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ABSTRACT
Purpose: Clinical trials have produced promising
results for disease-modifying therapies (DMTs) for
Alzheimer’s disease (AD); however, the evidence on
their potential cost-effectiveness is limited. This study
assesses the cost-effectiveness of a hypothetical DMT
with a limited treatment duration in AD.
Methods: We developed a Markov state–transition
model to estimate the cost-effectiveness of a hypothetical DMT plus best supportive care (BSC) versus
BSC alone among Americans living with mild cognitive
impairment (MCI) due to AD or mild AD. AD states
included MCI due to AD, mild AD, moderate AD,
severe AD, and death. A hypothetical DMT was
assumed to confer a 30% reduction in progression
from MCI and mild AD. The base case annual
drug acquisition cost was assumed to be $56,000.
Other medical and indirect costs were obtained from
published literature or list prices. Utilities for patients
and caregivers were obtained from the published
literature and varied by AD state and care setting
(community care or long-term care). We considered 3
DMT treatment strategies: (1) treatment administered
until patients reached severe AD (continuous strategy),
(2) treatment administered for a maximum duration
of 18 months or when patients reached severe AD
(fixed-duration strategy), and (3) 40% of patients
discontinuing treatment at 6 months because of
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amyloid plaque clearance and the remaining patients
continuing treatment until 18 months or until they
reached severe AD (test-and-discontinue strategy).
Incremental cost-effectiveness ratios (ICERs) were
calculated as the incremental cost per quality-adjusted
life-year (QALY) gained.
Findings: From the health care sector perspective,
continuous treatment with a hypothetical DMT versus
BSC resulted in an ICER of $612,354 per QALY
gained. The ICER decreased to $157,288 per QALY
gained in the fixed-duration strategy, driven by
large reductions in treatment costs. With 40% of
patients discontinuing treatment at 6 months (testand-discontinue strategy), the ICER was $125,631 per
QALY gained. In sensitivity and scenario analyses,
the ICER was the most sensitive to changes in
treatment efficacy, treatment cost, and the initial
population AD state distribution. From the modified
societal perspective, ICERs were 6.3%, 20.4%, and
25.1% lower than those from the health care sector
perspective for the continuous, fixed-duration, and testand-discontinue strategies, respectively.
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Implications: Under a set of assumptions for annual
treatment costs and the magnitude and duration of
treatment efficacy, DMTs used for a limited duration
may deliver value consistent with accepted US costeffectiveness thresholds. (Clin Ther. 2022;000:1–14.) ©
2022 Eli Lilly and Company. Published by Elsevier Inc.
This is an open access article under the CC BY-NCND license (http://creativecommons.org/licenses/bync-nd/4.0/)
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INTRODUCTION
In 2020, the estimated societal cost of Alzheimer’s
disease (AD) and related cognitive disorders in the
United States exceeded $300 billion, and their projected annual economic cost will exceed $1500 billion
by 2050.45 ,1 Current pharmacologic AD therapies may
be categorized into those that treat AD symptoms
(symptomatic) or those that modify its underlying
biology to slow its progression (disease-modifying
therapies [DMTs]). To date, aducanumab is the
only DMT approved by the US Food and Drug
Administration (FDA).
A recent economic analysis of aducanumab questioned the economic value of treatments that slow
progression of early symptomatic AD to more advanced states.2–4 Notably, this analysis found that costeffectiveness results were highly sensitive to therapy
costs. Other recent economic analyses of DMTs found
favorable economic impacts of including their effects
on the quality of life of informal caregivers and limiting
treatment duration.5 ,6
Building on prior economic analyses, several variables could affect the cost-effectiveness of DMTs.
One primary difference among DMTs in ongoing
clinical trials is treatment duration, which could be
expected to have a substantial impact on treatment
costs. Additional variables that may affect the costeffectiveness of DMTs include treatment efficacy,
treatment cost, duration of treatment benefit, and
impacts on informal caregivers. Therefore, in anticipation of FDA approval of additional DMTs for AD,
quantifying their potential cost-effectiveness under a
range of scenarios will enhance our understanding
of the potential clinical and economic value of
DMTs with different possible treatment profiles. The
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objective of this study is to assess the cost-effectiveness
of a hypothetical DMT with a limited treatment
duration but sustained clinical benefit. In addition,
we use several sensitivity and scenario analyses with
varying treatment characteristics and assumptions to
investigate the main drivers of the cost-effectiveness of
such a hypothetical DMT.

PARTICIPANTS AND METHODS
Model Overview
We developed a Markov state–transition model
in Microsoft Excel to estimate the cost-effectiveness
of a hypothetical DMT plus best supportive care
(BSC) versus BSC alone among Americans living with
mild cognitive impairment (MCI) due to AD or mild
AD. Best supportive care includes nonpharmacologic
and symptomatic pharmacologic interventions but
excludes DMTs. The model uses 5 AD states to track
disease progression, including MCI due to AD, mild
AD, moderate AD, severe AD, and death (Figure 1).
The model also reflects the care setting for the patient
with AD, including community care and long-term care
(LTC).
The model structure and inputs mirror the approach
taken in the economic evaluation of aducanumab
conducted by the Institute for Clinical and Economic
Review.4 We follow their detailed methods, which have
previously been well documented.4
Results were based on a patient’s lifetime time
horizon with a model cycle length of 3 months.
Following US cost-effectiveness standard practice,
costs and outcomes were discounted annually at
3%.7 Analyses were conducted from both the health
care sector and modified societal perspectives. The
health care sector perspective included treatment,
administration, LTC, and patient direct medical costs
(Table I). The modified societal perspective included
the health care sector costs, direct medical costs
of the informal caregiver, and productivity costs of
both the patient and the informal caregiver. Health
outcomes were reported as life-years and qualityadjusted LYs (QALYs). Whereas the health care sector
perspective focused on patient QALYs, the modified
societal perspective also included informal caregiver
QALYs. Incremental cost-effectiveness ratios (ICERs)
were calculated as the incremental cost per QALY
gained.
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Figure 1. Model diagram. Across all treatment duration strategies, patients are assumed to discontinue
treatment on reaching the severe Alzheimer’s disease (AD) state. In the fixed-duration scenario, patients
continue to receive treatment for 18 months, whereas in the test-and-discontinue strategy 40% of
patients discontinue treatment at 6 months because of amyloid plaque clearance. In addition, the
model assumes that 10% of patients stop treatment because of adverse events within the first 6 months
of treatment. The base case model assumes that the treatment impact continues until progression to
moderate AD. MCI = mild cognitive impairment.

Clinical Inputs
At baseline, patients were assigned to MCI (55%)
and mild AD (45%) states, with 92% of patients
in the community care setting and 8% in the LTC
setting.8 ,9 Patients subsequently transitioned to more
severe states as their disease progressed. Patients could
also transition from the community to LTC setting,
where they remained until death.10
Treatment was assumed to involve an infusion given
every 4 weeks (ie, 13 times per year). Treatment
effects were represented as relative risks (RRs) applied
to baseline AD transitions (Supplemental Table I).
The RR of AD progression for a hypothetical DMT
was 0.70 for all progressions from MCI and mild
AD to more advanced states, resulting in a 30%
reduction in the BSC transition probabilities. This 30%
reduction was informed by recent clinical trials in AD
progression, as well as a European Union consensus
statement on clinically meaningful modifications in
AD progression.11 The model assumes no impact of
treatment on the rate of disease progression from the
moderate AD state.
We considered a set of 3 base strategies reflecting
different DMT treatment durations: (1) treatment



2022

administered until patients reached severe AD (continuous strategy), which aligns with the Institute for
Clinical and Economic Review’s previous analysis4 ;
(2) treatment administered for a maximum duration
of 18 months or until patients reached severe AD
(fixed-duration strategy); and (3) 40% of patients
discontinued treatment at 6 months because of amyloid
plaque clearance and the remaining patients continued
treatment until a maximum of 18 months or until
they reached severe AD (test-and-discontinue strategy).
The fixed-duration and test-and-discontinue strategies
are promising treatment approaches supported by
clinical and biomarker responses observed in recent
clinical trials that suggest that some antiamyloid
DMTs produce disease-modifying benefits that persist
beyond the period of treatment.12 ,13 The fixed-duration
strategy reflects a conservative treatment approach
wherein practitioners are unable or choose not to order
a diagnostic test (eg, positron emission tomography
[PET]) to establish amyloid clearance. In comparison,
the test-and-discontinue strategy mimics a treat-toclear approach, which has been implemented in
clinical trials through the use of amyloid PET. Across
all treatment strategies, the treatment benefit was
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Table I. Key model inputs.
Model Input

Clinical Inputs
Relative risks, hypothetical DMT and BSC
vs BSC alone
Progression from MCI
Progression from mild AD
Progression from moderate AD
Annual transition probabilities to
long-term care, %
MCI due to AD
Mild AD
Moderate AD
Severe AD
Relative risk of death by AD state
MCI due to AD
Mild AD
Moderate AD
Severe AD
Probability of treatment discontinuation
due to ARIA, %
Utility Inputs
Patient disutilities, community setting
MCI due to AD
Mild AD
Moderate AD
Severe AD
Patient disutilities, long-term care setting
MCI due to AD
Mild AD
Moderate AD
Severe AD
Caregiver disutilities, community setting
and long-term care setting
MCI due to AD
Mild AD
Moderate AD
Severe AD

Value

Perspective

Source

Health
Care Sector

Modified
Societal

0.7
0.7
1.0

X
X
X

X
X
X

Assumption
Assumption
Assumption

2.40
3.80
11.00
25.90

X
X
X
X

X
X
X
X

Whittington et al,4 2002
Neumann et al,11 1999

1.82
2.92
3.85
9.52
10

X
X
X
X
X

X
X
X
X
X

Andersen et al,44 2010

−0.17
−0.22
−0.36
−0.53

X
X
X
X

X
X
X
X

Neumann et al,19 1999
Neumann et al,10 , 19 1999

−0.17
−0.19
−0.42
−0.59

X
X
X
X

X
X
X
X

Assumption
Neumann et al,10 , 19 1999

X
X
X
X

Neumann et al,19 1999
Neumann et al,10 1999
Mesterton et al,, 30 2010

−0.03
−0.05
−0.08
−0.10

FDA AdComm Briefing
Document14

(continued on next page)
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Table I. (continued)
Model Input

Value

Perspective

Source

Health
Care Sector

Modified
Societal

47,488
59,360

X
X

X
X

Assumption
Assumption

8840

X

X

Leibson et al,26

1.12
1.56
1.93
1.93
7186

X
X
X
X
X

X
X
X
X
X

Leibson et al,26

447
938
1501
1876
255.33

X

X
X
X
X
X

Amyloid PET cost per scan

4467

X

X

Cost per intravenous administration

74.58

X

X

Cost Inputs, $
Hypothetical DMT annual cost, year 1a
Hypothetical DMT annual cost, year 2 or
latera
Annual direct medical cost
Direct medical multiplier costs
MCI due to AD
Mild AD
Moderate AD
Severe AD
Long-term care cost per month
Caregiver direct medical costs per month
MCI due to AD
Mild AD
Moderate AD
Severe AD
Brain MRI cost per scan

Administration on Aging27
Robinson et al,29
Assumption based on
Robinson et al,29 and
Mesterton et al,30
CMS physician fee
schedule22
MediSpan PriceRx23 ; The
New IDEAS Study24
CMS physician fee
schedule22

AD = Alzheimer’s disease; ARIA = amyloid-related imaging abnormality; BSC = best supportive care; CMS = Centers for
Medicare & Medicaid Services; DMT = disease-modifying treatment; FDA = Food and Drug Administration; MCI = mild
cognitive impairment; MRI = magnetic resonanc imaging; PET = positron emission tomography.
a
Annual cost includes $56,000 drug acquisition cost and 6% markup for infusion. Year 1 annual cost includes 80% dose
titration.

maintained until the patient reached moderate AD. The
duration of the treatment benefit was varied in scenario
analyses.
Irrespective of the treatment strategy, patients
may discontinue treatment because of amyloid-related
imaging abnormality (ARIA) adverse events, which are
associated with antiamyloid monoclonal antibodies.14
These events are assumed to last 12 weeks,14
which aligns with clinical trial data for antiamyloid
monoclonal antibodies indicating that the typical ARIA
duration ranges from 3 to 8 months 12 ,15–17 Because
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most ARIA events occur within the first 3 to 6
months of treatment,12 ,15–17 the model allows patients
to discontinue treatment because of symptomatic ARIA
adverse events at a rate of 10% during the first 6
months of treatment. The model assumes that 50% of
these discontinuations because of ARIA events occur
at 3 months and the remaining 50% occur at 6
months, with no subsequent treatment or benefit in
those who discontinue. For the test-and-discontinue
strategy, all ARIA-related treatment discontinuations
are assumed to occur before the PET scan at month 6 to
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account for the shortened treatment benefit for patients
who discontinue before amyloid plaque clearance. This
approach deviates from the Institute for Clinical and
Economic Review’s analysis, which assumed 10% of
patients discontinued because of ARIA adverse events
within the first 18 months of treatment,4 but is more
consistent with timing of ARIA events observed in
clinical trials.4 ,12 ,15 ,18

Health Utility Inputs
Patient utilities stratified by AD severity and care
setting were obtained from the published literature
(Table I).10 ,19 The modified societal perspective included informal caregiver disutilities—one type of
family spillover.7 Informal caregiver disutilities were
assumed to be the same for community and LTC
settings. The QALYs lost due to informal caregiver
disutilities were subtracted from patient QALYs gained
to calculate overall net QALY impact.
A disutility of −0.14 was implemented for patients
experiencing symptomatic ARIAs using headache (the
most common symptom of ARIA) as a proxy.20 The
daily disutility was applied for the assumed 12-week
duration of symptomatic ARIAs.

Costs
All costs in the model are reported in 2020 US
dollars (Table I). Patient and informal caregiver direct
medical costs were included for each AD state. In
addition, the model includes drug costs, adverse event
management costs, monitoring costs, and LTC costs.
Given that the intervention is a hypothetical
treatment, an annual drug acquisition cost of $56,000
was tested in the 3 base strategies, which was consistent
with Biogen’s initial price for aducanumab and aligns
with the final Institute for Clinical and Economic
Review report.4 A lower annual price of $28,000 was
tested in scenario analyses, which is consistent with
Biogen’s recently revised price for aducanumab.21 In
the first year, an 80% dose titration was applied,
leading to reduced treatment costs. In addition, a 6%
markup for infusion was included each year, leading to
annual treatment costs of $47,488 in the first year and
$59,390 in subsequent years. Treatment administration
costs were applied 13 times per year with a cost of
$74.58 per administration.22
In the test-and-discontinue strategy, all patients
incurred a $4467 diagnostic testing cost at 6 months.
This amount is consistent with the cost of amyloid
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PET (currently the only diagnostic test that is able
to establish plaque clearance) and includes current
Centers for Medicare & Medicaid Services (CMS)
reimbursement for amyloid PET and the mean amyloid
radiopharmaceutical wholesale acquisition cost.23 ,24
We assumed that patients experiencing ARIA
adverse events received 3 brain magnetic resonance
images, once every 4 weeks for 12 weeks. In addition,
monitoring requirements for both treatment arms
included 3 brain magnetic resonance images in the
first year while undergoing treatment. The cost of
a magnetic resonance image was obtained from the
CMS.22
Annual inpatient and outpatient direct medical costs
stratified by AD severity were used to calculate a direct
medical cost multiplier for each AD state.46 ,26 For
patients in the LTC setting, an additional annual LTC
cost of $86,232 ($7186 per month) was applied.27
For the modified societal perspective, patient and
informal caregiver productivity costs were estimated
by summing lost productive hours and multiplying
them by the 2020 national mean gross hourly wage for
workers ($29.58).28 Employed patients with AD (MCI,
20.4%; mild AD, 11.1%)29 reporting reduced work
productivity were assigned 20 lost hours per week.
Community-dwelling caregivers of patients with AD
were assigned AD health state–based lost productivity
hours per month. The modified societal perspective also
included informal caregiver direct medical costs.29 ,30

Statistical Analysis
We estimated the cost-effectiveness of a hypothetical
DMT across the 3 base treatment strategies from the
health care sector and modified societal perspectives using the Microsoft Excel–based Markov state–transition
model developed for this study. Sensitivity and scenario
analyses were performed on a set of defined variables
from the health care sector perspective.

RESULTS
Alternative Intervention Strategies From the
Health Care Sector Perspective
Comparing a hypothetical DMT used continuously
(continuous treatment strategy) to BSC from the health
care sector perspective led to an incremental total cost
of $285,165, with 0.466 total QALYs gained and 0.462
total life-years gained (Table II). Most incremental
costs were attributed to incremental treatment costs
($275,177), whereas there were relatively small
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Table II. Base treatment strategy results for DMT vs BSC from the health care sector perspective.
Results Category

Costs, $
Total costs
Treatment costs
Long-term care costs
Patient direct medical
costs
Undiscounted mean time in
AD states, y
MCI Due to AD
Mild AD
Moderate AD
Severe AD
Life-years
QALYs
Incremental cost per QALY
gained, $

Incremental Results Incremental Results Incremental Results for
for Continuous
for Fixed-Duration Test-and-Discontinue vs
Treatment vs BSC Treatment vs BSC
BSC

Total Results for
BSCa

285,165
275,177
1577
3741

73,279
66,684
1587
3743

58,531
48,254
1587
7760

221,858
0
139,192
82,666

0.667
0.452
-0.181
-0.323
0.462
0.466
612,354

0.667
0.452
-0.181
-0.323
0.462
0.466
157,288

0.667
0.452
-0.181
-0.323
0.462
0.466
125,631

2.027
1.807
1.172
1.699
5.937
3.489
NA

AD = Alzheimer’s disease; DMT = disease-modifying treatment; BSC = best supportive care; NA = not applicable;
QALY = quality-adjusted life-year.
a
BSC values are included as a reference and reflect total amounts rather than incremental amounts. Incremental results for all
treatment strategies are calculated relative to the BSC totals.

increases in LTC ($1577) and medical costs ($3741)
due to patients receiving the DMT living longer than
patients receiving BSC alone. The projected ICER for
the continuous treatment strategy was $612,354 per
QALY gained.
A hypothetical DMT used for 18 months (fixedduration treatment strategy) resulted in a total
incremental cost for the DMT versus BSC of $73,279,
driven by incremental treatment costs of $66,684.
Because treatment effects were sustained until patients
reached moderate AD, the life-year and QALY gains
were equivalent to those in the continuous treatment
scenario. The ICER for the fixed-duration treatment
strategy was $157,288 per QALY gained.
With 40% of patients discontinuing treatment at 6
months (test-and-discontinue strategy), the incremental
costs for the DMT versus BSC were $58,531, mainly
due to incremental treatment costs of $48,254. The
ICER for this strategy was $125,631 per QALY gained.



2022

Alternative Intervention Strategies From the
Modified Societal Perspective
When assessing the cost-effectiveness of the continuous treatment strategy from the modified societal
perspective, incremental costs decreased by $14,026
relative to the health care sector perspective due to
cost offsets for informal caregiver direct medical costs
(−$2351) and informal caregiver productivity costs
(−$11,889; Supplemental Table II). The inclusion of
informal caregiver QALYs in the modified societal
perspective also increased incremental QALYs by 0.007
relative to the health care sector perspective. The
resulting ICER was $573,530 per QALY gained.
Similar trends were observed for the fixed-duration
and test-and-discontinue treatment strategies. For
the fixed-duration treatment strategy, the ICER was
$125,276 per QALY gained, and for the test-anddiscontinue treatment strategy, the ICER was $94,092
per QALY gained.
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Figure 2. One-way sensitivity analysis results for the continuous treatment strategy. Tornado diagram
depicting the most influential inputs on the incremental cost-effectivness ratio (ICER) for the
continuous treatment strategy from the health care sector perspective. AD = Alzheimer’s disease;
Com = community based care; LTC = long-term care; MCI = mild cognitive impairment;
QALY = quality-adjusted life-year; RR = relative risk.

Sensitivity and Scenario Analyses From the Health
Care Sector Perspective
In sensitivity and scenario analyses varying a set
of parameters from the health care sector perspective,
the ICER in the continuous treatment strategy was
most sensitive to treatment efficacy and treatment cost
(Figure 2). In the other treatment strategies, the ICERs
were most sensitive to treatment efficacy, treatment
cost, and the initial AD state distribution (100%
MCI vs 100% mild AD) (Figure 3; Supplemental
Figure 1).
When the annual drug acquisition cost was reduced
from $56,000 to $28,000, the ICER decreased by
41% to 48% across the 3 treatment strategies, with
the largest ICER decrease observed in the continuous
treatment strategy.
Reducing treatment efficacy to a RR of 0.9 (vs
a RR of 0.7 in the base case) translated to more
rapid disease progression for DMT than in the base
case and therefore increased the ICERs by 201% to
225% across the 3 treatment strategies. Conversely,
improving treatment efficacy by setting the RR to 0.5
reduced the ICERs by 39% to 43%.

8

When the duration of the treatment effect was set
to a maximum of 4 years for the fixed-duration and
test-and-discontinue treatment strategies, as opposed
to maintaining the treatment effect continuously until
moderate AD is reached, the ICERs increased by 46%
and 44% due to reductions in QALY gains. When the
duration of the treatment effect was reduced to 8 years,
the ICERs for both strategies increased by 9%.
Two scenarios tested the impact of varying the
AD state distribution for the initial model cohort.
In a scenario where 100% of the cohort entered
the model in the MCI state, patients took longer to
reach moderate AD and experienced a longer treatment
effect. In this scenario, the ICER decreased by 15% in
the fixed-duration and test-and-discontinue treatment
strategies. When 100% of the cohort entered the model
in the mild AD state, patients received the treatment
benefit for a shorter amount of time relative to the
base strategies and experienced a lesser gain in health
outcomes. Therefore, the ICER increased by 32% in
the fixed-duration and test-and-discontinue strategies.
For the continuous treatment strategy, ICERs varied by
<2% when the initial AD state distribution was varied.
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Figure 3. One-way sensitivity analysis results for the fixed-duration treatment strategy. Tornado diagram
depicting the most influential inputs on the incremental cost-effectivness ratio (ICER) for the
fixed-duration treatment strategy from the health care sector perspective. AD = Alzheimer’s
disease; Com = community-based care; LTC = long-term care; MCI = mild cognitive impairment;
QALY = quality-adjusted life-year; RR = relative risk.

The ICERs were less sensitive to changes in
additional variables that were tested in scenario analyses, including the percentage discontinuing treatment
(applied in test-and-discontinue strategy only), the
amount of treatment titration in the first year, LTC
costs, and AD state utilities. Across these additional
scenarios, the ICER varied by ≤16%.

DISCUSSION
Our results from the health care sector perspective
at an annual drug acquisition cost of $56,000
indicated that a fixed DMT treatment duration of 18
months substantially reduced treatment costs relative
to a continuous treatment duration, resulting in a
74% ICER reduction. In the test-and-discontinue
strategy, discontinuing treatment for patients who
have sufficient amyloid plaque clearance at 6 months
resulted in relatively low incremental treatment costs
and an ICER that fell below the commonly cited US
willingness-to-pay threshold of $150,000 per QALY
gained.31
Our findings are consistent with a recently published
study by Ross et al.,6 which found that a limitedduration dosing scheme resulted in greater health
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economic value and that this approach may allow
clinically effective antiamyloid DMTs to be economically viable in the United States, even when priced
similarly to other biologics.6 When modeling a testand-discontinue strategy (27% and 55% of patients
suspend treatment at 6 and 12 months, respectively)
with an annual drug cost of $28,200, a hazard ratio for
disease progression of 0.68, screening costs of $17,096
per patient, and twice-yearly PET, this study reported
a base case ICER of $193,000 per QALY gained.6
When removing the high upfront screening costs to
identify eligible patients, which were not included in
our model, the ICER decreased to $151,000 per QALY
gained.
When we incorporated informal caregiver medical
costs, informal caregiver quality of life, and patient and
informal caregiver productivity costs in the modified
societal perspective, the ICERs for the fixed-duration
and test-and-discontinue treatment strategies were
20% and 25% lower, respectively, when compared
with the health care sector perspective. These notable
ICER reductions indicate the importance of considering informal caregiver impacts when evaluating
the cost-effectiveness of AD treatments because of
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the significant reliance of patients with AD on their
informal caregivers for daily functioning.32 A recent
study by Ito et al.5 assessed the cost-effectiveness of
a hypothetical DMT and found that the inclusion
of informal caregiver quality of life and productivity
reduced the ICER by >60%. When compared with
our study, this larger ICER reduction found by Ito
et al.5 is in part due to their quantification of
lost leisure time for informal caregiver nonworkers,
whereas our model only accounted for lost informal
caregiver productive time. On the basis of their
findings, the authors recommended that informal
caregiver effects be considered in the economic
modeling of AD treatments,5 which will require the
collection of high-quality data on informal caregiver
impacts.
Sensitivity and scenario analyses found that the
ICER was most sensitive to changes in treatment
efficacy, treatment cost, and the initial population AD
state distribution, which indirectly affects the duration
of the treatment effect, particularly among the fixedduration and treat-to-discontinue strategies. Notably,
when the treatment efficacy decreased (RR = 0.9), the
ICERs increased by >200%. The impact of treatment
efficacy on DMTs was also found by the review of
aducanumab performed by the Institute for Clinical
and Economic Review, which found that the ICER
was most sensitive to variation in treatment efficacy.4
Similar findings were found by Ross et al.,6 who found
that ICERs for aducanumab and donanemab from the
health care sector perspective were most sensitive to
treatment efficacy.
Treatment costs were also very influential on the
ICER. When annual treatment acquisition costs were
reduced by 50%, ICERs for the fixed-duration and
test-and-discontinue treatment strategies decreased to
<$100,000 per QALY gained. Finally, our model
assumes that treatment effects are maintained until
patients reach moderate AD, which is the functional
equivalent of maintaining treatment effects for approximately 10 years in the base analysis. In scenarios
that varied the duration of the treatment effect from
4 to 8 years, the ICERs increased from as much
as 46% (4 years) to 9% (8 years) in the fixedduration and test-and-discontinue treatment strategies,
demonstrating the impact of sustained clinical benefits
on the cost-effectiveness of DMTs. A similar finding
was reported by Herring et al.33 in a modeling
study that assessed the lifetime clinical benefits of
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aducanumab plus standard-of-care treatment versus
standard of care alone from the EMERGE (221AD302
Phase 3 Study of Aducanumab (BIIB037) in Early
Alzheimer’s Disease) trial. Although that study focused
on health outcomes and did not consider costs, the
authors found that when the treatment effects of
aducanumab ended after 3 or 5 years (vs when patients
reach moderate AD), median survival decreased among
patients.
The results of this study should be considered
in light of several limitations. Uncertainty remains
regarding the efficacy and duration of treatment effects
for DMTs in development. In addition, patient and
informal caregiver utilities were obtained from crosssectional studies that may not appropriately reflect
utility changes over time. Furthermore, the generic
health-related quality-of-life instruments used may not
capture all relevant quality-of-life domains for patients
with AD and their informal caregivers. Informal
caregiver utilities were also assumed to be the same for
community and LTC settings because of a paucity of
published quality-of-life data for informal caregivers
of patients with AD. This assumption is unlikely
to reflect the real-world QOL impacts of informal
caregivers for patients with AD in each setting. The
model also only accounts for the impacts of 1 primary
informal caregiver, which may underestimate the
informal caregiver costs and effects when patients have
multiple informal caregivers.34 This analysis also did
not consider delirium, which is significantly associated
with long-term cognitive decline.35 Delirium is a major
driver of emergency department visits, hospitalizations,
and follow-on complications for patients with AD.
Therefore, both costs and mortality rates in this study,
and hence the value of effective DMTs, are likely
underestimated because they do not account for the
higher incidence of delirium in hospitalized patients
with AD.36 This study also did not factor in any
potential of a DMT to reduce delirium by delaying
progression of the cognitive decline associated with
AD. Future research should incorporate the impact
of delirium on the overall costs and mortality of
AD and examine whether DMTs have any impact
on these clinical and economic outcomes. Finally,
this analysis did not account for the possibility of
widespread uptake of the evidence-based collaborative
AD care model that found improvement in behavioral
and psychological symptoms of both patients with
AD and their informal caregivers in addition to
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increasing community living and reduction in acute
care utilization.37 ,38
Additional research is needed to broaden the
perspective of value assessments for AD therapies.
One area of focus should be on the costs of different
methods of screening large patient populations to
identify patients with AD as soon as subtle symptoms
appear and possibly even earlier. Our analysis indicates
the importance of early diagnosis by the finding that
a hypothetical DMT used for a limited duration
would be more cost-effective when the initial cohort
begins treatment earlier in their disease progression
(ie, 100% MCI vs 100% mild AD). In addition,
there is potential value in serial testing strategies; for
example, using a sensitive but less expensive blood
test, followed by more specific and expensive PET for
those who screen positive as a strategy could costeffectively identify patients eligible for DMTs. To date,
most cost-effectiveness analyses of DMTs for AD have
presupposed identification of the correct patients, but
this is difficult to achieve in current real-world practice
because of a mix of public policy, medical practice,
and technological barriers. Today, in practice, accurate
detection of the presence of amyloid is infrequent.39
The economic value of antiamyloid treatments will
depend in part on improved diagnostics to ensure that
treatment-eligible patients are identified early in the
disease course and treatment is initiated and monitored
appropriately. The current health care system is illprepared for this unmet need and will need to adapt
accordingly.
Future research is also required to address the
limitations with applying traditional cost-effectiveness
modeling approaches to DMTs for AD. To encourage
a more holistic approach to value assessments, ISPOR
developed a “value flower” framework that reflects
the core elements of conventional cost-effectiveness
analyses as well as newer elements related to changes
in uncertainty (eg, insurance value, value of hope, and
real option value).40 This framework also highlights
the importance of scientific spillovers that involve
new treatments advancing the scientific field. When
scientific spillovers occur, treatments that confer
relatively small incremental benefits spur continued
innovation when valued appropriately. An example
of these spillover effects is the advances in squamous
lung cancer treatment wherein incremental treatment
improvements have resulted in a clinically meaningful
impact for patients.41 Recent formal mathematical
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explication of these new value elements highlights the
importance of adjusting the cost-per-QALY threshold
to capture the severity of the condition and acuity of
need.32 Because AD is a severe condition with limited
treatment options affecting older populations, a higher
cost-per-QALY threshold may be warranted.42 A recent
analysis of a hypothetical DMT that slowed AD by
30% concluded the treatment would be worth $5.5
trillion to US society— >$134,000 for each American
who currently has MCI and >$18,000 for every adult
American who does not have MCI but who would
be willing to pay for the reassurance that a treatment
exists.43 Such figures suggest that willingness-to-pay
thresholds may need to be adjusted higher for AD, yet
future research is needed to inform how to accurately
quantify nontraditional value elements (eg, scientific
spillover, value of hope) and appropriately adjust
willingness-to-pay thresholds.

CONCLUSIONS
This analysis found that under a reasonable set
of assumptions for annual treatment costs and the
magnitude and duration of treatment efficacy, DMTs
with a limited duration of use and sustained clinical
benefits until progression to moderate AD have the
potential to deliver value consistent with currently
accepted US cost-effectiveness thresholds. Treatment
efficacy, drug costs, and the duration of the treatment
benefit are important treatment characteristics that
our study found to have a large impact on the costeffectiveness of a hypothetical DMT. Future economic
evaluations of DMTs should account for the economic
impact of these treatment characteristics.
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