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Abstract

Introduction: We estimate societal value of a disease-modifying Alzheimer’s disease
(AD) treatment that reduces progression by 30% in early stages.

Methods: Using the International Society for Pharmacoeconomics and Outcomes
Research value flower as framework, we estimate gross societal value, that is, not
including treatment cost, from avoided medical and social care costs, productivity
and quality-adjusted life-years (QALY) gains for patients and caregivers, adjusting for
severity of disease, value of financial insurance, and value of insurance for currently
unafflicted adults with a Markov model.

Results: Predicted societal value from 2021 until 2041 is $2.62 trillion for the overall
afflicted US population and $986 billion for the 2021 prevalent cohort or $134,418
per person, with valuation of patients’ QALY gains (63%) and avoided nursing-home
costs (20%) as largest components. Delays in access because of health system capacity
constraints could reduce realized value between 52% and 69%. The value of insurance
for the unafflicted is $4.52 trillion or $18,399 on average per person.

Discussion: With a total of $5.5 trillion, the projected gross societal value of a hypo-
thetical AD treatment is substantial, which may help to put the cost of treatment into

perspective.
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First, conventional cost-effectiveness analysis, the most commonly
used method to determine value for money, looks at the incremental
net cost of a treatment, that is, cost of treatment less any reductions

The advent of amyloid-directed treatments for Alzheimer’s disease
(AD) gives hope to patients and their families, but the budget implica-
tions are likely to be substantial because of the large number of poten-
tially eligible patients. A previous study has estimated that as many
as 10 to 14 million patients live with mild cognitive impairment (MCI)
of any etiology in the United States today,’ and 55% have AD as the
underlying pathology.? The exact number of patients with mild demen-
tia is unknown but is likely in the millions.

This combination of a large patient pool and potentially high prices
has triggered a debate about the value of AD modification. Address-

ing this question is unusually complex for two methodologic reasons.

in spending on care, and the gain in quality-adjusted life-years (QALYs)
relative to standard of care.® For the first disease-modifying treatment
(DMT), such a comparative analysis will have limitations because stan-
dard of care consists of relatively inexpensive symptom management
and patient support, rendering the incremental cost of a treatment
high. Second, cost-effectiveness analysis often only considers the value
to the patient,* whereas a substantial part of the value of a treatment
might accrue to family caregivers.” Hurd et al. estimated that between
31% and 49% of the attributable cost of dementia stems from lost care-

giver productivity.® Spillover effects on other sectors of society, such as
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decreased labor supply and diminished productivity and lower wages,
are also not considered.” Moreover, there is the equity consideration
that cost-effectiveness analysis tends to assign a lower valuation to
geriatric treatments,® because it uses gains in life-years that are nat-
urally limited in an aged population,” and the important consideration
of unmet need is not captured.’®

To overcome limitations of conventional cost-effectiveness anal-
ysis and provide guidance on valuation of innovative medical tech-
nologies, the International Society for Pharmacoeconomics and Out-
comes Research (ISPOR) recently published recommendations from an
expert task force.’® One of the products of this project was the ISPOR
value flower, which outlines 12 potential elements of value including
8 that represent novel concepts not conventionally included in value
assessment.! In this study, we use the ISPOR value flower as a frame-
work for a comprehensive determination of the value of a hypothet-
ical disease-modifying AD treatment. We analyze which components
are conceptually appropriate for such a treatment and are theoretically
and empirically well enough understood to apply them. We use the
published literature and secondary data to estimate the overall value
of a hypothetical AD treatment from a societal perspective as well as

the incidence of the generated value to individual stakeholders.

2 | METHODS

2.1 | Implementation of the ISPOR value flower
The ISPOR value flower is depicted in Figure 1. The greencircles reflect
the core elements of cost-effectiveness analysis of net cost and gain in
QALYs. As the actual price of a DMT is currently unknown, we are cal-
culating gross societal value. The light blue circles are elements of value
that are sometimes but not always considered in value assessments.
Productivity refers to the ability of a treatment to reduce loss of days of
work (absenteeism) and of performance at work (presenteeism), which
is considered in analyses from the societal and employer-payer per-
spectives.

Adherence-improving factors capture the ability of a new treatment
to increase treatment adherence relative to standard of care under
real-world conditions, in which—unlike in clinical trials—adherence
is not closely monitored or enforced. With all disease-modifying AD
treatments currently in late-stage trials being injectables,? this com-
ponent is irrelevant for our analysis.

The remaining eight elements in the dark blue circles are not rou-
tinely considered in existing practice of value assessment and we iden-
tified two that could be quantified for an assessment of the societal
value of an AD treatment, which are severity of disease and insurance
value. The others were not included. Reduction in uncertainty refers
to the added value of a companion diagnostic that allows identification
of responders prior to treatment start. As coverage of the treatment
will likely require biomarker confirmation of the AD pathology, this ele-
ment is irrelevant for our analysis. Fear of contagion only matters for
treatment or prevention of communicable diseases. Value of hope has

been used in the literature for treatments for severe conditions, which
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RESEARCH IN CONTEXT

1. Systematic review: We searched the peer-reviewed and
“gray” literature on estimation of value of a disease-
modifying Alzheimer’s disease treatment and identified
four publications using conventional cost-effectiveness
analysis. We used the International Society for Pharma-
coeconomics and Outcomes Research value flower as a
framework to expand to additional value components.

2. Interpretation: Our study operationalized severity
adjustment of quality-adjusted life-years gains and value
of insurance for afflicted and unafflicted persons as novel
value components and show that those increase the
value of a treatment substantially compared to value
from easing burden on patients and caregivers. However,
an empirical approach is lacking to estimate several
components that could be particularly relevant for this
treatment, such as the ability to stimulate future research
and the opportunity to increase health equity.

3. Futuredirections: The results point to the need of further
research into operationalization of additional value com-
ponents to understand the holistic value of the treatment.

have a skewed distribution of treatment effects, based on the logic that
patients value the hope for a potentially strong effect over a certain
weak effect. Real option value refers to the possibility that, by pro-
longing patients’ lives, they would be able to benefit from better treat-
ments that are discovered in the future. It is an important considera-
tion for an AD treatment, but we lack data to operationalize this. Equity
would theoretically be an important element of value, given the dispro-

portionate burden of the disease on disadvantaged populations,'3

as
would be scientific spillovers, which is the ability of a novel treatment
to stimulate future scientific advances. However, empirical approaches

to quantify those concepts are lacking so far.

2.2 | Markov model

Our model has three parts that were programmed in Visual Basic for
Microsoft Excel and Stata 16. The first projects the annual number
of individuals who will be formally diagnosed with MCI due to AD
(the early disease stage at which treatment is expected to be effec-
tive) in the United States from 2021—the year in which we assumed
the hypothetical treatment to become available—to 204 1. The projec-
tion combines epidemiologic data on population trends, mortality, inci-
dence, and prevalence with health systems data, as previous research
has shown that capacity constraints in terms of availability of demen-
tia specialists and biomarker testing will limit the number of patients

diagnosed and treated each year.1*
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Elements of Value

FIGURE 1
permission

The second part models disease progression from MCI through the
three stages of dementia (mild, moderate, and severe) with and with-
out treatment using published transition probabilities based on data
from the National Alzheimer’s Coordinating Center.’> We modeled
treatment effect as a 30% relative reduction of baseline progression
rates from MCI to mild dementia and from mild to moderate demen-
tia, with no effect on progression rates thereafter, based on published
trial results.'6~18 The evolution of patients across stages, in turn, deter-
mines our outcomes, like mortality, medical cost, and caregiver burden.
Details for these two parts have been previously published.1?:20

The third part computes the differences in outcomes between the
treatment and no-treatment groups and projects the effects of chang-
ing the disease progression on the included elements of the value
flower, as detailed under the description of those elements. Sources,
values, and distributions for all parameters can be found in the Techni-
cal Appendix in supporting information. We describe the estimation of
the value components conceptually in the main document and mathe-
matical details in the Technical Appendix.

All cost data are inflated to 2021 US dollars based on the med-
ical care consumer price index (CPI) for medical spending and com-
munity and institutional costs, and overall CPI for the remaining
components.21-22 We discount future costs and benefits by the stan-
dard 3% annually.2®

2.3 | Gainin QALYs

Mortality was modeled alongside disease progression based on age-

and sex-specific mortality rates of the US population?* adjusted for

T ST T——

International Society for Pharmacoeconomics and Outcomes Research (ISPOR) value flower, ISPOR 2018, reproduced with

increased mortality risks associated with disease progression. The
treatment had no direct impact on mortality, but rather life-year gains
were achieved through slower progression to more severe disease.
Stage-specific health utility scores that serve as multipliers to trans-
form those life-years into QALYs were obtained from Mesterton et al.
for patients?® and from Bell et al.?® and Neumann et al.?” for care-
givers. We assume for all caregiver-related components that 75% of
patients have a family caregiver based on prior publications?®2? and
that caregivers’ utility scores upon the death of a patient were equal to
those caring for a severely demented patient.

24 | Costs
Costs of formal medical and social care, that is, for professionally
provided services to patients, by disease state were obtained from
Gustavsson et al.3% and GERAS data published by Robinson et al.3?
Both studies obtained costs with the Resource Utilization in Dementia
(RUD) instrument®2 and multiplied by unit cost estimates. The GERAS
study provides US-specific estimates of the attributable social and
medical costs for MCI and mild dementia, whereas Gustavsson et al.
estimated values for mild, moderate, and severe dementia due to AD
for the United States from a multinational study. For consistency, we
scaled the GERAS estimate for mild dementia with the ratio of Gustavs-
son et al.’s values for moderate over mild and severe over mild demen-
tia to compute moderate and severe AD costs. Details are noted in the
Technical Appendix.

We distinguished social care costs for community-dwelling and

institutionalized patients and assumed that only patients with
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dementia but not MCI patients would be admitted to nursing home.
As Gustavsson et al. did not provide an estimate for institutional
care cost at the mild AD stage, we used their estimate for moderate
AD.%0

For caregiver medical cost, we use the GERAS estimates®! for
MCI and mild dementia and applied the estimates for caregivers of
patients with mild AD to those who cared for patients with moderate
and severe AD, as we were unable to identify specific data for those
stages. We set attributable medical cost to zero upon the death of the

patient.
2.5 | Productivity
2.5.1 | Patients

We assume that labor earnings reflect workers’ productivity and fol-
low guidance of the Second Panel on Cost-Effectiveness in Health
and Medicine that productivity gains are not well reflected in utility
scores.33 Improving patient outcomes not only helps them remain pro-
ductive longer, but it also affects their likelihood of being recipients of
public assistance. To estimate the detrimental effect of AD on labor
earnings, we need to account for the patient’s characteristics and esti-
mate the (counterfactual) earnings they would make in absence of dis-
ease progression, if they were to remain in MCI. We used a matching
algorithm and data from the Health and Retirement Study®* to esti-
mate the effect of each stage of AD on labor earnings and public pro-
gram receipt from Supplemental Security Income (SSI) and Social Secu-
rity Disability Insurance (SSDI). The Technical Appendix explains the
details.

An important consideration in calculating the impact of reducing
receipt of public assistance (5SSl and SSDI) on societal value is that those
assistance programs simply transfer public funds to individuals, which
means that there is no creation or destruction of value. However, the
taxes to fund these programs lead to distortion in the economy—called
deadweight loss by economists. This loss rather than the transfer of
funds leads to reduction of social welfare caused by public programs.
We use the standard formula in the economics literature®® and esti-
mate the deadweight loss at 3% of social assistance payment. Details

are documented in the Technical Appendix.

2.5.2 | Caregivers

For caregivers, we estimate indirect cost based on losses in produc-
tivity and leisure time based on the GERAS data for community care
costs®31 and Gustavsson et al.%? for moderate and severe dementia
patients in nursing homes. We follow Gustavsson et al., who calculate
the value of lost productive hours by multiplying with the US average
gross wage and of lost leisure time by multiplying with 35% of US aver-
age gross wage for as long as the patient is alive. Details are docu-

mented in the Technical Appendix.
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2.6 | Severity of disease

Conventional cost-effectiveness analysis uses a linear valuation of
health gain.®¢ If a treatment cured a minor acute illness with a QALY
multiplier of 0.84, it would get the same valuation as one that pre-
vented progression from mild to moderate dementia. Lakdawalla and
Phelps have argued that this approach is inconsistent with intuition,
as most people would value the same effect in a severe illness more
highly than in a minor illness, and proposed a framework and empirical
approach to account for that fact.3”

2.7 | Financial insurance value

Conceptually, a DMT resembles an insurance policy against the pri-
vate cost of the disease, as it reduces an individual’s expected out-of-
pocket payments for medical and social care.®® As insurance premiums
typically exceed the expected cost, the so-called premium load, they
reflect how much individuals value the insurance beyond the amount
covered. We approximate the financial insurance value of treatment
by applying the premium load estimated by Brown and Finkelstein3?
to the out-of-pocket components of medical and long-term care

costs.

2.8 | Insurance value to the unafflicted

The advent of a disease-modifying AD treatment improves the out-
look even for individuals who are not afflicted by the disease, because
they have the reassurance of a therapeutic option should they need
it in the future. An empirical analogy for this mechanism is the intro-
duction of the COVID-19 vaccine being associated with reduced men-
tal distress even in individuals who were not yet fully vaccinated.*® In
another study, Shafrin et al. found the value of a future lung cancer
treatment accruing to healthy individuals to be higher than the value
for afflicted persons, and concluded the societal willingness to pay for
generous insurance coverage to be above and beyond the traditional
value to patients.*!

We evaluate this expected improvement in (gross) well-being of
the currently unafflicted before the realization of the uncertain health
state, where a DMT would act as insurance against the physical and
financial consequences of developing the disease. We calculate the
combined future probability of survival and developing MCI due to AD
for unafflicted individuals between the ages of 18 and 85. If they devel-
oped MCI, they would be able to benefit from the treatment, and we
calculate this lifetime value as the actuarially fair expected private ben-
efit conditional on surviving to that stage and developing the disease.
We quantify this using our simulation results for forecasted benefits
of treatment in terms of increased earnings, value of gains in QALYs
adjusted for severity of disease, financial insurance value, and reduced
out-of-pocket spending on medical and social care, assuming no costs

for the treatment itself. We refrain from assuming risk aversion or
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behavioral aspects that would lead to increased valuation; therefore,
this component is not the full valuation of risk reduction but instead
reflects the expected benefits from a decrease in health risk due to
DMT. Because of this limitation, we interpret it as a lower bound on the
valuation of insurance. Details are in the Technical Appendix.

2.9 | Calculation of societal value plus sensitivity
analysis

We calculate the societal value of a disease-modifying AD treatment
from 2021 through 2041 for the cohort of all 2021 prevalent MCI
cases, the 2021 cohort of unafflicted persons, and the full population
with MCl due to AD. The cohort approach exposes all individuals to the
same model duration, thus being more suitable for calculation of over-
all and by-component per-patient value and sensitivity analyses. The
population approach adds the incident cases each year, which provides
a complete picture of the overall societal value over the horizon of the
model. As the actual price of the treatment is currently unknown, we
calculate the gross societal value generated from which cost and disu-

tility of the treatment will have to be deducted.

2.10 | Sensitivity and scenario analyses

We conducted two kinds of sensitivity analyses using the 2021 preva-
lent cohort. A univariate analysis varied each parameter in the model
by +10% individually to understand whether any parameter has a dis-
proportionate effect on the prediction. A probabilistic analysis pro-
vides insights into the overall uncertainty in the prediction. We var-
ied all parameters simultaneously by randomly drawing a value out of
their underlying distributions (see Table A3 in the Technical Appendix),
recomputed the projection, and replicated this process 1000 times. We
added scenarios with an assumed treatment effect of 22% and 40%
(Technical Appendix Table A5).

The main analysis includes all patients because the hypothetical
societal value of a treatment does not depend on how many patients
receive the treatment under real-world conditions. As access to treat-
ment is likely to be constrained by the existing capacity to diagnose,*
we project what proportion of societal value will be realized with a pre-
viously published model.2? We use two assumptions on how patients
will be identified in primary care settings and referred to a dementia
specialist for further evaluation. The first is that referrals are based on
a positive Mini-Mental State Examination (MMSE) test alone, the sec-
ond that ablood test for the AD pathology is conducted in patients with
a positive MMSE and patients are only referred if both tests are posi-

tive.

2.11 | Incidence analysis

The total value of QALY gains, severity adjustment, increased patient

earnings, and insurance value accrues to patients and those from

increased QALYS for caregivers and reduced caregiver time loss to
caregivers. Decreases in deadweight loss from social programs go to
society and as does the value of insurance for the unafflicted. The allo-
cation of medical and social care costs to different payers was derived
using the Medical Expenditure Panel Survey (MEPS) as described in the
Technical Appendix.

3 | RESULTS

3.1 | Overall societal value

The predicted value of a disease-modifying AD treatment from a US
societal perspective from 2021 until 2041 amounts to $2.62 trillion for
all afflicted persons. The existence of this disease-modifying AD treat-
ment implies $4.52 trillion in lifetime value of insurance for unafflicted
adults in 2021. The average value of insurance per unafflicted individ-
ual would be $18,399, with a range from $13,661 for 18-year-olds to
$25,888 for 49-year-old persons.

The value corresponding to the 2021 cohort of prevalent cases
with MCI due to AD is $986 billion, which represents a 13% differ-
ence between the treated and the untreated cohort. The year-by-year
cumulative value by component for the cohort analysis is shown in Fig-
ure 2 and the underlying data can be found in the Technical Appendix
(Table A5). Value accrual starts slowly, as expected for a slowly progres-
sive disease, and enters a rapid growth phase around 2025 before lev-
eling out toward the end of the simulation. With an estimated 7.3 mil-
lion prevalent cases in 2021, the value per person is estimated to be
$134,418.

3.2 | Scenario and sensitivity analyses using 2021
prevalent cohort

While the theoretical societal value of a treatment should not depend
on a health system’s ability to make it accessible, the large number
of prevalent cases when the treatment will first become available
will result in wait times for specialist appointments and biomarker
testing, hence reducing the realized value under real-world condi-
tions. If patients were referred to diagnostic evaluation of treat-
ment eligibility solely based on a positive MMSE, a large number
of individuals without an eventual treatment indication would clog
the pipeline for specialist appointments, thereby reducing realized
value by 69% to $302 billion ($41,119 per person) as treatment-
eligible patients would progress on the wait list. If referrals were
restricted to those who also had a positive blood biomarker test for
the AD pathology, the more efficient triage process means that real-
ized value would be reduced by 52% to $477 billion ($65,058 per
person).

Figure 3 displays the results from the univariate sensitivity analy-
sis that varied input parameters by +10% from their baseline value.
The results show that the changes of neither parameter led to a

change of 10% or more in the predicted value and that changing



PRADOSET AL.

Billions
$1,000

$900
$800
$700
$600
$500
$400
$300
$200

$100

® Valuation of QALY gains (patients)

> Attributable medical cost (caregiver)

u Attributable social care cost (nursing home)
Patient labor earnings

2021 2023 2025 2027 2029 2031

2037 2039 2041

2033 2035

= Attributable medical cost (patient)

= Attributable social care cost (community)
1 Severity adjustment of patient QALY gain
1 Valuation of avoided caregiver time loss

Alzheimer’s &Dementia® | 1

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

FIGURE 2 Cumulative societal value from disease-modifying Alzheimer’s disease treatment, cohort analysis. Shaded areas where two

components overlap indicate components whose contribution turns negative and detracts from the positive components. QALY, quality-adjusted

life-years
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FIGURE 3 Results from univariate sensitivity analysis, cohort analysis. Results show relative change in overall societal value if the respective
parameter is changed by +10%. AD, Alzheimer’s disease; DMT, disease-modifying treatment; MCI, mild cognitive impairment; QALY,
quality-adjusted life-years; SSDI, Social Security Disability Insurance; SSI, Supplemental Security Income; prob: probability
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FIGURE 4 Distribution of predicted societal value based on
probabilistic sensitivity analysis, cohort analysis

patient QALYs, nursing home cost and transition to death had the
largest impact on the predicted value, whereas changes to other
parameters altered the prediction by ~1% or less. The probabilis-
tic sensitivity analysis results (Figure 4) show an interquartile range
of $915 to $1057 billion and a 95% confidence interval of $797 to
$1218 billion.

Technical Appendix Table Aé illustrates the effect of the assumed
treatment effect size. Assuming an effect of 22% rather than 30%
reduces societal value by $293 billion (30%) and of 40% increases it by
$400 billion (40%).

Attributable social care cost
(community), -0.4% h

Attributable medical cost
(caregiver), -2%

Attributable medical cost
(patient), -2%

3.3 | Breakdown by components

Figure 5 illustrates the relative contribution of each component to
overall societal value for the 2021 prevalent cohort. More than half
of the cumulative value (63%) stems from the valuation of the aver-
age gain of 0.75 QALYs (reflecting an average gain of 0.58 life-years)
per patient at the standard amount of $150,000 with severity adjust-
ment of those gains adding another 11%. Avoided nursing home costs
contribute 20%, whereas the role of all other components is small with
4% or less each. Medical and community social care costs reduce value,
as the longer lifespan of treated individuals results in a net increase of
spending.

3.4 | Incidence of value

Incidence of each value component for the 2021 patient cohort is
described in Table 1. Almost all the value generated for afflicted indi-
viduals accrues to patients (82%), mainly from QALY gains, and to Med-
icaid programs as the main payer of nursing home care (14%). However,
the expected benefits to the unafflicted adults may be interpreted as

accruing to society at large.

4 | DISCUSSION

41 | Overall value

We have quantified the value of a disease-modifying AD treatment
from a US societal perspective from 2021 until 2041 as $2.62 trillion

_ Attributable social care
cost (nursing home), 20%

Severity adjustment of
patient QALY gain, 11%

Patient labor earnings, 4%

_ Valuation of avoided
caregiver time loss, 3%

_ Valuation of QALY gains
(caregivers), 2%

\
. Financial insurance value to
patient, 1%

Avoided cost of public
assistance programs, 0.01%

FIGURE 5 Relative contribution of individual components to value for the 2021 prevalent cohort from disease-modifying Alzheimer’s disease
treatment. The patterned area represents negative contributions to overall value that is deducted from the total value. This includes the
components of the value flower derived from treating the 2021 prevalent cohort, therefore it excludes the $4.52 trillion insurance value

attributed to unafflicted individuals. QALY, quality-adjusted life-years
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Incidence of value to different stakeholders (million US$)

TABLE 1

Rest of society

Payers

Patients Caregivers

Overall value

Private insurance

Medicaid & other public insurance

Medicare

$621

$621

Valuation of QALY gains (patients)

$113

$113
$16

Severity adjustment of patient QALY gain

$16

Valuation of QALY gains (caregivers)

-$4
-$8

-$3
-$5
_$1

-$13
-$4
_$1

-$5

-$25
-$19
_$3

Attributable medical cost (patient)

-$2

Attributable medical cost (caregiver)

-$0.2

-$1
$52
$36

Attributable social care cost (community)

$123

$24

$199
$36

Attributable social care cost (nursing home)

Patient labor earnings

$0.1

$0.1
$33

Avoided cost of public assistance programs

$33

Valuation of avoided caregiver time loss

$15

$15

Financial insurance value to patient

$0.1(0.01%)

-$12(-1%)

$47 (5%) $6 (1%) $114 (12%)

$830 (84%)

$986

Overall

Abbreviation: QALY, quality-adjusted life-years.
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for all afflicted persons and as a lifetime value for the 2021 cohort of
prevalent patients with MCl due to AD disease of $986 billion. The esti-
mate appears not to be overly sensitive to any one single parameter and
reasonably well bounded. We calculate $4.52 trillion in lifetime value
of insurance for unafflicted adults (alive in 2021). Thus, overall gross
societal value is estimated to be $5.5 trillion, the sum of value accrued
to the afflicted and unafflicted cohorts in 2021, as the insurance value
to the 2021 unafflicted cohort already captures the value to those who
become symptomatic later.

The result that the overall aggregate value to unafflicted individu-
als is considerably larger than that to patients arises because there are
245 million unafflicted individuals, and roughly 7.3 million MCl patients
in 2021. The average lifetime value to those unafflicted individuals
and to the prevalent MCl cases is $18,399 and $134,418 per person,

respectively.

4.2 | Contribution of value components

The largest contribution to the value to afflicted persons was the val-
uation of an average of 0.75 per patient gain in QALYs, which is in line
with recently published estimates of QALY gains of 0.73,2 0.65,*% and
0.225° assuming treatment effects of 25%, 31%, and 25%, respectively.
The recently published Institute for Clinical and Economic Review
report, which estimated a gain of 0.154 QALYs, did not disclose assump-
tions for treatment effect.**

Like other researchers, we find that nursing home costs are by far
the largest component of care purchased in the marketplace. Hurd
et al.,, for example, estimated nursing home cost exceeded community-
based societal care cost and medical cost by a factor of about 2.4 and
5.0, respectively.® Based on a systematic review of 27 studies, Schaller
et al. found the predominant determinant of costs to be long term care
expenditures.*®

Conversely, caregiver burden, which others have identified as an
important contributor to the cost of the disease,® only contributed
marginally, potentially because of the particular nature of the treat-
ment, which does not prevent disease onset but merely slows down
progression to more severe stages. As caregivers’ loss of quality of life
and productivity as well as their medical cost become substantial once
a patient is symptomatic and do not change markedly with disease pro-

gression, the consequences for value generation are limited.

4.3 | Incidence of value

It follows that most of the value generated by the treatment of the
prevalent patients accrues to patients and to a lesser degree to the
Medicaid program via reduced nursing home use, and only 4% to other
stakeholder whereas the entire value to the unafflicted accrues to soci-

ety.
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4.4 | Limitations

Important limitations must be kept in mind. First and foremost, model-
ing studies are fraught with uncertainty especially over long prediction
horizons. We report on gross societal value, that is, exclude the mon-
etary and physical cost of the treatment itself and added cost because
of the treatment, such as monitoring for and managing of side effects.
At the same time, important components, like scientific spillovers, real-
option value, and equity are not valued for lack of established empir-
ical strategies. In particular, the value of scientific spillovers would
be important to quantify, as experience from other therapeutic areas,
such as oncology, has shown how initial treatments spur innovation.
Our disease progression model oversimplifies the trajectory as it does
not reflect differential changes in neuropsychiatric symptoms and may
therefore misestimate caregiver impact.*¢ Model parameters by dis-
ease stage were derived from a variety of sources that used different

definitions and instruments, which may have introduced error.

4.5 | Conclusions

Overall, our findings point to substantial societal value from an AD
treatment that can help putting the cost of treatment into perspec-
tive. Value largely stems from components that are reflected in con-
ventional cost-effectiveness analysis—at least for afflicted persons,
whereas the aggregate insurance value to all the unafflicted is more
than twice the total value for the afflicted. As we were unable to oper-
ationalize several components of the value flower that are of particular
salience in AD, equity, scientific spillovers, and real option value, fur-
ther work is needed to arrive at a comprehensive estimate of the soci-
etal value of an AD treatment.
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