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positron emission tomography (PET) accumulation in the medial temporal lobe (MTL)
and temporal neocortical region (NEO-T).

RESULTS: CU GFAP-+/AB+ individuals present an increased annual rate of change and
effect size in tau PETy, and tau PET\go s compared to the other groups. An enrich-
ment strategy selecting CU GFAP+/AB+ individuals would require a smaller sample
size (~ 57% reduction) and fewer AB PET scans (~ 74% reduction) than trials enriched
with AB PET alone, reducing total clinical trial costs by up to 64%.

DISCUSSION: Our results suggest that clinical trials focusing on preclinical AD

recruiting AB+ individuals with elevated GFAP levels would improve cost effectiveness.

KEYWORDS
clinical trial enrichment, glial fibrillary acidic protein, positron emission tomography imaging,
preclinical Alzheimer’s disease, tau deposition
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1 | BACKGROUND

Drug interventions targeting individuals at the preclinical stage of
Alzheimer’s disease (AD) have the potential to slow or even halt the
disease process before the onset of irreversible neurodegeneration
and cognitive decline.! Enrichment strategies using amyloid beta (AB)
positron emission tomography (PET) biomarkers have been used to
select clinical trial participants with mild cognitive impairment (MCI) or
mild dementia. However, cognitively unimpaired (CU) AB+ individuals
progress slowly, with most remaining cognitively stable over the typ-
ical duration of clinical trials.2 For this reason, exploring drug effects
on biomarker endpoints reflecting AD progression, such as tau tangles
PET, has been proposed as an alternative to monitoring drug effects on
these populations. Yet, most CU AB+ individuals may take several years
to develop downstream tau tangle deposition.®*

Plasma glial fibrillary acidic protein (GFAP), a marker associ-
ated with astrocyte reactivity, has been reported to be elevated
in CU AB+ compared to AB- individuals.>”7 Moreover, previous
studies have shown that plasma GFAP plays a role in mediating
early AD progression.”® Our recent findings demonstrated that
in the early stages of AD, CU individuals with abnormal A3 and
GFAP biomarkers are at a higher risk of developing tau phospho-
rylation and aggregation.” Together, these results suggest that
clinical trials could potentially enroll CU populations presenting

» Cognitively unimpaired (CU) glial fibrillary acidic protein (GFAP)+/amyloid beta
(AB)+ shows increased changes in tau positron emission tomography (PET) .
» CU GFAP+/AB+ enriched clinical trials require a reduced sample size compared to

* CU GFAP+/AB+ enrichment reduces A PET scans required and costs.
* CU GFAP+/AB+ enrichment allows the selection of individuals at early stages of the

Alzheimer’s disease continuum.

abnormalities in both AB and GFAP biomarkers to enhance their
likelihood of progression during clinical trial periods. However, the
potential utility of plasma GFAP for clinical trial enrichment remains
speculative.

In this study, we tested the hypothesis that using both plasma GFAP
and AB PET to select CU individuals who are most likely to show lon-
gitudinal changes in tau PET would significantly reduce the required
sample size and the number of PET scans needed, thereby lowering the

overall costs of clinical trials in these populations.

2 | MATERIALS AND METHODS

2.1 | Participants

This study included participants from two centers, the Translational
Biomarkers in Aging and Dementia (TRIAD), McGill University, Canada,
and the Wisconsin Registry for Alzheimer’s Prevention (WRAP), Uni-
versity of Wisconsin-Madison, USA. The TRIAD cohort comprised 84
older participants (> 50 years old) with a detailed clinical and cogni-
tive assessment. Exclusion criteria included inability to speak English
or French; inadequate visual and auditory capacities for neuropsy-
chological assessment; active substance abuse; major surgery; recent

head trauma; medical contraindication for PET or magnetic resonance
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imaging; currently being enrolled in other studies; and neurologi-
cal, psychiatric, or systemic comorbidities that were not adequately
treated with a stable medication regimen. CU individuals had a Clini-
cal Dementia Rating = 0 and no objective cognitive impairment. The
study was approved by the Douglas Mental Health University Insti-
tute Research Ethics Board and Montreal Neurological Institute PET
working committee. The WRAP cohort is a longitudinal observational
study enriched with individuals with a parental history of probable AD
dementia. A subset of 128 older participants (> 50 years old) were
included who were CU at enrollment and had a complete comprehen-
sive neuropsychological assessment. Cognitive status was established
by consensus conference as previously reported.’ Participants were
excluded if they were not fluent in English, if they did not present
adequate visual and auditory acuity for neuropsychological testing, or
were otherwise not in good health or presented diseases expected to
interfere with participation over time. The WRAP data were collected
under a University of Wisconsin-Madison Institutional Review Board
protocol.2% All study participants provided written informed consents

for all study procedures.

2.2 | PET biomarkers

Ag and tau PET images were processed at each site.!>12 Ag status was
determined using Centiloid value cutoff for [18F]AZD4694 in TRIAD
and [11C]Pittsburgh compound B (PiB) in WRAP. We used a Centiloid
cutoff > 12 to determine positivity for both tracers, which identifies
moderate-to-frequent neuritic plaques as classified by the Consortium
to Establish a Registry for Alzheimer’s Disease.'® Tau PET was per-
formed using [18F]MK-6240 in both cohorts. We computed the tau
PET standardized uptake value ratio (SUVR) for the medial temporal
lobe (MTL, an unweighted average of bilateral entorhinal cortex and
amygdala) and a temporal neocortical (NEO-T, a weighted average of
bilateral middle temporal, inferior temporal gyri, and inferior parietal
gyri) regions of interest based on the Desikan-Killiany-Tourville (DKT)
atlas.! All participants had baseline and follow-up [18F]MK-6240
with a mean of 2.46 years between visits. In a sensitivity analysis, the
ComBat method was applied for harmonization to eliminate scanner

differences between sites in tau PET.15

2.3 | Plasma biomarkers

Plasma GFAP was measured using a commercially available immunoas-
say from Quanterix using single molecule array (Simoa) in TRIAD and
WRAP. In TRIAD, plasma phosphorylated tau (p-tau)217 was quan-
tified by scientists at Janssen Research & Development.1® In WRAP,
plasma p-tau217 was quantified at the Department of Psychiatry
and Neurochemistry, University of Gothenburg, using the commer-
cial ALZpath Ptau217 assay.!” Head-to-head studies have demon-
strated that these plasma p-tau217 assays present similar analytical
performance.'®1? GFAP and p-tau217 positivity was determined using

the mean plasma GFAP/p-tau217 concentration of the youngest 15%
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RESEARCH IN CONTEXT

1. Systematic review: We reviewed the literature using tra-
ditional sources. Drug interventions targeting the preclin-
ical stage of Alzheimer’s disease (AD) hold promise to halt
disease progression before cognitive symptoms appear,
but selecting participants at higher risk to progress
remains challenging. Evidence suggests that CU amyloid
beta (AB)+ individuals with elevated plasma glial fibrillary
acidic protein (GFAP) levels are at increased risk of AD-
related progression. However, the utility of plasma GFAP
for population enrichment in clinical trials focusing on CU
populations has not yet been explored.

2. Interpretation: In this study involving two cohorts, we
found that combining plasma GFAP with AS for partici-
pant selection increases the effect size required to detect
changes in tau positron emission tomography (PET) accu-
mulation. This approach reduces the required sample size,
the number of AB PET scans, and trial costs.

3. Futuredirections: Our findings suggest that clinical trials
targeting tau pathology in preclinical AD could bene-
fit from recruiting individuals positive for both Ag and
GFAP biomarkers, improving participant selection and
cost effectiveness.

of AB- individuals plus two standard deviations (SDs) as reported

elsewhere.?

2.4 | Statistical analysis

The statistical analyses were performed using R statistical software
version 4.2.1. (http://www.r-project.org/). Tau PET values for each
region of interest (i.e.,, MTL and NEO-T) were z scored within each
cohort and for baseline and follow-up separately.?® The annual rate of
change in tau PET was calculated as the difference between follow-up
and baseline uptake values divided by the time between scans. Dif-
ferences between groups in continuous variables were assessed using
analysis of variance with Tukey correction. For the calculation of effect
size,sample size, and trial costs individuals were divided into biomarker
negative (GFAP—/AB-), AB+ (regardless of their GFAP status), and
GFAP-+/AB+ categories. Effect sizes were calculated as the mean of the
annual rate of change for each group divided by the SD accounting for
age, sex, and cohort.2122 Additional analyses were corrected by Cen-
tiloid values and GFAP/p-tau levels when applicable. We estimated the
sample size required for a clinical trial designed to test a hypothesized
25% drug effect on longitudinal reduction in tau PET.21-23 To calculate
the number of individuals recruited in the population enrichment strat-
egy we considered a prevalence of 30% of GFAP+ in CU older adults.’?

In addition, for clinical trial cost calculation, in the proposed enrich-


http://www.r-project.org/

sot10 | Alzheimer’s &Dementia

BELLAVERET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

TABLE 1 Demographics and key characteristics of participants.

GFAP—/AB— (n = 105)

GFAP+/AB— (n = 38)

GFAP—/AB+ (n=41) GFAP-+/AB+ (n = 28)

Age, mean (SD) 66.7 (6.2) 71.5(6.2)? 69.5(4.7)? 73.4(6.3)°
Sex, n (% female) 67 (63.8) 32(84.2) 19 (46.3) 22 (78.6)
APOE ¢4 (% of carriers) 26(24.8) 8(21.1) 18(43.9) 13(46.4)
Education, years (SD) 16.2 (3.4) 15.9(3.5) 16.9(3.3) 15.0(2.6)

AB PET (Centiloid) 1.48(5.13) 2.87(5.03) 43.8(31.3)*P 47.0(25.2)*P
p-tau217 (z score) —-0.38(0.43) -0.32(0.39) 0.54(1.15)P 1.06 (1.62)*b<

Note: Nine individuals did not have plasma p-tau217 available.

Abbreviations: APOE, apolipoprotein; AB, amyloid beta; GFAP, glial fibrillary acidic protein; PET, positron emission tomography; p-tau, phosphorylated tau;

SD, standard deviation.

2Different from GFAP—/AB—.
bDifferent from GFAP+/AB-.
“Different from GFAP—/AB+.

ment strategy with GFAP, we considered that only GFAP+ individuals
would undergo clinical assessments. We estimated that 10% of indi-
viduals who would be prescreened without suspected cognitive decline
would present some degree of cognitive impairment and would have to
be excluded after clinical assessments. Only individuals without cogni-
tive impairment would undergo an AB PET scan. We estimated the cost
of each step based on research settings for: recruitment = $100, pre-
screening with plasma GFAP = $200, clinical assessments = $1000, A
PET = $3000, and tau PET = $3000 for each time point (i.e., baseline

and follow-up).2!

3 | RESULTS

We studied 212 CU individuals (mean age = 69.0 + 6.4 years, 32.5%
AB+) with plasma GFAP, AB PET, as well as longitudinal tau PET
(follow-up duration of 2.48 + 0.84 years). Demographic and clinical
characteristics of the population are summarized in Table 1.

3.1 | CU GFAP+/AB+ show increased longitudinal
changes in tau PET deposition

GFAP-/AB+ and GFAP+/AB+ groups showed a statistically significant
longitudinal increase in tau PETy7 uptake (Figure 1A). The effect size
of the annual rate of change in tau PETp1. was numerically higher in
GFAP+/AB+ than in A+ only individuals (0.75 vs. 0.66, respectively;
Figure 1B) and both were higher than those observed in the GFAP-
/AB- group (0.12; Figure 1B). For tau PETy\go.1, only the GFAP+/AB+
group showed an annual rate of change that was significantly different
from zero, with the GFAP+/AB+ group also presenting a significantly
higher annual rate of change compared to GFAP-/AB+ (Figure 1D). The
effect size of the rate of change in tau PET g1 Was numerically higher
in the GFAP+/AB+ group compared to A3+ (0.56 vs. 0.35, respectively;
Figure 1E) and GFAP—/AB— (0.56 vs. —0.08, respectively; Figure 1E)
groups. When analyzing the cohorts individually, we observed that the

overall effect sizes of changes in tau PETy_ and tau PET\go.1 were

higher in the WRAP cohort than in the TRIAD cohort (Figure S1 in sup-
porting information). Harmonization of tau PET with ComBat rendered
similar effect sizes for changes in tau PETy7 and tau PET\go1 (Figure

S2 in supporting information).

3.2 | CU GFAP+/AB+ enriched clinical trials
require a reduced sample size

Clinical trials aiming to detect changes in tau PETy\1_ as a secondary
outcome using CU GFAP+/AB+ would require 433 individuals per
study arm, while a trial including CU AB+ only (regardless of GFAP sta-
tus) would require 507 individuals per arm (Figure 1C), rendering a
reduction of 15% in the sample size required. Clinical trials aiming to
detect changes in tau PET\go-r as an outcome using CU GFAP+/AS+
individuals would require 891 individuals per study arm, while a trial
including CU AB+ only would require 2068 individuals per study arm
(reduction of 57%; Figure 1F).

33 |
use

CU GFAP+/AB+ enrichment reduces resource

We propose an enrichment strategy in which prescreening with plasma
GFAP is performed and only GFAP+ individuals undergo clinical assess-
ment (to confirm the absence of cognitive impairment), followed by
an AB PET scan only for individuals with a confirmed absence of
cognitive impairment (Figure 2A). The inclusion of the GFAP+ pre-
screening step increased the total number of individuals required to
be recruited for trials targeting tau PETy1. (2886 vs. 1619, if using
AB only; Figure 2B). However, the number of A3 PET scans necessary
for these trials after GFAP prescreening was reduced by up to 49%
(866 vs. 1619; Figure 2B). For clinical trials targeting tau PETNgo-T,
the GFAP+ prescreening step reduced the total number of individu-
als required to be recruited (5937 vs. 6892; Figure 2C) and of AB PET
scans required by up to 74% (1781 vs. 6892 if using AB only; Figure 2C).

We calculated the estimated costs of clinical trials using the two dif-
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FIGURE 1 Longitudinal changes and effect size of tau PET according to A3 and GFAP status. A, Annual rate of change in tau PETy, (B) effect

size of changes in tau PETy, and (C) sample size required for detecting changes in tau PETy7_ in CU stratified by A and GFAP status. D, Annual
rate of change in tau PETNgo T, (E) effect size of changes in tau PETgo.1, and (F) sample size required for a study detecting changes in tau PET\go1
in CU individuals stratified by A and GFAP status. Group comparisons were assessed using analysis of variance accounting for age, sex, and
cohort, with Tukey correction. The graphs show the mean and 95% confidence interval. Effect sizes were calculated adjusting for age, sex, and
cohort. For effect size and sample size calculation, the A+ group was divided regardless their GFAP levels. AB, amyloid beta; CU, cognitively
unimpaired; GFAP, plasma glial fibrillary acidic protein; MTL, medial temporal lobe region; NEO-T, temporal neocortical region; PET, positron

emission tomography.

ferent strategies for population enrichment using: (1) only A PET+
and (2) GFAP+ prescreening plus AB PET (Figure 2A). For the hypo-
thetical trial targeting changes in tau PETyt, the total estimated cost
reduction was 28% using the GFAP+/AB+ strategy compared to using
AB PET only (Figure 3A). For trials targeting changes in tau PET\goT,
the cost reduction was as high as 64% using the GFAP+/A3+ strategy
(Figure 3B).

3.4 | CU GFAP+/AB+ enrichment allows selection
of individuals at early stages of the AD continuum

We compared strategies using AB+ plus GFAP+ versus AB+ plus
p-tau+ for selecting individuals at the earliest stages of AD. We

found that GFAP+/AB+ had lower AB pathology compared to p-
tau+/AB+ individuals (Figure 4A). Although no statistically significant
differences in plasma p-tau217 were observed between populations
(Figure 4B), a sensitivity analysis removing one outlier showed that
p-tau+/AB+ individuals had statistically significantly higher levels of
plasma p-tau217 than GFAP+/AB+ individuals (Figure S3 in support-
ing information). No statistically significant differences were observed
between GFAP+/AB+ and p-tau+/AB+ in the annual rate of change
on tau PETpy or tau PETNgo-7 (Figure S4 in supporting information).
The effect size on the rate of change in tau PETy_ was numeri-
cally higher in the p-tau+/AB+ compared to the GFAP+/A3+ group
(0.93 vs. 0.77, respectively; Figure 4C). However, when accounting for
Ap levels, the effect size of GFAP+/AB+ was higher than p-tau+/Ag+
(GFAP+/AB+ = 0.49 vs. p-tau+/AB+ = 0.40; Figure 4E). This repre-



soi0 | Alzheimer’s &Dementia

BELLAVERET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION
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FIGURE 2

Plasma GFAP enrichment strategy for participant selection in clinical trials focusing on CU individuals. A, Schematic representation

of population enrichment strategies with and without prescreening using plasma GFAP before clinical and AB PET assessments. B, C, Comparison
of number of individuals in each step of clinical trial workflow using only A3+ biomarker and GFAP+ plus A+ biomarkers to select participants in
hypothetical clinical trials aiming at detecting changes in tau (B) PETpr. and (C) PETeo-1 AB, amyloid beta; CU, cognitively unimpaired; GFAP,
plasma glial fibrillary acidic protein; MTL, medial temporal lobe region; NEO-T, temporal neocortical region; PET, positron emission tomography.
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FIGURE 3 Plasma GFAP cost-efficiency impact in CU trials.
Estimated costs are based on a hypothetical 25% drug effect on
changes in (A) tau PETy7 and (B) tau PET\go-t. For the calculation,
we estimated the following costs: recruitment = $100; plasma

GFAP = $200; AB PET or tau PET = $3000; clinical

assessments = $1000. Tau PET and clinical assessments were
calculated to two time points (baseline and follow-up to determine
change). AB, amyloid beta; CU, cognitively unimpaired; GFAP, plasma
glial fibrillary acidic protein; MTL, medial temporal lobe region; NEO-T,
temporal neocortical region; PET, positron emission tomography.

sented a 36% reduction in the effect size of GFAP+/AB+ group and a
57% reduction in the effect size of the p-tau+/AB+ group (Figure S5
in supporting information). The effect size of the rate of change in tau
PETNEo-r was numerically higher in the GFAP+/AB+ group compared
to the p-tau+/Ap+ group (0.57 vs. 0.52, respectively; Figure 4D). When
accounting for continuous Ag levels, the effect size of the GFAP+/AB+
group remained substantially higher than of the p-tau+/AB+ group
(0.38 vs. 0.20; Figure 4F; Figure S5), suggesting that the effect size of
the p-tau+/AB+ group is strongly influenced by their elevated AS load.
Interestingly, when further accounting for plasma p-tau217 levels (in
addition to AB) in the GFAP+/AjB+ group the effect sizes on tau PET 1
and tau PETNeo only slightly changed (Figure 4E,F; Figure S5), sug-
gesting little influence of underlying p-tau217 levels on the effect size
of the GFAP+/AB+ group. Similarly, for the p-tau+/AB+ group, addi-
tional correction for GFAP levels had only a slight impact on the effect
sizes of change in tau PET (Figure 4E,F; Figure S5). Aiming to target the
earliest stages of the AD continuum, we evaluated the effect size on
tau PET changes in individuals with Centiloid levels between 12 and
50 (Figure Sé in supporting information). Our findings revealed that
GFAP+/AB+ individuals demonstrated greater effect sizes in tau PET
changes in both tau PETy1 and PET\go1 compared to p-tau+/Af+
individuals. Specifically, the effect sizes for tau PETy_ were 0.95 in
GFAP-+/AB+ individuals versus 0.84 in p-tau+/AB+ individuals, while
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FIGURE 4 Population enrichment with GFAP+/AS+ allows the selection of CU individuals with similar tau progression levels compared to
p-tau+/AB+ but who are earlier in the AD continuum. A, Baseline AB PET Centiloid and (B) plasma p-tau217 values in GFAP+/Aj+ and p-tau+/Ap+
CU individuals. Effect size of changes in tau (C) PETyr and (D) PET\eo.1 in CU individuals stratified according to their Ag and/or GFAP and
p-tau217 status. Effect sizes of changes in tau (E) PETy7, and (F) PETneo- adjusting for Ag levels, A and p-tau levels (only for the GFAP+/AB+
group), and AB and GFAP levels (only for the p-tau+/AB+ group). Effect sizes were further adjusted for age, sex, and cohort. Nine individuals
without plasma p-tau217 available were removed from this analysis. Group comparisons were assessed using analysis of variance. AB, amyloid
beta; AD, Alzheimer’s disease; CU, cognitively unimpaired; GFAP, plasma glial fibrillary acidic protein; MTL, medial temporal lobe region; NEO-T,

temporal neocortical region; PET, positron emission tomography; p-tau, phosphorylated tau.

tau PETNgo 1 effect sizes were 0.48 versus 0.29, respectively (Figure
S6).

4 | DISCUSSION
We show that using plasma GFAP in addition to A PET for CU popula-
tion enrichment in clinical trials designed to detect changes in tau PET
reduces the (1) required sample size, (2) number of A PET scans, and
(3) overall costs of these trials. Furthermore, this enrichment strategy
selects participants at earlier stages of AD compared to using plasma
p-tau.

CU GFAP-+/AB+ individuals showed a significant increase in lon-
gitudinal tau accumulation in the MTL and NEO-T regions, while

GFAP—/AB+ individuals only showed significant tau accumulation
in the MTL. Longitudinal tau accumulation in AD-related brain
regions has been consistently and strongly associated with cognitive
decline.24-26 Post mortem and clinical imaging studies suggest that the
accumulation of tau neurofibrillary tangles in AD follows a stereo-
typical pattern, with early deposition in the MTL that spreads later
to the neocortex.22728 While tau accumulation confined to the MTL
has been associated with subtle age-related cognitive effects, lateral
spread of tau pathology over NEO-T regions has been linked to marked
cognitive impairment.22? Indeed, it has recently been demonstrated
that the clinical progression of individuals from CU to MCI is more
pronounced in those who have tau deposition in NEO-T than in MTL.2
Our results showed that GFAP+ individuals exhibit more prominent

tau accumulation in brain regions highly associated with dementia
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symptoms (i.e., NEO-T), highlighting that GFAP positivity indicates A+
individuals who are more likely to experience AD-related progression.

We estimated that enriching clinical trials with CU GFAP+/AS+
individuals can substantially reduce the sample size and costs of AD
clinical trials targeting decreases in tau accumulation, especially in
the NEO-T region. This biomarker profile identifies CU individuals
at higher risk of short-term tau tangle accumulation. Our proposed
enrichment strategy begins with recruiting participants without known
cognitive impairment. Initially, these participants will undergo pre-
screening with plasma GFAP. Then, only GFAP+ individuals undergo
clinical assessment to confirm the absence of objective cognitive
impairment. Conducting GFAP prescreening in CU populations prior to
formal clinical assessments led to a significant reduction in the number
of participants required to undergo detailed clinical evaluations, which
resulted in areductionin trial costs (of up to 64%) and the time required
for prescreening. After the clinical assessments, CU GFAP+ individu-
als will undergo AB PET scans. We estimate that the initial participant
selection steps could reduce the number of A PET scans required
by up to 80%, which not only lowers the clinical trial costs but also
has the potential to speed up the participant screening. However, it is
important to consider that for trials using tau PETy7_ as an outcome,
the initial recruitment step using this strategy requires the enroll-
ment of a substantially higher number of individuals for prescreening
with plasma GFAP. Although the estimated total cost of these trials is
lower compared to the strategy without prescreening, the additional
time required for recruitment should be considered. Altogether, these
results suggest that the use of plasma GFAP offers a cost-effective
alternative to population enrichment for clinical trials in preclinical AD.

We demonstrate that GFAP+/AB+ individuals had a lower overall
burden of AD pathology than p-tau+/AB+ populations while present-
ing a similar increase in longitudinal tau PET deposition. This finding
may have important implications for clinical trial participant selec-
tion. Our results suggest that selecting GFAP+/AB+ individuals may
help identify individuals who are more likely to progress in the dis-
ease but have a lower AB burden (mean Centiloid of 46) compared to
the selection of p-tau+/AB+ individuals (mean Centiloid of 65). This
approach is particularly relevant for trial enrichment if we consider
the TRAILBLAZER-ALZ study, which demonstrated that individuals
with lower baseline AS levels were more likely to achieve complete AS
clearance.3° Additionally, early clearance of AB plaques was associated
with greater slowing of tau accumulation over the course of the trial.
Relying solely on AB PET for participant selection for preclinical AD
trials may be insufficient to identify individuals at risk of progression,
as the solanezumab study found that disease progression occurred in
individuals with high baseline Ag deposition (i.e., Centiloid > 77).3!
These results suggest that using GFAP+ rather than p-tau+ in combi-
nation with AB PET could help select individuals most likely to benefit
from anti-Ag therapies.

The strengths of our study include replicating the results using two
well-characterized cohorts, both of which had tau PET measured with
the same high-affinity tau tracer, which facilitated the interpretation
of changes in tau PET between cohorts. However, limitations should

be considered when interpreting our results. Both cohorts consist of

a selective population of highly educated, mostly White participants,
which does not represent a more diverse general world population,
a problem also observed with most recent clinical trials in AD. Addi-
tionally, the effect sizes and sample sizes determined here might not
be generalizable to other tau PET tracers that present distinct intrin-
sic characteristics and off-target binding, which could result in varying
rates of changes between tracers.

To conclude, clinical trials focusing on preclinical AD would bene-
fit from recruiting individuals positive for Ag and GFAP biomarkers to

improve their population selection and cost effectiveness.

AFFILIATIONS
1Department of Psychiatry, University of Pittsburgh, Pittsburgh, Pennsylvania,
USA

2Graduate Program in Biological Sciences: Biochemistry, Universidade Federal
do Rio Grande do Sul, Porto Alegre, Brazil

3Translational Neuroimaging Laboratory, McGill University Research Centre for
Studies in Aging, Alzheimer’s Disease Research Unit, Douglas Research Insti-
tute, Le Centre intégré universitaire de santé et de services sociaux (CIUSSS) de
'Ouest-de-I'lle-de-Montréal, Montreal, Quebec, Canada

4Department of Neurology and Neurosurgery, Psychiatry and Pharmacology and
Therapeutics, McGill University, Montreal, Quebec, Canada

5Lawrence Berkeley National Laboratory, Berkeley, California, USA

éDepartment of Psychiatry and Neurochemistry, Institute of Neuroscience and
Physiology, The Sahlgrenska Academy at the University of Gothenburg, MéIndal,
Sweden

7Wisconsin Alzheimer’s Institute, School of Medicine and Public Health, Univer-
sity of Wisconsin, Madison, Wisconsin, USA

8Wisconsin Alzheimer’s Disease Research Center, School of Medicine and Public
Health, University of Wisconsin, Madison, Wisconsin, USA

?Neuroscience Biomarkers, Janssen Research and Development, La Jolla, Califor-
nia, USA

10Clinical Neurochemistry Laboratory, Sahlgrenska University Hospital, Mélndal,
Sweden

11Department of Neurodegenerative Disease, UCL Queen Square Institute of
Neurology, London, UK

12K Dementia Research Institute at UCL, Cruciform Building, London, UK

18Paris Brain Institute, ICM, Pitié-Salpétriére Hospital, Sorbonne University,
Paris, France

14Neurodegenerative Disorder Research Center, Division of Life Sciences and
Medicine, and Department of Neurology, Institute on Aging and Brain Disorders,
University of Science and Technology of China and First Affiliated Hospital of
USTC, Hefei, P.R. China

15Department of Biostatistics, School of Medicine, University of Pittsburgh,
Pittsburgh, Pennsylvania, USA

16Brain Institute of Rio Grande do Sul, PUCRS, Porto Alegre, Brazil

17Department of Pharmacology, Universidade Federal do Rio Grande do Sul,
Porto Alegre, Brazil

18Graduate Program in Biological Sciences: Pharmacology and Therapeutics,
Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil

19Brain Imaging Centre, Montreal Neurological Institute-Hospital, Montreal,
Quebec, Canada

20Department of Neurology, School of Medicine, University of Pittsburgh, Pitts-
burgh, Pennsylvania, USA

ACKNOWLEDGMENTS
The TRIAD cohort is supported by the Weston Brain Institute,
Canadian Institutes of Health Research (CIHR; MOP-11-51-31; RFN



BELLAVERET AL.

Alzheimer’s &Dementia® | sor1o

152985, 159815, 162303), Canadian Consortium of Neurodegenera-
tion and Aging (CCNA; MOP-11-51-31 -team 1), the Alzheimer’s Asso-
ciation (NIRG-12-92090, NIRP-12-259245), Brain Canada Founda-
tion (CFI Project 34874; 33397), the Fonds de Recherche du Québec-
Santé (FRQS; Chercheur Boursier, 2020-VICO-279314; 2024-VICO-
356138). The WRAP study was supported by NIA grants AG027161
and AG021155. TA.P. is supported by the National Institute in
Aging (NIA; 5R01AG075336, 5R01AG073267). PR-N. is funded
by Fonds de Recherche du Québec-Santé (Chercheur Boursier,
2020-VICO-279314) and CIHR-CCNA. B.B. is supported by the
Alzheimer’s Association (AARFD-22-974627) and National Insti-
tute on Aging (5 PO1 AG025204-17). G.P. receives financial sup-
port from the Alzheimer’s Association (24AARFD-1243899). PC.L.F.
is supported by the Alzheimer’s Association (AARFD-22-923814).
M.SR. is supported by the Alzheimer’s Association (AARFD-24-
1313939). AR. is supported by the Alzheimer’s Association (AARFD-
24-1307995). K.B. is supported by the Swedish Research Council
(#2017-00915 and #2022-00732), the Swedish Alzheimer Foun-
dation (#AF-930351, #AF-939721, #AF-968270, and #AF-994551),
Hjarnfonden, Sweden (#FO2017-0243 and #ALZ2022-0006), the
Swedish state under the agreement between the Swedish government
and the County Councils, the ALF-agreement (#ALFGBG-715986
and #ALFGBG-965240), the European Union Joint Program for
Neurodegenerative Disorders (JPND2019-466-236), the Alzheimer’s
Association 2021 Zenith Award (ZEN-21-848495), the Alzheimer’s
Association 2022-2025 Grant (SG-23-1038904 QC), La Fondation
Recherche Alzheimer (FRA), Paris, France, the Kirsten and Freddy
Johansen Foundation, Copenhagen, Denmark, and Familjen Ron-
stroms Stiftelse, Stockholm, Sweden. E.R.Z. receives financial sup-
port from CNPq (312410/20182; 435642/2018-9; 312306/2021-0;
409066/2022-2), ARD/FAPERGS (21/2551-0000673-0), AA (AARGD-
21-850670), CNPQ/FAPERGS/PRONEX (16/2551-0000475-7), the
Brazilian National Institute of Science and Technology in Excito-
toxicity and Neuroprotection (465671/2014-4), Instituto Serrapil-
heira (Serra-1912-31365), and National Academy of Neuropsychol-
ogy (ALZ-NAN-22-928381). G.B-N. receives financial support from
the Alzheimer’s Association (AARF-D-231150249). TK.K. is funded
by the Swedish Research Council (Vetenskapradet; #2021-03244),
the Alzheimer’s Association (#AARF-21-850325), the BrightFocus
Foundation (#A2020812F), the International Society for Neurochem-
istry’s Career Development Grant, the Swedish Alzheimer Founda-
tion (Alzheimerfonden; #AF-930627), the Swedish Brain Founda-
tion (Hjarnfonden; #FO02020-0240), the Swedish Dementia Founda-
tion(Demensforbundet), the Swedish Parkinson Foundation (Parkin-
sonfonden), Gamla Tjanarinnor Foundation, the Aina (Ann) Wallstréms
and Mary-Ann Sjobloms Foundation, the Agneta Prytz-Folkes & Gésta
Folkes Foundation (#2020-00124), the Gun and Bertil Stohnes Foun-
dation, and the Anna Lisa and Brother Bjornsson’s Foundation. H.Z. is
a Wallenberg Scholar and a Distinguished Professor at the Swedish
Research Council supported by grants from the Swedish Research
Council (#2023-00356; #2022-01018 and #2019-02397), the Euro-
pean Union’s Horizon Europe research and innovation programme
under grant agreement No 101053962, Swedish State Support for

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

Clinical Research (#ALFGBG-71320), the Alzheimer'Drug Discov-
ery Foundation (ADDF), USA (#201809-2016862), the AD Strategic
Fund and the Alzheimer’s Association (#ADSF-21-831376-C, #ADSF-
21-831381-C, #ADSF-21-831377-C, and #ADSF-24-1284328-C), the
Bluefield Project, Cure Alzheimer’s Fund, the Olav Thon Foundation,
the Erling-Persson Family Foundation, Familjen Ronstroms Stiftelse,
Stiftelsen for Gamla Tjanarinnor, Hjarnfonden, Sweden (#F0O2022-
0270), the European Union’s Horizon 2020 research and innovation
programme under the Marie Sktodowska-Curie grant agreement No
860197 (MIRIADE), the European Union Joint Programme - Neu-
rodegenerative Disease Research (JPND2021-00694), the National
Institute of Health and Care Research University College London Hos-
pitals Biomedical Research Centre, and the UK Dementia Research
Institute at UCL (UKDRI-1003). JT. is funded by the Colin J. Adair

research fellowship.

CONFLICT OF INTEREST STATEMENT

H.Z. has served on scientific advisory boards and/or as a consul-
tant for Abbvie, Alector, ALZPath, Annexon, Apellis, Artery Thera-
peutics, AZTherapies, CogRx, Denali, Eisai, Nervgen, Novo Nordisk,
Pinteon Therapeutics, Red Abbey Labs, reMYND, Passage Bio, Roche,
Samumed, Siemens Healthineers, Triplet Therapeutics, and Wave, has
given lectures in symposia sponsored by Cellectricon, Fujirebio, Alze-
cure, Biogen, and Roche, and is a co-founder of Brain Biomarker
Solutions in Gothenburg AB (BBS), which is a part of the GU Ven-
tures Incubator Program (outside submitted work). K.B. has served as
a consultant and on advisory boards for Abbvie, AC Immune, ALZPath,
AriBio, BioArctic, Biogen, Eisai, Lilly, Moleac Pte. Ltd, Neurimmune,
Novartis, Ono Pharma, Prothena, Roche Diagnostics, and Siemens
Healthineers; has served on data monitoring committees for Julius
Clinical and Novartis; has given lectures, produced educational mate-
rials, and participated in educational programs for AC Immune, Biogen,
Celdara Medical, Eisai, and Roche Diagnostics; and is a co-founder of
Brain Biomarker Solutions in Gothenburg AB (BBS), which is a part of
the GU Ventures Incubator Program, outside the work presented in
this paper. S.G. received consulting fees as a member of the scientific
advisory boards in Abbvie, Alzheon, AmyriAD, Eisai, Enigma/Meilleur,
Lilly, Okutsa, Novo Nordisk, TauRx; honoraria for educational videos
from Lundbeck; and reimbursement for AD/PD 2024 travel expenses
by TauRx. S.G. is a board member at the Sharon and Robert Fran-
cis Foundation, Toronto, Canada, and the Canadian Conference on
Dementia (CCD). E.R.Z. has served on the scientific advisory board
of Nintx, Novo Nordisk, and Masima. He is also a co-founder and a
minority shareholder at Masima. P.R-N. has served on scientific advi-
sory boards and/or as a consultant for Roche, Novo Nordisk, Eisai, and
Cerveau radiopharmaceuticals. N.J.A. has given lectures in symposia
sponsored by Lilly and Quanterix. J.T. has served as a consultant for the
Neurotorium educational platform and for Alzheon Inc. PV. has served
on scientific advisory boards for Novo Nordisk, Eisai, and Lilly. GT.B.
receives salary and has stocks from Janssen R&D. S.C.J. serves on advi-
sory boards for AlzPATH and Enigma Biomedical. The other authors
declare that they have no conflict of interest. Author disclosures are
available in the supporting information.



woi1o | Alzheimer’s &PDementia’

BELLAVERET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

CONSENT STATEMENT
All study participants provided written informed consents for all study

procedures.

ORCID

Tharick A. Pascoal

https://orcid.org/0000-0001-9057-8014

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

. Johansson C, Thordardottir S, Laffita-Mesa J, et al.

Sperling RA, Rentz DM, Johnson KA, et al. The A4 study: stopping AD
before symptoms begin?. Sci Trans| Med. 2014;6:228fs13.

. Ossenkoppele R, Pichet Binette A, Groot C, et al. Amyloid and tau PET-

positive cognitively unimpaired individuals are at high risk for future
cognitive decline. Nat Med. 2022;28:2381-2387.

. Cogswell PM, Lundt ES, Therneau TM, et al. Modeling the temporal

evolution of plasma p-tau in relation to amyloid beta and tau PET.
Alzheimers Dement. 2024;20(2):1225-1238.

Plasma
biomarker profiles in autosomal dominant Alzheimer’s disease.
Brain. 2023;146:1132-1140.

. Benedet AL, Mila-Aloma M, Vrillon A, et al. Differences between

plasma and cerebrospinal fluid glial fibrillary acidic protein
levels across the Alzheimer Disease Continuum. JAMA Neurol.
2021;78:1471-1483.

. Chatterjee P, Pedrini S, Stoops E, et al. Plasma glial fibrillary acidic pro-

teinis elevated in cognitively normal older adults at risk of Alzheimer’s
disease. Transl Psychiatry. 2021;11:27.

. Pereira JB, Janelidze S, Smith R, et al. Plasma GFAP is an early marker

of amyloid-8 but not tau pathology in Alzheimer’s disease. Brain.
2021;144:3505-3516.

. Pelkmans W, Shekari M, Brugulat-Serrat A, et al. Astrocyte biomark-

ers GFAP and YKL-40 mediate early Alzheimer’s disease progression.
Alzheimers Dement. 2024;20:483-493.

. Bellaver B, Povala G, Ferreira PCL, et al. Astrocyte reactivity influences

amyloid-g effects on tau pathology in preclinical Alzheimer’s disease.
Nat Med. 2023;29(7):1775-1781.

Johnson SC, Koscik RL, Jonaitis EM, et al. The Wisconsin Registry for
Alzheimer’s prevention: a review of findings and current directions.
Alzheimers Dement. 2018;10:130-142.

Betthauser TJ, Koscik RL, Jonaitis EM, et al. Amyloid and tau imag-
ing biomarkers explain cognitive decline from late middle-age. Brain.
2019;143:320-335.

Pascoal TA, Therriault J, Benedet AL, et al. 18F-MK-6240 PET for early
and late detection of neurofibrillary tangles. Brain. 2020;143:2818-
2830.

La Joie R, Ayakta N, Seeley WW, et al. Multisite study of the relation-
ships between antemortem [(11)C]PIB-PET centiloid values and post-
mortem measures of Alzheimer’s disease neuropathology. Alzheimers
Dement. 2019;15:205-216.

Klein A, Tourville J. 101 labeled brain images and a consistent human
cortical labeling protocol. Front Neurosci. 2012;6:171.

Orlhac F, Boughdad S, Philippe C, et al. A postreconstruction harmo-
nization method for multicenter radiomic studies in PET. J Nucl Med.
2018;59:1321-1328.

Triana-Baltzer G, Moughadam S, Slemmon R, et al. Development
and validation of a high-sensitivity assay for measuring p217+tau in
plasma. Alzheimers Dement. 2021;13:e12204.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

Ashton NJ, Brum WS, Di Molfetta G, et al. Diagnostic Accuracy of a
plasma phosphorylated tau 217 immunoassay for Alzheimer disease
pathology. JAMA Neurol. 2024,;81:255-263.

Warmenhoven N, Salvadé G, Janelidze S, et al. A comprehensive head-
to-head comparison of key plasma phosphorylated tau 217 biomarker
tests. Brain. 2024;148:416-431.

Schindler SE, Petersen KK, Saef B, et al. Head-to-head comparison
of leading blood tests for Alzheimer’s disease pathology. Alzheimers
Dement. 2024;20:8074-8096.

In: Han J, Kamber M, Pei J, eds. Data Mining. 3rd ed. Morgan Kaufmann;
2012:633-671.

Ferreira PCL, Ferrari-Souza JP, Tissot C, et al. Potential utility of
plasma P-Tau and neurofilament light chain as surrogate biomarkers
for preventive clinical trials. Neurology. 2023;101:38-45.

Jack CR Jr, Wiste HJ, Schwarz CG, et al. Longitudinal tau PET in ageing
and Alzheimer’s disease. Brain. 2018;141:1517-1528.

Pascoal TA, Mathotaarachchi S, Shin M, et al. Amyloid and tau signa-
tures of brain metabolic decline in preclinical Alzheimer’s disease. Eur
J Nucl Med Mol Imaging. 2018;45:1021-1030.

Ossenkoppele R, Smith R, Mattsson-Carlgren N, et al. Accuracy of tau
positron emission tomography as a prognostic marker in preclinical
and prodromal Alzheimer disease: a head-to-head comparison against
amyloid positron emission tomography and magnetic resonance imag-
ing. JAMA Neurol. 2021;78:961-971.

Hanseeuw BJ, Betensky RA, Jacobs HIL, et al. Association of amyloid
and tau with cognition in preclinical Alzheimer disease: a longitudinal
study. JAMA Neurol. 2019;76:915-924.

Strikwerda-Brown C, Hobbs DA, Gonneaud J, et al. Association of
elevated amyloid and tau positron emission tomography signal with
near-term development of Alzheimer disease symptoms in older
adults without cognitive impairment. JAMA Neurol. 2022;79:975-985.
Braak H, Braak E. Neuropathological stageing of Alzheimer-related
changes. Acta Neuropathol. 1991;82:239-259.

Therriault J, Pascoal TA, Lussier FZ, et al. Biomarker modeling of
Alzheimer’s disease using PET-based Braak staging. Nature Aging.
2022;2:526-535.

Harrison TM, La Joie R, Maass A, et al. Longitudinal tau accumulation
and atrophy in aging and Alzheimer disease. Ann Neurol. 2019;85:229-
240.

Shcherbinin S, Evans CD, Lu M, et al. Association of amyloid reduction
after donanemab treatment with tau pathology and clinical out-
comes: the TRAILBLAZER-ALZ randomized clinical trial. JAMA Neurol.
2022;79:1015-1024.

Sperling RA, Donohue MC, Raman R, et al. Trial of solanezumab in
preclinical Alzheimer’s disease. N Engl J Med. 2023;389:1096-1107.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Bellaver B, Povala G, Ferreira PCL,

et al. Plasma GFAP for populational enrichment of clinical trials
in preclinical Alzheimer’s disease. Alzheimer’s Dement.
2025;21:€70209. https://doi.org/10.1002/alz.70209


https://orcid.org/0000-0001-9057-8014
https://orcid.org/0000-0001-9057-8014
https://doi.org/10.1002/alz.70209

	Plasma GFAP for populational enrichment of clinical trials in preclinical Alzheimer’s disease
	Abstract
	1 | BACKGROUND
	2 | MATERIALS AND METHODS
	2.1 | Participants
	2.2 | PET biomarkers
	2.3 | Plasma biomarkers
	2.4 | Statistical analysis

	3 | RESULTS
	3.1 | CU GFAP+/Ab+ show increased longitudinal changes in tau PET deposition
	3.2 | CU GFAP+/Ab+ enriched clinical trials require a reduced sample size
	3.3 | CU GFAP+/Ab+ enrichment reduces resource use
	3.4 | CU GFAP+/Ab+ enrichment allows selection of individuals at early stages of the AD continuum

	4 | DISCUSSION
	AFFILIATIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	CONSENT STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


