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Purpose—To compare rates of tau biomarker positivity (T-status) per the 2018 Alzheimer’s
Disease (AD) Research Framework derived from [18F]flortaucipir (FTP) PET visual assessment,
FTP quantification, and cerebrospinal fluid (CSF) phosphorylated Tau-181 (PTaul81).

Methods—We included 351 subjects with varying clinical diagnoses from three cohorts with
available FTP PET and CSF PTaul81 within 18 months. T-status was derived from (1) FTP visual
assessment by two blinded raters; (2) FTP standardized uptake value ratio (SUVR) quantification
from a temporal meta-ROI (threshold: SUVR =1.27); and (3) Elecsys® Phospho-Tau (181P) CSF
(Roche Diagnostics) concentrations (threshold: PTaul81 > 24.5 pg/mL).

Results—FTP visual reads yielded the highest rates of T+, while T+ by SUVR increased
progressively from cognitively normal (CN) through mild cognitive impairment (MCI) and AD
dementia. T+ designation by CSF PTaul81 was intermediate between FTP visual reads and SUVR
values in CN, similar to SUVR in MCI, and lower in AD dementia. Concordance in T-status
between modality pairs ranged from 68 to 76% and varied by clinical diagnosis, being highest in
patients with AD dementia. In discriminating Ap + MCI and AD subjects from healthy controls
and non-AD participants, FTP visual assessment was most sensitive (0.96) but least specific
(0.60). Specificity was highest with FTP SUVR (0.91) with sensitivity of 0.89. Sensitivity (0.73)
and specificity (0.72) were balanced for PTau181.

Conclusion—The choice of tau biomarker may differ by disease stage and research goals that
seek to maximize sensitivity or specificity. Visual interpretations of tau PET enhance sensitivity
compared to quantification alone, particularly in early disease stages.

Keywords

Tau; PET; Flortaucipir; Alzheimer’s disease; Biomarkers; CSF

Introduction

Alzheimer’s disease (AD) clinical research has been transformed by the advent of in vivo
biomarkers for amyloid-beta (Ap) and tau, the proteins that form the plaques and tangles
that define AD neuropathology [1-4]. Correct identification of biomarker status is important
for screening participants and for outcome evaluation in clinical trials of novel
diseasemodifying therapies [5, 6]. The AT(N) research framework [7] proposes binary
classification of all individuals as positive or negative for amyloid, tau, and
neurodegeneration, allowing interchangeable use of cerebrospinal fluid (CSF) or imaging
measures. While previous work has compared neuroimaging and CSF classification of
amyloid and neurodegeneration, few studies have compared fluid and imaging definitions of
T-status [8-16].

Tau positron emission tomography (PET) is frequently analyzed using semi-quantitative
metrics such as the standardized uptake value ratio (SUVR), commonly considering a region
of interest (ROI) consisting of brain regions involved early in disease course, such as a
temporal lobe region of interest (meta-ROI) [17-19]. Independent studies have indicated
different meta-ROI SUVR thresholds for positivity, typically ranging between SUVR 1.2
and 1.4 [8, 17-20]. The accuracy of semi-quantitative metrics, however, can be affected by
multiple determinants, including partial volume, threshold effects, and spillover from off-
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target areas [1, 21]. Quantification of tau PET data also requires access to structural
magnetic resonance imaging (MRI) and adequate co-registration.

In contrast to SUVR quantification, visual interpretation of tau PET allows for assessment of
topography of binding and may lead to detection of significant focal signal. However, a
widely accepted standard for interpretation is currently lacking. A visual rating algorithm
has been recently proposed by Fleisher et al., with high accuracy for detection of Braak
stage V-VI neurofibrillary tangles and high Alzheimer’s disease neuropathological changes
(ADNC) at autopsy using [*8F]flortaucipir (FTP) [22]. Visual interpretation of FTP PET is
likely to gain importance given the recent Food and Drug Administration approval of this
tracer for clinical use in the USA.

CSF-based analyses of phospho-Tau (PTaul181) have been well validated and are commonly
used [23]. However, it has been proposed that analytical methodology, including type of
assay, can considerably influence measures of PTaul81 concentrations [6, 24, 25]. The
Elecsys® Phospho-Tau (181P) CSF assay (Roche Diagnostics International Ltd., Rotkreuz,
Switzerland) is a fully automated electrochemiluminescence immunoassay with increased
reproducibility across multiple sites compared to other available assays [25, 26]. The
literature on comparative analysis of this assay with tau PET is limited [8, 27].

In contrast to amyloid biomarkers for which CSF and PET show high concordance [28-31],
agreement between PET and CSF-based biomarkers of tau pathology is highly variable,
ranging from 50 to 87%, and shows only modest correlation (= 0.29 to 0.75) [8-16, 27,
32-34], largely impacted by methodology and technical factors. The objectives of this study
were to perform cross-validation of different biomarkers of tau in a cohort of patients with
neurodegenerative conditions. In particular, we aimed to firstly assess concordance of binary
T-status obtained by FTP visual assessment, SUVR quantification, and CSF PTau181; and
secondly to compare sensitivity and specificity of each modality for distinguishing amyloid-
positive patients with mild cognitive impairment (MCI) and dementia due to AD from other
clinical groups.

Study population

The cohort consisted of a convenience sample of 351 participants enrolled in research
studies at the University of California San Francisco Alzheimer’s Disease Research Center
(UCSF ADRC, n=98), the Alzheimer’s Disease Neuroimaging Initiative (ADNI, n=179),
and the Swedish BioFINDER study (/7= 74). The participants spanned a wide range of
clinical diagnoses (Supplementary Table 1), had undergone FTP PET between June 2014
and May 2019, had structural MRI available, and had undergone lumbar puncture within 18
months from the PET scan with available PTaul81 Elecsys measurements (Supplementary
Fig. 1).

Clinical diagnoses were made blinded to biomarker results, based on established criteria;
participants were either cognitively unimpaired or assigned a diagnosis of MCI [35],
probable AD dementia [36] (herein referred to as AD clinical diagnosis: AD¢), or hon-AD
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disorders (behavioral variant frontotemporal dementia [37], semantic or non-fluent variant
primary progressive aphasia [38], corticobasal syndrome [39], progressive supranuclear
palsy [40, 41], dementia with Lewy bodies [42], or vascular dementia [43]). Amyloid status
was determined by PET or CSF (details can be found in Supplementary Table 2).

Some data used in the preparation of this article were obtained from the ADNI database
(adni.loni.usc.edu). ADNI was launched in 2003 as a public-private partnership, led by
Principal Investigator Michael W. Weiner, MD. The primary goal of ADNI has been to test
whether serial MRI, PET, other biological markers, and clinical and neuropsychological
assessment can be combined to measure the progression of MCI and early AD.

Written informed consent was obtained from all participants or their surrogates. The study
was approved by local institutional review boards for human research.

FTP PET acquisition and processing

FTP PET acquisition and processing has been described in detail elsewhere [18, 19]
(Supplementary Table 2). In brief, participants underwent FTP brain PET following injection
of ~370 MBq at 80-100 min post-injection (UCSF and BioFINDER) or 75-105 min post-
injection (ADNI). PET data was reconstructed using an iterative method with attenuation
correction. Subjects also underwent MRI, which was used for PET processing only. FTP
PET regional SUVR data was extracted in native space after co-registration to T1-weighted
MRI with SPM12 and cortical parcellation with FreeSurfer (version 5.3, https://
surfer.nmr.mgh.harvard.edu/). Reference region for FTP-PET was the inferior cerebellar
gray matter [44]. Non-partial volume corrected data were used.

CSF analysis

CSF samples were collected following lumbar puncture and processed using established
protocols (Supplementary Table 2). Samples were stored in polypropylene tubes at —60 °C
or below until biomarker analysis. All samples were analyzed with the fully automated
electrochemiluminescence immunoassay Elecsys Phospho-Tau (181P) CSF on a COBAS E
601 analyzer (Roche Diagnostics International Ltd., Rotkreuz, Switzerland). Samples from
UCSF and BioFINDER cohorts were analyzed at the Clinical Neurochemistry Laboratory,
University of Gothenburg, Sweden, and samples from ADNI were analyzed at the University
of Pennsylvania biomarker core laboratory [25, 45].

T-status definition

T-status based on visual assessment of FTP PET scans—Anonymized images
were independently assessed by two raters (one nuclear medicine physician, K.P. and one
behavioral neurologist, D.S.M., both with experience in interpreting brain PET scans).
Raters were blinded to all clinical information, amyloid status, CSF results, and SUVR
quantification values. In addition, intensity-normalized SUVR images were multiplied by a
random factor to ensure blinding to SUVR values during interpretation. Images were viewed
on MRIcron (https://www.nitrc.org/projects/mricron) using the NIH color scale. Raters
manually thresholded images to adjust contrast so that inferior cerebellar gray matter
appeared as pale green to light blue (roughly equivalent to an upper threshold of 2.2-2.5
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SUVR). A total of 47 scans (randomly sampled) were duplicated and were read twice by
each rater to assess intra-rater reliability.

Visual assessment was based on a priori criteria (Fig. 1), previously described [46]. Images
were assigned T+ status if there was an AD-like pattern of binding (i.e., moderate-to-intense
signal in the parieto-temporal cortex, following typical Braak and Braak distribution) [47,
48] or if there was significant, confluent binding restricted to the temporal lobes. A T-status
was assigned if the FTP was within normal limits (including within the expected range of
off-target binding for this tracer [1, 21]) or was suggestive of a non-AD pattern of binding
(for example, extensive binding in the frontal white matter). This visual interpretation
scheme is similar although not identical to the approach described by Fleisher et al. that
received FDA regulatory approval [22].

In case of discordance in T-status between the two raters, consensus was obtained from a
third independent rater (radiologist O.L.S. or neurologist R.S. with experience in
interpreting FTP PET), blinded to all clinical information and to the interpretation of the
other two raters. In such cases, the majority (two out of three) T-status was used.

T-status based on FTP SUVR quantification—A bilateral weighted average SUVR
from a composite temporal meta-ROI (amygdala, entorhinal, fusiform, parahippocampal,
inferior temporal, and middle temporal regions) was calculated based on FreeSurfer-
parcellated regions as previously published [17-19]. A scan with a meta-ROI SUVR value
>1.27 was considered T+, based on previously published data in an independent cohort from
Gangnam Severance Hospital in Seoul, South Korea (threshold defined comparing Ap + AD
vs controls) [18].

T-status based on CSF PTaul81—*For binary T-status based on CSF PTau181, we
derived a cutoff from an independent ADNI cohort with available results on the Elecsys
Phospho-Tau (181P) assay. This was done by estimating a threshold comparing A + AD
subjects (7= 183) vs controls (independent of amyloid status, /7= 404) with a receiver
operating characteristic analysis, mirroring the methodology of the previously published
threshold used for the temporal meta-ROI SUVR [18]. Using the Youden Index, a cutoff
value of 24.5 pg/mL was found (sensitivity 0.70, specificity 0.84, area under the curve 0.83
(95% CI 0.80-0.87)).

Statistical analyses

For visual assessment of FTP, analysis of intra- and inter-rater agreement was performed
using Cohen’s kappa statistic. To evaluate concordance between PET-based and CSF-based
T-status, overall percent agreement (OPA) was used. For evaluation of diagnostic
performance by modality, accuracy in the study sample is provided, along with estimated
area under the curve (AUC, calculated as sensitivity + specificity/2), to provide a metric that
is not biased by the prevalence estimate in the sample. Between-group comparisons were
performed using the Kruskal-Wallis A test for continuous variables and x2 for nominal
variables. Statistical significance was considered for p < 0.05. Statistical analyses were
performed using SPSS (version 25, IBM, Armonk, NY).
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Patient characteristics can be found in Table 1. The cohort consisted of 127 cognitively
normal (CN) participants, 106 MCI subjects, 84 AD, patients, and 34 patients with non-AD
disorders. There was a statistically significant difference in age, sex, education, MMSE, and
rate of AP positivity between diagnostic groups. The distribution of CSF PTaul81 and FTP
SUVR by clinical diagnosis can be found in Supplementary Fig. 2.

Reliability of FTP visual assessment

Using the visual rating scheme for determination of binary T-status on FTP, intra-rater
reliability (n= 47) for rater 1 was x = 0.87 (95% CI 0.73-1.00) and for rater 2 was x=0.78
(95% C1 0.59-0.96). Overall percent agreement (7= 351) was 84%, with 57 cases requiring
consensus read from the third rater (Supplementary Fig. 3). Inter-rater reliability in the
overall sample was x=0.64 (95% CI 0.56-0.72), and k= 0.79 (95% CI 0.40-1.00) for scans
of participants with AD¢.

T-status by modality and clinical diagnosis

Overall, FTP visual reads yielded the highest rates of T+ (Fig. 2). This was true across
clinical diagnoses, and for Ap + and Ap - participants, with the exception of Ap — non-AD
dementia. T+ as defined by SUVR increased progressively from CN to MCI to AD. and
showed the lowest rates of T+ in A — participants. T+ designation by CSF PTau181 was
intermediate between FTP visual reads and SUVR values in CN, similar to SUVR in MCI,
and lower in AD.. CSF PTaul81 generally yielded lower rates of T+ than FTP visual reads
in AP — participants, and yielded zero T+ designations in the Ap — AD category (likely
clinical misdiagnosis of AD).

Concordance in T-status between modalities

Figure 3 shows four representative cases with discordance in T-status between at least one
modality pair. These examples illustrate the potential advantage of integrating visual
assessment of tau PET, which in early cases could detect subtle increased binding in a
classic AD-like pattern, or significant binding outside of the target ROI, which were missed
by SUVR quantification (first, second, and fourth rows in Fig. 3). The third case (Ap-)
illustrates false-positive near-threshold SUVR quantification, with non-AD binding pattern
upon visual assessment (predominant binding in the frontal white matter), as we know that
FTP may show subtle increased signal in cases with non-AD pathology [49-51].

status was concordant between all three modalities in 206 participants (59%). Overall
percent agreement between modality pairs ranged from 68 to 76% in the whole cohort, with
lowest overall agreement between FTP visual read and CSF PTau181 (Fig. 4). FTP SUVR
and CSF PTau181 showed consistently high agreement in CN, MCI, and AD, whereas
agreement between FTP SUVR and visual reads increased with clinical impairment and was
nearly perfect (95%) in AD.. In non-AD dementia, concordance was lowest between FTP
SUVR and CSF pTaul81. There was a significant positive correlation between continuous
measures of CSF PTaul81 and FTP SUVR (r=0.61, p<.001; Fig. 5). Nearly all patients
who were T+ on FTP SUVR were also T+ on visual assessment, while half of the patients
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who were T+ on CSF PTaul81 and T- on FTP SUVR quantification were T+ on visual
assessment (Fig. 5, top left quadrant). Details of positive and negative percent agreement
between modalities can be found in Supplementary Table 3.

Factors associated with a discordance in T-status

When comparing patients with concordant T-status across all three modalities to patients
with discordance in at least one modality pair (Table 2), patients with a discordance in T-
status were significantly older, were more likely to be male, and had intermediate rates of
AP positivity, mean CSF PTaul81 and FTP SUVR values. CN Ap + participants were
disproportionally represented in this group (67%) and were nearly always T+ on CSF and/or
FTP visual assessment, while negative on SUVR quantification. In total, 27% of A + AD.
patients were also found in this category, nearly all of whom were positive on both measures
of tau PET but negative on CSF PTaul81.

In subjects who had a discordant T-status in at least one modality pair, the mean CSF
PTaul81 and FTP SUVR values were very close to the cutoff used for binary classification.
For visual assessment of FTP, cases requiring consensus from a third rater tended to have
lower values of both CSF PTaul81 (mean 20.7 pg/L) and FTP SUVR (mean 1.15)
(Supplementary Fig. 4).

Focusing on patients with clinical diagnosis of AD (7= 84), there was no significant
difference in global cognition (MMSE) between participants who were CSF T+ (~ 71%) and
T- (~ 29%) (p= .40, Supplementary Table 4). Average FTP SUVR was higher in T+ CSF
patients compared to T- (p < 0.001).

Sensitivity and specificity of T-status for A + MCI/ADc by modality

To determine sensitivity and specificity of T-status obtained with each modality, we
contrasted AP + cognitively impaired participants (MCI or AD.) with all other subjects.
Sensitivity was highest with FTP visual assessment (0.96, 95% CI 0.91-0.98), while
specificity was highest with FTP SUVR quantification (0.91, 95% CI 0.87-0.95). CSF
PTaul81 had 0.73 sensitivity (95% CI 0.64-0.80) and 0.72 specificity (95% CI 0.65-0.78;
Table 3). Overall accuracy was highest with FTP SUVR quantification (0.89, 95% CI 0.85—
0.92, AUC 0.88), followed by FTP visual assessment (0.74, 95% CI 0.69-0.79, AUC 0.78)
and CSF PTau181 (0.72, 95% CI 0.67-0.77, AUC 0.73).

When discriminating Ap + vs AP — subjects regardless of clinical diagnosis or stage, overall
accuracy was similar for FTP visual assessment and SUVR quantification (0.81, 95% CI
0.76-0.85, AUC 0.80 and 0.80, 95% CI 0.76-0.84, AUC 0.82 respectively), with nominally
higher sensitivity for visual assessment (0.89, 95% CI 0.84-0.93), and higher specificity for
SUVR quantification (0.96, 95% CI 0.92-0.99). CSF PTau181 showed intermediate
sensitivity and specificity (0.66, 95% CI 0.59-0.73 and 0.79, 95% CI 0.72-0.85, overall
accuracy 0.72, 95% CI 0.67-0.77, AUC 0.73). In early clinical disease stages (Ap + CN and
MCI participants), FTP visual assessment yielded highest sensitivity (71% and 90%
respectively), compared with 21% and 70% for FTP SUVR quantification and 52% and 70%
for CSF PTaul81.
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Autopsy was available in a subsample of 11 participants from the UCSF ADRC cohort
(mean age at time of PET 63.9 years, mean PET to autopsy interval 2.7 years). Of the 11
patients, four had AD both clinically and at autopsy, five patients had non-AD disorders at
autopsy, and the remaining two patients had mixed AD and non-AD pathology
(supplementary Table 5). Using intermediate-to-high ADNC [52] as a gold standard, the
highest overall accuracy was with FTP visual assessment (1.00, 95% CI 0.72-1.00, AUC
1.00), followed by FTP SUVR quantification (0.82, 95% CI 0.48-0.98, AUC 0.82) and CSF
PTaul81 (0.64, 95% CI 0.31-0.89, AUC 0.65). Using pathological neurofibrillary tangle
Braak stage > IV as a gold standard increased accuracy for CSF PTau181 (FTP visual
assessment: 0.91, 95% CI 0.59-1.00, FTP SUVR quantification: 0.73, 95% CI 0.39-0.94,
CSF PTaul81: 0.73, 95% CI 0.39-0.94). Using a composite measure of CSF PTaul81 and
amyloid (PTaul81/Ap42 ratio > 0.028 [25]) also improved accuracy for detecting
pathological Braak stage IV or higher (0.91, 95% CI 0.59-1.00).

Discussion

We compared CSF PTaul81, visual assessment, and SUVR quantification of FTP to define
T-status in a large sample of controls and patients with neurodegenerative diseases accrued
via three distinct cohort studies. Overall, we found concordance between all three modalities
in 59% of participants. T-status designation varied by both modality and disease stage. FTP
visual reads showed the highest sensitivity but generally lower specificity, with many Ap -
cases designated as T+, especially in CN subjects. FTP SUVR showed highest specificity,
but sensitivity was low in Ap + CN, increasing progressively in MCI and dementia. Using
our cutoff value, CSF PTau181 showed good specificity across disease stages, with high
sensitivity in Ap + CN but reaching a relative plateau in Ap + MCI. Overall, our results
support an emerging recognition that T-status is dependent on both the biomarker used (CSF
vs PET) and the method of measurement. Each modality and method has strengths and
weaknesses that should be considered in the design of studies employing tau biomarkers,
and using a combination of biomarkers may be beneficial.

Although biomarkers of tau are used interchangeably in the AT(N) framework [7], CSF and
PET do not necessarily reflect the same underlying pathological processes, and differences
in the biological substrate of each modality could explain some of the discrepancies
observed in our results. Specifically, CSF PTau181 may be measuring Ap-induced changed
in tau phosphorylation and secretion as measured in soluble species [27], while PET
radiotracers bind to paired helical filaments of aggregated tau fibrils [53]. Additionally, FTP
PET visual reads have been shown to reliably identify later stages of tau pathology (Braak
stage V-VI) [22], and SUVR quantification may additionally allow detection of Braak stage
IV [1, 54, 55]. CSF PTaul81 has been proposed as an earlier marker of tau pathology [27],
though correlations with autopsy studies are still pending.

Concordance of T-status derived from FTP visual assessment, SUVR quantification, and
CSF PTaul81 was moderate, averaging around 70-75% between modality pairs in the whole
cohort. This is in line with previously published results on the concordance between FTP
SUVR quantification and CSF PTaul81, for example, 83% in a cohort from UCSF using the
INNO-BIA AlzBio3 CSF Ptaul81 assay [12], 65-77% in BioFINDER using
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(EUROCIMMUN and INNOTEST) [32], and 75% in a recent review of ADNI participants
using the Elecsys Phospho-Tau (181P) assay [8].

The rates of T+ and agreement between tau biomarkers varied by disease stage. It has been
hypothesized that CSF PTau181 becomes positive before tau PET, and may actually
decrease in late stages of AD [3, 12, 56-58]. In contrast, FTP tracks disease progression in a
linear way along disease course, which could explain discordance between the two
biomarkers in advanced cases. Mattsson-Carlgren et al. found a higher percentage of T+
with CSF PTaul81 compared to SUVR quantification in the inferior temporal cortex in
cognitively unimpaired Ap + subjects [32], and none had significant FTP signal in Braak
regions V=VI [27]. This could explain the disproportionate number of T+ cases by CSF
PTaul81 and/or FTP visual assessment compared to SUVR quantification, which possibly
represent early stages of the disease and may be subthreshold for quantification. In contrast,
the near perfect agreement in T+ assignment between FTP visual assessment and SUVR
quantification found in patients with AD. is not surprising, given the high level of signal that
is generally observed in these individuals [59, 60]. The concordance with CSF PTaul81 was
lower, however, with around 29% AD., patients being T— on CSF. Similarly, Mattsson et al.
had found that 46% of patients with AD dementia and positive tau PET had negative CSF
PTaul81 [14], although with a different assay. The lower concordance with CSF PTaul81 in
this patient group could be explained by differences in dynamics and longitudinal change of
each modality. In our cohort, however, the AD; T— CSF patients did not have lower MMSE
to suggest that they represent more advanced cases.

Our results show that FTP visual assessment is a reliable tool for defining T-status in persons
with cognitive impairment. Intra- and inter-rater reliability values in our study were similar
to previously described visual rating schemes by Sonni et al. (in press) and Fleisher et al.
[22]. Expertise and individual rater characteristics could certainly have influenced our
results; for example, in this study, reads by rater 1 were more specific, while reads by rater 2
were more sensitive. Obtaining consensus by a third rater in discordant cases, however,
should limit rater effect. In addition, the pattern of mild temporal binding remains of
unknown significance. While we considered it to be T+, possibly reflecting early AD
pathology, other groups consider binding restricted to the medial and/or anterior temporal
lobes as T— [22]. The relatively high rate of T+ in Ap — CN subjects in our study (34%) may
therefore represent “over-reading” of mild temporal signal and/or noise. However, a higher
proportion of Ap + CN (71%) were visually read as T+, suggesting that there may be some
visually discernable biologically meaningful signal. Further studies with histopathological
correlation in cognitively unimpaired subjects would be needed to guide visual interpretation
of mild temporal signal. Modifying our visual rating scheme to consider only advanced AD-
like pattern of binding as T+ would likely increase specificity at the expense of sensitivity.
Off-target binding, especially in the choroid plexus or at the base of the skull, may also lead
to challenges in visual interpretation of the medial temporal lobe, which may limit
specificity.

Our comparative accuracy analyses showed that sensitivity for detection of Ag + MCI or AD
patients can be maximized with FTP visual assessment; however, this method yielded a
higher number of T+ in AP — participants. Focusing on the 34 A — subjects who were T+
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on visual assessment alone, all but one were CN individuals or MCI, and the vast majority
were from the ADNI cohort. Qualitatively, these subjects’ scans all displayed a similar
pattern of FTP binding, consisting of mild signal especially in the temporal lobes. It is
known that tau pathology may accumulate in the absence of A in primary age-related
tauopathy (PART) [61]. Other groups have also described increased FTP signal in
cognitively unimpaired participants, predominantly in the medial temporal lobes [62]. It is
possible that visual assessment of tau PET picks up mild elevation in FTP that is not specific
to underlying AD pathology, including but not limited to PART. Limiting investigation with
tau PET to those subjects that are cognitively impaired or Ap+, in an attempt to limit false-
positive visual reads, might be appropriate.

Previous studies have reported higher sensitivity with CSF PTaul81 than with FTP SUVR
quantification [8]. Sensitivity and specificity values for each modality are influenced by the
threshold used for binary classification. The cutoff value we used for FTP SUVR has been
previously validated [18] and is similar to those used in previous studies, with most
thresholds for quantification of a temporal meta-ROI ranging from 1.2 to 1.4 SUVR [8, 17—
19, 32]. Our CSF PTau181 cutoff was similar to previously published threshold with the
Elecsys Phospho-Tau (181P) electrochemiluminescence immunoassay in a cohort of ADNI
subjects (26.64 pg/mL), though using a different gold standard (A - cognitively
unimpaired controls vs Ap + AD subjects) [8] and to a proposed cutoff value of 27 pg/mL to
predict cognitive decline [63]. The threshold we used was also similar to the 95th percentile
of CSF PTau181 in CN A - in the independent ADNI cohort from which our cutoff was
derived (29.89 pg/mL, n=271). Given the distribution of CSF PTaul81 and FTP SUVR
values in patients with discordant T-status, we can hypothesize that near-threshold cases
explain a significant proportion of disagreement between modalities. Differences in
sensitivity of CSF PTau181 might also be attributed to cohort composition. For example, in
the study by Meyer et al., there was a high number of cognitively unimpaired subjects (7=
214) and few AD dementia patients (7= 11). Finally, some authors have suggested using a
ratio of PTaul81 to Ap42 (to detect AP + subjects) [25], which in our subsample of 11
patients with autopsy-confirmed diagnosis, led to a higher accuracy of CSF PTaul81 for
detecting AD. However, we opted not to use this ratio for comparative analyses of T-status,
since AP42 reflects underlying amyloid pathology and could not be directly compared to
measures of tau PET alone.

Recent advances have been reported in the development and validation of plasma assays for
PTaul81 and PTau217 [64—-68]. Plasma measures capture soluble phosphorylated tau species
that have crossed the blood-brain barrier and correlate with CSF PTau concentrations and tau
PET signal. Early data support the notion that plasma PTau follows the trajectory of CSF
PTau, changing in the preclinical disease stage in association with Ap, and reaching a
relative plateau in the early symptomatic stage [68—71]. Future work will determine how
plasma measures of amyloid, tau, and neurodegeneration compare to CSF and imaging
markers in implementation of AT(N) classification in the AD Research Framework [7].

Major strengths of this study include the large number of subjects recruited from three
different studies and spanning a wide range of neurodegenerative conditions, and the direct
comparison of both visual and quantitative tau PET with CSF PTau measures. Furthermore,
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we had autopsy diagnosis available in a small subsample. Our study has several limitations.
First, there were methodological differences between the three studies, notably in the
composition of the cohorts, method of determination of amyloid status, and pre-analytic
handling of CSF samples. Second, we used a visual interpretation method that was
developed in-house—our method is similar but not identical to the method that has recently
been validated, in particular regarding signal restricted to the anterio-medial temporal lobes
[22]. Third, our results cannot be generalized to other tau PET tracers or CSF tau assays than
the ones used in our study. Performance of both visual ratings and SUVR quantification of
second-generation compounds such as MK-6240, JNJ-067, or RO-948 [16] may differ from
FTP-PET. Similarly, CSF assays using different phosphorylation sites, for example,
PTau217, which has been shown to have high correlation with FTP [65], may yield different
estimates of accuracy and inter-modality concordance.

Conclusion

Biomarkers of tau, as listed in the AT(N) framework, are not interchangeable and show
variable concordance depending on method of analysis and cohort. In our study;,
concordance of T-status derived from FTP visual assessment, SUVR quantification, and CSF
PTaul81 varied across disease stage. An FTP visual read scheme that includes mild
temporal binding maximizes sensitivity to early disease stage, including in preclinical AD,
while SUVR quantification maximizes specificity. CSF PTau181 shows balanced sensitivity
and specificity across the AD continuum. Each modality may offer a complementary role,
and a combination of approaches may be ultimately beneficial. Recently published work has
suggested measuring T as a continuous rather than binary variable may correlate better with
prognosis [32]. Further work will be needed to compare FTP visual assessment and SUVR
quantification to novel plasma biomarkers of phosphorylated tau [24, 64, 68].
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Fig. 1.
Rating scheme for visual assessment of FTP pattern of binding to define T-status. Normal

pattern of binding and non-AD-like pattern (for example, mild-to-moderate signal in the
frontal white matter) were assigned T-status. Classic AD-like pattern following Braak and
Braak distribution extending beyond the temporal lobes, and mild temporal binding
(confluent binding restricted to the temporal lobes) were assigned T+ status
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Percentage of T+ by modality, clinical diagnosis, and amyloid status. CN, cognitively
normal; MCI, mild cognitive impairment; AD., Alzheimer’s disease dementia; non-AD,
non-AD disorders
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i a .'
L R
Examples of discordant T-status between FTP visual assessment, SUVR quantification, and
CSF PTaul81. Selected axial slices of FTP are shown. Amyloid status is based on PET.

Clinical diagnosis is indicated in parentheses. bvFTD, behavioral variant frontotemporal
dementia; CBS, corticobasal syndrome
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Inter-modality overall percent agreement between modalities by clinical diagnosis. CN,
cognitively normal; MCI, mild cognitive impairment; AD¢, Alzheimer’s disease dementia;
non-AD, non-AD disorders
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Fig. 5.
Scatterplot of CSF PTaul81 and FTP SUVR values in T+ and T— patients by FTP visual

assessment. Dotted lines show threshold of positivity for CSF PTaul81 and FTP temporal
meta-ROI SUVR. Insert in the top right corner shows percentage of T+ cases by visual
assessment for each quadrant of the scatterplot
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