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Abstract

INTRODUCTION: As treatments for secondary prevention
of Alzheimer’s disease (AD) are being studied, concerns
about their value for money have appeared. We estimate
cost-effectiveness of a hypothetical screening and prevention
program.

METHODS: We use a Markov model to project cost-
effectiveness of a treatment that reduces progression to
symptomatic AD by 50% with either chronic treatment until
progression to mild cognitive impairment or treatment for
one year followed by monitoring with AD blood tests and
retreatment with one dose in case of amyloid re-accumulation.
Diagnoses would be made with an AD blood test with
sensitivity and specificity of 80%, and inconclusive results in
20%. Individuals testing negative would be re-tested in five
years and those with inconclusive results in one.

RESULTS: The program would generate per-person value of
$53,721 from a payer (reduction of direct cost and patient QALY
gains) and $69,861 from a societal perspective (adding valuation
of reduced caregiver burden). With chronic treatment, it would
be cost-effective up to annual drug prices of $7,000 and $10,300,
respectively. Time-limited treatment would be cost-effective
at annual drug prices of $54,257 and $78,458 from a payer
and societal perspective, respectively. Higher specificity of the
blood test would decrease cost per person with similar value
generation

DISCUSSION: A hypothetical prevention treatment for
AD could be economically viable from a payer and societal
perspective.

Key words: Alzheimer’s disease, prevention, amyloid, cost-
effectiveness, modeling, value.

Introduction

Disease (AD) has sought to find an effective
prevention therapy by 2025. In addition to
efficacy, a prevention therapy, including the necessary
screening program, must to generate adequate value
for money, as payers would be unlikely to cover such a
program, if cost were too high relative to benefit.
Phase 3 trials for lecanemab (1) and donanemab
(2), both monoclonal antibodies targeting amyloid-f
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(AB) plaques, have shown a reduction of clinical and
functional decline in patients with mild cognitive
impairment (MCI) or mild dementia due to Alzheimer’s
disease (AD). These results support the hypothesis
that Ap aggregates are involved in the development,
treatment and potential prevention of AD; and increase
the chance that ongoing secondary prevention trials
of lecanemab (3) (AHEAD 3-45) and donanemab
(TRAILBLAZER-ALZ 3) will show a significant benefit.
These trials investigate these drugs in cognitively
unimpaired persons with PET and/or plasma biomarker
evidence of A plaques, and, if positive, would support
the accelerated approval of an AD prevention therapy
within the next few years.

Since evidence of Af plaques begins about 10-20
years before the onset of MCI, by which time disease
burden is already extensive, there is reason to believe
that the initiation of a secondary AD prevention therapy
in cognitively unimpaired persons with AP plaques
could have a more profound impact in slowing disease
progression and preventing the onset of symptoms.
Moreover, since the costs and burden to patients and
families are already significant after the onset of cognitive
impairment (4) , imposing a natural limit on the benefit,
an Ap-directed therapy that is initiated before the onset
of impairment could have a greater economic benefit. An
analysis of the GERAS-US data by Robinson et al. (5), for
example, reported monthly medical and social care cost
associated with MCI of $1,098 and $194 in 2017 USD,
respectively.

While these estimates suggest substantial potential
gross value for a preventive treatment, the net benefit,
and thus the economic viability of a prevention program,
will be a function of cost for diagnosis, drug, and
monitoring compared to cost offsets and gains in quality-
adjusted life-years (QALYs), i.e., the life-years gained
from the treatment adjusted for severity of illness in
those years. On the one hand, the complexity and likely
cost of Ap-targeting treatments, which entail biomarker
testing, potential infusion delivery, monitoring for ARIA
and patented drugs, are clearly quite different from
many other preventive treatments, like flu shots and
cholesterol-lowering drugs. On the other, fairly complex
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Figure 1. Conceptual model of the diagnostic process and state assignment
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screening and prevention programs, such as serial CT
scans in smokers for lung cancer (6) and colonoscopy
screening for colorectal malignancies (7), have been
shown to generate adequate value for money and are
recommended by the US Preventive Services Task Force.

Understanding and debating the contours of a
secondary prevention program, which would necessitate
screening for the AD pathology given the limited or
absent subjective symptoms at that disease state, well
ahead of an approval of a treatment has substantial policy
implications because of the large size of the potentially
eligible population. According meta-analyses of PET and
CSF data from nearly 10,000 persons (8), about a quarter
of cognitively unimpaired persons with an average age of
about 70 have biomarker evidence of A plaques.

In this article, we conduct a thought experiment and
assess a hypothetical blood-based biomarker screening
program to identify cognitively unimpaired persons
with biomarker evidence of AR plaques and estimate
per person costs and benefits of a population-based AD
prevention therapy, with AB plaque-lowering antibodies.
We explore a range of assumptions with a decision-
analytic model to determine the economic viability of
such a program. Of note, our expectation is not that the
program would reduce net spending on medical and
social care cost, as this would be highly unusual for
medical interventions, but to create adequate value for
money, i.e., to be cost-effective rather than cost saving.
We consider the payer perspective that takes direct cost
offsets and an implied valuation of gains in quality
adjusted life-years (QALYs) into account and the societal
perspective that also considers reduced caregiver burden.

Methods

Hypothetical care pathway

Here, we considered the 2022 U.S. cohort of adults
aged between 55 and 79 without cognitive impairment,

and we project their outcomes over a 30-year horizon.
As illustrated in Figure 1, every individual in this cohort
would receive a blood test for the Alzheimer’s pathology
in a primary care setting. The blood test can be positive
for the Alzheimer’s pathology, negative or indeterminate,
and we assume a sensitivity and specificity of 80% for
conclusive results, whereas indeterminate tests do not
carry information, i.e., sensitivity and specificity are only
calculated for the share of conclusive test results. We
assume the 20% of individuals with indeterminate test
results would not undergo further assessment and return
for retesting in the subsequent years until the test is
conclusively either positive or negative. We assume that
four out of five Individuals with a conclusively positive
test result would be directly referred to treatment,
whereas the remaining 20% would undergo confirmatory
testing with PET scan (50%) or CSF analysis (50%) with
sensitivity and specificity of 95% and be referred to
treatment based on those results. Individuals testing
negative at any stage of the diagnostic process would
return for another blood test in five years. No further
testing would be undertaken once an individual turns 80
years of age. The upper age limit was imposed in keeping
with other screening programs, such as for colorectal and
lung cancer, as advanced age would make it less likely to
see a net clinical benefit.

Our base case assumption is that the treatment would
reduce the progression from preclinical AD to MCI due to
AD by 50% as an estimate of effectiveness, i.e., accounting
for treatment interruptions and discontinuations under
real-world conditions. The treatment would have no
direct effect on mortality, because preclinical AD is not
associated with higher mortality. Indirect effects on
mortality would come from a delayed or avoided onset of
MC], i.e., the impact on life-years and QALYs is based on
delaying the progression to symptomatic disease stages
with elevated mortality risk.
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Table 1. Model parameters

Parameter

Prevalence of preclinical AD Age: 55-59
Age: 60-64
Age: 65-69
Age: 70-74
Age:75-79
Age: 55-59
Age: 60-64
Age: 65-69
Age: 70-74
Age:75-79
Age: 55-59
Age: 60-64
Age: 65-69
Age: 70-74
Age:75-79

Incidence of preclinical AD

Incidence of MCI due to AD

Treatment effect
Cost Blood test for AD pathology
Amyloid PET scan

CSF analysis

MRI

Treatment - base case
Treatment - alternative scenario
Sensitivity Blood test for AD pathology
Confirmatory testing

Specificity Blood test for AD pathology

Confirmatory testing

Value Source

0.18 8)

0.21

0.25

0.29

0.33

0.007 Authors’ calculations based on (8)
0.007

0.008

0.009

0.01

0.01 (9,10,11)

0.015

0.015

0.024

0.026

0.5 Assumption

$125 Assumption

$4,000 Assumption

$600 Assumption

$394 Medicare rate (CPT 70450)
$5,850 Annual cost for PCSK9 inhibitors
$26,500 Annual cost of lecanemab
80% Assumption

95% Assumption

80% Assumption

95% Assumption

Model structure, parameters and sources

Disease burden and transition probabilities

Estimates for the prevalence of preclinical Alzheimer’s
disease (i.e., biomarker evidence of AP plaques in
cognitively unimpaired persons in this age group) were
based on Jansen et al., which also served as source for
the derivation of incidence (8). We used population
counts and corresponding mortality rates in five-year
age brackets from 2020 U.S. Census and calculated (1) the
number of amyloid positive cases based on the Jansen
data, and (2) the number of individuals that survived 5
years. This allowed us to generate the number of amyloid
positive cases alive at the last year of the age bracket after
accounting for 5-year mortality. Subtracting those cases
from the prevalent cases in the next age bracket gave
us the number of incident cases in that bracket. From
this, we calculated the annual incidence (reported in
cases by person-years) as a population-weighted average.
Transition probabilities from preclinical AD to MCI were

obtained from a 2019 meta-analysis by Parnetti et al. (9)
and recent studies by Cho et al. (10) and Roberts et al. (11)
(Table 1).

We used a recent publication Prados et al. (4) to derive
estimates for the cost and indirect mortality effects of
delaying the onset of MCI. They projected the long-
term societal value of a treatment that delayed AD
progression from the MCI stage by 30% and estimated as
counterfactual the impact of the natural history of MCI
due to AD in the absence of treatment, which provided
us with estimates for the impact of MCI onset to measure
the value of delaying it. The parameters for this model are
documented in the Appendix, Tables A1 and A2.

Costs

We assume that the AD blood test would cost $125,
including the venipuncture, a PET scan $4,000, and a CSF
test $600, including the lumbar puncture. We used two
assumptions for the cost of the treatment. The first, our
base case, was $5,850 per year using the 2023 list prices
of the PCSK9 inhibitors as a proxy, since those are also
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monoclonal antibodies used in secondary prevention. The
treatment would be used until transition to MCI.

The second scenario assumed annual cost of $26,500
based on the list price of lecanemab. This treatment
would be used for 12 months, similar to donanemab (2),
with one PET scan to confirm clearance, followed by
annual blood tests to detect re-accumulation of amyloid
deposits. Based on recently published data (12), we
assume average time to re-accumulation to be five years
and retreatment with one dose.

We assumed four MRIs without contrast at baseline
and at months 6, 12 and 18 for ARIA monitoring,
following the aducanumab label (13) and recent
appropriate use recommendations (14) at the Medicare
rate of $394 per scan. All cost estimates are expressed
in 2023 US$ and inflated by three percent annually in
subsequent years.

Benefits

Estimates for medical and social care cost, caregiver
burden, which includes time loss, QALY loss and added
medical cost, and patients’” QALY loss after progression to
MCI were obtained from Prados et al. (4), who estimated
the impact of the natural history of MCI in the absence
of treatment, as described above. Loss of QALYs for
individuals with MCI was based on their estimates of
time spent in stages of cognitive impairment of increasing
severity plus estimates of average loss of five life-years
due to MCI (15, 16). QALYs were valued at $150,000 and
future savings and QALY gains discounted by 3% per
year (Table 2).

Table 2. Attributable cost after transition to MCI

Overall cost after Average annual cost
reaching MCI after reaching MCI
Medical care $138,153 $15,099
Social care $175,455 $19,175
QALY loss $731,022 $79,893
Caregiver medical care $75,198 $8,218
Caregiver time loss $205,500 $22,459
Caregiver QALY loss $154,763 $16,914
Total $1,480,092 $161,759

Note: Estimates were derived from the projection of the impact of the natural
history of MCI due to AD by Prados et al. (4) and inflated to US$20231

Results

Base case

Under our assumptions for test performance and
treatment effectiveness, 31,978,527 Americans out of an
eligible starting cohort of 74,951,803 would be treated
over the 30-year model horizon with an average
treatment duration of 12 years and 5,746,768 incident

MCI cases avoided, as individuals would die before
progression to MCI.

Using the list price of the PCSK9 inhibitors of
$5,850 per year, the average cost per included person
would be $45,157, with 98.6% going toward cost of the
treatment and only 0.6% each toward blood testing and
confirmatory testing for the Alzheimer’s pathology.
Figure 2 displays the trajectory of costs and benefits
under this scenario. Costs offsets reflect the avoided cost
for professionally provided medical and social care, the
payer perspective adds the valuation of avoided MCI
cases’ QALY gains at $150,000 per person, which is the
typical assumption for payers in the U.S., and the societal
perspective also adds the value of reduced caregiver
burden, defined as attributable medical cost and the
valuation of caregivers’ lost QALYSs, earnings and leisure
time. The results suggest that the prevention program
would be cost-effective from a payer perspective over
the model horizon with total value of $53,721 of which
$17,791 stems from avoided cost of care. The program
is projected to reach cost-effectiveness in Year 18, when
the value trajectory from a payer perspective crosses
the average cost trajectory in Figure 2. From a societal
perspective, the program would generate $24,704 in net
value, i.e., value less treatment cost, per person and reach
cost-effectiveness in Year 10.

Effect of assumptions for treatment cost

Figure 3 illustrates how the cost effectiveness of the
treatment would fare under different assumptions for
treatment cost. At our current assumptions, the program
would no longer be cost-effective from a payer and a
societal perspective, if the average cost per person were
over around $54,000 and $78,000, respectively, which
corresponds to a drug price of around $7,000 and $10,300
for a year of treatment. Thus, chronic treatment at an
annual cost of $26,500 would not be cost-effective from
either perspective.

Figure 2. Breakeven analysis for base case scenario

—e—Costoffset

$90,000

—e— Payer perspective  —+— Societalperspective = = = Weighted average cost per person

$80,000 —
$70,000 e
560,000

0,000 - ’ "

Average cost and benefit per person

s5
540,000 v,,-’ € —r T
530,000 //’/ ),-‘//

520,000 /,/ i /

510,000 %,z/ ’

o 5 10 15 20 25 30
Model year

Our second assumption, time-limited treatment for
one year and subsequent retreatment in case of amyloid
re-accumulation, is shown in Figure 4. In this scenario,
the program would be cost-effective at an annual cost of
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the treatment of $26,500, which corresponds to an overall
average price per year of $25,303. The annual cost of the
treatment would have to drop to around ~$18,000 for the
program to become cost-neutral with $17,956 cost per
person. Up to an annual treatment cost of $60,000 (overall
cost of $54.257) and $88,000 (overall cost of $78,458) the
program would remain cost-effective from a payer and
societal perspective, respectively.

Figure 3. Breakeven analysis for different assumptions
for size of treatment effect - base case assumption for
treatment cost
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Effect of treatment effectiveness

Figure 5 illustrates how different assumptions for
the treatment effect would influence the projection of
overall value, again using the first assumption for annual
treatment cost. If the treatment delayed progression to
MCI by only 25 percent, the program would no longer be
cost-effective from a payer or societal perspective as the
value would decline to $23,315 and $34,037, respectively.
Not even an effect size of 80 percent would make the
program cost-neutral as it would generate $31,209 in
direct cost offsets and the treatment would have to
eliminate the progression from preclinical AD to MCI to
become cost-neutral.

Figure 4. Breakeven analysis for different assumptions
for size of treatment effect - alternative assumption for
treatment cost
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Effect of blood test performance

Improving the specificity of the blood test decreases
the number of false positives referred to treatment and
hence the per person cost as Figure 6 illustrates. Cost per

person decreases linearly from $53,354 at a specificity
of 70 percent to $31,614 at a specificity of 95 percent,
whereas generated value remains nearly unchanged (left
panel). The right panel of Figure 6 shows that average
cost per person increases with the sensitivity of the blood
test, whereas generated value decreases.

Figure 5. Breakeven analysis for different assumptions
for size of treatment effect
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Figure 6. Effect of blood test specificity (left panel) and
specificity (right panel) on cost and value per person
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Our results suggest that a preventive treatment that
reduces the rate of progression from preclinical AD
to MCI by 50% would be economically viable from a
payer perspective over a range of assumptions, albeit
not cost-saving, as is typically the case for prevention
programs. The economic value, which such a prevention
program could generate, is considerably higher than that
of a treatment for early-stage symptomatic disease with
a comparable effect on progression. Reduced medical
and social care cost were projected to be $24,797 and
$31,560 per treated person, respectively, which is orders
of magnitude higher than estimated savings (4) from
an early-stage treatment of $0.19 and $2 per person.
Similarly, the effect on caregiver burden, which accounts
for a substantial proportion of societal cost (17, 18),
reflected a gain $78,256 per treated individual but was
negligible for an early-stage treatment (4). The reason for
these substantial differences is that the cost and burden
associated with the disease are already quite high at the
MCI stage and, except for nursing home cost, do not
change markedly by delaying progression once a patient
is symptomatic (4). The difference in QALY gains is of
lower relative magnitude. We estimated average gains
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of 0.79 and 1.85 QALYs per appropriately treated person
based on an assumed treatment effectiveness of 30% and
50%, respectively, whereas published estimates for an
early-stage treatment reported QALY gains of 0.75 (4),
0.73 (19), 0.65 (20), and 0.225 (21) assuming treatment
effects of 30%, 25%, 31% and 25%, respectively.

While the potential value from a preventive treatment
is sizeable, the result is based on using the treatment until
progression to MCI and assumed annual cost of the drug
$5,850 and cost could not exceed around $7,000 for the
program to remain cost-effective, which is considerably
lower than the list prices of aducanumab and lecanemab
of around $28,200 and $26,500, respectively. However,
we also show that treating for a limited time to remove
amyloid deposits and monitoring for re-accumulation
followed by re-treatment if needed, as successfully tested
for donanemab (2), would be cost-effective up to an
annual treatment cost of around $60,000. As the lower
amyloid burden in preclinical individuals makes it less
likely that chronic treatment at full dosing would be
required, the results suggest that a secondary prevention
program could generate adequate value for money over
a range of assumptions. However, as others have shown
before (22), economic viability depends on the interaction
of effect size of the treatment and price both of which
are unknown at this point. It also has to be kept in mind
that the budget impact could be large because of the
high prevalence of the disease, but the uptake of such a
prevention program is likely to be gradual and limited.
Even well-established prevention programs, such as
screening for breast, cervical and colorectal cancer have
a reported uptake of 81, 72 and 63 percent, respectively
(23, 24, 25). Similarly, secondary prevention with PCSK9
inhibitors is regarded underutilized (26).

In addition to drug cost, performance characteristics
of an AD blood test will play a critical role for the cost-
effectiveness of a prevention program. As expected,
generated value scales up linearly with the specificity
of the test, as a lower false positive rate avoids treating
individuals without the disease. In contrast, higher
sensitivity decreases value and increases cost per person.
This phenomenon is likely due to a cumulative false
positive rate if screening tests with high sensitivity are
used repeatedly, as it is known from periodic cancer
screening programs (27, 28). In fact, at our base case
assumptions 41% of treated individuals are false positive.
The findings would suggest that a two-step screening
process might be beneficial that combines a blood test
with high sensitivity as first step and then a second blood
test with specificity close to current confirmatory tests to
make a treatment decision.

Limitations

We caution that this analysis has substantial
limitations. First and foremost, it is not a true cost-
effectiveness analysis because we rely on assumptions for

many critical components, such as the exact nature of the
clinical pathway, the administration route, frequency and
cost of blood tests and/or other diagnostic assessments,
test performance, treatment age range, treatment
effect size, duration of treatment after AP plaques are
removed, and durability of the effect. The predictions
are very sensitive to the performance of the blood test,
and population-level data for their performance remain
scarce, although we use a conservative assumption of
80% accuracy. We use highly aggregated data from a
prior publication to estimate the cost of a progression
to MCI that may over- or underestimate the actual
impact. Similarly, we assume homogenous benefits by
age group. While we account for age-related mortality
effects, there may be difference in benefit because of
higher burden of other diseases that affect memory and
cognition in older age groups. Our base case calculations
assume chronic intravenous treatment, for which the two
currently approved drugs (aducanumab and lecanemab)
are labeled, but it is unclear whether chronic treatment at
the full dose will be required. Similarly, our assumptions
for time-limited treatment may prove to be incorrect. The
estimates apply to intravenous treatment with antibodies
targeting AP plaques and would not generalize to oral or
subcutaneous treatments and treatments with different
mechanisms of action and monitoring requirements.
Lastly, we note that we specifically assessed a scenario
for a secondary prevention therapy in unimpaired
individuals with biomarker evidence of the AD. Different
assumptions and calculations would be needed for a
primary prevention therapy in unimpaired persons at
genetic risk of developing AD, which would start before
biomarker evidence of the disease.

Conclusions

Despite the limitations, the analysis suggests that a
preventive treatment for AD could be economically viable
based on a defensible set of assumptions. While those
assumptions need refined further based on emerging
data on blood test performance and treatment effect
size, we hope that these initial projections will stimulate
a discussion among stakeholders about the contours of
such a prevention program, as well as the strategies to
optimize affordability and accessibility within the next 2-3
years, well before findings from ongoing AD prevention
trials are completed.
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