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1 | INTRODUCTION

Joshua A. Barocas®

Abstract

Introduction: An estimated 6 million Americans have Alzheimer’s disease (AD). Adu-
canumab was recently approved by the Food and Drug Administration despite the lack
of clinical effectiveness data.

Methods: We developed a Markov state transition model of AD to estimate the cost
effectiveness of aducanumab compared to standard of care (SOC) over a 5-year time
horizon for a cohort of persons aged 65 with mild AD. Outcomes included quality
adjusted life years (QALYs), discounted costs, and incremental cost-effectiveness ratios
(ICERs). We performed sensitivity analyses to address uncertainty.

Results: Over 5 years, the incremental cost of aducanumab compared to SOC was
$179,890. Aducanumab resulted in 0.47 QALYs gained compared to SOC. The ICER
for aducanumab compared to SOC was $383,080/QALY. In threshold analysis, adu-
canumab became cost-effective at $22,820/year.

Discussion: Aducanumab is not cost-effective at the estimated price of $56,000 even
under ideal circumstances in which it completely halts AD progression.
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2 | METHODS

An estimated 5.8 million Americans have Alzheimer’s disease (AD), 2.1 | Analytic overview

a number that is likely to triple by 2060.1 AD progression results in
enormous morbidity and mortality and costs between $150 and $215
billion annually.2 Aducanumab, a monoclonal antibody that binds to
aggregated forms of amyloid beta (AB), has been shown in three ran-
domized placebo-controlled trials to significantly reduce deposition of
AB plaque in recipients. Based on this surrogate endpoint, the US Food
and Drug Administration (FDA) approved aducanumab for AD using
an accelerated pathway.® This step drew criticism given the unknown
clinical benefits and high drug costs. We sought to determine the cost-
effectiveness of aducanumab for the treatment of mild AD. Given the
lack of efficacy data, we made the optimistic assumption that adu-
canumab completely arrests AD progression in mild disease.

We developed a Markov state-transition model of AD to project the
incremental cost-effectiveness ratio (ICER) of aducanumab compared
to standard of care (SOC) over a 5-year time horizon for a cohort of
persons aged 65 years with mild AD. The model simulates the pro-
gression of patients with mild AD to moderate and, subsequently,
severe AD (Figure S1 in supporting information). Each AD disease
state carries distinct costs, disability weights, and mortality rates. We
projected lifetime medical costs assuming a health-care system per-
spective and applied a 3% discount rate to costs and quality-adjusted
life years (QALYs).* We interpreted ICERs using a willingness-to-pay
(WTP) threshold of $100,000/QALY gained.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring published by Wiley Periodicals, LLC on behalf of Alzheimer’s Association

Alzheimer’s Dement. 2022;8:€12256.
https://doi.org/10.1002/trc2.12256

wileyonlinelibrary.com/journal/trc2 | 1of4


https://orcid.org/0000-0002-4233-0871
https://orcid.org/0000-0002-4155-4697
mailto:Pranay.Sinha@bmc.org
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/trc2
https://doi.org/10.1002/trc2.12256

20f4 Translational Research

SINHA anD BAROCAS

Clinical Interventions

2.2 | Rates of progression and mortality

We derived rates of progression and mortality from the National
Alzheimer’s Coordinating Center Uniform Data Set (Table S1 in sup-
porting information).> For the cohort receiving aducanumab, we

assumed that patients did not transition beyond mild AD.

2.3 | Costs

We assumed aducanumab costs $56,000 (range: $33,600-84,000)
annually.® We assumed that annual health costs for persons with mild
AD were indistinct from those of average Americans older than 65
years: $7750 (range: $2480-16,000) whereas annual costs for those
with moderate or severe AD were assumed to be $50,000 (range:
$17,150-100,110).27

24 | QALYs
We assumed health utilities of 0.73, 0.69, and 0.27 for mild, moderate,

and severe AD, respectively, based on a previous study.®

2.5 | Sensitivity analyses

We conducted one-way deterministic sensitivity analyses using a priori
feasible ranges around core parameter values. We conducted a thresh-
old analysis of aducanumab costs to assess the cost at which the drug
would meet our WTP threshold. We also assessed the threshold of
annual moderate-severe AD costs above which aducanumab would be
favorable at a cost of $56,000. Last, we performed probabilistic sen-
sitivity analysis (PSA) using probability density functions around each
parameter value and used Monte Carlo simulation to repeat the anal-
ysis 10,000 times. We assumed beta distribution for state transition
probabilities and gamma distributions for costs.* We represent uncer-
tainty around base case results using 95% confidence intervals (Cl)
from PSA.

2.6 | Ethics

Consent was not necessary for this modeling study which did not make

use of human subject data.

TABLE 1 Base case analysis for cost-effectiveness of aducanumab

Incremental cost

Strategy Cost ($US) ($US)

SOC REF
75,550(34,790-
136,610)

Aducanumab 179,890(74,450-
255,440(161,460- 304,090)
375,340)

RESEARCH IN CONTEXT

1. Systematic Review: The authors reviewed the literature
using traditional sources including PubMed and review of
white paper literature. Little is known regarding the clini-
cal effectiveness of aducanumab for the treatment of mild
Alzheimer’s disease (AD), yet it was approved by the Food
and Drug Administration and carries with it a projected
cost of $56,000/year.

2. Interpretation: Our model suggests that even under ideal
circumstances in which aducanumab completely halts
progression of AD, it may not be cost-effective at its cur-
rent projected list price. Significant reductions in cost
would be needed to make this cost-effective.

3. Future Directions: The threshold at which aducanumab
would be cost-effective will need to be re-evaluated when
data from arandomized clinical trial quantifies the clinical
benefit.

3 | RESULTS

Over 5 years, costs with aducanumab were $255,440 (95% ClI:
$161,460-$375,340) and $75,550 (95% Cl: $34,790-$136,610) with
SOC. Aducanumab was associated with 2.93 (95% Cl: 2.33-3.42)
QALYs compared to 2.46 (95% Cl: 2.06-2.82) QALYs with SOC. The
ICER for aducanumab compared to SOC was $383,080/QALY (95% ClI:
14,110-1,082,060; Table 1).

In one-way deterministic sensitivity analysis, the two parameters
with the greatest impact on the ICER were the time horizon and the
cost of aducanumab (Figure S2 in supporting information). At a time
horizon of 30 years, the ICER was $128,520/QALY and at a time hori-
zon of 3 years, the ICER was $731,660/QALY. At the upper bound of
cost ($84,000) the ICER was $622,000/QALY and at the lower bound
of cost ($33,600) it was $191,940/QALY. In threshold analysis, we esti-
mate that the ICER for aducanumab would meet the WTP threshold at
a drug cost of $22,820 (Figure 1). Annual costs for moderate-severe
AD would have to be greater than $209,720 for aducanumab to be
the favorable strategy at an annual cost of $56,000. Cost-effectiveness
conclusions were robust in PSA. The cost-effectiveness acceptability

curve shows that aducanumab was favored 0.76% of the time at the

Incremental ICER
QALY (years) QALY (years) ($US/QALY)
2.46(2.06-2.82) REF REF

2.93(2.33-3.42) 0.47(0.18-0.75)
383,080(141,110-

1,082,060)

Abbreviations: ICER, incremental cost-effectiveness ratio; SOC, standard of care; QALY, quality-adjusted life year.
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FIGURE 1 Threshold analysis for cost of aducanumab. ICER,
incremental cost-effectiveness ratio

WTP threshold of 100,000/QALY (Figure S3 in supporting informa-
tion).

4 | DISCUSSION

Aducanumab is a potentially promising treatment for the 6 million
Americans with AD, most of whom are 65 years or older and eligible for
Medicare. As of 2017, at least 2 million of these individuals used one
or more treatments for AD, which were largely covered under Medi-
care Part D. A recent analysis by the Kaiser Family Foundation deter-
mined that total annual spending for aducanumab at this price would
be nearly $57 billion per year.? Cost concerns aside, the FDA approved
this agent for use in people with mild AD though clinical efficacy data
are noticeably absent. Our analysis suggests that aducanumab may not
be cost-effective at this price even though we modeled a best-case sce-
nario in which aducanumab completely halted AD progression. In our
model, aducanumab met the WTP threshold of $100,000 when the
price was decreased to $22,820 annually. Given that few therapeutics
achieve 100% effectiveness, this threshold will need to be re-evaluated
when data from an ongoing randomized clinical trial quantifies the clin-
ical benefit of aducanumab.

Our analysis is limited by lack of available clinical effectiveness data
and by uncertainty around parameters. As such, we incorporated data
that would skew toward the cost-effectiveness of aducanumab and
accounted for uncertainty using both deterministic and probabilistic
sensitivity analyses.

Of the estimated 6 million Americans with AD, if even 50% are cat-
egorized as having mild disease, we would expect annual aducanumab
cost to approach $162 billion, grossly inflating Medicare costs.? Our
findings add to the nascent economic literature regarding aducanumab.
The Institute for Clinical and Economic Review estimated a price of
between $2500 and $8300, which is lower than our estimates.'® That
analysis did not assume 100% effectiveness and modeled the popu-
lation based on several clinical trials whereas we evaluated the cost-
effectiveness in a general cohort of 65-year-old individuals with mild
AD, the population for whom this agent is approved. Another anal-
ysis of a hypothetical disease-modifying treatment for AD by Green

Clinical Interventions

et al. found that such a treatment with a 40% risk reduction in dis-
ease progression at an annual cost of $10,000 would have an ICER of
$52,029.11 Taken together, these studies suggest that regardless of the
clinical efficacy, it is the cost of drug that is likely to limit its use and
access. It will be particularly difficult to convince providers and payors
of its value at the current price if it is no more effective than donepezil
or memantine, which cost $80 and $250 annually, respectively.}213

In conclusion, our model suggests that aducanumab is likely not

cost-effective at an annual price of $56,000.
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