periods. Given the
observed expansion of the treatment effect with
time on therapy in the CLARITY AD trial, it is
possible that our modeling assumption was
overly conservative.

The base-case results indicated that, for
amyloid-positive patients with MCI due to AD
or mild AD dementia, lecanemab plus SoC
compared with SoC alone provided a 0.71
additional gain in QALYs, 2.95 years of delay in
mean time to progression to AD dementia,
0.11 years reduction in institutional care, and
1.07 additional years in community care. The
use of lecanemab was estimated to slow the rate
of disease progression, thus prolonging time in
earlier stages of the disease and delaying patient
progression to moderate and severe AD
dementia. The mean time spent in severe stages
of AD was also reduced on treatment with
lecanemab plus SoC, with fewer patients pro-
gressing to later stages of AD during their life-
time. Patients who did not progress, however,
were at an increased risk of mortality due to
their older age at progression.

Scenario analyses showed that treatment
initiation at earlier ages in patients with MCI
due to AD and in patients earlier in their tau
pathology (first, second, and third quintiles)
resulted in significantly improved health out-
comes. The estimated gain in QALYs ranged
from 0.77 to 1.09 years, compared with
0.4 years in the mild AD dementia subset. These
outcomes were consistent with findings from
recent studies, which demonstrated that the use
of DMTs may be more effective if initiated at
earlier stages of dementia [37]. Scenario analy-
ses showed that the study results were depen-
dent on the timeframe of the analysis, as the
predicted benefits of lecanemab plus SoC accu-
mulated steadily over time, with better health
outcomes for a higher time horizon. Alternate
assumptions around treatment stopping rules
and discontinuation rate indicated that a longer

time on treatment or maintenance of residual
effects after treatment discontinuation resulted
in improved health outcomes and QALYs
gained. This was evident from the lifetime base-
case analyses having the highest increase in
QALYs of 0.71 years compared with the QALYs
gained for alternative treatment discontinua-
tion and stopping rules, ranging from 0.65 to
0.45 years. Selecting alternative data sources to
inform the hazard of survival increased incre-
mental QALYs by 0.6–0.75 years. The increase
was related to lower HRs reported in Wimo et al.
versus the base-case [24]. Excess mortality risk
for patients with MCI due to AD resulted in a
slightly lower gain in QALYs but an increased
delay in mean time to mild AD dementia [36].
Some published studies modeled survival based
on baseline patient characteristics and not by
disease severity level, which can potentially
result in lower survival gains [38, 39].

A key strength of this study was that actual
individual patient characteristics were used,
rather than mean cohort characteristics, to
better capture patient heterogeneity. Disease
progression in the model was based on a set of
risk equations that explicitly tracked the change
in amyloid level and CDR-SB over time. The
treatment effect was also modeled by calibrat-
ing the reduction in amyloid level to achieve
the effects observed during the CLARITY AD
trial (Fig. 1); this approach has been published
in previous studies [40]. This study updated the
previous assessment of long-term health out-
comes of lecanemab by incorporating the
recently published data from the CLARITY AD
trial. To align with the primary outcome of the
trial, a calibration process for the treatment
effect on amyloid levels was conducted carefully
until the treatment effect observed in the model
matched 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 [31].

There are some potential limitations of the
study to highlight. Primarily, the study was
based on amyloid PET levels, which served as a
surrogate endpoint, assumed to predict the
effects of lecanemab on the key trial outcomes,
i.e., change in CDR-SB. If the assumption of
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conditional independence is unwarranted, the
estimate of the mean time to more severe AD
states and QALY estimates may be biased, lead-
ing to an underestimation of uncertainty [41].
The use of a surrogate endpoint that is unreli-
able could impact future research efforts as well.
The results of the phase III CLARITY AD con-
firmatory trial, however, showed that the use of
lecanemab reduced brain amyloid levels and
was associated with less decline on clinical
measures of cognition and function compared
with placebo. Next, while the model was
developed using the most robust data sources to
inform key parameters, such as the mortality
risk, costs, utility, and risk of institutionaliza-
tion, uncertainty in these parameters continues
to exist. Scenario and sensitivity analyses in our
study aimed at reducing prediction uncertainty
on model outcomes. Furthermore, treatment
effects were assessed using both the amyloid
level and CDR-SB as the primary outcome,
while the behavior, dependence, function, and
other domains were not examined. Addition-
ally, disease severity, used to estimate patient
utilities and institutionalization risk, was esti-
mated based on CDR-SB. However, this measure
of AD global cognition and function has been
validated and is widely accepted in literature.
Finally, while studies of disease progression
using ADNI have highlighted the pivotal role of
regional Ab and tau deposition in AD and have
identified genetic factors underlying the dis-
ease, the strict inclusion and exclusion criteria
and lack of diversity in ethnocultural cohorts
may have limited external validity [42]. The key
assumptions underlying the model may require
further 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. In this study,
the use of lecanemab was shown to delay AD
onset and prolong time in earlier stages of the
disease, significantly benefiting not only
patients and their caregivers but also society
overall.

CONCLUSION

This study evaluated the long-term health out-
comes for individuals with early AD treated
with lecanemab. The study showed that treat-
ment with lecanemab plus SoC would result in
increased mean survival, greater QALYs gained,
and a delay in the onset of AD dementia or the
need for institutional care compared with dis-
ease management with SoC alone. The strong
evidence provided by this study validates our
preliminary assessment and reinforces the
credibility and reliability of our conclusions.
The health outcomes estimated in this study
serve as a foundation for healthcare decision-
and policymakers to assess the potential clini-
cal, economic, and societal value of lecanemab
as a treatment option for patients with early AD.
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