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1 | BACKGROUND

MOSCOSO RIALET AL.

METHODS: We defined a tracer-agnostic “Standard Method” using Statistical Para-
metric Mapping 12, standardized regions of interest, and harmonized acquisition
parameters. Using data from five tau tracers—[*®FIflortaucipir, [*8F]MK-6240, [*8F]PI-
2620, [8F]RO948, and [®F]GTP1—we applied the Joint Propagation Model to
derive linear equations converting regional standardized uptake value ratios into the
tracer-independent CenTauR scale. Validation included independent cross-sectional,
longitudinal, and test-retest datasets across multiple cohorts.

RESULTS: The CenTauR scale yielded highly consistent regional values across trac-
ers, with strong cross-tracer agreement and robust performance in external validation
cohorts. We also expressed clinically relevant cut-points and staging boundaries on the
CenTauR scale.

DISCUSSION: The CenTauR approach enables harmonized, tracer-independent quan-
tification of tau PET, supporting reproducibility across studies and improving interpre-

tation in clinical research and multicenter trials.

KEYWORDS

Alzheimer’s disease, biomarkers, CenTauR, harmonization, Joint Propagation Model, positron
emission tomography imaging, radiotracer standardization, standardized uptake value ratio, tau
positron emission tomography

Highlights

* CenTauR enables harmonized tau positron emission tomography quantification
across tracers.

* The Joint Propagation Model derives tracer-independent conversion to a unified
CenTauR scale.

* The standard method defines Statistical Parametric Mapping 12-based standard-
ized uptake value ratio for harmonization.

* CenTauR cut-points enable consistent staging and positivity definition

» External validation shows consistent results across matched cohorts.

ing properties and analytical methodologies pose challenges for stan-
dardizing tau PET quantification and ensuring comparability across

different clinical studies and trials, and precludes the use of different

Tau positron emission tomography (PET) has rapidly evolved over
the past decade, enabling accurate in vivo visualization of tau neu-
rofibrillary tangle pathology in Alzheimer’s disease (AD).1~3 The first-
generation tau PET tracer [18F]flortaucipir ([18F]AV-1451, [18F]T-807),
now approved for clinical use by both the US Food and Drug Admin-
istration (FDA), the European Medicines Agency, and the Medicines
and Healthcare products Regulatory Agency (MHRA) in the UK, among
others, has demonstrated high accuracy for detecting and monitor-
ing tau deposition.*"1> In addition, several novel tau PET radiotracers,
including [18F]florquinitau (also known as [18F]MK-6240), [*8F]PI-
2620, [18F]RO948, [18F]GTP-1, and ['8F]florzolotau ([*8F]JAPN-1607)
have been developed, offering different dynamic ranges and off-target
binding profiles.16-21 The approval and growing availability of tau PET
radiotracers has expanded tau research and facilitated the use of tau
PET in clinical practice and trials. However, differences in tracer bind-

tau PET tracers within a single trial.

Building on the same principles that enabled the successful har-
monization of amyloid PET tracers and the widespread adoption of
the Centiloid scale,?? the Critical Path for Alzheimer’s Disease Con-
sortium (CPAD) at the Critical Path Institute (C-Path) convened a
working group of experts from industry and academia to address the
tau PET harmonization challenge. The working group has previously
proposed the use of standardized regions of interest (ROls) for tau
PET quantification, termed the “Standard CenTauR” ROIs.2® These
ROls, together with a recently released tau PET quantification pipeline
(https://www.gaain.org/centaur-project), were developed to provide a
unified framework for tau PET analysis, improving comparability and
reproducibility across studies. In parallel, the working group also devel-
oped the Joint Propagation Model (JPM), a statistical approach that
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harmonizes standardized uptake value ratios (SUVRs) from different
tracers into a single, tracer-independent metric—the CenTauR scale.2*
Unlike traditional methods relying on a single reference tracer, the
JPM simultaneously models the relationships between multiple trac-
ers, anchor points, and test-retest tau PET data, reducing conversion
error and bias compared to linear regression methods based on a ref-
erence tracer. Together, these advances demonstrate the feasibility of
a CenTauR-based strategy for reliable tau PET harmonization.

Here, we hypothesized that tau PET measurements obtained using
different radiotracers and quantification pipelines could be trans-
formed onto a common, biologically anchored scale. To test this
hypothesis, we built on previous efforts of the CPAD consortium
and described the CenTauR harmonization approach, comprising: (1)
a “Standard Method” for tau PET quantification that establishes a
common reference SUVR scale; (2) the JPM, which provides lin-
ear equations for converting “standard” SUVRs into CenTauR units;
and (3) a calibration procedure for tau PET metrics obtained using
non-standard methods. We also provide clinically relevant tau PET
cut-points on the CenTauR scale for visual-read positivity, biological
staging, and tau-load stratification. Finally, we evaluated the exter-
nal validity of the approach by comparing CenTauR-defined tau PET
positivity frequencies across clinically and demographically matched
cohorts scanned with different radiotracers and by benchmarking its
performance against the z score-based CenTauR, method.?® Overall,
this article isintended to serve as a practical guide for implementing the
CenTauR framework, while providing relevant cut-points and an initial
validation of its performance.

2 | THE CenTauR APPROACH

Building on the success of the Centiloid scale?? in harmonizing amy-
loid beta (AB) PET quantitative measures across different tracers
and methodologies, we designed the CenTauR approach using simi-
lar fundamental principles. Importantly, given the absence of a clear
gold-standard tau PET tracer, we moved beyond the Centiloid frame-
work’s reliance on a single reference tracer by using the JPM for
between-tracer harmonization. In the following sections, we describe
the building blocks of the CenTauR harmonization approach, namely
the “Standard Method” for obtaining Standard SUVR data from tau PET
images, and the JPM-based equations for conversion of Standard SUVR

datainto the CenTauR scale (Figure 1).

2.1 | The Standard Method

The numerical value of tau PET quantification results can be highly
influenced by various technical and methodological factors beyond the
radiotracer, especially the quantification pipeline used.2>2¢ To remove
pipeline-driven systematic differences and enable robust between-
tracer harmonization, we first define a “Standard Method”—the refer-
ence method for tau PET image acquisition and quantification—whose
SUVR units serve as the common scale for subsequent between-tracer
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RESEARCH IN CONTEXT

1. Systematic review: We reviewed prior work on tau
positron emission tomography (PET) harmonization,
including CenTauR regions of interest, the Joint Propaga-
tion Model (JPM), and related tracer comparison studies
using PubMed and conference proceedings. Existing
studies highlight variability across tracers and pipelines,
but lack a unified, validated framework for cross-tracer
standardization.

2. Interpretation: We present the CenTauR approach as
a complete harmonization framework, integrating a
standardized quantification method with JPM-based
conversion equations. Our findings demonstrate that
tau PET measures can be expressed on a common,
tracer-independent scale with consistent cut-points and
improved comparability across cohorts and tracers.

3. Future directions: Future work should validate CenTauR
inadditional tracers and longitudinal datasets, assess sen-
sitivity to acquisition and reconstruction differences, and
refine biologically grounded cut-points through PET-to-
autopsy studies. Further evaluation in clinical trials is
needed to establish its utility for treatment monitoring

and patient stratification.

harmonization. Below, we outline the specific steps for implementing
the Standard Method in the CenTauR framework, including precise def-
initions of Standard scanning time windows, the tau PET quantification
pipeline, and the brain ROls where tau signal is measured.

2.1.1 | Scanning time window

Given that tau PET quantification is sensitive to the acquisition time
window, 18192729 e define Standard scanning time windows for
each tau PET radiotracer based on either its FDA-approved label
([*8F]flortaucipir®°) or the most commonly used time window in pre-
vious studies31-33 (Table S1 in supporting information). We note that
tau PET scans acquired using non-Standard scanning windows, that is,
scanning windows different from the Standard ones defined in Table
S1, cannot be used to directly measure Standard SUVR within the
framework of the Standard Method but can still be harmonized using

the CenTauR approach (see Section 3.2).

2.1.2 | Quantification pipeline
We adopted a Statistical Parametric Mapping (SPM)-based quan-
tification pipeline given its proven success and widespread adop-

tion as the standard quantification pipeline for the Centiloid scale.
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FIGURE 1 Schematic representation of the CenTauR harmonization approach. Top panel (Level A), Standardized pipeline for direct CenTauR
computation.

, T1-weighted MRl is reoriented and normalized to MNI space. B, Tissue segmentation is performed in SPM12 using MCALT tissue
probability maps. C, Tau PET images are rigidly coregistered to the subject’s T1 MRI and resliced. D, Standard CenTauR ROIs—including Universal,

Meta Temporal, Mesial Temporal, Temporoparietal, and Frontal—are transformed into native T1 space. E, SUVRg;q values are computed within
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However, rather than using the original Centiloid pipeline imple-
mented in SPM8,22 we updated it to a more recent SPM12-based
version, which provides an improved balance of accuracy, reliability,
and usability. SPM12’s tissue segmentation and spatial normalization
are now widely adopted for PET quantification in AD research, facil-
itating seamless integration of the CenTauR Standard Method into
existing workflows. The CenTauR SPM12-based pipeline computes
SUVR directly in magnetic resonance imaging (MRI) space using tissue-
class masking and the population-matched Mayo Clinic Adult Lifes-
pan Template (MCALT) priors (https://www.nitrc.org/projects/mcalt/).
Specifically, the pipeline rigidly coregisters and resamples the static
(frame-averaged or purely static acquisition) tau PET to the subject’s
T1 MRI, segments the MRI with SPM12’s Unified Segmentation algo-
rithm using MCALT priors, and resamples the Standard CenTauR ROls
(see next section) in MRI space. The CenTauR framework assumes a
single-frame PET image as input; the choice between static or frame-
averaged data, as well as the realignment approach, is left to the user
and is not expected to have a major impact on harmonization. SUVRs
are then calculated by measuring signal within the intersection of each
CenTauR ROI and brain parenchyma (tissue mask c1 + c2 > 0.5, i.e,,
gray matter [GM] + white matter [WM]) and dividing by the signal in
aninferior cerebellar GM reference ROI.2%

We note that the purpose of this pipeline is to establish a common
reference SUVR scale for subsequent between-tracer harmonization,
rather than to replace existing pipelines that may be better suited to
specific research or clinical applications. Importantly, CenTauR harmo-
nization is intended to preserve the properties of these alternative
pipelines by linearly rescaling their metrics onto a common unit, as
described in Section 3.2. Accordingly, pipeline-specific variability is
not expected to disappear after calibration, while enabling these mea-
sures to be interpreted consistently across tracers and quantification

pipelines.

2.1.3 | Brain ROIs

A predefined set of Standard CenTauR ROIs?® (https:/gaain.org/
centaur-project)—including an inferior cerebellum GM reference
region common to all tau PET tracers—is used for SUVR quantification
in the Standard Method. The inferior cerebellar GM reference region
is derived from the Centiloid cerebellar cortex mask, with the supe-
rior portion excluded to minimize off-target binding and the inferior

portion excluded to avoid quantification problems.2 The five target

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

ROls include the Universal ROI, as well as its four component subre-
gions: Meta Temporal, Mesial Temporal, Temporoparietal, and Frontal.
This panel of target ROIs provides users with different options for
assessing tau burden, either through measures that are more descrip-
tive of tau PET positivity status or global tau load (Meta Temporal
and Universal ROIs) or through topography-based tau staging systems
(Mesial Temporal, Temporoparietal, and Frontal ROIs). The Univer-
sal ROl was designed to capture relevant overlapping signal across
radiotracers while maximizing discrimination between Aj-positive AD
dementia and ApB-negative controls and minimizing tracer-specific
off-target signal,23 thus maximizing suitability for harmonization. Addi-
tional details of the Standard CenTauR ROls are provided in Villemagne
etal 23

Hereafter, SUVR values measured using the Standard Method out-
lined above are referred to as Standard SUVR (SUVRg), and their

computation is termed Level-A CenTauR computation (see Section 3.1).

2.2 | The JPM

After standardizing tau PET quantification using the Standard Method,
a between-tracer harmonization strategy can be applied to enable
quantitative comparisons across different radiotracers. Within the
CenTauR approach, this between-tracer harmonization is achieved
using the JPM.2* The JPM integrates all the available head-to-head
(tau PET scans acquired with different tracers in the same individuals),
anchor point (acquired in predefined groups that anchor the scale at
0 and 100; see below), and test-retest (repeated scans with the same
tracer in the same subjects) tau PET SUVRg4 data from multiple tracers
within a unified statistical framework, eliminating the need for a single
reference tracer. Specifically, for tracer t and subject i, the specific JPM

model used in the CenTauR framework can be written as
SUVR: = a¢ [Tp2m)Ci + LrrrpGi + 1CTR—O(i)C? + 1CTR—1OO(i)C,-100] + bt + &,

where a; and b; are tracer-specific slope and intercept parameters,
respectively; ¢; are modeled as fixed effects identical across tracers,
while c? ~ N(O, oé) and cl.loo ~ N'(100, ag) are Gaussian-distributed
random effects centered at 0 and 100, respectively, with variance ag;
Lnona)» Trrri) letr-o) and 1ctr-1004) are indicator functions that
are 1 if subject i belongs to the head-to-head, test-retest, CTR-O, or
CTR-100 datasets, respectively, and O otherwise; and ¢;; is a Gaussian-

distributed heteroscedastic error term that assumes different variance

each ROl using an inferior cerebellar gray matter reference region and converted to CenTauR units using tracer-specific JPM equations. Bottom
panel (Level B), Calibration framework for non-standard tau PET metrics. Non-standard measures (e.g., alternative acquisition windows,
processing pipelines, SUVR definitions, or ROIs) are evaluated for eligibility based on (1) approximate linearity, (2) strong correlation with SUVRg4
(R2 > 0.7), and (3) anatomical correspondence with CenTauR ROls. If criteria are met, a linear regression is derived using a calibration dataset
spanning a wide range of tau burden, enabling transformation of non-standard metrics to SUVRs;4 and subsequently to CenTauR units. If criteria
are not satisfied, the metric cannot be harmonized within the CenTauR framework. AS, amyloid beta; ADNI, Alzheimer’s Disease Neuroimaging
Initiative; CU, cognitively unimpaired; JPM, Joint Propagation Model; MCALT, Mayo Clinic Adult Lifespan Template; MClI, mild cognitive
impairment; MNI, Montreal Neurological Institute; MRI, magnetic resonance imaging; PET, positron emission tomography; ROI, region of interest;
SPM, Statistical Parametric Mapping; SUVR, standardized uptake value ratio.



sot1s | Alzheimer’s &PDementia’

MOSCOSO RIALET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

across tracers in the CenTauR scale, that is,
2 2
gt ~ N <0,G alc) )
where
o (¢) =01 +03l61°

In the JPM, tracer-to-tracer relationships are modeled assuming
linear relationships. To assess whether a more complex functional
form was necessary, we performed a sensitivity analysis comparing
the linear model with a smooth-transition piecewise linear regres-
sion using a hyperbolic tangent function. Model fit was compared
using the Akaike information criterion (AIC). Across tracer-region
combinations, the piecewise model did not show a consistent improve-
ment over the linear model and, in some cases, showed evidence of
overfitting at the upper end of the SUVR range (Figure S1 in sup-
porting information). Based on these findings, a functional linear form
was retained for modeling tracer relationships within the JPM in
the CenTauR framework. The JPM output is a set of linear equa-
tions for converting SUVRg;4 values to CenTauR units (CTR), which
is anchored at CTR = 0 (CTR-0)—corresponding to the average value
of a group of AB PET-negative (visual read and Centiloid < 10), tau
PET-negative (visual read??), cognitively unimpaired (CU) controls—
and CTR = 100 (CTR-100)—corresponding to the average value of
AB PET-positive (visual read and Centiloid > 40, except for partic-
ipants from the second Biomarkers For Identifying Neurodegener-
ative Disorders Early and Reliably (BioFINDER-2) study, in whom
AB positivity was established using cerebrospinal fluid AB42/AB40),
tau PET-positive (visual read) AD dementia patients < 75 years of
age who have a Mini-Mental State Examination (MMSE) score > 20.
A description of the anchor point datasets used to fit the JPM is
provided below. While the JPM results in the same type of simple lin-
ear conversion equations as standard linear regression methods, this
method has demonstrated superior accuracy in harmonizing tau PET
data.2*

To derive general conversion equations for the CenTauR scale,
we applied the Standard Method to process images from 116 par-
ticipants scanned head-to-head with two different tau PET trac-
ers and 367 anchor-point participants. The head-to-head dataset
included the following cohorts: [18F]flortaucipir versus [18F]MK-
6240 (University of Pittsburgh, n = 15),%* [!8F]flortaucipir ver-
sus [18FJRO948 (BioFINDER-2, n = 34),3° [18F]MK-6240 versus
[*8F]GTP1 (Roche/Invicro, n = 22),3¢ [18F]PI-2620 versus [8F]GTP1
(Roche/Invicro, n = 28),3¢ and [18F]PI-2620 versus [18FJRO948 (Fun-
dacié ACE Healthy Brain Initiative [FACEHBI] study, n = 17).37 The
anchor point dataset included subjects scanned with [18F]flortaucipir
(=59 CTR-0,n=31CTR-100 [Avid A05]), [18F]MK-6240 (n= 94 CTR-
0,n=63 CTR-100 [Australian Imaging, Biomarker and Lifestyle study]),
[*8F]PI-2620 (n = 10 CTR-0, n = 7 CTR-100 [Life Molecular Imag-
ing, Alzheimer’s Disease Neuroimaging Initiative (ADNI)], [18FJRO948
(n = 34 CTR-0, n = 29 CTR-100 [BioFINDER-2]), [18F]GTP1 (n = 15

CTR-0, n = 25 CTR-100 [Roche/Invicro]; see Table S2 in supporting
information for dataset-specific details). Additional demographic and
biomarker information of these cohorts can be found in Tables S3 and
S4 in supporting information. As required by the Standard Method, all
tau PET scans were acquired using a standard scanning time window
(Table S1), except for the [18F]MK-6240 scans from the University of
Pittsburgh, that were acquired using a non-standard window of 70 to
90 minutes (Standard window for [18F]MK-6240 is 90-110 minutes).
To make this [18F]MK-6240 SUVR data compatible with the Stan-
dard Method, we used a subset of 76 participants from the National
Alzheimer’s Coordinating Center (NACC) dataset who had [18F]MK-
6240 SUVR measured with both 70 to 90 minutes and 90 to 110 minute
scanning windows to derive a linear conversion equation transforming
the non-standard (70-90 minutes) SUVR into SUVRg4 (90-110 min-
utes; Figure S2 in supporting information; R2 > 0.99 for the correlations
between non-standard SUVR and SUVRs;4). These converted SUVRs;4
values were then integrated with those from the remaining standardly
acquired tau PET scans. Finally, a total of 77 subjects with test-retest
tau PET scans ([*8FIflortaucipir, n = 21 [time between scans: between
48 hours and 4 weeks]; [18F]MK-6240, n = 15 [between 72 hours and
3 weeks]; [18F]PI-2620, n = 12 [within 3 weeks]; [18FJR0948, n = 9
[between 14 to 38 days]; [18F]GTP-1, n = 20 [between 3 and 25 days];
see Table S2 for dataset-specific details; see Figure S3 and Table S5
in supporting information for additional details) was included in the
model similarly to head-to-head data, for which each pair of observa-
tions was treated as separate observations performed with the same
tracer within a subject (i.e., same true CenTauR value). Inclusion of test-
retest data allowed for the estimation of tracer-specific differences in
variance parameters.2* The JPM was fitted on the combined dataset,
yielding the general equations for conversion of SUVRg;q into the
CenTauR scale (Table 1). The resulting CenTauR values for the head-to-
head datasets (Figure 2) demonstrated high harmonization accuracy,
with mean absolute differences (defined as % Z’. |CTR, — CTRy|, where
CTR, and CTR,, are the estimated CenTauR values for tracers a and
b, respectively, and the sum extends over all subjects) of 13.3 Cen-
TauRs for the Meta-Temporal region, 13.0 for Universal, 15.6 for Mesial
Temporal, 12.7 for Temporoparietal, and 15.9 for Frontal regions. Sim-
ilarly, CTR-0 and CTR-100 anchor-point cohorts showed CenTauR
distributions appropriately centered at 0 and 100 CTR, respectively
(Figure 3).

3 | COMPUTING CenTauRs

In this section, we describe the steps for computing CenTauR val-
ues based on either the Standard Method or based on tau PET
SUVR data measured using non-standard methods. These approaches
correspond to Level 3 and Level 2 processes, respectively, in the
Centiloid framework,?? which we redefine here as Level A (i.e., Stan-
dard SUVR) and Level B (i.e., non-standard SUVR) CenTauR com-
putation to avoid confusion between the CenTauR and Centiloid
scales.
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TABLE 1 General equations for conversion of Standard SUVR (SUVRg,4) into the CenTauR scale, for each Standard CenTauR region of interest.

Radiotracer Meta Temporal Universal Mesial Temporal

[*8F]Flortaucipir
[18F]MK-6240
[*8F]PI-2620

101.61 x SUVRgy—122.2
42.47 x SUVRgy—43.07
97.25 x SUVRgy—108.68
[18F]RO948 77.38 x SUVRgy—91.19
[8FIGTP-1 125.09 x SUVRsq—147.33
Abbreviations: PET, positron emission tomography; SUVR, standardized uptake value ratio.

103.91 x SUVRgyq—123.54
44.39 x SUVRiq—43.13
98.9 x SUVRgyg—105.7
78.86 x SUVRg1q—92.49

(A) Meta Temporal

["®FJflortaucipir vs ['®F]MK-6240 ["®FJflortaucipir vs ['®FJRO948 ["®FIMK-6240 vs ['*F]GTP1

118.26 x SUVRgyq—134.57
47.31 x SUVRgq—40.64
115.87 x SUVRgy—121.61
86.23 x SUVRgy—91.88
132.08 x SUVRgq—149.97 145.54 x SUVRgiq—165.87

Temporoparietal

99.84 x SUVRgq—119.27
42.11 x SUVRg1q—42.43
94.09 x SUVRgiq—100.56
76.26 x SUVRg1q—90.38

125.49 x SUVRgq—144.13

["®FIPI12620 vs ['®FJRO948

Frontal

128.97 x SUVRgyg—146.64

56.46xSUVRs —48.88
101.44xSUVRgq—99.73

107.87xSUVRgq—119.12
150.99 x SUVRgig—159.01

['®FIPI2620 vs ["*FIGTP1

o« 300 300 300 300 300
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CenTauR values. Red dashed lines indicate the linear regression fits, and the black line represents the identity line. JPM, Joint Propagation Model;

PET, positron emission tomography.
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FIGURE 3 CenTauR values across the CenTauR regions of interest in the anchor point datasets. Green boxes represent subjects anchored to a
CenTauR value of O, while blue boxes represent subjects anchored to a CenTauR value of 100. ROI, region of interest.
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3.1 | Level A CenTauR computation

The Level A CenTauR computation, analogous to the Level 3 process
for the Centiloid scale,?? involves an exact replication of the steps
detailed in Section 2—namely, SUVR quantification using the Standard
Method and application of the JPM conversion equations from Table 1.
To ensure seamless and reproducible Level A CenTauR computation,
we provide publicly available code on the Global Alzheimer’s Associ-
ation Interactive Network (GAAIN) website that implements both the
Standard Method and the JPM conversion equations (https://www.
gaain.org/centaur-project). This pipeline takes an individual’s tau PET
scan and corresponding T1 MRI as inputs and provides SUVRg4 and
CenTauR values across the five Standard CenTauR ROls. The code is
available both as a MATLAB script as well as a standalone executable.
As with any neuroimaging processing pipeline, visual inspection ensur-
ing correct coregistration between the tau PET and T1-weighted MRI
scan, as well as appropriate spatial normalization, is required.

While we recommend using the provided GAAIN code for Level A
CenTauR computation, individual sites may choose to code their own
pipelines replicating the Standard Method’s SPM12-based pipeline and
apply conversion equations from Table 1. In such cases, sites must
validate their in-house developed Standard pipeline by demonstrat-
ing a strong identity linear correlation (in CenTauR units, acceptable
agreement is defined by a slope between 0.98 and 1.02, an intercept
between —2 and 2 CTR, and an R? > 0.98) between their measured
SUVRg;q results and those generated with the pipeline provided on the
GAAIN website. These thresholds for validity are identical to those
established for the Centiloid scale, which allow for the small degree
of unavoidable variability arising from factors not fully controlled by
the Standard Method, including scan orientation, small differences in
numerical computation, and minor implementation differences.

To facilitate this validation, a [18FIflortaucipir reference dataset
has been made publicly available at (https://www.gaain.org/centaur-
project), enabling sites to process these tau PET scans with their
own pipeline and validate their SUVRgy results against those pro-
vided at the GAAIN website. Use of this dataset is recommended but
not required; investigators may instead validate their pipelines using

suitable datasets acquired with other tau PET tracers.

3.2 | Level B CenTauR computation

Investigators may choose methodological approaches that differ from
the Standard Method when alternative acquisition or quantification
strategies are better suited to specific research questions, study
designs, or available datasets. In such cases, Level B CenTauR com-
putation is required to convert tau PET quantitative metrics derived
using non-standard methods to the CenTauR scale. Non-standard
methods are defined as methods that deviate from any of the steps
outlined in Section 2.1 for the Standard Method. These deviations may
include the use of non-standard scanning time windows, quantification
pipelines other than the SPM12-based pipeline, quantification met-

rics other than SUVR (such as distribution volume ratios [DVR]), or
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ROIs other than the Standard CenTauR ROls, including the CenTauR
inferior cerebellum GM reference region. Tau PET quantitative data
obtained through non-standard methods cannot be directly converted
to the CenTauR scale using the JPM equations in Table 1. Instead, non-
standard tau PET quantitative metrics must first be transformed into
SUVRg,4 to subsequently apply the JPM equations and derive CenTauR
values.

For Level B CenTauR computation, we establish that non-standard
tau PET metrics can only be transformed into SUVRg4 using linear

regression. This implies that:

1. An approximately linear relationship must exist between the non-
standard tau PET metric and SUVRg;y. This can be assessed through
visual inspection of the relationship between the two variables and
the examination of the residuals of the linear fit.

2. The correlation between the non-standard tau PET metric and
SUVRgq must show a strong correlation (R?2 > 0.7, analogous to
the Level 2 process for the Centiloid scale). We acknowledge that
this threshold is pragmatic rather than empirically optimized for
tau PET and may require refinement as additional tracer- and
pipeline-specific calibration data become available.

3. To preserve the spatial information encoded in each brain ROI,
site-specific ROls used in the derivation of tau PET metrics should
approximately match the corresponding CenTauR ROls. For exam-
ple, a site-specific tau PET metric measured in a global ROl encom-
passing the temporal, parietal, and frontal cortices should not be
regressed against SUVRg;q in the Meta Temporal CenTauR ROl but
rather in the Universal CenTauR ROI. As a general guideline, if a
site intends to use a specific CenTauR ROI for calibrating its tau
PET metric, the site-specific ROls should include only brain regions

within the brain lobes covered by the calibrating CenTauR ROI.

If a site-specific tau PET metric (e.g., DVR or other SUVR met-
ric) does not meet the aforementioned requirements 1 through 3, the
tau PET metric cannot be harmonized using the CenTauR framework.
In these cases, individual sites must redefine the metric to ensure
compliance with CenTauR harmonization.

To evaluate the validity of requirements 1 and 2 and derive a lin-
ear equation for transforming the non-standard tau PET metric into
SUVRg4y, sites should measure both metrics in at least 50 subjects. Of

these, at least:

* 15 should be AB-negative CU controls,

+ 15 should be Ag-positive individuals with AD dementia,®® and

* 15 should be AB-positive individuals who are either CU or have mild
cognitive impairment (MCI).3?

If these specific subgroup counts cannot be met, alternative distri-
butions of clinical diagnoses are acceptable, provided that the sample
spans a sufficiently wide range of SUVR values for the tracer in ques-
tion. This wide distribution of SUVR values ensures that tau PET
data points are spread continuously across a wide range of tau bur-
den, improving the robustness of the linear regression coefficients. To
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obtain SUVRg4 on these 50 or more subjects, sites should perform a
Level A CenTauR computation, ideally using the code we provided on
the GAAIN website (https://gaain.org/centaur-project).

While it is always possible to obtain SUVRg, if a site’s tau PET scans
were acquired using a standard scanning time window, we acknowl-
edge that it may not be possible to derive SUVRgy from scans using
a non-standard window. For example, if a site has collected [18F]MK-
6240 scans using only a 70 to 90 minute interval, neither Level A
nor Level B CenTauR computations can be performed based solely on
these non-standard tau PET scans. In this case, the site should collect
and/or analyze additional [18F]JMK-6240 scans (either newly acquired
or from an external dataset) acquired over both the non-standard 70
to 90 minute window and the standard 90 to 110 minute interval.
This would allow the derivation of a linear transformation to convert
the non-standard 70 to 90 minute data into SUVRgy (90-110 min-
utes). If < 50 such scans are available, a valid approach would involve
deriving a conversion equation by applying the GAAIN pipeline to the
non-standard 70 to 90 minute scans and regressing the results against
SUVRg;y from the GAAIN dataset. This is precisely the approach we
used to transform the 70 to 90 minute [8F]MK-6240 SUVR data from
the University of Pittsburgh before inputting it into the JPM (Figure 1).
The conversion equation can then be used in the set of > 50 scans
acquired with non-standard time windows to derive a conversion equa-
tion between the site’s non-standard data and SUVRs;4. We, however,
recommend minimizing the number of sequential calibration steps
whenever possible, as uncertainty from each regression may prop-
agate through subsequent transformations. Direct calibration of the
non-standard metric to SUVRg is therefore preferred when feasible,
particularly when high quantitative precision is required.

Once SUVRsiy has been measured in the set of > 50 subjects, a
scatter plot of the tau PET metric versus SUVRsiy can be used to
visually confirm a linear relationship, and simple linear regression can
be used to confirm appropriate correlation (R2> 0.7) and obtain the
transformation parameters. The non-standard tau PET metric can then
be converted into SUVRg;4, and equations from Table 1 can then be
applied to transform the new SUVRg;, into CenTauRs. We recommend
that, when converting non-standard tau PET data to the CenTauR scale,
investigators report a scatter plot of the non-standard metric (x axis)
versus SUVRsq (y axis) in the specific CenTauR ROI, together with the

corresponding regression equation and RZ value.

3.2.1 | Example 1 of Level B CenTauR computation:
Meta Temporal SUVR in the ADNI cohort

The ADNI study acquires [18F]flortaucipir PET scans using a non-
standard scanning window of 75 to 105 minutes post-injection and
quantifies [18F]flortaucipir SUVR in a Meta Temporal ROI based on a
combination of FreeSurfer v7.1.0 and SPM12 segmentations.*? There-
fore, the resulting SUVR values are not compatible with the definition
of Standard SUVR (section 2.1), and the equations provided in Table 1
cannot be used to convert these values into CenTauR units. Instead,
Level B CenTauR computation, as described in Section 3.2, is required.

Data used in the preparation of this article were obtained from
the ADNI database. 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 assessments
can be combined to measure the progression of MCl and early AD.

To calibrate ADNI’s non-standard Meta Temporal SUVR following
the Level B procedure, we included 981 ADNI participants (including
404 Ap-negative CU, 160 Ag-positive CU, 170 AgB-positive MCI, 56
Ag-positive AD dementia, and 191 AB-negative cognitively impaired
(CI) [MCI or dementia]) who underwent [18F]flortaucipir PET and for
whom ADNI Meta Temporal SUVR values were available. Because
both the ADNI Meta Temporal ROl and the CenTauR Meta Tempo-
ral ROI include medial and lateral aspects of the temporal lobe, the
natural Standard ROI for calibration is the CenTauR Meta Temporal
ROI (Figure 4A, left panel). To make ADNI [18F]flortaucipir PET images
compatible with the Standard scanning window, we realigned and aver-
aged the 80 to 100 minute frames to create static images. These
images were then smoothed using the same kernels applied in the orig-
inal ADNI harmonization protocol, yielding an effective resolution of
6 mm. Finally, the Standard SPM12-based quantification pipeline was
applied to compute SUVRs;4, and the results were regressed against
the non-standard ADNI Meta Temporal SUVR (Figure 4A, right panel),
confirming a strong linear relationship (R% = 0.98) suitable for CenTauR
harmonization. The resulting calibration equation is:

SUV Rty = 1.147 x SUVRETP 0.110

ADNI Meta Temporal —

Hence, to convert ADNI’s Meta Temporal SUVR values into Cen-

TauR units, this calibration equation is combined with the correspond-

ing CenTauR transformation equation in Table 1 for the CenTauR

Meta Temporal ROI, resulting in the final conversion equation into the
CenTauR scale:

CT RMeta Temporal = 116.55 x SUVRETP -133.38

'ADNI Meta Temporal

3.2.2 | Example 2 of Level B CenTauR computation:
multiblock barycentric discriminant analysis SUVR in
the AO5 study

The quantification of [8F]flortaucipir SUVR in the previous AQO5
study’© was performed using a custom global target ROI that covered
temporal, parietal, and frontal cortices (multiblock barycentric discrim-
inant analysis [MUBADA] ROI) and a WM reference region (parametric
estimation of reference signal intensity [PERSI]).* The MUBADA
SUVR with PERSI reference region (SUVRyugapa) is therefore a non-
standard tau PET metric and it is necessary to transformitinto SUVRgq
before applying the JPM-based equations from Table 1. Because the
MUBADA ROI spans temporal, parietal, and frontal regions, the most
appropriate CenTauR ROI for harmonization is the Universal ROI
(Figure 4B, left panel). To derive the conversion equation, we identified
217 subjects (including 67 AB-negative CU, 47 AB-positive MCl, 32 AB-
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(A) Calibration of Meta Temporal SUVR in ADNI

ADNI Meta Temporal ROI

4

CenTauR Meta Temporal ROI

w‘; ALY

(B) Calibration of MUBADA SUVR in A0O5
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FIGURE 4 Calibration of non-standard tau PET metrics to the CenTauR scale. Left panels (upper and lower) illustrate the correspondence
between each non-standard ROI—(A) the ADNI Meta Temporal ROl and (B) the MUBADA ROI—and the matched CenTauR ROl used for
calibration. Right panels (upper and lower) show the linear regression models used to convert the non-standard tau PET metrics—(A) SUVRpn)
and (B) SUVRpMugaDA to “Standard” SUVR (SUVRs;4). The equations displayed in the right panels provide the transformation required to map each
non-standard metric onto SUVRs;4. ADNI, Alzheimer’s Disease Neuroimaging Initiative; MUBADA, multiblock barycentric discriminant analysis;
PET, positron emission tomography; ROI, region of interest; SPM, Statistical Parametric Mapping; SUVR, standardized uptake value ratio.

positive AD dementia, and 71 AB-negative Cl from the AO5 study with
previously measured SUVRmusapa. Because all the [*8F]flortaucipir
scans in AO5 were acquired with a standard scanning window (80-
100 minutes), we can process their [18F]flortaucipir scans according to
the Standard Method using the SPM12-based Standard pipeline and
derive SUVRg;q. The relationship between SUVRyypapa and SUVRgq
in the Universal CenTauR ROl is shown in Figure 4B, right panel, show-
ing a strong (RZ = 0.84) linear correlation. The derived calibration

equationis:
SUV Ry = 1.406 x FTP SUVRpypapa — 0.203
This equation can be combined with [18F]flortaucipir’s equation for
the Universal CenTauR ROI (Table 1), resulting in the final equation to

convert SUVRpMugapa into CenTauRs:

CTR = 146.10 x FTP SUVRyugapa — 144.63

4 | RELEVANT tau PET CUT-POINTS EXPRESSED
IN THE CenTauR SCALE

A major strength of the CenTauR scale is that it enables the direct use
of tau PET cut-points derived from different radiotracers and quan-
tification pipelines across external studies. Below, we summarize key
cut-points expressed in the CenTauR scale that are relevant for various

clinical and research applications.

4.1 | [*8F]Flortaucipir FDA-approved visual reads

To date, the only FDA approved tau-PET radiotracer with an available
clinically applicable visual interpretation method is [18F]flortaucipir.
A positive [18F]flortaucipir visual read reflects Braak stages V and
VI and high AD neuropathologic changes,” and is strongly associated
with clinical progression in preclinical AD as well as in individuals
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Meta Temporal CenTauR vs [18F]flortaucipir visual reads
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FIGURE 5 ROC curve analysis of CenTauR Meta Temporal SUVR
for classifying FDA-approved [18F]flortaucipir visual reads. The blue
line represents the ROC curve, and the red cross indicates the point at
which the Youden index is maximized (17.9 CTR). AUC denotes the
area under the curve, and PPA and NPA represent positive and
negative percent agreement, respectively, at the Youden-based
cut-point of 17.9 CTR. CTR, CenTauR units; FDA, US Food and Drug
Administration; ROC, receiver operating characteristic; SUVR,
standardized uptake value ratio.

with MCI or dementia.*? Despite the importance of clinically applica-
ble methods for establishing tau PET positivity reflecting underlying
Braak V and VI stage, there is currently no universally accepted
SUVR cut-point that directly aligns with ['8FIflortaucipir visual
interpretation.

To address this gap, we performed Level A CenTauR computation
in 385 Cl ADNI participants (MCI or AD dementia) who underwent
[*8F]flortaucipir PET and had FDA-approved visual reads available,
performed by an expert reader (A.M.R.).*? Receiver operating charac-
teristic (ROC) analyses were performed using CenTauR values from
each ROI as continuous predictors of visual-read status. Among all
CenTauR ROIls, the Meta Temporal ROI provided the strongest dis-
crimination between visually positive and negative scans (area under
the curve [AUC] = 0.96; Figure 5) and was therefore selected as the
preferred ROI for alignment with visual reads. The optimal thresh-
old was then determined by maximizing the Youden index (sensitivity
+ specificity — 1), resulting in a CenTauR cut-point of 17.9 for dis-
tinguishing visually positive from visually negative scans. Importantly,
this CenTauR cut-point can be applied to tau radiotracers other than
[*8F]flortaucipir, allowing positivity to be interpreted in terms of
the neuropathologic changes and clinical outcomes associated with

[*8F]flortaucipir visual reads.

4.2 | Biological disease staging

An in vivo tau PET-based biological staging system for AD pathol-
ogy was recently introduced in the Revised Criteria for Diagnosis
and Staging of Alzheimer’s Disease.*? This system defines four stages
within AB-positive individuals, with higher stages reflecting the spa-
tial progression of tau PET retention elevations from medial temporal
regions into neocortical areas. However, the proposed framework does
not establish the quantitative cut-points or the precise brain ROls
required to operationalize these stages in practice. A recent large
study using the Mayo Clinic Study of Aging and the Mayo Clinic
Alzheimer’s Disease Research Center addressed this gap by imple-
menting the biological staging system using [*8F]flortaucipir PET as
well as Standard CenTauR ROIs and cut-points defined in the pre-
vious CenTauR, scale (Mesial Temporal: 2.9 CTR,; Temporoparietal
- Moderate: 3.4 CTR,; Temporoparietal - High: 8.3 CTR,).** This
approach relies on z scores referenced to an AB-negative cogni-
tively unimpaired group to standardize tau PET quantification. These
CenTauR, cut-points can be readily translated onto the current Cen-
TauR scale by inverting the previously published CenTauR, conversion
equations?® and the SPM8-to-SPM12 conversion equations available
on the CenTauR GAAIN website (https://gaain.org/centaur-project),
yielding the following CenTauR cut-points: Mesial Temporal: 39.0 CTR;
Temporoparietal - Moderate: 25.5 CTR; Temporoparietal - High: 62.8
CTR. The use of these CenTauR cut-points enables accurate implemen-
tation of the proposed staging system across different tau radiotracers
and quantification pipelines, while maintaining the intended biological
distinctions between stages.

We note that because CenTauR values are region specific, the same
underlying level of tau pathology may correspond to different Cen-
TauR cut-points across ROls. This reflects differences in anchor point
SUVR distributions across different brain regions rather than a lack of
harmonization. Accordingly, ROI-specific thresholds are necessary to
preserve the spatial information inherent to tau PET.

4.3 | Low, medium, and high tau categories
The TRAILBLAZER-ALZ 1 and 2 trials stratified participants into low,
medium, and high tau-burden groups, with baseline tau group shown
to be a meaningful predictor of therapeutic response.*>%¢ This strat-
ification was based on quantitative [*8F]flortaucipir SUVRmusaDA
cut-points (1.10 and 1.46),*> as described in Section 3.2.2. Using
the CenTauR conversion equation provided in Section 3.2.2, these
thresholds can now be expressed directly on the CenTauR scale,
corresponding to 16.1 CTR and 68.7 CTR in the Universal ROI
for the low- and high-tau categories, respectively. Expressing these
thresholds in CenTauR units enables consistent application of the
TRAILBLAZER-ALZ program’s tau classifications across tracers and
pipelines.

Table 2 summarizes the CenTauR cut-points described above, along

with their corresponding ROIls and intended applications.
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TABLE 2 Relevant tau PET cut-points expressed on the CenTauR
scale, alongside the corresponding CenTauR brain regions and
applications.

Application CenTauR ROI CenTauR cut-point

Classification between
negative/positive FDA-
approved [18F]flortaucipir
visual reads®

Meta temporal 17.9

Mesial temporal 39.0
Moderate - 25.5

Biological disease staging**

Temporoparietal

High - 62.8
Classification into low, Universal Low-16.1
medium, and high tau High - 68.7

groups*

Abbreviations: FDA, US Food and Drug Administration; PET, positron
emission tomography; ROI, region of interest.

We note that the primary objective of this section and the cut-
points in Table 2 is to provide a practical range of cut-points to
support interpretation of the CenTauR scale, rather than to define
definitive thresholds. Although these cut-points can be applied in
other studies with different tracers and be interpreted consistently,
we anticipate that they may be refined over time. We therefore
encourage the adoption of updated cut-points as more robust esti-
mates emerge from future studies with optimized designs for cut-point

derivation.

5 | EXTERNAL VALIDATION OF THE CenTauR
APPROACH

After formally defining the steps for implementing the CenTauR har-
monization approach and expressing relevant cut-points in CenTauR
units, we conducted an initial evaluation of its performance in external
tau PET datasets. For this, we hypothesized that CenTauR harmoniza-
tion would result in similar frequencies of CenTauR-defined tau-PET
positivity and biological disease stages across sufficiently comparable
cohorts scanned with different radiotracers. To test this hypothesis, we
aggregated tau PET scans from external studies to form four separate
cohorts, each scanned with either [*8F]flortaucipir (ADNI,*” NACC
Standardized Centralized Alzheimer’s and Related Dementias Neu-
roimaging [SCAN] initiative [https://scan.naccdata.org/], and the AO5
study1048), [18F]MK-6240 (Chinese Preclinical Alzheimer’s Disease
Study [C-PAS]*? and SCAN), [18F]PI-2620 (Health & Aging Brain Study
Health Disparities [HABS-HD],>° Ludwig Maximilian University [LMU]
Hospital,”* and SCAN), or [8FJRO948 (BioFINDER-2 [NCT03174938]
and Alzheimer’s and Families [ALFA+] study®2). These cohorts were
1:1 matched based on age, AB status, and clinical diagnosis (CU, MClI,
or clinically diagnosed AD dementia), resulting in a total of 1968 par-
ticipants (492 per matched cohort scanned with a different tau PET
tracer). The characteristics of the included participants are reported in

Table Sé in supporting information.
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All tau PET scans were acquired using a Standard scanning window
(Table S1), with the exception of the [18F]PI-2620 scans obtained at
LMU Hospital, which used a non-standard 30 to 60 minute window
and were quantified with an in-house MR-less pipeline. For all non-
LMU scans, we processed the data using the SPM12-based Standard
quantification pipeline (https:/gaain.org/centaur-project) to derive
CenTauR units. For LMU scans, we calibrated the non-standard SUVR
values (Supplementary Methods 1 in supporting information) accord-
ing to Level B CenTauR computation (section 3.2) to obtain CenTauR
values.

Tau PET positivity was studied using the Meta Temporal ROI
cut-point of 17.9 CTR derived in Section 4.1, corresponding to
a visually positive [18F]flortaucipir scan. Biological disease staging
was implemented using the Alzheimer’s Association Revised Criteria
framework*® consisting of a four-stage system based on the topog-
raphy and level of tau deposition (A+T,-, A+TomtL+, A+Tomop+
and A+T,higH+), and cut-points established as described in Sec-
tion 4.2 (Mesial Temporal CTR = 39.0, Temporoparietal - Moderate
CTR = 25.5, Temporoparietal - High CTR = 62.8). Last, to assess
the added value of CenTauR harmonization relative to approaches
commonly used in prior research, we (1) defined tau PET positiv-
ity using the previous CenTauR, scale?® and a cut-point of 2 CTR,,
an approach widely adopted in earlier studies to define tau PET
positivity®>°# and (2) implemented the biological disease staging using
previously proposed CenTauR, cut-points (Mesial Temporal: 2.9 CTR,;
Temporoparietal - Moderate: 3.4 CTR,; Temporoparietal - High: 8.3
CTR,).** Results on the CenTauR scale were compared using this
standard approach.

Figure 6A shows the frequencies of tau PET positivity—defined
using the harmonized cut-point of 17.9 CTR in the Meta Temporal
ROI—across the matched cohorts scanned with different radiotracers.
CenTauR harmonization produced highly consistent positivity rates
among AB-negative CU, AB-positive CU, and Ag-positive Cl individuals,
with differences across radiotracers < 4 percentage points. Larger vari-
ability was observed in AB-negative Cl individuals, although this group
had a very small sample size (n = 11 per cohort). In contrast, applying
the previous CenTauR,-based definition of positivity resulted in sub-
stantially larger discrepancies, with differences of up to 18 percentage
points in the AB-positive Cl group (Figure 6B).

Similarly, the frequencies of the different biological stages within
the subset of AB-positive individuals (n = 187 per cohort) were remark-
ably consistent when using CenTauR-based cut-points, with differ-
ences across radiotracers not exceeding 14% in any group (Figure 6A).
In contrast, the CenTauR,-based implementation showed substan-
tially greater variability, particularly in the A+T,- group, in which
differences ranged from 13% to 29% across cohorts (Figure 6B).

6 | DISCUSSION

Here, we culminate previous efforts on tau PET standardization?324
and formally establish the CenTauR approach, a standardized frame-
work for quantifying tau PET imaging data across different radiotracers
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FIGURE 6 Frequencies of tau-PET positivity and disease stages using CenTauR. Frequencies of tau PET positivity and biological disease stages
across matched cohorts scanned with different tau PET tracers. Panel (A) shows frequencies of tau PET positivity defined using a CenTauR-based
cut-point (17.9 CTR in the Meta Temporal ROI, corresponding to an FDA-approved [18F]flortaucipir visual read) on the left and a CenTauR,-based
cut-point (2 CTR,, a threshold commonly used in prior research) on the right. Panel (B) shows frequencies of biological disease stages defined using
CenTauR-based cut-points (Mesial Temporal: 39.0 CTR; Temporoparietal - Moderate: 25.5 CTR; Temporoparietal - High: 62.8 CTR) on the left and
CenTauR,-based cut-points (Mesial Temporal: 2.9 CTR,; Temporoparietal - Moderate: 3.4 CTR,; Temporoparietal - High: 8.3 CTR,) on the right.
Additional details on the derivation of these cut-points are provided in Section 4.2. A, amyloid beta; Cl, cognitively impaired; CTR, CenTauR units;

CU, cognitively unimpaired; FDA, US Food and Drug Administration; PET, positron emission tomography.

and analysis pipelines. Similar to the Centiloid scale for Ag PET,?2
the main aim of the CenTauR method is to provide a common unit
of measurement, facilitating direct comparisons of tau PET quantita-
tive results across studies and enabling the use of externally derived
reference values. To support broad adoption of the CenTauR method,
we introduced two distinct approaches for CenTauR computation: (1)
direct computation using the Standard Method (Level A CenTauR com-
putation), with publicly available code for implementation (https://
gaain.org/centaur-project); and (2) transformation of site-specific tau

PET quantitative data into the CenTauR scale (Level B CenTauR com-
putation). In addition, calibration datasets and SUVRg;y values for
multiple tracers have been made available through GAAIN to facilitate
calibration of non-standard pipelines. A pilot evaluation of the Cen-
TauR approach in external matched datasets acquired with different
radiotracers demonstrates improved comparability of tau PET metrics,
with small between-tracer differences in the frequency of CenTauR-
defined tau PET positivity and biological disease stages. Importantly,
CenTauR harmonization demonstrated substantial improvement over
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commonly used z score-based methods (CenTauR,). Together, these
findings support the feasibility, reliability, and added value of the
CenTauR approach for harmonizing tau PET imaging, enhancing cross-
study comparability, and enabling more consistent interpretation of
tau PET datain research and clinical trials.

Although the development of the CenTauR scale is strongly inspired
by the Centiloid method, there are key differences that reflect
methodological advancements in the statistical frameworks used for
harmonization and the unique characteristics of tau PET imaging. One
major distinction is the use of the JPM for deriving conversion equa-
tions into the CenTauR scale, which eliminates the need for a reference
radiotracer. The reliance on a reference tracer in tau PET imaging
would present unresolved challenges, including the lack of clear crite-
ria for determining which radiotracer is best suited as the reference
standard. Another key difference is that the CenTauR approach was
designed to support both regional and global tau burden harmoniza-
tion. This ensures compatibility not only with dichotomous definitions
of tau PET positivity but also with topography-based tau staging frame-
works, extending the applications of CenTauR beyond those of the
Centiloid scale, which was limited to the harmonization of global
burden metrics.

A key assumption of the CenTauR approach is that the relation-
ship between SUVR values measured across different tracers can be
modeled as a linear function. While this assumption may not always
hold perfectly, the downsides of introducing non-linear transforma-
tions may outweigh the benefits. In clinical trials, applying non-linear
transformations to outcome data from a single tracer can distort
change-from-baseline analyses by altering the scale and interpreta-
tion of differences.”>>>” These transformations may introduce base-
line dependency, disrupt additivity, and ultimately affect statistical
significance. Consequently, non-linear transformations can lead to dif-
ferent conclusions compared to using SUVR as the outcome metric,
which is an undesirable property for a harmonization strategy. By
using linear conversion equations, the CenTauR approach ensures
that statistical results remain unchanged regardless of whether Cen-
TauR values or SUVR data are used. Our initial analysis of external
matched cohorts, demonstrating highly consistent tau PET positiv-
ity and biological stage frequencies across tracers, further supports
the minimal impact of not explicitly modeling non-linearities. Yet, it
is possible that linear transformations may be less accurate at lower
cut-points; however, the biological meaningfulness and clinical rel-
evance of such thresholds remain to be established in appropriate
PET-to-autopsy studies. Ultimately, these studies will be essential to
determine whether the added complexity of non-linear transforma-
tions is justified by a more accurate description of the underlying
pathology.

It is important to clarify the interpretation of the CenTauR scale
anchor at CTR = 100. In contrast to the Centiloid framework—in
which the upper anchor reflects typical late-onset AD—the CTR = 100
anchor was intentionally defined using younger AD dementia patients
(age < 75 years). This choice was motivated by evidence that younger
patients—particularly those with early-onset AD dementia—exhibit
higher tau PET signal than older individuals with a comparable degree
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of cognitive impairment. In analogy with the Centiloid framework, in
which the AD dementia anchor corresponds to the upper range of
possible AB burden, our intention was for CTR = 100 to represent
the upper range of tau pathology in AD, and therefore we defined
CTR = 100 based on a younger AD dementia population. As a result,
CTR = 100 should be interpreted as representing a relatively high tau
burden characteristic of younger AD patients, rather than the average
signal observed across all AD populations.

Although the datasets used to develop the CenTauR scale were not
particularly diverse in terms of race and ethnicity, we expect the frame-
work to remain robust across populations. The CenTauR method is
primarily based on head-to-head tau PET data and, to date, there is
no evidence that demographic factors such as race or ethnicity sys-
tematically alter these within-subject tracer relationships. The limited
diversity of the anchor-point samples is also unlikely to affect the per-
formance of the method, as these samples are used only to define
the reference values corresponding to O and 100 CenTauRs. Their
composition therefore only influences the interpretation of the 0 and
100 values of the scale rather than the validity of the harmonization
framework across populations. Nevertheless, we acknowledge that
further validation in more demographically diverse cohorts will still be
important.

While the CenTauR method represents a significant advancement
in standardizing tau PET imaging, several inherent limitations remain,
many of which are shared with the Centiloid scale. First, it is unclear
how differences in PET scanners, reconstruction algorithms, or image
resolution might bias CenTauR quantification. Although the Standard
Method harmonizes key aspects of image processing and quantifi-
cation, residual scanner- and reconstruction-related differences may
still affect measured SUVR values and therefore propagate to Cen-
TauR estimates. The magnitude of these effects, and whether they
differ across tracers or brain regions, has not yet been systematically
evaluated and will require dedicated cross-scanner and reconstruc-
tion studies. Second, the impact of alternative reference regions, such
as WM composites commonly used in longitudinal studies, on Cen-
TauR harmonization remains unknown. Third, a potential limitation is
that the Standard CenTauR ROlIs were defined based on late-onset AD
populations. As tau deposition patterns may differ in early-onset AD
and other clinical or atypical populations, the generalizability of these
ROIs—and, consequently, the harmonization framework—may be lim-
ited in such groups. Further work is needed to evaluate and potentially
adapt the approach across diverse tau topographies. Fourth, although
our analyses demonstrated consistent performance of the CenTauR
framework across multiple tau PET tracers in matched cohorts, its
generalizability requires further independent validation. In particular,
future studies should evaluate CenTauR using demographically diverse
head-to-head datasets that were not included in its development, as
well as tracer-independent reference standards, such as a harmonized
visual-read approach. Such validation will be essential to establish the
robustness of the framework across different populations, acquisition
settings, and both current and future tau tracers. Importantly, the JPM
was designed to facilitate this continued expansion by allowing conver-
sion parameters for newly introduced tracers to be estimated without
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modifying the conversion equations presented here. Fifth, we reiterate
that the proposed CenTauR cut-points are intended as practical ref-
erence values to aid interpretation of the CenTauR scale and may be
refined as more robust estimates become available. Sixth, that anchor-
point sample sizes varied across tracers, with some datasets including
relatively few participants. However, we do not expect this imbalance
to substantially affect the CenTauR transformations because the JPM
models all tracers and anchor datasets jointly, with the common 0 and
100 CenTauR reference points informed by the pooled anchor data
rather than estimated separately for each tracer. Seventh, the CenTauR
Standard Method relies on SUVR rather than DVR or other dynamic
PET measures, which may provide more accurate quantification of tau
burden. This choice reflects a practical trade-off between quantita-
tive accuracy and applicability, as SUVR is the predominant metric
used in tau PET studies. Requiring dynamic measures would make site-
level calibration considerably more burdensome. Nevertheless, DVR
and other dynamic measures can still be harmonized to the CenTauR
scale through Level B calibration when an appropriate linear relation-
ship with Standard SUVR exists. Finally, the accuracy of the CenTauR
approach in longitudinal studies remains an open question, largely due
to the limited availability of longitudinal tau PET data across multi-
ple tracers. Future research will be needed to assess the stability and
consistency of the CenTauR scale in longitudinal analyses, although
preliminary analyses suggest strong consistency.”®
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