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Abstract

INTRODUCTION: Screening potential participants in Alzheimer disease (AD) clinical trials with
amyloid PET is often time-consuming and expensive.

METHODS: A web-based application was developed to model the time and financial cost of
screening for AD clinical trials. Four screening approaches were compared; three approaches
included an AD blood test at different stages of the screening process.

RESULTS: The traditional screening approach using only amyloid PET was the most time-
consuming and expensive. Incorporating an AD blood test at any point in the screening process
decreased both the time and financial cost of trial enrollment. Improvements in AD blood test
accuracy over currently available tests only marginally increased savings. Use of a high specificity
cut-off may improve the feasibility of screening with only an AD blood test.

DISCUSSION: Incorporating AD blood tests into screening for AD clinical trials may reduce the
time and financial cost of enroliment.
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1. Introduction

Alzheimer disease (AD) is one of the most expensive and devastating diseases of modern
times and effective treatments are urgently needed [1-3]. Biomarkers that reflect the amyloid
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plagues and tau tangles characteristic of AD have provided drug development efforts

with critically needed tools [4, 5]. Before AD biomarkers were widely available, ~25%

of participants in AD clinical trials did not even have AD brain pathology, but rather

had cognitive impairment from non-AD causes [6]. AD clinical trials now routinely use
biomarkers to screen potential participants for AD brain pathology. Further, AD biomarkers
are being used to assess the effects of treatments [7, 8].

Biomarkers have become central to AD clinical trials and their use has a major impact on
the time and financial cost of trials. For example, while amyloid PET accurately detects
brain amyloidosis and is well tolerated [4], screening potential participants with amyloid
PET is often time-consuming and expensive, especially for prevention trials enrolling
cognitively normal older individuals with a low frequency of brain amyloidosis. One major
prevention trial, the Anti-Amyloid Treatment in Asymptomatic Alzheimer’s disease (A4)
trial, performed 4,486 amyloid PET scans across 67 sites over the course of 3.8 years in
order to identify 1,323 amyloid PET positive participants [9, 10]. Cerebrospinal fluid (CSF)
levels of amyloid-p peptide 42, total tau, and phosphorylated tau can also be used to detect
AD brain pathology and are strongly correlated with amyloid PET, but CSF biomarkers are
not often used for screening potential participants because some individuals perceive lumbar
punctures as overly invasive [5, 11]. While both amyloid PET and CSF biomarkers provide
highly accurate information on AD brain pathology, their practical limitations can make
clinical trials slower and more expensive.

There has recently been extremely rapid development of blood-based AD biomarkers,
which have unique advantages that may transform and accelerate AD clinical trials [12—
19]. Blood collection is minimally invasive and well tolerated by research participants,
including individuals from groups that have been under-represented in AD research [11].
Venipuncture does not require expensive equipment or highly trained personnel, and can be
performed at sites far from research centers. The potential throughput of AD blood tests

is magnitudes higher than would be possible for tests requiring brain imaging or lumbar
punctures. Further, AD blood tests could be relatively inexpensive compared to amyloid
PET or CSF biomarkers. Overall, these advantages mean that AD blood tests provide an
opportunity to rapidly test many individuals with relatively low burden and financial cost.
Several analyses have concluded that screening potential clinical trial participants with
currently available AD blood tests would reduce the number of amyloid PET scans required
to enroll amyloid positive participants, decreasing the time and financial cost of enrollment
[17, 20-24].

While some clinical trials have already started screening potential participants with AD
blood tests (NCT04468659 and NCT05026866) [25, 26], the most effective approach to
using AD blood tests is unclear. There has not been an analysis of when to perform an AD
blood test, e.g., immediately after the initial phone screening for the study, or just before
scheduling the amyloid PET scan. Additionally, the exact savings associated with an AD
blood test is complex to estimate, especially given differences between study designs and
sites. Therefore, we created a model to estimate the time and financial cost of four potential
screening approaches, three of which include an AD blood test. Further, we present a novel
web-based modeling tool that allows users to input time and cost parameters that are relevant
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to their own study. Finally, we examine how the characteristics of the AD blood test would
affect clinical trial screening.

2. Methods

2.1. Selection of screening approaches

Approaches for screening potential participants for enrollment in AD clinical trials were
selected by neurologists experienced in AD clinical trials (R.J.B., K.W., S.E.S) (Appendix
A). The traditional approach uses only amyloid PET for screening. Three approaches that
incorporate an AD blood test at different points were selected for comparison. Amyloid PET
was assumed to be the gold standard for brain amyloidosis. The categorization of “meeting
study criteria” was designed to be flexible given the significant differences between clinical
trials, and could include considerations related to cognitive status (cognitively normal, mild
cognitive impairment or AD dementia), performance within a specified range on cognitive
tests, and/or the absence of exclusionary conditions.

2.2. Estimation of time and cost parameters

Factors that affect the time (Appendix B) and financial cost (Appendix C) to enroll clinical
trial participants were examined using data from the Knight Alzheimer Disease Research
Center Trials Unit, the Alzheimer’s Therapeutic Research Institute (ATRI), and an ongoing
clinical study to validate an amyloid blood test in a general population (SEABIRD: Study

to Evaluate Amyloid in Blood and Imaging Related to Dementia). The accuracy of the

AD blood test was set at 0.85% sensitivity and 0.80% specificity for brain amyloidosis
(Appendix D). Estimates for the cohort composition were made based on published data and
institutional experience with screening for the A4 trial [9, 27, 28].

2.3. Modeling approach

The total time to enroll the target number of amyloid positive individuals who met study
criteria was estimated for each screening approach by accounting for events occurring in
parallel, such as multiple participants being contacted and moving through the screening
process simultaneously, as well as rate-limiting steps (see Appendix E). The total financial
cost of screening via each screening approach was estimated by adding the costs associated
with each step (see Appendix F). Notably, the estimates for the time and financial cost
parameters were derived from Washington University, which may have a higher capacity
than many other sites. Because key parameters may vary considerably between trials and
sites, a web-based application was created that enables users to input values for key factors
that are appropriate for their study (https://amyloid.shinyapps.io/Optimizing_Screening/)
[29]. Code for this application is provided in Appendix G. All modeling was performed in
R version 4.0.5. Plots were created with GraphPad Prism version 9.2.0 (GraphPad Software,
La Jolla, CA, USA).
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3. Results

3.1. Estimated time and financial cost of screening approaches

Four approaches for screening potential participants for enrollment in AD clinical trials were
considered (Figure 1). Approach A screens potential participants for brain amyloidosis with
amyloid PET and does not include an AD blood test. Potential participants are called to
determine eligibility based on easily ascertainable factors such as age and medical history
(Step 1: Intake). Individuals remaining eligible after the initial phone call are scheduled

for a screening visit (Step 2: Screening) that includes cognitive testing and a physical
examination. Individuals who perform within the specified range on cognitive tests and who
have no exclusionary conditions found on examination undergo routine laboratory tests to
rule-out additional exclusionary conditions. Those who meet study criteria are evaluated for
brain amyloidosis with an amyloid PET scan (Step 3: Amyloid PET), and individuals who
are amyloid PET positive are enrolled in the trial.

Three screening approaches that include an AD blood test were also considered. Approach B
is identical to approach A until the conclusion of the screening visit, when individuals have
samples collected not only for routine laboratory testing but also for an AD blood test. Only
individuals with a positive AD blood test undergo an amyloid PET scan; individuals with

a negative AD blood test are informed they are not eligible for further participation in the
study. In approach C, an AD blood test is performed on individuals remaining eligible after
the intake (initial phone call). Individuals with a negative AD blood test are informed they
are not eligible for further participation, and only individuals with a positive AD blood test
undergo the screening visit and potentially an amyloid PET scan. Approach D is identical
to screening approach C, except that the AD blood test is used as the sole measure of brain
amyloidosis and individuals do not undergo an amyloid PET scan.

To illustrate this modeling approach, the time and financial cost of enrolling participants via
the four screening approaches was examined for a target enrollment of 100 amyloid PET
positive individuals who meet study criteria. Importantly, the proportion of amyloid PET
positive individuals who meet study criteria may vary markedly in screening populations and
will have a major impact on the time and financial cost of enrolling participants. Estimates
for key parameters were derived from AD clinical trials at Washington University and

are summarized in Table 1. Based on these estimates, the traditional screening approach
(approach A) would take 2.8 years and cost $2.9 million. In contrast, performing an AD
blood test prior to the amyloid PET scan (approach B) would reduce the time for enroliment
by 49% to 1.4 years and reduce the financial cost by 25% to $2.2 million. If the AD blood
test were instead performed before the screening visit (approach C), the time of enrollment
would remain at 1.4 years, but the cost of enrollment would be reduced to $1.7 million.
Finally, if the AD blood test were used as the sole measure of brain amyloidosis and
individuals did not undergo an amyloid PET scan (approach D), enrollment would take 1.3
years and cost $0.7 million. The savings of approaches B-D were primarily related to the
reduced numbers of individuals who must undergo the most time-consuming and expensive
aspects of screening, which are amyloid PET scans and screening visits.
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3.2. Reducing the time and financial cost of enroliment

Strategies to reduce the time of enrollment were explored for each screening approach by
varying the values of key time parameters to evaluate for rate-limiting steps (Figure 2A-C).
Based on the capacity to perform amyloid PET scans at Washington University, the major
rate-limiting step for approaches A-C was the number of amyloid PET scans per day. For
approach D, which does not include an amyloid PET scan, the major rate-limiting step was
initial phone calls per day. Simultaneously increasing the number of initial phone calls per
day and visits per day greatly reduced the time of enrollment for approach D, such that
enrollment could be completed in just 94 days (0.3 years) (Figure 3).

The relative financial cost of enrollment via each of the screening approaches were
comparatively stable for the key financial cost parameters because the financial costs were
driven by the number of individuals rather than dependent on rate-limiting steps. Across a
range of reasonable values for key financial cost parameters, approach A consistently cost
the most ($2.5-4.1 million), followed by approach B ($1.9-2.8 million), then approach C
($1.5-2.4 million), and approach D cost the least ($0.6-1.4 million) (Figure 2D—F).

3.3. Effects of AD blood test accuracy on the time and financial cost of enroliment

The time and financial cost of enrollment were examined as a function of the sensitivity
and specificity of the AD blood test for brain amyloidosis, using amyloid PET status as

the reference standard. As previously described, integrating a highly accurate AD blood test
(sensitivity 0.85/specificity 0.80) into screening (approach B, C or D) markedly decreased
the time and financial cost of enrollment compared to the traditional approach based solely
on amyloid PET (approach A) (Figure 4). Interestingly, using a nearly perfect AD blood
test (sensitivity 0.95/specificity 0.90) only marginally reduced the time (~11-16%) and cost
(~15-18%) of enrollment compared to using a highly accurate AD blood test. This suggests
that significant savings can be realized by using currently available AD blood tests, and that
improvements in blood test accuracy will only marginally increase these savings.

3.4. Reducing individuals with false positive AD blood tests

A concern about approach D, which uses an AD blood test as the sole measure of brain
amyloidosis, is the enrollment of some individuals with a false positive AD blood test (i.e.,
individuals with a positive AD blood test who would have a negative amyloid PET scan if
one were performed). The number of false positive individuals enrolled via approach D is
largely determined by the specificity of the AD blood test for brain amyloidosis (Figure 5A).
For an AD blood test with a sensitivity of 0.85 and specificity of 0.80, 34% of participants
enrolled via approach D would be expected to have a negative amyloid PET scan if one were
performed. Reducing the number of false positive individuals can be achieved by selecting

a cut-off that corresponds to a high specificity. For example, selecting an AD blood test
cut-off with a specificity of 0.95, even with a lower sensitivity of 0.70, would reduce the
proportion of enrolled participants having a negative amyloid PET scan to 14% (Figure 5B).
The trade-off of selecting an AD blood test cut-off with a high specificity would be an
increased proportion of false negatives, i.e., a higher proportion of amyloid PET positive
participants would have a negative AD blood test result. Clinical trials can compensate for a
higher false negative rate by increasing the number of individuals screened (Figure 5C). For
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example, an AD blood test with a sensitivity of 0.70 and a specificity of 0.95 would require
screening 763 individuals (21% more) compared to an AD blood test with a sensitivity of
0.85 and a specificity of 0.80, which would require screening 629 individuals. Increasing

the frequency of brain amyloidosis in the screening population by requiring an older age for
study inclusion would also decrease the number of false positive AD blood tests [27, 28, 30].

4. Discussion

In this study, the time and financial cost of screening potential participants for enroliment
in AD clinical trials was modeled using time and cost parameters derived from studies at
Washington University, a large research institution with an active AD clinical trials unit.
The traditional screening approach using only amyloid PET was the most expensive and
time-consuming. Incorporating an AD blood test reduced the number of scans required,
decreasing the time and financial cost of trial enrollment. The fastest and least expensive
screening approach used an AD blood test as the sole measure of brain amyloidosis.

One major concern about using an AD blood test for screening is that some potential
participants would have false positive or false negative results. If it is unacceptable for a trial
to enroll individuals with false positive AD blood tests, screening approaches that use an AD
blood test followed by an amyloid PET scan could be used and still have reduced time and
financial costs of enrollment compared to the traditional approach using only amyloid PET.
However, all screening approaches that use an AD blood test would not enroll individuals
with a false negative AD blood test. Consequently, all screening approaches including an
AD blood test would require recruiting a larger number of individuals (e.g., 18% more) to
be screened for the trial. Recruiting more individuals may present a significant obstacle for
some trials, especially those enrolling minoritized populations, and each trial would need

to assess whether the efficiencies afforded by AD blood tests outweighed the additional
recruitment burden.

Although the fastest and least expensive screening approach used an AD blood test as the
sole measure of brain amyloidosis, this approach would lead to the enrollment of some
individuals with false positive AD blood tests. Because AD blood tests may detect brain
amyloidosis before amyloid PET [17], some individuals with false positive AD blood tests
may have very early brain amyloidosis and be less likely to experience cognitive decline
over the course of a clinical trial. Therefore, inclusion of individuals with false positive AD
blood tests might reduce the power of a trial to discern the effect of a treatment on cognitive
decline. Furthermore, the effect of a treatment on amyloid burden as measured by PET is a
key endpoint in some trials and this effect may be difficult to detect in individuals who are
below the threshold for amyloid PET positivity. For these reasons, it would be important to
limit the number of participants with false positive AD blood tests, which could be achieved
by selecting an AD blood test cut-off with a high specificity. A trade-off of using a high
specificity cut-off is lower sensitivity, which would increase the number of false negative
individuals and require screening more individuals.

Although biomarker cut-offs that minimize the combined number of false positive and
false negative individuals are typically used diagnostically, strategic selection of cut-offs
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may increase the efficiency of clinical trial enroliment. The goal of clinical diagnosis is
providing the most accurate diagnosis to each patient, and both false positive and false
negative results should be minimized. In contrast, the goal of a clinical trial is to test the
efficacy of a treatment as efficiently as possible. If a cut-off is applied that increases the
frequency of inaccurate results, biomarker test results can be returned to the individual as
showing they are “eligible” or “not eligible” for the trial, rather than being returned as
providing a definitive diagnosis regarding brain amyloidosis. Some AD research studies
disclose results to participants that are associated with dementia risk to varying degrees,

and research participants generally cope well even with information that strongly affects
dementia risk, such as apolipoprotein E (APOE) genotype or amyloid PET status [31, 32].
Especially since most observational research studies do not provide any results of biomarker
testing to participants [33], it may be acceptable for a clinical trial not to provide a definitive
diagnosis regarding brain amyloidosis to participants.

Some have argued that AD blood tests must be even more accurate and better validated
before they are implemented. AD blood tests may not perform consistently across racial
groups [34] and may give different results if individuals have certain medical conditions
such as chronic kidney disease [35, 36]. However, there are also concerns about whether
amyloid PET is a consistent AD biomarker across racial groups [37]. Much more work
needs to be done to understand the relationships of biomarkers with race, medical
conditions, AD brain pathology and cognitive impairment. The large studies necessary to
understand these deeper questions will likely take several years to reach conclusions. In the
meantime, assays for plasma Ap42/Ap40, p-taul81 and p-tau217 already exist that have
high concordance with amyloid PET [14, 16, 21, 38, 39]. In this study, an AD blood test
with the accuracy of currently available tests markedly reduced the time and financial costs
of enrollment; a nearly perfect test only resulted in marginal added reductions. AD blood
tests and our understanding of them will continue to improve [40], but waiting to implement
AD blood tests in clinical trial screening may delay the realization of the benefits of these
tools, slowing development of effective AD treatments.

Given the urgent need for effective AD treatments, accelerating clinical trial enrollment
is critically important. Reducing the time of enrollment would also decrease the overall
financial costs of running a clinical trial, which would reduce losses if a trial were
unsuccessful and increase returns on investment if a trial were successful [41]. The time
required for clinical trial enrollment is often dictated by a single rate-limiting step. At
Washington University, this rate-limiting step was the number of amyloid PET scans that
can be performed in a day, which is often constrained by competing demands for PET
scanners and personnel. Increasing the number of amyloid PET scans per day requires

a major investment in PET scanners, highly skilled technicians to operate the scanners,
and clinicians to visually interpret the scans. For a screening approach in which the

AD blood test was used as the sole measure of brain amyloidosis and individuals did
not undergo an amyloid PET scan, the rate-limiting step was the numbers of screening
phone calls, and increasing both the rate of screening phone calls and screening visits
dramatically reduced the time of enrollment. Notably, hiring more research coordinators
to call potential participants may be more achievable than building new PET facilities.
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Therefore, incorporating AD blood tests into screening may be a more practical approach to
accelerating clinical trial enrollment than increasing amyloid PET capacity.

The modeling approach used in this study has significant limitations. The four screening
approaches that are described do not encompass all potential approaches. Amyloid PET

is used as the reference standard for brain amyloidosis, and although it has demonstrated
biological relevance and clinical utility [42, 43], it is not a perfect test [42]. While the model
is agnostic to the analyte(s) considered and therefore can be used to consider any blood test,
it requires that a blood test result can be dichotomized as either positive or negative, and
cut-offs are not yet established for many AD blood tests. The model assumes that the pool of
potential clinical trial participants is not limited, but interested participants may be a limiting
factor for some clinical trials, especially trials that aim to recruit a diverse cohort [44]. The
model is also based on evaluating the financial costs and time of enrollment for a certain
population at a single site, rather than a multi-center study that is typical of AD clinical
trials. However, the model could be applied to each site individually, and then additional
analyses could be performed to estimate the time and financial cost of the entire multi-center
study. Estimating the time for enrollment of a multi-center study would require accounting
for events occurring in parallel (e.g., enrollment at different sites), and the financial cost

of screening would be a sum of the costs at each site plus the costs for coordinating the
overall study. Notably, the code for the model is provided to enable interested investigators
to modify the modeling approach to be more appropriate for their specific trial and/or
screening strategy, and to serve as a starting point for more sophisticated models.

Because target populations and time and financial cost parameters vary markedly by clinical
trial design and site, it was essential to develop a tool that enables investigators to examine
parameters relevant to their own study. The estimates used for the illustrative models of time
and financial cost of enrollment are based on AD clinical trials at Washington University,
which is a large academic research center, and may vary considerably from other centers.
Therefore, the conclusions drawn from the Washington University-derived estimates may
not be generalizable to all sites, especially those with either a much higher or much

lower availability of amyloid PET, which has a major influence on the time of enroliment
for screening approaches that include amyloid PET. We created a web-based application
that allows investigators to input participant characteristics, time parameters and financial
cost parameters that will allow investigators to determine whether the conclusions drawn
from Washington University estimates are relevant to their own study. Despite the inherent
limitations, models that facilitate the design of more efficient clinical trials could save
millions of dollars and accelerate the development of urgently needed treatments for AD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Estimated time and financial cost of four different screening approaches (A-D).
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Step 3: Amyloid PET
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PET scan
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PET scan
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The time and financial cost of enrolling 100 amyloid PET positive participants who meet
study criteria was estimated for each approach. Estimates are presented for an AD blood
test with an 85% sensitivity and 80% specificity for brain amyloidosis. The number and
type of individuals at the end of each step is shown (+MC: amyloid PET positive, meets
study criteria; +DC: amyloid PET positive, does not meet study criteria; ~-MC: amyloid PET
negative, meets study criteria; —DC: amyloid PET negative, does not meet study criteria.)
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Figure 2. Effects of modifying a single parameter on thetime and financial cost of enrollment.
The time (A-C) or financial cost (D-F) of enrolling 100 amyloid PET positive participants

who meet study criteria was estimated for each approach as one key parameter was varied.
The dashed vertical line represents the estimated value for AD clinical trials at Washington
University. The cost of the AD blood test did not affect approach A, which does not include
an AD blood test, and the cost of an amyloid PET scan did not affect approach D, which
does not include an amyloid PET scan.
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Figure 3. Reducing the time of enrollment for approach D.
The estimated time of enrollment for approach D as a function of initial calls per day and

screening visits per day.
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Figure 4. Time and cost of enroliment by AD blood test accuracy.
The time and financial cost of enrollment for each approach were examined as a function of

the sensitivity and specificity of the AD blood test for brain amyloidosis.
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Figure5. False positive participants enrolled via approach D.
The number and proportion of individuals enrolled via approach D with a positive AD blood

test who would be expected to have a negative amyloid PET scan (“false positives”) as

a function of the specificity of the AD blood test for brain amyloidosis, stratified by the
sensitivity (A). The number and percent of false positives as a function of the sensitivity
stratified by the specificity (B). The number of individuals who must be called to yield 100
amyloid PET positive individuals who meet study criteria as a function of the AD blood test
sensitivity (C), assuming that 75% of individuals called are eligible for the study.
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Table 1.
Summary of key parameters used in modeling the time and financial cost of enrollment.

For detailed descriptions of parameter estimates, see Appendix B for parameters that affect time and Appendix
C for parameters that affect financial cost. A web-based application was developed that allows investigators to
input their own values for these parameters into the model.

Parameter type Parameter Value
Target enrollment Number of amyloid PET+ individuals who meet study criteria 100
Characteristics of potentially eligible Amyloid PET positive, meets study criteria 25%
cohort (after initial phone call) Amyloid PET positive, does not meet study criteria 5%
Amyloid PET negative, meets study criteria 55%
Amyloid PET negative, does not meet study criteria 15%
AD blood test accuracy Sensitivity of AD blood test for brain amyloidosis 85%
Specificity of the AD blood test for brain amyloidosis 80%
Step 1: Intake Percent of individuals called who meet eligibility criteria and follow-up for a 75%
screening visit
Initial phone calls per day 13
Cost of initial phone call without AD blood test scheduling $80
Cost of initial phone call with AD blood test scheduling $175
Step 2: Screening Waiting time between initial phone call and screening visit 37 days
Waiting time between initial phone call/AD blood test and screening visit 47 days
Screening visits per day 1.2
Cost of screening visit without routine laboratory tests $1,326
Cost of screening visit with routine laboratory tests $2,209
Cost of AD blood test $540
Step 3: Amyloid PET Waiting time between screening visit and amyloid PET scan 30 days
Amyloid PET scans per day 0.34
Cost of amyloid PET scan $6,487
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