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Dynamic ['®F]PI-2620 recording facilitates
prediction of B-amyloid positivity

and simultaneous staging of tau

and neurodegeneration

Johannes Gnérich'?, Julia Kusche-Palenga', Agnes Kling', Amir Dehsarvi®, Angela Bronte?, Lukas Frontzkowski'?,
Artem Zatcepin'?, Mirlind Zaganjori', Florian Schéberl, Sebastian N. Roemer-Cassiano®,

Boris-Stephan Rauchmann®, Carolin Kurz®, Carla Palleis?>”, Alexander M. Bernhardt*®, Alexander Jack®”,

Sabrina Katzdobler?>’, Maximilian Scheifele’, Theresa Bauer!, Gérard N. Bischof®°, Thilo van Eimeren®,

Alexander Drzezga®'%, Jan Hackert®!", Robert Perneczky?®”'>'3 Michael Rullmann'®, Katharina Buerger?,
Rudolf A. Werner"'*, Andreas Zwergal®'®, Johannes Levin®>’, Peter Bartenstein', Osama Sabri'®, Henryk Barthel™,
Sophia Stocklein', Guinter Hoglinger®>”, Nicolai Franzmeier®”'® and Matthias Brendel'*”*

Abstract

Background Patients with Alzheimer’s disease (AD) and clinically overlapping neurodegenerative diseases

are classified molecularly using the A/T/N classification system. Apart from fluid biomarkers and structural MRI,
A/T/N assessment incorporates 3-amyloid-PET (A), tau-PET (T), and ["8FIFDG-PET (N). We evaluated if dynamic
features of tau-PET with ['®F]PI-2620 allow prediction of B-amyloid positivity and simultaneous staging of tau and
neurodegeneration in individual patients using a single imaging session.

Methods We studied 129 patients with tauopathies, comprising 47 patients with 3-amyloid-positive 3/4-repeat
tauopathy and 82 patients with B-amyloid-negative primary 4-repeat tauopathies, alongside 17 healthy controls.
Participants underwent 60-minute dynamic ['®FIPI-2620 tau-PET. Kinetic modelling simultaneously provided tracer
efflux rate (K2a) as a predictor for 3-amyloid status, distribution volume ratio (DVR) for regional tau burden, and
relative perfusion (R1) as a marker of neurodegeneration. These parameters were validated against 3-amyloid-

PET, ['®FIFDG-PET, volumetric MRI, and cerebrospinal fluid biomarkers using receiver operating characteristic and
correlation analyses and visual assessments. ['®FIPI-2620y,,-based prediction of B-amyloid positivtiy was additionally
tested in an independent, clinically heterogeneous validation cohort of 97 individuals.

Results ['®F]PI-2620y,, differentiated tau isoform compositions despite clinically overlapping presentations and tau-
PET patterns, demonstrating reduced cortical tracer clearance in 3/4-repeat compared with 4-repeat tauopathies. ['°F]
PI-2620y,, remained sensitive in individuals with visually negative or low ['®F]PI-2620,4 signals and outperformed
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Graphical Abstract

both tau burden and perfusion for predicting 3-amyloid status, achieving an area under the curve of 0.99, a positive
predictive value of 91.5%, and a negative predictive value of 95.1%. Performance remained robust in the independent
validation cohort, with an area under the curve of 0.98, a positive predictive value of 87.9%, and a negative predictive
value of 95.3%. ['®FIPI-2620p, 5 quantified regional tau patterns, with cortical predominance in 3/4-repeat tauopathy
and subcortical involvement in 4-repeat tauopathies. ['®FIPI-26205, exhibited strong quantitative and visual
associations with established markers of neurodegeneration. Integration of K2a, DVR, and R1 in disease-specific
composite regions enabled individualized three-dimensional A/T/N staging.

Conclusions Dynamic ['®FIPI-2620 PET imaging facilitates assessment of the B-amyloid status and regional staging of
tau and neurodegeneration during a single acquisition. This one-stop-shop approach may reduce radiation exposure,
streamline diagnostic workflows, and facilitate personalized disease profiling.

Keywords Tau-PET, Tauopathies, Staging, B-amyloid, Dynamic imaging, A/T/N
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Background

Tauopathies comprise a spectrum of neurodegenerative
diseases characterized by the aggregation of tau protein
in the brain. These diseases are classified into primary
and secondary tauopathies based on the molecular com-
position of tau aggregates and associated upstream pro-
tein deposits. Primary tauopathies, such as progressive
supranuclear palsy (PSP) and corticobasal degeneration
(CBD), are characterized by the abnormal aggregation of
tau isoforms with 4-repeat (4R) binding domains, lead-
ing to distinct clinical phenotypes including atypical par-
kinsonian syndromes and cognitive impairments [1-3].
Clinically, the term corticobasal syndrome (CBS) is used
to describe a specific presentation that is most commonly
associated with CBD, but can also result from other
underlying pathologies, such as PSP or Alzheimer’s dis-
ease (AD) [4]. On the other hand, AD is classically con-
sidered a secondary tauopathy, where beta-(f3)-amyloid
plaque deposition precedes the development of cortical
3/4R-tau aggregates [5, 6].

Imaging and fluid biomarkers are less advanced for
in vivo classification of primary 4R-tauopathies (4RT),
limiting our mechanistic understanding and impeding
treatment development. Furthermore, the differentiation
between tauopathies can be challenging due to signifi-
cant clinical and pathological overlap with atypical forms
of AD, often exhibiting tau pathology patterns that can
mimic those seen in primary tauopathies. This overlap
complicates diagnosis, particularly in the early stages of
disease progression, and may lead to misclassification
without comprehensive biomarker assessment.

The emergence of the second-generation tau-PET
tracer ['®F]PI-2620 holds significant promise for in vivo
detection of tauopathies. Unlike first-generation tau-PET
ligands, ['®F]PI-2620 exhibits reduced off-target binding,
making it a more specific tool for detecting tau pathol-
ogy [7]. Its high affinity for both 3R and 4R aggregated
tau isoforms, as demonstrated in vitro and in vivo stud-
ies, positions it as a valuable biomarker capable of dis-
cerning between various tauopathies [8-10]. While
AD-tau filaments exhibit favourable energetic and kinetic
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Fig. 1 (See legend on next page.)
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(See figure on previous page.)

Fig. 1 K2a assessment as an index of tracer clearance in tauopathies. (A-B) Average ["8FIPI-2620 K2a and K2a z-score images of 4RT (n=82), 3/4RT (n=47)
in relation to healthy controls (n=17) (HC), illustrated by axial slice overlays on a standard MRI template in MNI space. (C) Heatmaps on the left show
K2a z-scores of all Brainnetome atlas regions among all individuals. Heatmaps on the right demonstrate the upper 10% of discriminating regions deter-
mined by effect size analysis between both tauopathy cohorts. Intermediate heatmaps illustrate the composite Brainnetome atlas subregions, which are
subsequently shown in the ANOVA analysis of panel (D). Significance levels are indicated as: *p <0.0332, **p<0.0021, ***p <0.0002, ****p <0.0001. (E)
ROC curves represent the results of a logistic regression analysis using the averaged K2a of the top 10% discriminating regions against CSF (blue dots),
-amyloid-PET (green dots), and both combined (black line) to predict 3-amyloid positivity in all participants. Abbreviations: SFG, superior frontal gyrus;
MFG, middle frontal gyrus; IFG, inferior frontal gyrus; OrG, orbital gyrus; PrG, precentral gyrus; PCL, paracentral lobule; STG, superior temporal gyrus; MTG,
middle temporal gyrus; ITG, inferior temporal gyrus; FuG, fusiform gyrus; PhG, parahippocampal gyrus; pSTS, posterior superior temporal sulcus; SPL,
superior parietal lobule; IPL, inferior parietal lobule; Pcun, precuneus; PoG, postcentral gyrus; INS, insular gyrus; CG, cingulate gyrus; MVOcC, medioventral

occipital cortex; LOcC, lateral occipital cortex; Amyg, amygdala; Hipp, hippocampus; BG, basal ganglia; Tha, thalamus

properties for ['®F]PI-2620 binding, interactions with
CBD- and PSP-tau filaments are kinetically weaker [11].
This was also demonstrated by dynamic PET parameters
derived from non-invasive reference tissue modelling,
which revealed faster tracer clearance in 4RT, suggesting
less stable binding compared to 3/4R-tauopathies. Nota-
bly, the parameter K2a, representing tracer efflux from
the tissue, indicated potential in differentiating between
distinct tau isoform compositions [12] and may therefore
also serve as an indirect marker for B-amyloid pathology.
Given the faster tracer washout in 4RT, earlier imaging
times (i.e., 20-40 min p.i.) provide higher quantitative
and visual sensitivity for detection of patients with PSP
and CBS, compared to later imaging times [13, 14]. Fur-
thermore, ['®F]PI-2620 holds promise as a surrogate bio-
marker for neuronal injury in tauopathies, as evidenced
by its ability to demonstrate decreased early-phase ['°F]
PI-2620 perfusion [15, 16]. The integration of perfusion
and tau biomarkers enhanced biomarker-guided strati-
fication of tauopathies within diagnostic algorithms and
demonstrated improved discrimination, though it has yet
to be prospectively validated [10].

These recent advancements in biomarker development,
particularly in AD, have revolutionized disease diagnosis
and monitoring, facilitating the establishment of diagnos-
tic workflows and biomarker-based staging systems, as
initially proposed by Jack et al. [17]. The A/T/N classifica-
tion scheme offers a comprehensive framework for char-
acterizing the underlying pathology. This pivotal scheme
stratifies neurodegenerative diseases based on the pres-
ence of f-amyloid (A), tau (T), and neurodegeneration
(N) biomarkers, as measured by imaging techniques and
fluid biomarker assessments. Imaging by p-amyloid-PET
(A), tau-PET (T), and [*®F]FDG-PET for (N) can provide
not only binary classification, but also regional staging of
A/T/N biomarker abnormality. However, this approach
requires multiple imaging sessions, posing an added
burden to patients and the healthcare system. For this
reason, there is still an unmet need to develop a straight-
forward solution that enables a ‘one-stop-shop’ approach
for classifying patients based on A/T/N criteria.

In this study, we assessed the value of dynamic ['®F]
PI-2620 tau-PET imaging by utilization of the (i) kinetics

of radiotracer distribution as p-amyloid predictor (A), (ii)
late phase binding to tau (T), and (iii) perfusion phase as
a neurodegeneration surrogate (N) (Fig. 1). Our approach
extends beyond traditional AD frameworks by apply-
ing the A/T/N system also to 4RT. This focus on 4RT
addresses a critical gap in personalized neurodegenera-
tive diagnostics, as these disorders often present distinct
biomarker profiles compared to AD. Besides the K2a
efflux rate parameter, we also extracted relative perfusion
(R1) values as an indicator of tracer delivery relative to
the reference region, as well as the distribution volume
ratio (DVR), which reflects the relative binding potential.

Thus, we evaluated staging by all three A/T/N bio-
markers in individual patients within a single dynamic
imaging session. We validated our results against gold
standard assessments, which involved integrating mul-
timodal PET imaging (B-amyloid & ['®F]FDG), volu-
metric cranial magnetic resonance imaging (cMRI), and
cerebrospinal fluid (CSF) biomarkers (p-tau-181, t-tau &
APy9/40)- Finally, we developed a 3-dimensional quantita-
tive staging index to determine personalized profiles of
A/T/N-based disease severity.

Methods

Cohort and study design

All subjects were recruited and scanned at the Ludwig-
Maximilians-University of Munich (LMU), Department
of Nuclear Medicine between 2018 and 2024. Patients
were diagnosed to belong to the AD continuum (total
n=47; @75+9 years, 62% female) as 3/4RT or PSP/CBS
(n=82; 274+7 years, 43% female) as 4RT according to
current diagnostic criteria [3, 18, 19] and compared to
healthy controls (HC) (n=17; 270+ 10 years, 53% female).
Patients with AD were required to meet criteria for typi-
cal or atypical AD with MCI or dementia according to
the diagnostic criteria of the National Institute on Aging
and Alzheimer’s Association and were only included as
AD if CSF and/or PET biomarkers of f-amyloid pathol-
ogy were positive [20]. Threshold for AP positivity was
set to an AP42/40 ratio<5.5% in CSF according to stan-
dardized laboratory diagnostics at LMU and/or a positive
B-amyloid-PET visual read [21]. Patients with probable or
possible PSP and CBS were assessed in accordance with
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the current diagnostic criteria, with a particular emphasis
on close monitoring of disease progression during clini-
cal follow-up (31+27 months) [3, 18]. In patients with
PSP, disease severity was assessed using the PSP Rating
Scale, while cognitive impairment severity was evalu-
ated using the Montreal Cognitive Assessment (MoCA).
Disease duration was defined as the interval between the
onset of symptoms and the date of tau-PET imaging. An
independent validation cohort was defined to assess the
generalizability of K2a-based prediction of B-amyloid
status. This cohort comprised n=97 individuals with a
clinically heterogeneous spectrum of neurodegenera-
tive syndromes, including phenotypes of PSP, CBS, and
FTD (Supplementary Table 1). Diagnostic classification
followed the same criteria as described above. B-amyloid
status was determined using the same CSF and/or PET-
based criteria. Analyses were performed independently
from the main cohort without re-optimization of model
parameters; regions and thresholds derived from the
main cohort were applied unchanged. Demographic
and biomarker data were limited to variables required
for the primary validation endpoint. All participants (or
their legal representatives) provided written consent for
PET imaging. The study protocol and PET data analy-
ses were approved by the local ethics committee (LMU
Munich, application numbers 17-569 and 19-022). The
study was carried out according to the principles of the
Helsinki Declaration. A detailed overview of the study
concept, analytical workflow, and application of kinetic
PET parameters for individualized A/T/N staging is illus-
trated in the Graphical Abstract.

CSF and plasma analyses

A subset of the participants (3/4RT, n=41; 4RT, n=63)
underwent lumbar puncture at their visit at LMU Uni-
versity Hospital, Munich and their CSF levels were ana-
lyzed with ELISA Innotest Kit (Fujirebio Europe N.V,,
Belgium) at the MVZ laboratory PD Dr. Volkmann &
Kollegen GbR in Karlsruhe, Germany. The CSF biomark-
ers included AB,,, AP,y AP ratio, t-tau, and p-tau-181.
The respective normal cut-off values were for AR,
ratio > 5.5%, t-tau <445 pg/ml, and for p-tau-181<61 pg/
ml, according to standardized laboratory diagnostics at
the partnering laboratory [10, 22, 23]. In a small subset of
participants (3/4RT: n=11; 4RT: n=48), plasma neurofil-
ament light chain (NfL) levels were additionally assessed
through blood analysis.

Radiosynthesis

Radiosynthesis of ['SF]JPI-2620 was achieved by
nucleophilic substitution on a tert-Butyloxycarbonyl-
(BOC)-protected nitro precursor using an automated
synthesis module (IBA, Synthera). The protecting group
was cleaved under the radiolabelling conditions. The
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product was purified by semipreparative high-perfor-
mance liquid chromatography (HPLC). Radiochemical
purity was 99%. Non-decay corrected yields were about
35% with a molar activity of 8-10° GBq/mmol at the end
of synthesis. Radiosynthesis of Flutemetamol was per-
formed as described previously [24, 25]. Florbetaben was
purchased commercially from LIFE Molecular Imaging
GmbH and ["®F]FDG from Advanced Accelerator Appli-
cations (AAA).

Tau-PET acquisition and preprocessing

All patients were scanned at the Department of Nuclear
Medicine, LMU Munich, with a Biograph 64 or a Sie-
mens mCT PET/CT scanner (both Siemens, Erlangen,
Germany). The dynamic brain PET data were acquired in
3-dimensional list-mode over 60 min and reconstructed
into a 336 x 336 x 109 matrix (voxel size: 1.02 x 1.02 x 2.03
mm3) using the built-in ordered subset expectation max-
imization (OSEM) algorithm with 4 iterations, 21 subsets
and a 5 mm Gaussian filter on the Siemens Biograph and
with 5 iterations, 24 subsets and a 5 mm Gaussian fil-
ter on the Siemens mCT. A low-dose CT scan preceded
the PET acquisition and served for attenuation correc-
tion. Frame binning (n = 35) was standardized to 12x5 s,
6x10s,3x20s,7x60s,4x300sand 3x600s.

Spatial normalization and kinetic modelling

We acquired kinetic parameters using an in-house semi-
automated pipeline implemented in PMOD version 4.3
(PMOD Inc), as described previously [10, 26]. In brief,
following initial motion correction of each full dynamic
dataset, image-derived input functions (IDIF) were
obtained through automated extraction of the PET signal
from the carotid artery during the 60-minute dynamic
PET scan. All images were registered to MNI space using
the established ['®F]PI-2620 PET template [27]. R1 val-
ues, indicative of delivery, and K2a efflux rate parameters,
representing dissociation from the target, were extracted
using SRTM2 as implemented in the Qmodelling package
[28]. Distribution volume ratio (DVR) images, reflect-
ing overall tracer binding, and standardized uptake value
ratios (SUVR) were calculated using the mean value from
a region of interest (ROI) in the inferior cerebellar grey
matter as the scaling factor. For ROI analyses, DVRs,
R1, and K2a values were extracted in MNI space using
delineated regions from the Brainnetome atlas [29]. To
determine delivery, tracer efflux or tau-PET abnormal-
ity, z-scores were obtained for DVR, R1 and K2a values,
using an in-house validated dataset of healthy control
subjects (n=17).

['®FIFDG-PET and B-amyloid-PET
Static ['SFJFDG-PET (30-50 min) and early-phase
B-amyloid PET (0-10 min) were normalized to SUVR
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relative to the mean intensity of a whole-brain volume
of interest (VOI). Late-phase B-amyloid PET with ['®F]
Flutemetamol or ['®F]Florbetaben (90-110 min.) was
normalized to SUVR, using the pons and cerebellum as
reference regions and was visually assessed by three inde-
pendent readers (Supplement). Quantitative centiloid
values for f-amyloid PET were further derived using the
cPET tool provided by Combinostics.

Visual analysis of stereotactic surface projections

For visual interpretation of early-phase ['F]Flute-
metamoly 1y i/['°F]Florbetaben ;o i, (B-amyloid-
PET) 10 min)s [ °FIPI-2620)c 55 i and [‘*F]JFDG-PET
images, three-dimensional stereotactic surface projec-
tions (3D-SSP) [30] were generated and assessed by three
independent readers. A detailed description of the visual
assessment of stereotactic surface projections is provided
in the Supplement.

Statistical analysis

Correlations of regional SUVR, R1, K2a, and DVR
among imaging (['*F]PI-2620, B-amyloid, ['*F]FDG,
c¢MRI) and cerebrospinal fluid (p-tau-181, t-tau) read-
outs were evaluated using Pearson’s correlation coef-
ficient (R). Quantitative variables were reported as
mean * standard deviation. An unpaired, two-tailed t-test
was used for groupwise comparison of p-tau-181 and
t-tau between both tauopathy cohorts. For visual analy-
sis, the inter-reader agreement for [**F]PI-2620,5 5 in
B-amyloidy ;o min and [**FIFDGyy 55 min Was calculated
using Fleiss kappa, while the inter-modality agreement
was determined using Cohen’s kappa. A Two-Way Analy-
sis of Variance (ANOVA) was employed including Sidak’s
multiple comparisons test for DVR- and K2a z-scores of
Brainnetome atlas regions. P values less than 0.0332 were
interpreted as statistically significant. P values less than
0.0332, 0.0021, 0.0002, and 0.0001 were shown as *, **,
*#* and ****, respectively.

For staging, the CenTauR mask, covering mesial tem-
poral, meta-temporal, posterior cingulate/precuneus,
and subfrontal areas [31], was utilized in conjunction
with manually delineated PSP target regions [19, 32] in
Montreal Neurological Institute (MNI) space, aligned
with the tau aggregate patterns identified in histopatho-
logical studies as previously described by Kovacs et al.
[33]. This approach was used to generate DVR scores,
ranging from 0 to 100, by referencing the cases with
the lowest and highest uptake in each region across all
n=129 participants, respectively. Additionally, the per-
fusion impairment across the combined CenTauR and
Kovacs mask was assessed with the same approach, with
a score of 100 representing the case exhibiting the most
significant neuronal damage.
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An effect size analysis of K2a and DVR scores was
performed using the Brainnetome atlas, which includes
246 regions, to identify the top 10% most discriminating
regions between the two tauopathy cohorts. The resulting
24 regions were then averaged and used in subsequent
correlation analyses with DVR and K2a, as well as with
CSF p-tau-181, and to conduct a receiver operating char-
acteristic (ROC) analysis to predict f-amyloid positiv-
ity. ROC curves were calculated after logistic regression
of K2a and DVR against B-amyloid-PET, CSF and both
biomarkers combined. The optimal cutoft for p-amyloid
positivity using K2a was estimated using the Youden
index. Comparison of the area under the curve (AUC)
of ROC curves between K2a and DVR were conducted
using a nonparametric approach as previously described
by DeLong et al. [34]. A significance level of p <0.05 was
applied in all analyses. All statistical analyses were per-
formed using SPSS (version 27.0, IBM, New York, USA)
and GraphPad Prism (V9, GraphPad Software).

Results

Demographics of the in vivo dynamic ['®F]PI-2620 tau-PET
imaging population

Patients included belong to the AD continuum (total
n=47; @75+9 years, 62% female) as 3/4RT or PSP/CBS
(n=82; 27517 years, 43% female) as 4RT and were com-
pared to healthy controls (HC) (n=17; 270+ 10 years,
53% female). While no significant differences in dis-
ease duration were observed between the two groups
(p=0.89), patients in the 3/4RT cohort showed signifi-
cantly lower MoCA scores compared to those in the 4RT
group (p<0.0001). PSP Rating Scale scores were not sig-
nificantly different (p =0.22, Supplementary Fig. 1), which
was notably influenced by the inclusion of AD-CBS cases
(n=11) in the 3/4RT cohort. Demographics of the study
cohort are reported in Table 1.

K2a images show distinct and specific patterns in
tauopathies

First, we compared clearance characteristics of ['°F]
PI-2620 based on K2a, which was successfully derived
for all individuals using kinetic modelling [10, 26]. Visual
assessment revealed similar K2a maps of 4RT compared
to HC with slightly lower tracer clearance in the basal
ganglia (Fig. 1A-B). In contrast, 3/4RT (i.e. AD patients)
exhibited significantly reduced tracer clearance in corti-
cal regions suggesting strong and persistent tracer bind-
ing to AD-type tau, which demonstrated high sensitivity
even in individuals with limited late-phase tau-PET sig-
nals. In individual P-amyloid-negative patients with
PSP-CBS and CBS, no relevant reduction of tracer efflux
was observed, even if the basal ganglia exceeded DVR
z-scores of 2 (Fig. 2C). In contrast, individual f-amyloid-
positive patients with AD-CBS demonstrated elevated
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Table 1 Demographics at the group level

Demographics 4RT 3/4RT Healthy controls
No. 82 47 17

Subgroups PSP (n=70),CBS (n=12) MCI (n=11), dementia (n=25), CBS (n=11) NA

Age, mean (SD), y 75 (7) 75 (9) 70 (10)

Sex, No. (%)

Female 35(43) 29 (62) 9(53)

Male 47 (57) 18 (38) 8 (47)

Dynamic ['8FIPI-2620 PET, No. 82 47 17

["*FIFDG-PET, No. 36 15 NA
-amyloid-PET, No. 47 31 NA

Centiloid unit, mean (SD) -89 (129 85.8(23.2) NA

Volumetric cMRI, No. 43 22 NA

CSF AB,/40, NoO. 65 41 NA

CSF p-tau-181 & t-tau, No. 56 39 NA

Plasma NfL, No. 48 I NA

Disease duration, mean (SD), mo 35.1(19.8) 34.6(22.9) NA

MoCA score, No., mean (SD) 68,21.7 (4.8) 27,16.7 (6.2) NA

PSP RS score, No.,, mean (SD) 61,306 (12.6) 7,246 (74) NA

Abbreviations: 4RT, 4-repeat tauopathy; 3/4RT, 3/4-repeat tauopathy; CBS, corticobasal syndrome; cMRI, cranial magnetic resonance imaging; CSF, cerebrospinal
fluid; FDG, fluorodeoxyglucose; MCl, mild cognitive impairment; mo, months; MoCA, Montreal Cognitive Assessment; NA, not applicable; NfL, neurofilament light
chain; PET, positron emission tomography; PSP, progressive supranuclear palsy; PSP-RS, Progressive Supranuclear Palsy Rating Scale; p-tau-181, tau phosphorylated

at threonine 181; SD, standard deviation; t-tau, total tau

DVR in cortical regions. Here, the K2a signal even
extended beyond the area of DVR elevation, being widely
detectable in distant cortical brain regions (Fig. 2C).
Similar results were observed in individuals with AD-
MCI, where pronounced K2a signal was found despite
being tau-negative on visual read or exhibiting only low
tau-load, indicating that K2a may be more sensitive than
conventional tau-PET in capturing early pathophysi-
ological changes (Supplementary Fig. 2B-C). A group-
wise comparison of CBS patients within the 4RT cohort
(n=12) and CBS patients with underlying AD pathol-
ogy in the 3/4RT cohort (n=11) revealed significantly
reduced K2a (p <0.0001) (Supplementary Fig. 3). Of note,
we did not observe any significant differences in K2a or
DVR between PSP and CBS patients across the investi-
gated subregions of the Brainnetome atlas, supporting
the rationale for analyzing these primary 4R tauopathies
as a combined group in all subsequent analyses (Supple-
mentary Fig. 4).

['8F]PI-2620 tracer clearance predicts B-amyloid positivity
in tauopathies (A)

All K2a z-score values derived from the Brainnetome
atlas (n=246), summarized anatomical subregions
(n=24), and the 10% most discriminating ROIs (effect
size analysis between 4RT and 3/4RT, n=24) are visual-
ized for all individual patients in Fig. 1C. Significant dif-
ferences of ['®F]PI-2620 clearance among the two study
cohorts were observed in 21 out of 24 subregions. Effect
size analysis between both cohorts (4RT versus 3/4RT)
revealed highest discriminative power in cortical regions,

best represented by the inferior temporal gyrus (Cohen’s
d=2.49) (Fig. 1C-D). 18 out of 24 (75%) of the 10% most
discriminative ROIs were identical to the 10% ROIs with
the lowest tracer clearance in 3/4RT.

Next, we questioned if quantitative [*®F]PI-2620 tracer
clearance is able to predict the B-amyloid status as
assessed by late-phase -amyloid-PET scans (n=81) and/
or CSF A,y ratio<5.5% (n=104). In cases with both,
AB-CSF and AB-PET available, we observed a congru-
ency of 85% (22/26) in 3/4RT and 97% (33/34) in 4RT.
In cases of discordant AB-CSF and AB-PET results, the
PET measures were used as the decisive read-out [22].
Averaged K2a values of the 24 pre-assessed discrimina-
tive ROIs were able to predict the B-amyloid status at a
positive predictive value (PPV) of 91.5% and a nega-
tive predictive value (NPV) of 95.1% at an AUC of 0.99
(P<0.0001, Fig. 1E). In a sub-analysis of patients with
only B-amyloid-PET available, stronger predictive per-
formance was observed, with a PPV of 93.6%, an NPV of
96.0%, and an AUC of 0.99 (P<0.0001). This exceeded the
performance in the CSF-only sub-analysis (PPV: 88.6%,
NPV: 88.4%, AUC: 0.94; P<0.0001; Fig. 1E).

To further challenge its added value, we compared the
predictive performance of K2a with tau binding (DVR)
and perfusion (R1). K2a showed significantly stronger
discrimination of B-amyloid positivity by combined PET/
CSF assessment (vs. DVR: P=0.0033; vs. R1: P=0.027)
(Fig. 2A). Importantly, we validated these findings in an
independent and clinically heterogeneous validation
cohort (n=97), comprising challenging neurodegenera-
tive syndromes (Fig. 2B, Supplementary Table 1). Within
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Fig. 2 Tau-PET tracer clearance for the prediction of 3-amyloid positivity. (A) Receiver operating characteristic (ROC) curves comparing the predictive
performance of tracer clearance (K23, red), tau binding (DVR, blue), and perfusion (R1, green) for 3-amyloid positivity using the top 10% discriminating
regions from the Brainnetome atlas. Performance is shown separately for the main cohort and the validation cohort, defined by combined 3-amyloid
PET and CSF status. (B) Overview of cohort composition. (C) Four individuals with clinically probable tauopathies and cortical tau-PET binding were
distinguished according to their K2a patterns. Interestingly, off-target binding spots found in the vermal region of the 3-amyloid-positive cases did not
show significantly altered tracer clearance [35]. (D) Sankey diagram illustrating the classification workflow and prediction of B-amyloid status using K2a
in the validation cohort. (E) Time-SUVR curves for cortex and subcortex in the four representative CBS individuals shown in (C) compared with the mean

trajectory of healthy controls

this cohort, K2a-based prediction of B-amyloid status
consistently outperformed DVR and R1, confirming its
superior predictive performance (Fig. 2A). Furthermore,
K2a-based classification yielded strong positive and neg-
ative predictive values (PPV: 87.9%, NPV: 95.3%) and an
AUC of 0.98 (P<0.0001), underscoring its robustness for
predicting B-amyloid positivity across diverse clinical
phenotypes (Fig. 2A, D).

To support the kinetic interpretation underlying these
findings, we additionally analyzed time-SUVR curves in
four representative individuals with CBS, including two
B-amyloid-positive AD-CBS and two -amyloid-negative
4R cases. In cortical regions, 3/4R cases exhibited con-
tinuously increasing time-SUVR curves, while 4R cases
showed plateauing or declining trajectories, consistent
with faster tracer washout. Subcortically, all curves fol-
lowed a bell-shaped pattern. These visual kinetic differ-
ences further support the mechanistic rationale for K2a
(Fig. 2C, E).

Furthermore, reduced K2a showed a significant asso-
ciation with Centiloid units in 3/4RT when considering
the top 10% of discriminating regions (R=-0.45, P=0.014)
or the CenTauR Meta Temporal ROI (R=-0.42, P=0.021)
(Supplementary Fig. 5).

['8F1PI-2620 binding indicates distinct topology among
different tauopathies (T)

As expected from our previous research [10], significant
differences in ['®F]PI-2620 binding among both study
cohorts, utilizing DVR, were observed in 11/24 Brain-
netome subregions, all located within the cortex. Inter-
estingly, the regional effect size analysis again revealed
the highest difference among all ROIs in the inferior tem-
poral gyrus (Cohen’s d=1.85, compared to d=2.49 for
K2a) (Fig. 3A-C). Again, a ROC analysis was performed,
now using the averaged DVR of the top 10% of ROIs with
the highest discriminatory power to test whether [**F]PI-
2620p, successfully predicts B-amyloid positivity. AUC
of DVR f-amyloid status prediction was 0.91 (P<0.0001)
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Fig. 3 (See legend on next page.)

for validation against p-amyloid-PET, 0.87 (P <0.0001) for
CSF and 0.90 (P<0.0001) for both modalities combined
(Fig. 3D).

To better understand the proposed biomarker of tracer
clearance, we explored the association between ['F]
PI-2620 tau binding and K2a in the predefined K2a-
based discriminatory ROIs. While DVR and K2a only
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Fig. 3 ['®FIPI-2620 binding for the detection of tau accumulation patterns in 4RT and 3/4RT. (A) Average ['®FIPI-2620p,5 z-score maps of 4RT and 3/4RT,
illustrated by axial slice overlays on a standard MRI template in MNI space. (B) Heatmaps on the left show DVR z-scores of all Brainnetome atlas regions for
all individuals. Heatmaps on the right show the top 10% of discriminating regions determined by effect size analysis between both cohorts. Intermediate
heatmaps illustrate the composite Brainnetome atlas subregions. (C) Two-way ANOVA analysis of Brainnetome atlas subregions, *p <0.0332, **p <0.0021,
***n <0.0002. ****p < 0.0001. (D) ROC curves represent the results of a logistic regression analysis using DVR of the top 10% discriminating regions against
CSF (blue dots), B-amyloid-PET (green dots), and both combined (black line) to predict B-amyloid positivity in all patients. (E-F) Correlation plots visualize
association between ['®F]PI-2620 K2a and DVR in the 10% most discriminating K2a-based regions and the basal ganglia solely. (G) ROC analysis of ['®F]
PI-2620 K2a and DVR derived from the basal ganglia, validated against 3-amyloid gold standard assessments. (H) Scatterplots depict association between

["®FIPI-2620p,5 and p-tau-181 from CSF in both study cohorts

showed a trend towards correlation in patients with
4RT (R=0.21; P=0.062), a strong negative association
between tau binding and tracer clearance was observed
in patients with 3/4RT (R=-0.79; P<0.0001) (Fig. 3E).
In the basal ganglia, K2a was negatively associated with
DVR in patients with 4RT (R=-0.39; P=0.0003), but not
in patients with 3/4RT (R=-0.10; P=0.52) (Fig. 3F). ROC
analysis of K2a in the basal ganglia revealed significant
prediction of B-amyloid PET positivity as a gold stan-
dard (AUC=0.64; P=0.030), but not when B-amyloid
in CSF (AUC=0.54; P=0.51) or both assessments
(AUC=0.57; P=0.17) were considered for determina-
tion of the B-amyloid status. Similarly, [**F]PI-2620 DVR
in the basal ganglia did not show significant prediction
of the B-amyloid status in PET (AUC=0.62; P=0.07),
CSF (AUC=0.58; P=0.19), or when assessed by both
biomarkers (AUC=0.58; P=0.11) (Fig. 3G). There was
no significant correlation between DVR and p-tau-181
in the discriminatory regions of 4RT (R=-0.09; P=0.49),
but a significant correlation in the 3/4RT group (R=0.47;
P=0.0033) (Fig. 3H), along with the overall elevated
p-tau-181 levels in 3/4RT compared to the 4RT group
(P<0.0001) (Supplementary Fig. 6).

Delivery of ['®F]PI-2620 for detection and staging of
neuronal injury in tauopathies (N)

Early-phase ['®F]PI-2620 has shown promising results in
identifying neuronal injury in patients with tauopathies,
demonstrating correlations with established indices of
neurodegeneration in small mixed samples [15] and pro-
viding intriguing insights in 4RT [16]. Additionally, early-
phase tau-PET provides similar regional information
compared to early-phase B-amyloid-PET [36], further
supporting its role in diagnostic algorithms [10]. How-
ever, despite these encouraging findings, the application
of ["8F]PI-2620 has not yet been systematically validated
in larger cohorts and in conjunction with p-amyloid and
tau assessment. Thus, we aimed to comprehensively
evaluate the utility of ["®F]PI-2620 in this A/T/N evalu-
ation of patients with tauopathies. As part of this frame-
work, we also evaluated which PET-derived parameter
best reflects neurodegeneration (N). We focused on R1
as a surrogate for neuronal injury and found that R1 out-
performed both DVR and K2a in predicting N status, as
defined by consensus visual assessment of early-phase

PET signals (Supplementary Fig. 7). These findings sup-
port R1 as the most reliable tau-PET—derived marker
of neurodegeneration. Further insights into its regional
behaviour are provided in the Supplementary Results and
Supplementary Figs. 8—11.

To assess the potential of tracer delivery in staging
neuronal damage, we examined tracer perfusion within
a combined global mask including AD (CenTauR) [37]
and PSP (Kovacs) [19, 33] target regions. This assessment
was performed alongside with staging of the individual
patient’s tau burden, as obtained by evaluation of tau-
PET DVR for each of the two distinct sets of composite
regions. After categorizing participants as B-amyloid-
positive or negative according to the K2a cutoff deter-
mined by Youden’s index, a 3D scatter plot was generated,
which effectively visually distinguished AD cases from
primary tauopathies. The analysis of exemplary cases
further illustrated these findings, with tau-PET binding
patterns in cortical regions contributing to a higher Cen-
TauR score, while enhanced uptake in the basal ganglia
was associated with a higher Kovacs score (Fig. 4). The
results of the entire cohort suggested that 3-dimensional
quantitative staging can determine personalized trajecto-
ries of A/T/N-based disease severity (Fig. 4).

A subset of both cohorts received additional ['®F]
EDG-PET5)_50 min (4RT, n=36; 3/4RT, n=15), p-amyloid-
PETO0-10 min (4RT, n=37; 3/4RT, n=26) and CSF analy-
sis with total-tau (t-tau) examination (4RT, = 56; 3/4RT,
n=39), which served for gold standard validation of
early-phase ['®F]PI-2620 assessment as a surrogate of
neurodegeneration. The intermodal correlation analysis
revealed significant relationships across all major regions
studied. The strongest correlations were observed
between early-phase ['®F]PI-2620 and ['*F]FDG-PET
(R=0.53, P<0.0001), as well as between early-phase ['*F]
PI-2620 and B-amyloid-PET_; i, (R=0.56, P<0.0001)
in the parietal cortex (Supplementary Results, Supple-
mentary Fig. 8). To further assess clinical applicability, we
additionally performed a visual read of early-phase ['°F]
PI-2620 images and compared it with established modali-
ties. Visual agreement across readers and modalities was
high, supporting early-phase tau-PET as a robust surro-
gate marker of neurodegeneration. Detailed results of the
inter-reader and inter-modality agreement analyses are
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provided in the Supplementary Material (Supplementary
Results, Supplementary Fig. 10).

Evaluation of t-tau indicated an elevation in the 3/4R
cohort compared to the 4RT (p<0.0001), along with a
negative agreement with whole brain [**F]PI-2620;, in
4RT (R=-0.29; P=0.031) and 3/4RT (R=-0.35; P=0.031)
(Supplementary Fig. 6, 11). A comparison of plasma
NfL in a subset of participants revealed elevated levels
in 3/4RT compared to 4RT (P=0.014) (Supplementary
Fig. 6).

In conclusion, quantitative staging of ATN with a single
dynamic ['®F]PI-2620 acquisition could enable detailed
characterization of the individual patient’s biomarker
trajectory.

Discussion

Molecular imaging is becoming increasingly prominent
in definition schemes of neurodegenerative diseases,
particularly AD [20] but also for movement disorders
[38, 39]. The evolving diagnostic criteria for AD empha-
size the use of a single Core 1 biomarker for biological
diagnosis across the disease continuum [20]. This bio-
logical-centric approach aligns with the broader A/T/N
classification but raises questions about its clinical

implications. Recent critiques argue that focusing solely
on B-amyloid (A) positivity may overlook the complex-
ity of tau (T) and neurodegeneration (N) biomarkers,
potentially leading to premature diagnoses in asymp-
tomatic individuals [40, 41]. These concerns underscore
the importance of integrating a comprehensive A/T/N
assessment, rather than relying on a single biomarker,
to capture the dynamic interplay of f-amyloid, tau, and
neurodegenerative processes. Our findings support this
holistic view, demonstrating that multi-faceted tau-PET
metrics provide a robust framework for disease staging
and progression monitoring. Therefore, it is essential to
establish discriminative biomarkers that characterize the
disease trajectory of the individual patient by extracting
the maximum information from each PET examination
to minimize cost and burden to individual patients and
the healthcare system.

To this end, we exploited the value of dynamic ['*F]
PI-2620 tau-PET imaging to decipher the entire A/T/N
classification scheme in patients with distinct tauopa-
thies with a single scan in a cross-sectional study design.
We demonstrated that assessment of the tracer efflux
via ['®F]PI-2620y,, is a highly effective kinetic PET-
biomarker for distinguishing between 3/4RT and 4RT



Gnorich et al. Molecular Neurodegeneration (2026) 21:59

patients. Furthermore, we highlight the significance of
[*8F]PI-2620,; to quantify regional tau burden, and in
conjunction with [ISF]PI-2620R1, a biomarker of neuronal
injury, for detailed disease staging.

As the main finding of our study, we observed similar
regional ['®F]PI-2620 efflux for 4RT patients and healthy
controls, with only minor alterations observed in the
basal ganglia region, whereas, 3/4RT patients exhibited
significantly reduced tracer clearance in cortical regions.
This differential efflux pattern can be explained by the
distinct tau isoform-specific characteristics of [SF]
PI-2620 binding and clearance. According to previous
findings, the K2a pattern varies with tau isoform compo-
sition. In 4RT, efflux patterns resemble healthy controls
due to lower binding affinity or reduced entrapment in
4R tau aggregates. In contrast, 3/4RT show higher tracer
retention and reduced cortical clearance, reflecting com-
plex binding dynamics from mixed tau isoforms [12].
Therefore, lower K2a values align with the pathological
profile characteristic of AD, highlighting that the pres-
ence of both B-amyloid and tau biomarkers, specifically
3/4R tau, is essential for a reliable AD diagnosis [20].
When we challenged [*F]PI-2620y,, in a ROC analy-
sis against DVR, the highest discriminatory power for
prediction of B-amyloid-positivity was obtained for the
presented clearance biomarker. When compared against
the gold standards of binary B-amyloid-PET scans and
CSF AB,y/AB,, ratios [42, 43], [**F]PI-2620y,, showed
high positive and negative predictive values, indicat-
ing its strong potential for accurate classification of the
B-amyloid status.

Importantly, these findings were confirmed in an inde-
pendent validation cohort comprising a clinically het-
erogeneous spectrum of neurodegenerative syndromes,
including phenotypes of CBS and PPA that are known
to harbor distinct underlying neuropathologic changes.
In contrast to the main cohort, the validation cohort
was additionally mixed with respect to tau-PET posi-
tivity, thereby providing a more stringent and clinically
realistic test of K2a-based B-amyloid prediction. Despite
increased clinical variability, K2a retained its superior
performance for predicting p-amyloid positivity com-
pared to DVR and R1, highlighting its robustness and
generalizability across different disease entities. Notably,
regions and thresholds defined in the main cohort were
applied without re-optimization of model parameters,
yet K2a-based classification still achieved high AUC as
well as strong positive and negative predictive values in
this cohort, underscoring its potential for reliable appli-
cation in real-world clinical settings.

Our findings align with several studies in which [**F]
PI-2620 has demonstrated higher PET signals in patients
with 3/4RT compared to patients with 4RT [10, 19, 21,
44, 45], owing to its more persistent and energetically
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favorable tracer kinetic profile in the presence of 3/4R tau
filaments. As the underlying mechanism of action there
is evidence from (i) in vitro binding assays, (ii) molecu-
lar docking studies [11], and (iii) autoradiography that
['8F]PI-2620 has stronger binding affinity to 3/4R-tau
compared to 4R-tau isoforms [8, 46]. This is further sup-
ported by recent findings of molecular dynamics and
Brownian dynamics simulation, which revealed that 3/4R
tau filaments, particularly within the C-shaped groove
of AD tau, offer multiple high-affinity surface binding
sites and elevated association rates. In contrast, 4R tau
filaments exhibit fewer surface-accessible and energeti-
cally stable binding pockets, leading to weaker and more
transient interactions [11]. As a result, even in the pres-
ence of significant tau pathology, 4RT show lower tracer
retention, highlighting that the observed PET signal is
not merely a function of tau quantity, but also of isoform-
specific binding kinetics. In this regard, structural biol-
ogy studies using cryo-electron microscopy have further
emphasized the conformational diversity of tau filaments
across diseases, providing a biological rationale for the
observed tracer behavior and supporting the isoform-
sensitive properties of [\®F]PI-2620 [47-49].

In addition to different kinetic profiles, we also
exploited the different topologies of tau accumulation. In
line with previously published data, 4RT showed mainly
subcortical tau accumulation, particularly in the globus
pallidus [19, 21, 32, 33], whereas 3/4RT patients had pre-
dominant cortical PET signals. Previous efforts to stan-
dardize quantitative tau measurements across different
tracers have supported the development of a universal
scale. Notable examples include CenTauR, introduced for
the Alzheimer’s disease continuum [37], and histopatho-
logically defined regions for PSP as outlined by Kovacs
et al. [33]. As a major novelty, we provide the first proof
of concept for staging distinct tauopathies within the
A/T/N framework. To this end, we combined established
disease-specific composite regions, CenTauR for AD and
Kovacs-defined regions for PSP, with PET-derived surro-
gate markers: K2a as a proxy for f-amyloid status, DVR
as a measure of tau burden, and R1 as an indicator of
neuronal injury. These anatomical templates, originally
developed from histopathological or tau-PET based stud-
ies, were adapted to dynamic imaging and applied to each
subject. By plotting individual participants across two
axes representing regional tau accumulation and one axis
reflecting perfusion deficits, we constructed a 3-dimen-
sional staging index that allowed for a clear visual and
quantitative separation of 3/4RT and 4RT cases. Subjects
were further stratified by f-amyloid status using a K2a-
based cutoff, resulting in individualized A/T/N profiles.
This ability to differentiate tauopathies in such detail
lays the groundwork for a deeper understanding of the
underlying mechanisms, particularly in the context of
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regional tau aggregation patterns. While these results
demonstrate the feasibility of individualized disease stag-
ing using dynamic tau-PET, we acknowledge that fur-
ther validation in larger and independent cohorts will be
necessary to establish generalizable cutoffs and confirm
robustness across different scanners and clinical settings.

However, when examining specific regions like the
basal ganglia, we observed only a trend towards a higher
[*8F]PI-2620p, in the basal ganglia of 4RT compared
to AD, which did not remain significant after multiple
comparison testing. This finding may be attributed to
the distinct binding characteristics of ['®F]PI-2620 to
different tau isoforms, where even a low deposition of
3/4R tau in the basal ganglia of AD (e.g., AD-CBS) could
generate a higher PET signal than the substantial 4R tau
deposition observed in PSP cases [19, 50]. Importantly,
the inclusion of CBS cases in both 3/4R and 4R groups
served as a deliberate design feature to challenge the abil-
ity of dynamic tau-PET to resolve underlying tau isoform
composition within a shared clinical phenotype. CBS is
known to represent a pathologically heterogeneous syn-
drome, encompassing both AD-type 3/4R and 4R tauopa-
thies [4]. This made it an ideal model to evaluate whether
kinetic parameters such as K2a can reliably differentiate
tau isoforms even when clinical presentation is overlap-
ping. Our findings confirm that, despite similar clinical
presentations and comparable tau positivity on visual
reads, K2a quantitatively and visually distinguished CBS
cases according to their underlying molecular subtype.
This reinforces the utility of K2a as an isoform-sensitive
marker capable of resolving tau heterogeneity within
clinically overlapping phenotypes. This also contributed
to atypical clinical scores within our cohort, reflecting
the heterogeneity particularly present in the AD group.
For instance, PSP-RS scores within the 3/4R tau cohort
were entirely driven by individuals with AD-CBS, a clini-
cal phenotype known to exhibit higher PSP-RS values
despite underlying Alzheimer’s pathology. Consistent
with our previous findings, the inclusion of CBS cases
in the 4RT cohort led to a slight reduction in the overall
average PSP-RS score. CBS patients tend to present with
lower PSP-RS scores compared to typical PSP cases, who
constituted the majority of the 4RT group in this study
and showed the expected higher scores [10, 21].

A second ROC analysis further validated the discrimi-
natory power of ['®F]PI-2620 DVR with high potential
to distinguish B-amyloid positivity [10]. In addition, we
also tested the predictive performance of the R1 param-
eter, which interestingly showed a similar performance to
DVR. Notably, the comparison between the ROC analy-
ses of K2a, DVR, and R1 highlighted the superior perfor-
mance of K2a in discriminating 3-amyloid-positivity. This
finding suggests that K2a may provide a more nuanced
and sensitive measure of p-amyloid-related changes.
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Although the visual appearance of K2a maps differs
markedly from that of traditional p-amyloid PET images,
this is mechanistically expected, as K2a reflects tracer
clearance dynamics rather than direct 3-amyloid binding.
Importantly, this surrogate relationship is functionally
rooted in the P-amyloid-dependent formation of AD-
type tau and was confirmed through correlations with
Centiloid values and predictive classification metrics. To
further illustrate the kinetic mechanisms underlying this
improved performance, we analyzed time-SUVR curves
from representative individuals with cortical tau-PET
uptake, including both AD-related CBS and B-amyloid-
negative 4R CBS cases. These curves revealed a clear
distinction between phenotypes: in cortical regions,
AD-CBS cases showed a continuous SUVR increase
throughout the scan duration, indicating persistent tracer
binding, while 4R tauopathy cases exhibited plateauing or
even declining SUVR trajectories, consistent with faster
washout.

A useful analogy is provided by phosphorylated tau
biomarkers in fluid. Although p-taul81 and p-tau217 are
tau-derived markers, they show high specificity for AD-
type pathophysiology and are strongly associated with
AP positivity, whereas primary 4R tauopathies such as
PSP and CBD often show reduced p-tau levels compared
with AD [51-54]. Consistently, we observed elevated CSF
p-taul8l in AD compared with 4RT. Thus, tau-related
biomarkers can behave as AD-specific markers when
they reflect the APB-associated molecular context of AD-
type tau pathology rather than tau aggregation in general.
Similarly, K2a is not interpreted as a direct measure of
B-amyloid binding, but as a kinetic tau-PET parameter
whose predictive value reflects AD-specific tracer-tau
interactions and the more persistent binding characteris-
tics of mixed 3/4R tau filaments.

To further evaluate the sensitivity of K2a in atypical
and early disease presentations, we analyzed p-amyloid—
positive individuals who displayed either visually nega-
tive or only minimally elevated tau-PET signals, such
as those in early-stage AD-MCI. Interestingly, several
of these A*/T~ cases already exhibited pronounced K2a
alterations, despite absent or subtle DVR changes. This
supports the notion that K2a may detect early pathophys-
iological changes related to AD-type tau aggregation that
are not yet visually appreciable on conventional tau-PET.
However, we also identified individuals with p-amyloid
positivity but entirely negative K2a and DVR signals, sug-
gesting that a minimal threshold of tau pathology may be
required for K2a sensitivity.

Additionally, we provide evidence that [**F]PI-2620,x
and ['®F]PI-2620y,, are strongly negatively associated in
cortical regions of 3/4RT, but not in 4RT patients. The
opposite was observed in the basal ganglia, highlight-
ing the dependence of ['®F]PI-2620 binding affinity on
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actual tau abundance in the target tissue. Consequently,
we questioned if the sole consideration of the basal gan-
glia could successfully predict f-amyloid positivity in the
evaluated patients with tauopathies. The ROC analysis of
K2a in the basal ganglia revealed that significant discrim-
ination was achieved only with PET validation, however,
this was not replicated with CSF or combined biomarker
validation. Conversely, DVR did not demonstrate signifi-
cant discriminatory power in the basal ganglia, suggest-
ing that this region may be less effective for B-amyloid
status prediction using [**F]PI-2620 binding.

As the third pillar of the proposed staging scheme, our
study provides valuable insights into the utility of [*F]
PI-2620 tracer delivery as a predictive marker for neu-
ronal damage in patients with tauopathies. We exploited
concomitant scans of ['®FJFDG-PET and early-phase
B-amyloid-PET, as well as CSF analysis with total-tau
evaluation for gold-standard validation of early-phase
tau-PET as a regional surrogate biomarker of neurode-
generation [15, 55, 56].

In line with literature, our findings showed a significant
association between ['*F]PI-2620y;, ["*F][FDG-PET and
early-phase B-amyloid-PET [25]. Likewise, analysis of
CSF total-tau suggested an inverse relationship between
whole brain perfusion and neuronal injury [57]. We also
observed a significant association between [**F]PI-2620y,
and volumetric cMRI, particularly in the 3/4RT [58] and
less pronounced in the 4RT group [59, 60]. Interestingly,
subcortical analysis demonstrated divergent relation-
ships between ['®F]PI-2620;, and atrophy in specific
brain structures, consistent with previous studies report-
ing reduced volumes of the nucleus caudate [61] and
thalamus [62, 63]. In the globus pallidus, we observed a
negative relationship between R1 and atrophy, consistent
with previous reports of enhanced perfusion in 4RT [16]
and AD [64, 65]. Although the mechanisms underlying
these perfusion alterations are not yet fully understood,
it is hypothesized that regions affected by atrophy may
exhibit compensatory pathological increases in neuro-
nal activity and neuroinflammation, resulting in elevated
perfusion depending on the disease stage [66].

Finally, visual assessments of early-phase tau-PET
maps revealed excellent inter-reader and inter-modal-
ity agreements. These results emphasize the reliability
and consistency of visual assessments across various
PET modalities and underscore the value of early-phase
tau-PET imaging as a surrogate of cerebral perfusion in
patients with tauopathies, with clinical implications for
diagnosis and staging.

This study has several limitations, including, despite
a few cases, the absence of autopsy confirmation for the
clinically diagnosed cases, which could have led to diag-
nostic inaccuracies. The primary aim of this study was
to demonstrate the feasibility of classifying individual
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patients within the A/T/N classification scheme using
dynamic tau-PET imaging. We calculated DVR and K2a
thresholds through ROC analysis, establishing cutoffs
that allowed for assignment into either the B-amyloid-
positive or B-amyloid-negative group. Through further
quantitative regional assessment of tau load and perfu-
sion, we were able to differentiate primary and secondary
tauopathies (e.g., AD-CBS vs. 4R-CBS), which allowed us
to successfully categorize and stage individuals. As a limi-
tation, we acknowledge that our staging scheme is a pre-
liminary approach, warranting further advancement by
additional healthy controls and larger populations. Nor-
malizing and harmonizing results across multicenter set-
tings, similar to the Centiloid scale for 3-amyloid imaging
[67], will be essential. Defining cut-offs based on larger
cohorts will improve the ability to discriminate between
different neurodegenerative disorders. While we focused
on ROI-based analyses to capture biologically and clini-
cally meaningful patterns, future studies may benefit
from voxelwise cross-modal comparisons, using Para-
metric Mapping, to further explore spatial relationships
between tau pathology, neurodegeneration, and corre-
sponding surrogate kinetic parameters such as R1 and
DVR.

Our results demonstrate that the accurate assessment
of altered K2a is effective only in the presence of estab-
lished tau pathology. Consequently, K2a is likely to lose
sensitivity in the very early stages of AD. Further longitu-
dinal studies are needed to address this gap and may cap-
ture changes in neurofibrillary profiles and the recently
proposed shifts in tau isoforms throughout the trajectory
of AD in vivo [68-70]. Nevertheless, even in individuals
with a visually negative [*®F]PI-2620 scan, relevant infor-
mation can still be extracted from the early-phase signal
via the R1 parameter. Since R1 reflects relative tracer
delivery and is not influenced by specific tau binding, it
remains a valid marker of perfusion and neurodegenera-
tion independent of T status. This suggests that, even in
the absence of detectable tau pathology, dynamic tau-
PET may still contribute valuable information regarding
N status.

Conclusion

In summary, dichotomous assessment at the individual
patient level revealed a strong agreement between semi-
quantitative and visual methods in reliably distinguishing
patients with clinically diagnosed 3/4RT from those with
4RT. Importantly, this study underscores the potential of
dynamic ['®F]PI-2620 tau-PET imaging to classify and
stage patients within the A/T/N framework, providing
valuable insights for future clinical trials. This approach
suggests that a single dynamic ['®F]PI-2620 tau-PET may
reduce the need for additional B-amyloid- and [**F]FDG-
PET examinations in selected diagnostic settings, thereby
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reducing radiation exposure for patients and lowering
healthcare costs.

Abbreviations

3/4RT 3/4-repeat tauopathy

3D-SSP Three-dimensional stereotactic surface projection
4RT 4-repeat tauopathy

A/T/N Amyloid/tau/neurodegeneration

AB 3-amyloid

AD Alzheimer’s disease

AUC Area under the curve

CBS Corticobasal syndrome

CBD Corticobasal degeneration

cMRI Cranial magnetic resonance imaging

CSF Cerebrospinal fluid

cT Computed tomography

DVR Distribution volume ratio

ELISA Enzyme-linked immunosorbent assay
["®FIFDG ['8FIfluorodeoxyglucose

FTD Frontotemporal dementia

HC Healthy controls

HPLC High-performance liquid chromatography
IDIF Image-derived input function

K2a Apparent tissue efflux rate constant

MClI Mild cognitive impairment

MNI Montreal Neurological Institute

MoCA Montreal Cognitive Assessment

MRI Magnetic resonance imaging

NfL Neurofilament light chain

NPV Negative predictive value

OSEM Ordered-subset expectation maximization
PET Positron emission tomography

PPV Positive predictive value

PSP Progressive supranuclear palsy

PSP-RS Progressive Supranuclear Palsy Rating Scale
p-tau-181  Tau phosphorylated at threonine 181

R1 Relative tracer delivery

ROC Receiver operating characteristic

ROI Region of interest

SD Standard deviation

SRTM2 Simplified reference tissue model 2

SUVR Standardized uptake value ratio

t-tau Total tau

VOl Volume of interest

Supplementary Information
The online version contains supplementary material available at https://doi.or
g9/10.1186/513024-026-00997-3.

[ Supplementary Material 1 ]

Acknowledgements
The Graphical Abstract was created using BioRender.com and further edited
using Microsoft PowerPoint for illustration purposes.

Author contributions

J.G.: study concept and design, data analysis, interpretation of the results,
drafting the manuscript; JKP, AK, AD, AB, LF, AZ,MZ,ES, SNR-C,
B-SR,CK,CP,AMB,AJ,SK,MS,TB,GN.B, TvE, ADz, JH4, RP, MR,
KB, RAW, AZw, JL,PB,OS, HB, S.S. data acquisition, data processing,
clinical characterization, critical revision of the manuscript; G.H., N.F, M.B.:
study concept and design, study supervision, interpretation of the results,
critical revision of the manuscript. All authors read and approved the final
manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. J.G. is funded
by the Munich Clinician Scientist Program (MCSP). C.P. was funded by

Page 15 of 17

Luneburg Heritage, Friedrich-Baur-Stiftung, Thiemann Stiftung and Else-
Kroner-Fresenius-Stiftung. CP, SK,, J.L, GH, N.F. and M.B. were funded by
the Deutsche Forschungsgemeinschaft (DFG) under Germany’s Excellence
Strategy within the framework of the Munich Cluster for Systems Neurology
(EXC 2145 SyNergy, ID 390857198). M.B. was funded by the Deutsche
Forschungsgemeinschaft (DFG) within CRC 1744 (Project-ID 548585053; B05)
and within CRC 1784 (ID 560243407; Z02).

Data availability
The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the Ethics Committee of the Faculty of Medicine

at LMU Munich (reference numbers: 17-569 and 19-022) and was conducted
in accordance with the Declaration of Helsinki. All participants or their legally
authorized representatives provided written informed consent to participate

in the study and to undergo PET imaging.

Consent for publication

Written informed consent covered the use of anonymized imaging and
clinical data for scientific publication where required. No directly identifiable
individual participant data are presented.

Author information
These authors jointly supervised this work: Glnter Hoglinger, Nicolai
Franzmeier, Matthias Brendel.

Competing interests

A.Dz. reports: research support: Siemens Healthineers, Life Molecular
Imaging, GE Healthcare, AVID Radiopharmaceuticals, Sofie, Eisai, Novartis/
AAA, Ariceum Therapeutics; Speaker Honoraria/Advisory Boards: Siemens
Healthineers, Sanofi, GE Healthcare, Biogen, Novo Nordisk, Invicro, Novartis/
AAA, Bayer Vital, Lilly, Peer View Institute for Medical Education, International
Atomic Energy Agency: Stock: Siemens Healthineers, Lantheus Holdings,
Structured therapeutics, Lilly; Patents: Patent for 18F-JK-PSMA- 7 (Patent
No.: EP3765097A1; Date of patent: Jan. 20, 2021). MB is a member of the
Neuroimaging Committee of the EANM. MB has received speaker honoraria
from Roche, GE Healthcare, Iba, Miltenyi, and Life Molecular Imaging; has
advised Life Molecular Imaging, MIAC, Cenos, and GE healthcare; and is
currently on the advisory or imaging review boards of AC Immune and ZRO
Imaging.

Author details

'Department of Nuclear Medicine, LMU University Hospital, LMU Medizin,
Ludwig-Maximilians-Universitat Minchen, Munich, Germany

’German Center for Neurodegenerative Diseases (DZNE) Munich, Munich,
Germany

3Institute for Stroke and Dementia Research, LMU University Hospital,
LMU Medizin, Ludwig-Maximilians-Universitdt Minchen, Munich,
Germany

“Universidad de Navarra, Pamplona, Spain

Department of Neurology, LMU University Hospital, LMU Medizin,
Ludwig-Maximilians-Universitat Minchen, Munich, Germany
Department of Psychiatry and Psychotherapy, LMU University Hospital,
LMU Medizin, Ludwig-Maximilians-Universitadt Minchen, Munich,
Germany

"Munich Cluster for Systems Neurology (SyNergy), Munich, Germany
8Department of Nuclear Medicine, Faculty of Medicine, University
Hospital Cologne, Cologne, Germany

“Institute of Neuroscience and Medicine (INM-2), Molecular Organization
of the Brain, Forschungszentrum Jilich, Germany

1%German Center for Neurodegenerative Diseases (DZNE), Bonn, Germany
""Department of Psychiatry, Psychotherapy and Psychosomatics, Medical
Faculty, University of Augsburg, BKH Augsburg, Augsburg, Germany
12Sheffield Institute for Translational Neuroscience (SITraN), University of
Sheffield, Sheffield, UK

13Agemg Epidemiology Research Unit (AGE), School of Public Health,
Imperial College London, London, UK


https://doi.org/10.1186/s13024-026-00997-3
https://doi.org/10.1186/s13024-026-00997-3

Gnorich et al. Molecular Neurodegeneration

(2026) 21:59

"“The Russell H Morgan Department of Radiology and Radiological
Sciences, Division of Nuclear Medicine, Johns Hopkins School of
Medicine, Baltimore, MD 21205, USA

1>Department of Nuclear Medicine, University Hospital Leipzig, Leipzig,
Germany

1°German Center for Vertigo and Balance Disorders, DSGZ, LMU University
Hospital, LMU Medizin, Ludwig-Maximilians-Universitat Minchen,
Munich, Germany

"Department of Radiology, LMU University Hospital, LMU Medizin,
Ludwig-Maximilians-Universitat Minchen, Munich, Germany

'8The Sahlgrenska Academy, Institute of Neuroscience and Physiology,
Department of Psychiatry and Neurochemistry, University of Gothenburg,
Mélndal and Gothenburg, Sweden

Received: 15 July 2026 / Accepted: 15 September 2026
Published online: 24 September 2026

References

1.

Steele JC, Richardson JC, Olszewski J. Progressive Supranuclear Palsy: A
Heterogeneous Degeneration Involving the Brain Stem, Basal Ganglia and
Cerebellum With Vertical Gaze and Pseudobulbar Palsy, Nuchal Dystonia and
Dementia. Arch Neurol. 1964;10(4):333-59.

Boxer AL, et al. Advances in progressive supranuclear palsy: new diag-
nostic criteria, biomarkers, and therapeutic approaches. Lancet Neurol.
2017;16(7):552-63.

Hoglinger GU, et al. Clinical diagnosis of progressive supranuclear palsy: The
movement disorder society criteria. Mov Disord. 2017;32(6):853-64.

Koga S, et al. Neuropathology and emerging biomarkers in corticobasal
syndrome. J Neurol Neurosurg Psychiatry. 2022;93(9):919-29.

Hyman BT. The Neuropathological Diagnosis of Alzheimer’s Disease: Clinical-
Pathological Studies. Neurobiol Aging. 1997;18(4, Supplement 1):527-32.
Jack CR Jr, et al. Hypothetical model of dynamic biomarkers of the Alzheim-
er's pathological cascade. Lancet Neurol. 2010;9(1):119-28.

Kroth H, et al. Discovery and preclinical characterization of [(18)F]PI-2620,

a next-generation tau PET tracer for the assessment of tau pathology in
Alzheimer's disease and other tauopathies. Eur J Nucl Med Mol Imaging.
2019;46(10):2178-89.

Malarte M-L, et al. Discriminative binding of tau PET tracers PI2620, MK6240
and RO948 in Alzheimer’s disease, corticobasal degeneration and progressive
supranuclear palsy brains. Mol Psychiatry. 2023;28(3):1272-83.

Aguero C, et al. Head-to-head comparison of [18F]-Flortaucipir, [18F]-MK-
6240 and [18F]-PI-2620 postmortem binding across the spectrum of neuro-
degenerative diseases. Acta Neuropathol. 2024;147(1):25.

Dilcher R, et al. Combining cerebrospinal fluid and PI-2620 tau-PET for
biomarker-based stratification of Alzheimer’s disease and 4R-tauopathies.
Alzheimers Dement. 2024;20(10):6896—909.

Kiinze G, et al. Molecular Simulations Reveal Distinct Energetic and Kinetic
Binding Properties of ['8FIPI-2620 on Tau Filaments from 3R/4R and 4R
Tauopathies. ACS Chem Neurosci. 2022;13(14):2222-34.

Song M, et al. Binding characteristics of ['®F]PI-2620 distinguish the clinically
predicted tau isoform in different tauopathies by PET. J Cereb Blood Flow
Metabolism. 2021;41(11):2957-72.

Song M, et al. Feasibility of short imaging protocols for ['8FIPI-2620

tau-PET in progressive supranuclear palsy. Eur J Nucl Med Mol Imaging.
2021;48(12):3872-85.

BauerT, et al. Pragmatic algorithm for visual assessment of 4-Repeat tauopa-
thies in [(18)FIPI-2620 PET Scans. Neurolmage. 2025;306:121001.

Beyer L, et al. Early-phase ['®F]PI-2620 tau-PET imaging as a surrogate marker
of neuronal injury. Eur J Nucl Med Mol Imaging. 2020;47(12):2911-22.
Katzdobler S, et al. Additive value of [(18)FIPI-2620 perfusion imaging in
progressive supranuclear palsy and corticobasal syndrome. Eur J Nucl Med
Mol Imaging. 2023;50(2):423-34.

Jack CR Jr, et al. A/T/N: An unbiased descriptive classification scheme for
Alzheimer disease biomarkers. Neurology. 2016,87(5):539-47.

Armstrong MJ, et al. Criteria for the diagnosis of corticobasal degeneration.
Neurology. 2013;80(5):496-503.

Brendel M, et al. Assessment of 18F-PI-2620 as a Biomarker in Progressive
Supranuclear Palsy. JAMA Neurol. 2020;77(11):1408-19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 16 of 17

Jack CR Jr, et al. Revised criteria for diagnosis and staging of Alzheimer’s
disease: Alzheimer’s association workgroup. Alzheimers Dement.
2024,20(8):5143-69.

Palleis C, et al. Cortical [(18) FJPI-2620 Binding Differentiates Corticobasal
Syndrome Subtypes. Mov Disord. 2021,36(9):2104-15.

Brendel M, et al. AR status assessment in a hypothetical scenario prior to
treatment with disease-modifying therapies: Evidence from 10-year real-
world experience at university memory clinics. Alzheimer’s & Dementia:
Diagnosis, Assessment & Disease Monitoring. 2024;16(4):.e70031.

Résler N, Wichart |, Jellinger KA. Aktuelle klinisch-neurochemische Diagnostik
der Alzheimer-Krankheit/Current Clinical Neurochemical Diagnosis of
Alzheimer’s Disease. LaboratoriumsMedizin. 2002;26(3-4):139-48.

Senda M, et al. The clinical safety, biodistribution and internal radiation
dosimetry of flutemetamol (®F) injection in healthy Japanese adult volun-
teers. Ann Nucl Med. 2015;29(7):627-35.

Volter F, et al. Assessment of perfusion deficit with early phases of ['®F]
PI-2620 tau-PET versus [18F]flutemetamol-amyloid-PET recordings. Eur J Nucl
Med Mol Imaging. 2023;50(5):1384-94.

Meindl M, et al. Assessment of ['®F1PI-2620 Tau-PET Quantification via Non-
Invasive Automatized Image Derived Input Function. European Journal of
Nuclear Medicine and Molecular Imaging. 2024;51(11):3252-66.

Franzmeier N, et al. Tau deposition patterns are associated with functional
connectivity in primary tauopathies. Nat Commun. 2022;13(1):1362.

Friston KJ, Kotter R. 2003, Springer US: Boston, MA. 237-50.

Fan L, et al. The Human Brainnetome Atlas: A New Brain Atlas Based on Con-
nectional Architecture. Cereb Cortex. 2016;26(8):3508-26.

Minoshima S, et al. A diagnostic approach in Alzheimer’s disease using three-
dimensional stereotactic surface projections of fluorine-18-FDG PET. J Nucl
Med. 1995;36(7):1238-48.

Villemagne VL, et al. CenTauR: Toward a universal scale and masks for
standardizing tau imaging studies. Alzheimer's Dementia: Diagnosis Assess
Disease Monit. 2023;15(3):e12454.

Gnorich J, et al. Longitudinal monitoring of tau aggregation in progres-

sive supranuclear palsy with [(18)FIPI-2620 PET. Alzheimers Dement.
2026;22(2):€71195.

Kovacs GG, et al. Distribution patterns of tau pathology in progressive supra-
nuclear palsy. Acta Neuropathol. 2020;140(2):99-119.

Delong ER, DelLong DM, Clarke-Pearson DL. Comparing the areas under two
or more correlated receiver operating characteristic curves: a nonparametric
approach. Biometrics. 1988;44(3):837-45.

Kling A, et al. Exploring the origins of frequent tau-PET signal in vermal and
adjacent regions. Eur J Nucl Med Mol Imaging. 2025;52(10):3519-33.

Volter F, et al. Assessment of perfusion deficit with early phases of [(18)F]
PI-2620 tau-PET versus [(18)F]flutemetamol-amyloid-PET recordings. Eur J
Nucl Med Mol Imaging. 2023;50(5):1384-94.

Leuzy A, et al. Harmonizing tau positron emission tomography in Alzheimer’s
disease: The CenTauR scale and the joint propagation model. Alzheimer’s
Dement. 2024;20(9):5833-48.

Brendel M, et al. Neuroimaging biomarkers in the biological definition of Par-
kinson's disease and dementia with Lewy bodies - EANM position on current
state, unmet needs and future perspectives. Eur J Nucl Med Mol Imaging.
2024;51(12):3496-500.

Hoglinger GU, et al. A biological classification of Parkinson’s disease: the Syn-
NeurGe research diagnostic criteria. Lancet Neurol. 2024;23(2):191-204.
Dubois B, et al. Alzheimer disease as a clinical-biological construct-an interna-
tional working group recommendation. JAMA Neurol. 2024;81(12):1304-11.
Moscoso A, Villain N. 2024 AA criteria for Alzheimer’s disease diagnosis:
Mainly anchored at AB not tau. Alzheimer's & Dementia. 2024;20(12):9079-81.
Hansson O, et al. Prediction of Alzheimer’s disease using the CSF Abeta42/
Abeta40 ratio in patients with mild cognitive impairment. Dement Geriatr
Cogn Disord. 2007;23(5):316-20.

Amft M, et al. The cerebrospinal fluid biomarker ratio AB42/40 identifies
amyloid positron emission tomography positivity better than AR42 alone in a
heterogeneous memory clinic cohort. Alzheimers Res Ther. 2022;14(1):60.
TezukaT, et al. Evaluation of [(18)FIPI-2620, a second-generation selec-

tive tau tracer, for assessing four-repeat tauopathies. Brain Commun.
2021;3(4):fcab190.

Blazhenets G, et al. [18 F]PI-2620 Binding Patterns in Patients with Suspected
Alzheimer Disease and Frontotemporal Lobar Degeneration. J Nucl Med.
2023,64(12):1980-9.



Gnorich et al. Molecular Neurodegeneration

46.

47.
48.
49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

(2026) 21:59

Slemann L, et al. Neuronal and oligodendroglial, but not astroglial, tau trans-
lates to in vivo tau PET signals in individuals with primary tauopathies. Acta
Neuropathol. 2024;148(1):70.

Shi, et al. Structure-based classification of tauopathies. Nature.
2021,598(7880):359-63.

Fitzpatrick AWP, et al. Cryo-EM structures of tau filaments from Alzheimer’s
disease. Nature. 2017;547(7662):185-90.

Falcon B, et al. Structures of filaments from Pick’s disease reveal a novel tau
protein fold. Nature. 2018;561(7721):137-40.

Mueller A, et al. Tau PET imaging with (18)F-PI-2620 in Patients with
Alzheimer Disease and Healthy Controls: A First-in-Humans Study. J Nucl
Med. 2020;61(6):911-9.

VandeVrede L, et al. Evaluation of Plasma Phosphorylated Tau217 for Differ-
entiation Between Alzheimer Disease and Frontotemporal Lobar Degenera-
tion Subtypes Among Patients With Corticobasal Syndrome. JAMA Neurol.
2023,80(5):495-505.

Therriault J, et al. Association of Phosphorylated Tau Biomarkers With Amyloid
Positron Emission Tomography vs Tau Positron Emission Tomography. JAMA
Neurol. 2023;80(2):188-99.

Wagshal D, et al. Divergent CSF T alterations in two common tauopathies:
Alzheimer’s disease and progressive supranuclear palsy. J Neurol Neurosurg
Psychiatry. 2015;86(3):244-50.

Urakami K, et al. Diagnostic significance of tau protein in cerebrospinal fluid
from patients with corticobasal degeneration or progressive supranuclear
palsy. J Neurol Sci. 2001;183(1):95-8.

Aye WWT, et al. Early-phase amyloid PET reproduces metabolic signatures
of cognitive decline in Parkinson’s disease. Alzheimers Dement (Amst).
2024;16(2):212601.

Ottoy J, et al. 18F-FDG PET, the early phases and the delivery rate of 18F-
AVA45 PET as proxies of cerebral blood flow in Alzheimer’s disease: Validation
against 150-H20 PET. Alzheimers Dement. 2019;15(9):1172-82.

Hunt A, et al. CSF tau protein and FDG PET in patients with aging-associated
cognitive decline and Alzheimer’s disease. Neuropsychiatr Dis Treat.
2006,2(2):207-12.

Pini L, et al. Brain atrophy in Alzheimer’s Disease and aging. Ageing Res Rev.
2016;30:25-48.

59.

60.

61.

62.

63.
64.

65.

67.

68.

69.

70.

Page 17 of 17

Cordato NJ, et al. Frontal atrophy correlates with behavioural changes in
progressive supranuclear palsy. Brain. 2002;125(4):789-800.

Brenneis C, et al. Voxel based morphometry reveals a distinct pattern of fron-
tal atrophy in progressive supranuclear palsy. J Neurol Neurosurg Psychiatry.
2004;75(2):246-9.

Cordato NJ, et al. Regional brain atrophy in progressive supranuclear palsy
and Lewy body disease. Ann Neurol. 2000;47(6):718-28.

Surova Y, et al. Disease-specific structural changes in thalamus and denta-
torubrothalamic tract in progressive supranuclear palsy. Neuroradiology.
2015,57(11):1079-91.

Massey LA, et al. The midbrain to pons ratio. Neurology. 2013,80(20):1856-61.
Ding B, et al. Pattern of cerebral hyperperfusion in Alzheimer’s disease and
amnestic mild cognitive impairment using voxel-based analysis of 3D arterial
spin-labeling imaging: initial experience. Clin Interv Aging. 2014;9:493-500.
Wurst Z, et al. Basal Ganglia Compensatory White Matter Changes on DTl in
Alzheimer’s Disease. Cells. 2023:12(9):1220.

Alsop DC, et al. Hippocampal hyperperfusion in Alzheimer’s disease. Neuro-
Image. 2008;42(4):1267-74.

Klunk WE, et al. The Centiloid Project: standardizing quantitative amyloid
plague estimation by PET. Alzheimers Dement. 2015;11(1):1-e151.

Uchihara T. Neurofibrillary changes undergoing morphological and bio-
chemical changes — How does tau with the profile shift of from four repeat to
three repeat spread in Alzheimer brain? Neuropathology. 2020;40(5):450-9.
Cherry JD, et al. Tau isoforms are differentially expressed across the hippo-
campus in chronic traumatic encephalopathy and Alzheimer’s disease. Acta
Neuropathol Commun. 2021;9(1):86.

UchiharaT. Pretangles and neurofibrillary changes: Similarities and differ-
ences between AD and CBD based on molecular and morphological evolu-
tion. Neuropathology. 2014;34(6):571-7.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	Dynamic [18F]PI-2620 recording facilitates prediction of β-amyloid positivity and simultaneous staging of tau and neurodegeneration
	Johannes Gnörich, Julia Kusche-Palenga, Agnes Kling, Amir Dehsarvi, Angela Bronte, Lukas Frontzkowski, Artem Zatcepin, Mirlind Zaganjori, Florian Schöberl, Sebastian N. Roemer-Cassiano, Boris-Stephan Rauchmann, Carolin Kurz, Carla Palleis, Alexander M. Bernhardt, Alexander Jäck, Sabrina Katzdobler, Maximilian Scheifele, Theresa Bauer, Gérard N. Bischof, Thilo van Eimeren, Alexander Drzezga, Jan Häckert, Robert Perneczky, Michael Rullmann, Katharina Buerger, Rudolf A. Werner, Andreas Zwergal, Johannes Levin, Peter Bartenstein, Osama Sabri, Henryk Barthel, Sophia Stöcklein, Günter Höglinger, Nicolai Franzmeier, Matthias Brendel
	Nutzungsbedingungen / Terms of use:
	CC BY 4.0  


