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Abstract

Background and Objectives

To compare the diagnostic performance of an immunoassay for plasma concentrations of
phosphorylated tau (p-tau) 217 with visual assessments of fluorine-18 fluorodeoxyglucose
["*F]JFDG-PET in individuals who meet appropriate use criteria for Alzheimer dementia (AD)
biomarker assessments.

Methods

We performed a retrospective analysis of individuals with early-onset (age <65 years at onset)
and/or atypical dementia (features other than memory at onset), who were evaluated at
a tertiary care memory clinic. All participants underwent measurements of CSF biomarkers
(AB42, p-taul81, and total tau levels), as well as ["*F]JEDG-PET scans, amyloid-PET scans, and
plasma p-tau217 quantifications. To determine whether the ["*F]JFDG-PET images were
compatible with AD, images were visually rated by 2 nuclear medicine experts. Using a con-
tingency analysis, we evaluated the accuracy of ["*F]FDG-PET scan interpretation and plasma
p-tau217 for an AD biomarker profile in CSF and for amyloid-PET positivity.

Results

A total of 81 individuals with early onset and/or atypical dementia were included in this study
(mean age = 65 years; 48/81 female (59%). Both ["*F]FDG-PET and plasma p-tau217 showed
high levels of agreement with reference standard AD biomarkers (["®*F]FDG-PET area under
the curve [AUC]: 71%; plasma p-tau217 AUC: 81%). Although both biomarkers had similar
specificity for AD ['*F]FDG-PET: 70%, CI: 0.56-0.81; plasma p-tau217: 70%, CI: 0.56-0.81),
plasma p-tau217 had higher sensitivity for AD (plasma p-tau217: 97%, CI: 0.85-0.99 vs ['*F]
FDG-PET: 73%, CL: 0.57-0.85) (p = 0.01). Overall accuracy was also higher for plasma
p-tau217 (AUC = 84%, CI: 0.75-0.93 vs 72%, CI: 0.60-0.83 of ["*F]JFDG-PET) (p = 0.02).
The same pattern of results was observed when using amyloid-PET as the reference standard.
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Glossary

AD = Alzheimer dementia; AUC = area under the curve; FTLD = frontal temporal lobar degeneration; IP-MS =
immunoprecipitation-mass spectrometry; IQR = interquartile range; LBD = Lewy body; MMSE = Mini Mental State
Examination; MoCA = Montreal Cognitive Assessment; p-tau = phosphorylated tau; ROC = receiver operating characteristics;
TRIAD = Translational Biomarkers of Aging and Dementia cohort.

Discussion

Our study provides evidence that plasma p-tau217 has strong discriminative accuracy for AD among patients with early-onset
and/or atypical dementia assessed in specialized settings. Future work should replicate these findings in secondary care settings.

Introduction

Alzheimer dementia (AD) clinical heterogeneity makes it
difficult to arrive at a diagnosis based solely on clinical
symptoms.' Indeed, around 15%-30% of individuals clinically
diagnosed with Alzheimer dementia are found to lack the
underlying AD pathology at autopsy.”* AD pathology might
be linked with nonamnestic focal cortical syndromes, espe-
cially in early-onset cases.*” In addition, the presence of other
coexisting diseases and pathologies in older adults can further
complicate the process of diagnosing and treating AD.® Par-
ticularly in these circumstances, AD biomarkers became
a valuable tool in the clinical diagnosis of individuals with
cognitive impairment.” Furthermore, evidence of amyloid-f
pathology is required for determining the eligibility of anti-
amyloid disease-modifying therapies for AD, emphasizing the
potential importance of biomarkers in clinical practice.'®

Appropriate use recommendations for AD biomarkers state
that their clinical application should be limited to specific
cases, including those with early-onset, atypical, or otherwise
unclear clinical symptoms; rapidly or slowly progressing de-
mentia; or coexisting neuropsychiatric conditions."'"3
Patients with these features may have a higher probability of
suffering from non-AD causes of their symptoms,'* which is
why AD biomarker testing is performed.

The use of biomarkers, such as amyloid-PET, CSF assess-
ments of AP42 and p-taul81, and ["®F]FDG-PET, is all as-
sociated with changes in diagnosis, management plan, and
diagnostic confidence.”*"'* However, different biomarkers
indicate different aspects of AD pathophysiology and are not
interchangeable: amyloid-PET and CSF measurements of
APB42 and p-taul8l change early in the natural history of
AD'*" and are specific for AD pathology.”® The most widely
used biomarker in specialized clinics, ['*F]JFDG-PET, in
contrast, measures cortical metabolic dysfunction perceived in
all neurodegenerative conditions and is closely related to the
types of symptoms observed.>"”** Posterior polymodal corti-
cal hypometabolism often indicates AD pathology.** Blood-
based biomarkers, particularly of p-tau217, demonstrate
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strong associations with AD pathology measured with PET or
CSFE.***” Plasma biomarkers, which are more cost-effective
than PET and CSF and are less invasive, promise to provide
accessible assessments of AD pathology. The high discrimi-
native accuracy of p-tau217 for biological AD***”*® has raised
the possibility of p-tau217 being used in the diagnosis of AD,
although more work is needed to compare the diagnostic
performance of plasma p-tau217 with existing tools available
in clinical practice.”’ Here, our study compared the perfor-
mance of a plasma p-tau217 assay with ['*F]FDG-PET visual
ratings from expert nuclear medicine physicians for detecting
biological AD in individuals evaluated by dementia specialists
who met appropriate use criteria (early-onset and/or atypical
dementia) for AD biomarker testing.

Methods

Standard Protocol Approvals, Registrations,
and Patient Consents

Participants signed consent forms before samples/data were
collected. McGill’s ethics committee approved the study.

Study Participants

We conducted a retrospective analysis of individuals with
atypical dementia and/or early-onset dementia (features
other than memory at onset), who were assessed at a Spe-
cialized memory clinic, at McGill University Research Center
for Studies in Aging in Canada between 2018 and 2023. In-
clusion criteria were individuals with younger onset dementia
(65 years and younger), regardless of their clinical pre-
sentation, and/or patients with dementia aged 65 or older
who have behavioral or cognitive symptoms other than
memory (ie., language, visuospatial, and executive) as the
predominant clinical symptom. Patients with clinically di-
agnosed probable AD** and patients with suspected neuro-
degenerative diseases other than AD were excluded from this
study. Every eligible patient received a ['*F]JFDG-PET scan at
Centre Hospitalier de I'Université de Montréal (CHUM) and
a lumbar puncture at the McGill University Research Centre
for Studies in Aging. The maximum time difference between
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biomarker assessments was 12 months. Before AD biomarker
assessments, each participant underwent a medical and neu-
rologic evaluation, neuropsychological testing, Mini Mental
State Examination (MMSE), and Montreal Cognitive Assess-
ment (MoCA). Furthermore, complete blood count test and
MRI were performed for all patients in the McGill Centre for
Studies in Aging. All patients also underwent assessments of
plasma p-tau217 and amyloid-PET as part of their participation
in the Translational Biomarkers in Aging and Dementia
(TRIAD) cohort. The TRIAD is a large-scale longitudinal
cohort and was launched in 2017 as part of the McGill Centre
for Studies in Aging. This cohort recruits individuals who are
cognitively unimpaired and have mild cognitive impairment or
dementia. Full information regarding the TRIAD inclusion/
exclusion criteria is described elsewhere.*’

CSF Data Collection and Analysis

A standard protocol elaborated by McGill University Re-
search Center for Studies was used to collect CSF sample
during clinical evaluations. Written informed consent was
provided by all participants. Using an atraumatic 24 G Sprotte
needle, the CSF was obtained from the L3/L4 or L4/LS
interspaces. The CSF samples were aliquoted into poly-
propylene test tubes of 2 mL (0.5 mL minimum), centrifuged
at 20°C, and frozen within an hour of the collection. CSF
samples were sent to a commercial laboratory (Athena
Diagnostics, Worcester MA) for analyses of amyloid (AB1-
42), total tau (t-tau), and phosphorylated tau (p-taul8l)
using the Admark ELISA kit. Moreover, an AP42 to t-tau
index [Amyloid-Tau Index (ATI), calculated as AR42/(240 +
1.18t-tau)], was provided. Athena Diagnostics Laboratory
considers results to be positive for AD if they show an
ATI <1.0 and a p-taul81 > 61 pg/mL. Using these CSF
biomarker thresholds, 34 patients were identified as having
biological AD. The remaining 47 were negative for biological
AD biomarker evidence.

Plasma Data Collection and Analysis

The collection of blood samples followed the protocols pre-
viously described.® Plasma levels of p-tau217 were measured
by researchers at Janssen R&D blinded to clinical and other
biomarker data, as detailed previously.”® An abnormal result
for plasma p-tau217 corresponded to a value above the
threshold of 0.083 pg/mL defined for the Janssen plasma
p-tau217 Simoa assay.”® That threshold was used in analyses
assessing the individual degree of agreement between plasma
p-tau217 and ['*F]FDG-PET.

PET Imaging Data Acquisition and Analyses

['®FIFDG-PET

Commercial PET/CT scanners were used to perform [**F]
FDG-PET brain imaging in all cases according to the protocol
described before.”” During each ['*F]FDG-PET session, the
patient underwent a 20-minute PET scan, followed by a 10-
minute CT transmission scan (to correct for attenuation). In
this study, 2 certified nuclear medicine physicians (J.P.S. and
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K.P.) visually assessed the ['*F]FDG-PET brain scans and
3D-SSP  (3D-stereotaxic surface projection) maps of
patients.*> CSF and plasma biomarker results were blinded to
them, although clinical data were available. The interpretation
made by these professionals is approved by the European
Association of Nuclear Medicine and the European Academy
of Neurology.

According to ['®FJFDG-PET hypometabolic patterns,
patients were divided into 2 groups: the AD-associated met-
abolic pattern (n = 39) and non-AD-associated metabolic
pattern (n = 42). Briefly, the AD-associated pattern included
["*F]FDG-PET scans with hypometabolism in the posterior
cingulate gyrus, temporal lobes, and/or posterior parietal
cortices, as well as ["*F]FDG-PET scans that showed atypical
cases of AD such as posterior cortical atrophy, logopenic
progressive aphasia, and behavioral/dysexecutive AD. The
non-AD-associated metabolic patterns included ["*F]JFDG-
PET scans that do not fit the AD distribution but are still
abnormal. For example, non-AD metabolic patterns include
the ['®*F]FDG-PET metabolic distribution pattern linked with
Lewy bodies (LBD), those from the frontal temporal lobar
degeneration (FTLD) family, and mixed dementia. Patients
with a nonneurodegenerative [**F]FDG-PET pattern
(i.e., the scan is not indicative of AD or other neurodegen-
erative diseases) are also included in the non-AD-associated
metabolic pattern group. Discrimination between behavioral/
dysexecutive variant of AD and FTLD is based on a compar-
ison of premotor frontal anomalies and posterior parietal
anomalies. In FTLD, anterior anomalies dominate, while in
behavioral/dysexecutive AD, posterior anomalies dominate.®*
Posterior portions of the cingulate gyri are also evaluated.
Finally, frontal areas are also examined for atrophy on MRI; if
so, FTLD is suspected.®

Amyloid-PET

The acquisition and processing of amyloid-PET data have
been described previously.>* Briefly, ['*F]AZD4694 PET
scans were obtained using a brain-dedicated Siemens High-
Resolution Research Tomograph. In all participants, an
overall composite amyloid-PET SUVR was calculated by av-
eraging the SUVR from the precuneus, prefrontal, orbito-
frontal, parietal, temporal, and cingulate cortices. Individuals
with an AZD4694 PET SUVR above 1.55>* were considered
amyloid-PET-positive. According to this amyloid-PET
threshold, 34 individuals had 43 positives for amyloid-PET,
while 38 were considered negative for amyloid-PET. We also
investigated the correspondence between visually determined
amyloid-PET  positivity and quantitatively determined
amyloid-PET positivity, which showed 100% agreement,
likely because the quantitative threshold is based partially on
visual assessments.>*

Outcomes
The primary outcomes of our study are sensitivity, specificity,

and area under the receiver operating characteristics (ROC)
curve of 2 index tests (plasma p-tau217 and ['*F]FDG-PET
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visual readings) for an AD biomarker status in CSF, as de-
termined by the AB42 to t-tau index [ATI, calculated as AB42/
(240 + 1.18t-tau)] plus p-taul81 > 61 pg/mL.*" In addition,
a second reference standard was used (amyloid-PET status).

Statistical Analysis

The analyses of all data were performed using Prism-Graph
7.0 software (Graph-Pad Software, San Diego, CA) and R
statistical software package, version 4.1.2. A descriptive anal-
ysis was first performed to compare demographic variables
and clinical characteristics between CSF non-AD profile and
CSF AD profile groups, using x2 for categorical variables and
Mann-Whitney U for continuous variables. Owing to the
nonnormal distribution of biomarker data, participant groups
were characterized using medians and interquartile ranges
(IQRs). The second step was to determine the degree of
agreement between plasma p-tau217 and ['*F]FDG-PET
biomarkers according to CSF biomarkers and amyloid-PET
positivity using contingency analysis and Cohen kappa co-
efficient with 95% confidence intervals (CI). To evaluate if
plasma p-tau217 and ['*F]FDG-PET had significantly dif-
ferent sensitivities and specificities as well as likelihood ratio,
we computed the McNemar test using the R package
DTComPair.>* Third, ROC curves were computed to evalu-
ate the accuracy of plasma p-tau217 and ['*F]JFDG-PET in
identifying AD biomarker status according to reference
standards (CSF and amyloid-PET). Statistical assessment of
whether plasma p-tau217 and ['*F]FDG-PET diagnostic ac-
curacies were significantly different was determined by
a bootstrap-based test implemented in the pROC package in
R, a statistical framework for comparing 2 correlated (or
paired) ROC curves.’® Furthermore, the sensitivity and
specificity of plasma p-tau217 and ["*F]JFDG-PET for AD
biological were derived. We did not use multiple comparison
corrections for our study’s main outcome. Finally, statistical
power (G*Power) was used to determine the minimum sig-
nificant effect size. With an alpha of 0.05, 81 observations
would provide 80% statistical power to detect an effect size of
w =031

Data Availability

Data supporting the findings in this article will be shared
through a material transfer agreement on request by qualified
investigator.

Results

We identified a total of 148 patients with early-onset and/or
atypical AD between 2018 and 2023 who were clinically
assessed with CSF and ['®*F]FDG-PET based on appropriate
use criteria''"? at the McGill Centre for Studies in Aging.
From 148 patients who were eligible for ['*F]FDG-PET and
CSF analysis based on appropriate use criteria, only 84 indi-
viduals had plasma p-tau217 assessments and amyloid-PET
performed as part of the TRIAD study. Three of these
patients were excluded as the time interval between blood
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draw, and ['®*F]FDG-PET assessment or lumbar puncture
was greater than 12 months. The final sample size of our study
was 81 participants.

A median time of 5 months (IQR = 3-8) was found between
CSF biomarker measurements and [**F]JFDG-PET meas-
urements, similarly S months (IQR = 2-10) between CSF and
plasma p-tau217 measurements, and 4 months (IQR = 2-8)
between ['*F]FDG-PET and plasma p-tau217. A flowchart of
the study selection process is shown in Figure 1.

A summary of demographics and clinical information for the
study sample is presented in Table 1. According to an estab-
lished cutoff (ATI<1.0 and p-taul81 > 61 pg/mL) (Table 1),
individuals were classified according to their CSF biomarker
status as either non-AD (n = 47, 58%) or AD (n = 34, 42%).
The AD and non-AD groups did not differ significantly based
on sex, age, or years of education. However, when comparing
MMSE and MoCA scores between the groups, statistically
significant differences were found. In the AD group, MMSE
scores were lower than in the non-AD group (p = 0.001). A
similar pattern was observed for MoCA scores (p = 0.001) in
the AD group as compared with the non-AD group. There was
also an increase in the number of individuals in the AD group
who carried at least 1 ApoE4 allele (68%) compared with
individuals in the non-AD group (34%) (p = 0.002). Among
participants with CSF biomarker evidence of AD, AP42
concentration, and ATI index were lower, and p-taul81 and
t-tau levels were significantly higher compared with the par-
ticipants in the CSF biomarker non-AD group. Data regarding
an individual CSF biomarker according to ["*F]FDG-PET
and amyloid-PET are displayed in eFigures 1 and 2.

Significantly higher plasma p-tau217 levels were also observed
in the CSF biomarker AD group compared with the non-AD
CSF group (Figure 2A). The association between individual
CSF biomarker concentrations and plasma p-tau217 levels is
available in eFigure 3.

Plasma concentrations of p-tau217 were also significantly
higher in amyloid-PET+ individuals than in amyloid-PET
individuals (Figure 2B). Similarly, plasma p-tau217 concen-
tration was significantly higher in individuals whose [*F]
FDG-PET-associated pattern indicated AD compared with
those without an AD-associated pattern (Figure 2C).

Concordance and Discordance Between
Plasma p-tau217 and Qualitative ['®F]

FDG-PET Assessment

Figure 3, A and B, shows the discriminative accuracy and
concordance and discrepancy of ['"*F]JFDG-PET and plasma
p-tau217 among non-AD and AD groups according to the
CSF dlassification profile. The overall level of agreement be-
tween the results of CSF biomarkers and ['*F]JFDG-PET was
71% from 81 individuals with a calculated kappa coefficient of
agreement of 0.43 (95% CI 0.23-0.62), indicating a moderate
degree of agreement of ["*F]FDG-PET with CSF AD
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Figure 1 Flowchart Summarizing the Selection of Cases in Our Cross-Sectional Study

Patients selected from MCSA who met
the appropriate use criteria for clinical
("®F)FDG-PET and CSF biomarkers
investigations
(N =148)

Excluded (n = 67):

* No plasma p-tau217 or amyloid-PET
available (64)

* Plasma p-tau217 and amyloid PET
conducted more than 12 monhts
after FDG and CSF (3)

v We analyzed early onset and/or atypical Alzheimer disease
Patients included in the final (n = 81): (AD) cases who were clinically assessed with CSF and ['®A
Patients with plasma CSF (AB1-42, p-tau181, FDG-PET and also had plasma p-tau217 and amyloid-PET as
and t-tau181) + Plasma p-tau217, part of TRIAD study. The gap between all assessments was
("*F)FDG-PET + amyloid-PET data available lower than 12 months. MCSA = McGill University Research
for analysis Center for Studies in Aging; TRIAD = Translational Bio-

markers of Aging and Dementia cohort.

Table 1 Demographics, Clinical Characteristics, and Biomarker Measures Grouped According to the CSF AD Profile

Non-AD CSF profile CSF AD profile p Value

No. of patients (81) 47 34
Sex, n (%)

Male 21 (44.7) 12(35.2) 0.40

Female 26 (54.1) 22 (64.7)
Age median (IQR) 65 (55.0-73.0) 64 (56.8-69.3) 0.59
Education median (IQR) 16 (12-17) 15.5 (13-18) 0.71
MMSE median (IQR) 27 (22-29) 19 (18-26) 0.001
MoCA median (IQR) 25(17-27) 16 (12-22) 0.001
CDR median (IQR) 0.5 (0.0-0.5) 1.0 (0.5-1.0) 0.004
APOE e4 status, n (%)

Carriers 16 (34.0) 23 (68.0) 0.002

Noncarriers 31 (66.1) 11 (32.4)
CSF AB42 median (IQR) 714.7 (528.7-938.2) 431.7 (350.3-541.1) <0.001
CSF p-tau181 median (IQR) 46.10 (32.9-52.6) 86.05 (72.71-125.0) <0.001
CSF t-tau median (IQR) 246.1 (176.2-318.9) 608.7 (503.2-948.5) <0.001
ATI median (IQR) 1.3(1.01-1.7) 0.4 (0.3-0.6) <0.001
Plasma p-tau217 median (IQR) 0.1 (0.04-0.1) 0.2 (0.2-0.4) <0.001
["®FIFDG-PET (+) 14 25 <0.001
['®FIFDG-PET (-) 33 9

Abbreviations: ['®F]FDG = fluorine-18 fluorodeoxyglucose; AD = Alzheimer dementia; ATl = AB42 to t-tau index; AB = amyloid-B; CDR = Clinical Dementia
Rating; IQR = interquartile range; MMSE = Mini-Mental State Examination; MoCA = Montreal Cognitive Assessment; non-AD = non-Alzheimer disease;
p-tau181 = phosphorylated tau181; p-tau217 = phosphorylated-tau217; t-tau = total tau.

For categorical variables, numbers and percentages are reported, whereas for continuous variables, medians and interquartile ranges are reported. To test if
there were any statistical differences between the non-AD and AD groups based on the CSF status profile, categorical variables were compared by the x? test
and continuous variables were compared by Mann-Whitney U tests.

Patients included in the final (n = 75): A total of 75 participants had plasma CSF (AB 1-42, p-tau181 and t-tau181) + plasma p-tau217, ['®FIFDG-PET + amyloid-
PET data available for analysis.
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Figure 2 Concentration of p-tau217 in Plasma According to CSF Biomarker Profile, Amyloid-PET Status, and ['®F]

FDG-PET-Associated Metabolic Pattern
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There were statistically significant differences in plasma p-tau217 concentrations between AD and non-AD CSF biomarker profiles, between amyloid-
PET-positive and amyloid-PET-negative individuals, as well as ['®F]FDG-PET metabolic pattern visual rating (all p < 0.001). AD = Alzheimer dementia; amyloid-
PET = AZD4694 and ['®F]FDG = fluorine-18 fluorodeoxyglucose; non-AD = non-Alzheimer dementia; p-tau217 = phosphorylated tau 217.

biomarkers (Figure 3A). However, the overall agreement
between plasma p-tau217 and CSF AD biomarkers was 81%,
with a kappa coefficient of agreement of 0.64 (95% CI
0.48-0.79), showing a substantial degree of agreement be-
tween plasma p-tau217 and CSF AD biomarkers (Figure 3B).

Among the 34 patients with a CSF profile consistent with AD,
25 had an ['®F]FDG-PET pattern that was associated with
AD (30.86% of total sample, Figure 3A), as compared with 33
who had plasma p-tau217 that was compatible with AD
(40.74% of total sample, Figure 3B). Among these CSF AD
profile groups, 9 (11.12%) participants had an ["*F]FDG-
PET scan not associated with AD, whereas only 1 (1.2%)

participant who with a CSF AD biomarker profile was nega-
tive for plasma p-tau217. Both ["®F]FDG-PET and plasma
p-tau217 identified 33 of the 47 participants who had a non-
AD CSF profile. The remaining 14 individuals (17.28% of
total sample) had an ['"*F]JFDG-PET pattern associated with
AD (Figure 3A). Similarly, among these 47 patients with non-
AD CSF profile, 14 individuals (17% of total sample) also had
plasma levels of p-tau217 compatible with AD (Figure 3B).

The concordance and discordance between ['*F]FDG-PET
and plasma p-tau217 in AD and non-AD groups according to
the amyloid-PET classification profile were also evaluated
(Figure 4, A and B). The overall agreement between amyloid-

Figure 3 lllustrating the Discriminative Accuracy of (A) ["FIFDG-PET and (B) Plasma ptau217 for AD and Non-AD CSF

Biomarker Groups

A CSF profile B CSF profile
AD profile Non-AD profile AD profile Non-AD profile
- D | 25(3086%) | 14(17.28%) Bgra | 33(40.74%) | 14(17.28%)
PET oAb, 90123%) | 33(40.74%) RS NomAdb | 101.24%) 33 (40.74%)
Total agreement: 71% Fisher test: Total agreement: 81% Fisher test:

Total disagreement: 29%
Kappa = 0.43

SE of kappa = 0.100

95% Cl: 0.23-0.62

p Value: <0.0001

PPV: 0.64 (Cl: 0.48-0.77)

NPV: 0.79 (Cl: 0.64-0.88)
LR: 2.47

Sensitivity: 0.73 (Cl: 0.5-0.85)
Specificity: 0.70 (Cl: 0.56-0.81)

p Value: <0.0001

Sensitivity: 0.97 (Cl: 0.85-0.99)
Specificity: 0.70 (Cl: 0.56-0.81)
PPV: 0.70 (Cl: 0.56-0.81)

NPV: 0.97 (Cl: 0.85-0.99)

LR: 3.26

Total disagreement: 19%
Kappa = 0.64

SE of kappa = 0.08

95% Cl: 0.48-0.79

Plasma p-tau217 had higher agreement with the CSF biomarker profile than did ['®F]FDG-PET-associated metabolic pattern. A CSF AD-positive profile was
defined as an Amyloid-Tau Index (ATl)< 1.0 and a p-tau181 > 61 pg/mL. ['®F]FDG-PET classification patterns are based on visual ratings from nuclear medicine
physicians specializing in the diagnosis of neurodegenerative diseases. ['®FIFDG = fluorine-18 fluorodeoxyglucose; AD = Alzheimer dementia; LR = likelihood
ratio; non-AD = non-Alzheimer disease; NPV = negative predictive value; PPV = positive predictive value.
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Figure 4 lllustrating the Discriminative Accuracy of (A) ["8FIFDG-PET and (B) Plasma p-tau217 for Amyloid-PET Positivity

A Amyloid-PET B Amyloid-PET
Positive Negative Positive Negative
- 2D | 30G708%) | 9(11.11%) Bagra | 39 (48.15%) 8 (9.88%)
PET oA | 13016.05%) | 2935.80%) praut? NomAD | 493w | 30(37.0a%)
Total agreement: 72.8% Fisher test: Total agreement: 85.2% Fisher test:

Total disagreement: 27.2%
Kappa = 0.46

SE of kappa = 0.10

95% CI: 0.27-0.67

p Value: <0.0001

Sensitivity: 0.70 (Cl: 0.55-0.81)
Specificity: 0.76 (Cl: 0.60-0.87)
PPV: 0.77 (CI: 0.61-0.87)

NPV: 0.69 (Cl: 0.54-0.81)

LR: 2.94

Total disagreement: 14.8%
Kappa =0.70

SE of kappa = 0.07

95% Cl: 0.55-0.86

p Value: <0.0001

Sensitivity: 0.91 (Cl: 0.78-0.96)
Specificity: 0.79 (Cl: 0.64-0.81)
PPV: 0.83 (CI: 0.70-0.91)

NPV: 0.8 (Cl: 0.73-0.95)

LR: 4.30

There was a greater agreement between plasma p-tau217 and the amyloid-PET status than with ['8FIFDG-PET-associated metabolic pattern. Amyloid-PET
positivity was defined based on a previously validated ['®F]JAZD4694 SUVR of 1.55 or greater, and ['®FIFDG-PET classification patterns were based on visual
ratings from nuclear medicine physicians specializing in the diagnosis of neurodegenerative diseases. Abbreviations: ['®FIFDG = fluorine-18 fluorodeox-
yglucose; AD = Alzheimer dementia; LR = likelihood ratio; non-AD = non-Alzheimer dementia; NPV = negative predictive value; PPV = positive predictive value.

PET status and ['*F]FDG-PET status results was 73% from
81 individuals with a calculated kappa coefficient of agree-
ment of 0.46 (95% CI 0.27-0.67), indicating a moderate
degree of agreement (Figure 4A). Of the 43 patients with
a positive amyloid-PET pattern for AD, 30 also displayed an
["*F]FDG-PET-associated pattern for AD (37.0% of overall
the sample), while 13 individuals (16.1%) did not display an
["*FJFDG-PET pattern compatible with AD. Of the 38
individuals whose amyloid-PET results were negative for AD,
29 (35.8%) individuals displayed an ['*F]JFDG-PET pattern
that was not associated with AD. However, 9 individuals
(11.1%) had an ['*F]FDG-PET pattern that was compatible
with AD. The overall agreement between amyloid-PET pro-
file and plasma p-tau217 in AD and non-AD groups according
to amyloid-PET classification was 85.2% (from 81 individu-
als), with a kappa coefficient of agreement of 0.70 (95% CI
0.55-0.86), meaning a substantial level of agreement
(Figure 4B). Of the 43 patients with an amyloid-PET profile
indicating AD, 39 also had plasma levels of p-tau217 associ-
ated with AD (48.2% of the overall sample); however, 4 did
not display plasma p-tau217 compatible with AD. Among 38
participants with an amyloid-PET status profile that did not
indicate AD, 8 patients (9.8%) showed plasma levels of
p-tau2l7 associated with AD, while 30 patients with an
amyloid-PET profile that was not associated with AD (37.0%
of the overall sample) also did not show plasma p-tau217
compatible with AD.

Discriminative Performance of Plasma
p-tau217 and ['®F]FDG-PET to Identify
Biological AD

Thirty-four (42.0%) individuals had a CSF biomarker profile
consistent with AD, and 43 (53.1%) individuals were amyloid-
PET—positive across the entire sample. ROC curves were
used to assess the accuracy of plasma p-tau217 and ['°F]
FDG-PET in identifying positive AD biomarkers (CSF) and
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amyloid-PET positivity across the entire sample (Figures 3
and 4, eFigure 4).

Plasma p-tau217 showed a good performance in differenti-
ating participants with a positive CSF biomarker test from
individuals with negative CSF biomarker with an area under
the curve (AUC) of 0.84 (95% CI 0.75-0.93), the sensitivity
was 97% and the specificity was 70% (Figure 3B, eFigure 4A).
Meanwhile, ["*F]FDG-PET had an AUC of 0.72 (95% CI
0.60-0.83), the sensitivity was 73%, and the specificity was
70% (Figure 3A, eFigure 4A). Based on bootstrap testing,
statistically significant difference was found between the
AUCs of ['*F]JFDG-PET and plasma p-tau217 (p = 0.02)
(eFigure 4A). We also compared the sensitivities and specif-
icities of ['"*F]JFDG-PET and plasma p-tau217 for a CSE AD
biomarker profile. As determined by the McNemar test, the
sensitivities of ['*F]JFDG-PET and plasma p-tau217 differed
significantly (p = 0.01), while the specificities of ['*F]JFDG-
PET and plasma p-tau217 were not significantly different (p =
0.1) (Figure 3, A and B, eFigure 4A). Similarly, plasma
p-tau217 performed well in discriminating individuals with
positive amyloid-PET scans from participants with negative
amyloid-PET scans, with an AUC of 85% (95% CI
0.76-0.94), a sensitivity of 91%, and a specificity of 79%
(Figure 4B, eFigure 4B). In turn, ['**F]JFDG-PET showed an
AUC of 0.73 (95% CI 0.62-0.84), a sensitivity of 70%, and
a specificity of 76% for identifying amyloid-PET positivity
(Figure 4A, eFigure 4B). A significant difference was found
when comparing the AUC of ['*F]JFDG-PET with plasma
p-tau217 (p = 0.05) (eFigure 4B). On the basis of amyloid-
PET profile, we compared the sensitivity and specificity of
["®F]FDG-PET and plasma p-tau217. A significant (p =
0.006) difference was found when comparing the sensitivities
between ['*F]FDG-PET and plasma p-tau217. No statistical
differences were found regarding specificities (p = 0.78)
(Figure 4, A and B, eFigure 4B).
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Accuracy of Plasma p-tau217 to Identify
Amyloid-PET Positivity in Individuals With
Non-AD ['®FIFDG-PET Patterns

Of the patients with a positive plasma p-tau217 and ['*F]
FDG-PET visual reading not consistent with AD (n = 13), the
['*F]JFDG-PET visual readings were 8 patients with non-
neurodegeneration pattern, 1 patient with frontotemporal
lobar degeneration, 1 patient with semantic PPA, 1 patient
with nonfluent aphasia, and 2 patients with LBD. Further-
more, 10 of these 13 patients were amyloid-PET-positive,
and 9 of these 13 patients had a CSF biomarkers profile
compatible with AD (eTable 1).

Discussion

This study compared the diagnostic accuracy of plasma
p-tau217 with visual ratings of ['*F]FDG-PET scans for the
identification of AD in individuals who meet appropriate use
criteria for AD biomarker assessments. According to our
findings, p-tau217 had greater sensitivity and overall accuracy
than ["*F]FDG-PET scans for AD pathology as identified by
CSF and amyloid-PET. Specificity for AD pathology was
similar for both plasma p-tau217 and ['*F]FDG-PET. Over-
all, our study provides evidence of a strong performance of
plasma p-tau217 in assessing patients with suspected AD, but
the specificity of 79% (meaning 21% false positives) for
amyloid-PET positivity in our study calls for caution for
possible use in clinical practice and for determining eligibility
for disease-modifying treatments for AD,"® and calls for fur-
ther research studies in real-life clinical practice settings.””

The development of ultrasensitive blood biomarkers prom-
ises to transform the clinical diagnostic assessment of indi-
viduals suspected of having AD and the surrounding research
landscape.®” Owing to their superior accessibility and scal-
ability over amyloid-PET, it is anticipated that blood bio-
markers will allow for a greater number of individuals to access
AD biomarker testing, particularly in areas of the globe where
PET scans are rarely performed. Our study, combined with
recent studies showing high agreement between plasma
p-tau217 and core CSF biomarkers of AD,***”?® suggests that
plasma biomarkers may contribute to more timely and equi-
table diagnoses, especially if used in a 2-cutoff approach to
recognize patients at high and low risk for having brain am-
yloidosis, which would leave a smaller group in need of CSF or
PET testing.38

Plasma p-tau217 had significantly higher sensitivity than [*°F]
FDG-PET visual assessments for identifying AD pathology
identified using CSF or amyloid-PET positivity. Because brain
hypometabolism occurs later in the natural history of AD than
fluid p-tau abnormality,'"® ['*F]FDG-PET visual assess-
ments may be less well-suited to identify early AD-related
pathologic changes that have not yet resulted in detectable
neurodegeneration.”> Therefore, it is possible that plasma
p-tau2l7 is detecting biological AD in individuals with
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copathology where AD is not the driving cause of symptoms.
Future efforts to stage AD severity using plasma biomarker
panels that can detect early AD pathology (i.e., p-tau217) and
later AD pathology (i.e., p-tau205 and/or MTBR-243) may
be helpful in determining whether AD is a driving cause of
clinical S}7111})t01115.16’39 However, in contrast to sensitivity,
specificity of ['**FJFDG-PET visual ratings by expert nuclear
medicine physicians for AD pathologic changes was high and
was not statistically different from plasma p-tau217. These
findings lend support to the strong association between spe-
cific patterns of hypometabolism on ['*F]JFDG-PET as read
by nuclear medicine experts with clinical manifestations of
AD, even in atypical and early onset cases.»>2133

It is essential to consider that ["*F]JFDG-PET assessment
from expert raters provides far more detailed information than
the mere presence or absence of AD.* Specifically, ['*F]
FDG-PET is a highly sensitive measure used to identify ab-
normalities in brain metabolism and is incorporated in the
criteria for many other neurodegenerative diseases (reviewed
in 40), including when attempting to differentiate between
late-onset psychiatric disease from neurodegenerative dis-
eases such as behavioral variant frontotemporal dementia.*'
Furthermore, ['*F]JFDG-PET patterns can be helpful for
detecting hippocampal sclerosis cases in tau-negative
amnestic dementia®* and identifying limbic-predominant
age-related TDP-43 encephalopathy (LATE).*® Moreover,
the cingulate island sign on ['*F]JFDG-PET is highly sensitive
and moderately specific for Lewy body dementia.** It is im-
portant that recent studies have suggested plasma biomarkers
are effective in identifying abnormal amyloid-PET and tau-
PET in patients with Lewy body dementia.*®

Because of the close association between [**F]JFDG-PET and
clinical symptoms, the topography of ['*F]JFDG-PET scans
likely provides valuable prognostic information about up-
coming cognitive decline.* Moreover, ['*F]JFDG-PET can
inform on the presence of copathologies, which are highly
prevalent among community-dwelling older adults with cog-
nitive disability.8 ['*F]FDG-PET is also be helpful for dif-
diagnosis within the frontotemporal
degeneration spectrum in individuals with a negative amyloid-
PET.* Therefore, we do not believe that plasma biomarkers
should replace ['*F]FDG-PET in the clinical evaluation of
patients with neurodegenerative diseases of uncertain etiology
because these biomarkers give complementary information.
Instead, it is more likely that plasma p-tau217 can decrease the
need for highly expensive and often inaccessible amyloid-PET
and tau-PET scans, and reduce the need for invasive lumbar
punctures. Future studies are needed to investigate the value
of plasma p-tau217 and ['*F]JFDG-PET scans in the differ-
ential diagnosis of cognitive impairment, especially for atyp-
ical clinical syndromes.

ferential lobar

Because plasma p-tau217 and ["*F]JFDG-PET provide com-
plementary information, future studies may wish to determine
clinical workflows that incorporate plasma biomarkers and
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["*FJFDG-PET in relation to the patient’s clinical pre-
sentation. Owing to the high correspondence of plasma
p-tau217 with amyloid-B abnormality,”>*® such a diagnostic
workflow could be based on the recently proposed diagnostic
algorithm that uses MRI, amyloid-PET, and ['*F]FDG-PET
in the differential diagnosis of patients with suspected neu-
rodegenerative disease.*” However, caution is still necessary
when interpreting plasma biomarkers at the individual level,
especially in unselected populations. Caution is warranted
when interpreting blood biomarker results in relation to
clinical pretest probability*® and in relation to medical
comorbidities.*” Our study does not suggest that p-tau217 is
sufficient for an accurate diagnosis of AD, especially in light of
recent recommendations on minimal acceptable diagnostic
performance of plasma biomarkers.*® Overall, conducting
prospective multicenter studies that assess the performance of
the blood biomarkers in real-world clinical settings and assess
changes in diagnostic management and confidence related to
plasma AD biomarkers will help determine their clinical role
in the future.

This study must be interpreted within the context of signifi-
cant limitations. First, this study was limited to a single tertiary
care memory center in which the sample size was relatively
small. Furthermore, no replication cohort was available. Sec-
ond, the interpretation of our study is limited by the lack of
histopathologic assessments. Despite this limitation, individ-
uals with a positive amyloid-PET scan nearly always have
Braak III or higher neurofibrillary tangle pathology, and
therefore, amyloid-PET positivity likely indicates moderate
or severe AD neuropathologic changes.39 Third, as blood
biomarker measurements are becoming potential candidates
for clinical application, it is essential to gain a deeper in-
sight into their performance within real-world clinical cohorts.
Generally speaking, the performance of blood biomarker in
real-world populations-based studies is promising.*® How-
ever, the effect of systemic medical disorders such as chro-
nic kidney disease®® requires further investigation. Recent
immunoprecipitation-mass spectrometry (IP-MS) studies
suggest that in such cases, plasma p-tau217/tau ratios may
offer superior performance,”” while other IP-MS studies
found equal diagnostic performance to identify amyloid pa-
thology and AD for plasma p-tau217/tau ratio and plasma
p-tau217 by itself.* Fourth, another limitation of our study is
that CSF dynamics can be affected by some non-AD dis-
orders. However, our use of amyloid-PET status as a reference
standard in supplementary analyses helps attenuate this
concern. Furthermore, because of the 100% agreement be-
tween quantitatively derived and visually derived amyloid-
PET positivity classifications in our study, our results may
have better generalizability because visually determined
amyloid-PET positivity is the standard of care in clinical
practice.'” Fifth, our study may also be limited by the absence
of quantitative ['"*F]JFDG-PET assessments. Comparing
quantitative ['*F]JFDG-PET imaging with visual inspection,
the quantitative ['*F]JFDG-PET imaging approaches have

been shown to be more specific.”” However, in our study,
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["*F]JFDG-PET assessments were performed as part of
astandard clinical workup (not blinded interpretation), which
has stronger ecological validity and represents the standard of
care in clinical practice. Nonetheless, it is possible that novel
["®F]JFDG-PET classification methods have superior perfor-
mance to visual assessments. Sixth, although the goal of our
study was not to create clinical models with the optimal
performance to identify amyloid-PET status, it is possible that
clinical models incorporating age, sex, and ApoE4 status;
MoCA; or MMSE score will result in higher accuracy of ['*F]
FDG-PET and/or plasma biomarkers to detect amyloid-PET
status. In particular, plasma biomarkers may be at an advan-
tage because determination of ApoE4 status also requires
a blood sample. Finally, our study is not designed to dem-
onstrate that plasma p-tau217, or any plasma biomarker,
outperforms ['*F]JFDG-PET in the clinical assessment of
individuals with suspected neurodegenerative diseases be-
cause ['*F]FDG-PET has many uses outside of identifying
the existence of AD pathology, including identifying copa-
thologies and risk of near-term cognitive decline.*” Further-
more, this study did not demonstrate the role of plasma
p-tau217 in the differential diagnosis of cognitive impairment,
and future prospective studies evaluating changes in diagnosis
and clinical management are needed for this purpose.

In conclusion, among cognitively impaired individuals who
meet appropriate use criteria for AD biomarker investigations,
plasma p-tau217 had greater agreement with CSF and
amyloid-PET biomarker profiles than did ['*F]JFDG-PET
visual assessments. Future work is necessary to determine
patient eligibility for plasma p-tau217 assessments and where
these fall in the diagnostic pathway about other biomarker
studies. Nevertheless, the topographical information from
["*F]FDG-PET may give complementary information to AD-
specific biomarkers by providing information on non-AD
neurodegenerative diseases, potential copathologies, and
disease severity.
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