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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 β-amyloid-PET (A), tau-PET (T), and [18F]FDG-PET (N). We evaluated if dynamic 
features of tau-PET with [18F]PI-2620 allow prediction of β-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 β-amyloid-positive 3/4-repeat 
tauopathy and 82 patients with β-amyloid-negative primary 4-repeat tauopathies, alongside 17 healthy controls. 
Participants underwent 60-minute dynamic [18F]PI-2620 tau-PET. Kinetic modelling simultaneously provided tracer 
efflux rate (K2a) as a predictor for β-amyloid status, distribution volume ratio (DVR) for regional tau burden, and 
relative perfusion (R1) as a marker of neurodegeneration. These parameters were validated against β-amyloid-
PET, [18F]FDG-PET, volumetric MRI, and cerebrospinal fluid biomarkers using receiver operating characteristic and 
correlation analyses and visual assessments. [18F]PI-2620K2a-based prediction of β-amyloid positivtiy was additionally 
tested in an independent, clinically heterogeneous validation cohort of 97 individuals.

Results  [18F]PI-2620K2a 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. [18F]
PI-2620K2a remained sensitive in individuals with visually negative or low [18F]PI-2620DVR signals and outperformed 
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Background
Tauopathies comprise a spectrum of neurodegenerative 

diseases characterized by the aggregation of tau protein 

in the brain. �ese diseases are classi�ed 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 speci�c 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-(β)-amyloid 

plaque deposition precedes the development of cortical 

3/4R-tau aggregates [5, 6].

Imaging and �uid biomarkers are less advanced for 

in vivo classi�cation of primary 4R-tauopathies (4RT), 

limiting our mechanistic understanding and impeding 

treatment development. Furthermore, the di�erentiation 

between tauopathies can be challenging due to signi�-

cant clinical and pathological overlap with atypical forms 

of AD, often exhibiting tau pathology patterns that can 

mimic those seen in primary tauopathies. �is overlap 

complicates diagnosis, particularly in the early stages of 

disease progression, and may lead to misclassi�cation 

without comprehensive biomarker assessment.

�e emergence of the second-generation tau-PET 

tracer [18F]PI-2620 holds signi�cant promise for in vivo 

detection of tauopathies. Unlike �rst-generation tau-PET 

ligands, [18F]PI-2620 exhibits reduced o�-target binding, 

making it a more speci�c tool for detecting tau pathol-

ogy [7]. Its high a�nity 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 �laments exhibit favourable energetic and kinetic 

both tau burden and perfusion for predicting β-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%. [18F]PI-2620DVR quantified regional tau patterns, with cortical predominance in 3/4-repeat tauopathy 
and subcortical involvement in 4-repeat tauopathies. [18F]PI-2620R1 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 [18F]PI-2620 PET imaging facilitates assessment of the β-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, β-amyloid, Dynamic imaging, A/T/N
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Fig. 1 (See legend on next page.)
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of radiotracer distribution as β-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. �is focus on 4RT 

addresses a critical gap in personalized neurodegenera-

tive diagnostics, as these disorders often present distinct 

biomarker pro�les compared to AD. Besides the K2a 

e�ux 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 re�ects the relative binding potential.

�us, 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 (β-amyloid & [18F]FDG), volu-

metric cranial magnetic resonance imaging (cMRI), and 

cerebrospinal �uid (CSF) biomarkers (p-tau-181, t-tau & 

Aβ42/40). Finally, we developed a 3-dimensional quantita-

tive staging index to determine personalized pro�les 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; ⌀74 ± 7 years, 43% female) as 4RT according to 

current diagnostic criteria [3, 18, 19] and compared to 

healthy controls (HC) (n = 17; ⌀70 ± 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 β-amyloid pathol-

ogy were positive [20]. �reshold for Aβ positivity was 

set to an Aβ42/40 ratio < 5.5% in CSF according to stan-

dardized laboratory diagnostics at LMU and/or a positive 

β-amyloid-PET visual read [21]. Patients with probable or 

possible PSP and CBS were assessed in accordance with 

properties for [18F]PI-2620 binding, interactions with 

CBD- and PSP-tau �laments are kinetically weaker [11]. 

�is 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 e�ux from 

the tissue, indicated potential in di�erentiating between 

distinct tau isoform compositions [12] and may therefore 

also serve as an indirect marker for β-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, [18F]PI-2620 holds promise as a surrogate bio-

marker for neuronal injury in tauopathies, as evidenced 

by its ability to demonstrate decreased early-phase [18F]

PI-2620 perfusion [15, 16]. �e integration of perfusion 

and tau biomarkers enhanced biomarker-guided strati-

�cation of tauopathies within diagnostic algorithms and 

demonstrated improved discrimination, though it has yet 

to be prospectively validated [10].

�ese recent advancements in biomarker development, 

particularly in AD, have revolutionized disease diagnosis 

and monitoring, facilitating the establishment of diagnos-

tic work�ows and biomarker-based staging systems, as 

initially proposed by Jack et al. [17]. �e A/T/N classi�ca-

tion scheme o�ers a comprehensive framework for char-

acterizing the underlying pathology. �is pivotal scheme 

strati�es neurodegenerative diseases based on the pres-

ence of β-amyloid (A), tau (T), and neurodegeneration 

(N) biomarkers, as measured by imaging techniques and 

�uid biomarker assessments. Imaging by β-amyloid-PET 

(A), tau-PET (T), and [18F]FDG-PET for (N) can provide 

not only binary classi�cation, 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 [18F]

PI-2620 tau-PET imaging by utilization of the (i) kinetics 

(See figure on previous page.)
Fig. 1  K2a assessment as an index of tracer clearance in tauopathies. (A-B) Average [18F]PI-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), 
β-amyloid-PET (green dots), and both combined (black line) to predict β-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
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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 de�ned as the interval between the 

onset of symptoms and the date of tau-PET imaging. An 

independent validation cohort was de�ned to assess the 

generalizability of K2a-based prediction of β-amyloid 

status. �is 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 classi�cation 

followed the same criteria as described above. β-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. �e study protocol and PET data analy-

ses were approved by the local ethics committee (LMU 

Munich, application numbers 17–569 and 19–022). �e 

study was carried out according to the principles of the 

Helsinki Declaration. A detailed overview of the study 

concept, analytical work�ow, 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. �e CSF biomark-

ers included Aβ42, Aβ40, Aβ ratio, t-tau, and p-tau-181. 

�e respective normal cut-o� values were for Aβ42/40 

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 neuro�l-

ament light chain (NfL) levels were additionally assessed 

through blood analysis.

Radiosynthesis

Radiosynthesis of [18F]PI-2620 was achieved by 

nucleophilic substitution on a tert-Butyloxycarbonyl-

(BOC)-protected nitro precursor using an automated 

synthesis module (IBA, Synthera). �e protecting group 

was cleaved under the radiolabelling conditions. �e 

product was puri�ed 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∙106 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 [18F]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). �e dynamic brain PET data were acquired in 

3-dimensional list-mode over 60 min and reconstructed 

into a 336 × 336 × 109 matrix (voxel size: 1.02 × 1.02 × 2.03 

mm3) using the built-in ordered subset expectation max-

imization (OSEM) algorithm with 4 iterations, 21 subsets 

and a 5 mm Gaussian �lter on the Siemens Biograph and 

with 5 iterations, 24 subsets and a 5  mm Gaussian �l-

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 12 × 5 s, 

6 × 10 s, 3 × 20 s, 7 × 60 s, 4 × 300 s and 3 × 600 s.

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 [18F]PI-2620 PET template [27]. R1 val-

ues, indicative of delivery, and K2a e�ux rate parameters, 

representing dissociation from the target, were extracted 

using SRTM2 as implemented in the Qmodelling package 

[28]. Distribution volume ratio (DVR) images, re�ect-

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 e�ux 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).

[18F]FDG-PET and β-amyloid-PET

Static [18F]FDG-PET (30–50  min) and early-phase 

β-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 β-amyloid PET with [18F]

Flutemetamol or [18F]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 β-amyloid PET were further derived using the 

cPET tool provided by Combinostics.

Visual analysis of stereotactic surface projections

For visual interpretation of early-phase [18F]Flute-

metamol0–10  min/[18F]Florbetaben0–10  min (β-amyloid-

PET0–10  min), [18F]PI-26200.5–2.5  min and [18F]FDG-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 ([18F]PI-2620, β-amyloid, [18F]FDG, 

cMRI) and cerebrospinal �uid (p-tau-181, t-tau) read-

outs were evaluated using Pearson’s correlation coef-

�cient (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 [18F]PI-26200.5–2.5 min, 

β-amyloid0−10  min and [18F]FDG30−50  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 signi�cant. 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 identi�ed in histopatho-

logical studies as previously described by Kovacs et al. 

[33]. �is 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 

signi�cant neuronal damage.

An e�ect 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. �e 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 β-amyloid positiv-

ity. ROC curves were calculated after logistic regression 

of K2a and DVR against β-amyloid-PET, CSF and both 

biomarkers combined. �e optimal cuto� for β-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 signi�cance 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 [18F]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; ⌀75 ± 7 years, 43% female) as 4RT and were com-

pared to healthy controls (HC) (n = 17; ⌀70 ± 10 years, 

53% female). While no signi�cant di�erences in dis-

ease duration were observed between the two groups 

(p = 0.89), patients in the 3/4RT cohort showed signi�-

cantly lower MoCA scores compared to those in the 4RT 

group (p < 0.0001). PSP Rating Scale scores were not sig-

ni�cantly di�erent (p = 0.22, Supplementary Fig. 1), which 

was notably in�uenced 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 speci�c patterns in 

tauopathies

First, we compared clearance characteristics of [18F]

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 signi�cantly 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 β-amyloid-negative patients with 

PSP-CBS and CBS, no relevant reduction of tracer e�ux 

was observed, even if the basal ganglia exceeded DVR 

z-scores of 2 (Fig. 2C). In contrast, individual β-amyloid-

positive patients with AD-CBS demonstrated elevated 
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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 signi�cantly 

reduced K2a (p < 0.0001) (Supplementary Fig. 3). Of note, 

we did not observe any signi�cant di�erences 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).

[18F]PI-2620 tracer clearance predicts β-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 (e�ect 

size analysis between 4RT and 3/4RT, n = 24) are visual-

ized for all individual patients in Fig. 1C. Signi�cant dif-

ferences of [18F]PI-2620 clearance among the two study 

cohorts were observed in 21 out of 24 subregions. E�ect 

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 [18F]PI-2620 tracer 

clearance is able to predict the β-amyloid status as 

assessed by late-phase β-amyloid-PET scans (n = 81) and/

or CSF Aβ42/40 ratio < 5.5% (n = 104). In cases with both, 

Aβ-CSF and Aβ-PET available, we observed a congru-

ency of 85% (22/26) in 3/4RT and 97% (33/34) in 4RT. 

In cases of discordant Aβ-CSF and Aβ-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 β-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 β-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). �is 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 signi�cantly stronger 

discrimination of β-amyloid positivity by combined PET/

CSF assessment (vs. DVR: P = 0.0033; vs. R1: P = 0.027) 

(Fig. 2A). Importantly, we validated these �ndings in an 

independent and clinically heterogeneous validation 

cohort (n = 97), comprising challenging neurodegenera-

tive syndromes (Fig. 2B, Supplementary Table 1). Within 

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 [18F]PI-2620 PET, No. 82 47 17

[18F]FDG-PET, No. 36 15 NA

β-amyloid-PET, No. 47 31 NA

Centiloid unit, mean (SD) -8.9 (12.9) 85.8 (23.2) NA

Volumetric cMRI, No. 43 22 NA

CSF Aβ42/40, No. 65 41 NA

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

Plasma NfL, No. 48 11 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, 30.6 (12.6) 7, 24.6 (7.4) NA

Abbreviations: 4RT, 4-repeat tauopathy; 3/4RT, 3/4-repeat tauopathy; CBS, corticobasal syndrome; cMRI, cranial magnetic resonance imaging; CSF, cerebrospinal 

�uid; FDG, �uorodeoxyglucose; MCI, mild cognitive impairment; mo, months; MoCA, Montreal Cognitive Assessment; NA, not applicable; NfL, neuro�lament 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
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this cohort, K2a-based prediction of β-amyloid status 

consistently outperformed DVR and R1, con�rming its 

superior predictive performance (Fig. 2A). Furthermore, 

K2a-based classi�cation 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 β-amyloid positivity across diverse clinical 

phenotypes (Fig. 2A, D).

To support the kinetic interpretation underlying these 

�ndings, we additionally analyzed time-SUVR curves in 

four representative individuals with CBS, including two 

β-amyloid-positive AD-CBS and two β-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. �ese visual kinetic di�er-

ences further support the mechanistic rationale for K2a 

(Fig. 2C, E).

Furthermore, reduced K2a showed a signi�cant 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).

[18F]PI-2620 binding indicates distinct topology among 

di�erent tauopathies (T)

As expected from our previous research [10], signi�cant 

di�erences in [18F]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 e�ect size analysis again revealed 

the highest di�erence 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 [18F]PI-

2620DVR successfully predicts β-amyloid positivity. AUC 

of DVR β-amyloid status prediction was 0.91 (P < 0.0001) 

Fig. 2  Tau-PET tracer clearance for the prediction of β-amyloid positivity. (A) Receiver operating characteristic (ROC) curves comparing the predictive 
performance of tracer clearance (K2a, red), tau binding (DVR, blue), and perfusion (R1, green) for β-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 β-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 β-amyloid-positive cases did not 
show significantly altered tracer clearance [35]. (D) Sankey diagram illustrating the classification workflow and prediction of β-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
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for validation against β-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 [18F]

PI-2620 tau binding and K2a in the prede�ned K2a-

based discriminatory ROIs. While DVR and K2a only 

Fig. 3 (See legend on next page.)
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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 signi�cant 

prediction of β-amyloid PET positivity as a gold stan-

dard (AUC = 0.64; P = 0.030), but not when β-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 β-amyloid status. Similarly, [18F]PI-2620 DVR 

in the basal ganglia did not show signi�cant prediction 

of the β-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). �ere was 

no signi�cant correlation between DVR and p-tau-181 

in the discriminatory regions of 4RT (R=-0.09; P = 0.49), 

but a signi�cant 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 [18F]PI-2620 for detection and staging of 

neuronal injury in tauopathies (N)

Early-phase [18F]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 β-amyloid-PET [36], further 

supporting its role in diagnostic algorithms [10]. How-

ever, despite these encouraging �ndings, the application 

of [18F]PI-2620 has not yet been systematically validated 

in larger cohorts and in conjunction with β-amyloid and 

tau assessment. �us, we aimed to comprehensively 

evaluate the utility of [18F]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 re�ects 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 

de�ned by consensus visual assessment of early-phase 

PET signals (Supplementary Fig. 7). �ese �ndings 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. �is 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 β-amyloid-

positive or negative according to the K2a cuto� deter-

mined by Youden’s index, a 3D scatter plot was generated, 

which e�ectively visually distinguished AD cases from 

primary tauopathies. �e analysis of exemplary cases 

further illustrated these �ndings, 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). �e 

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 [18F]

FDG-PET30−50 min (4RT, n = 36; 3/4RT, n = 15), β-amyloid-

PET0-10 min (4RT, n = 37; 3/4RT, n = 26) and CSF analy-

sis with total-tau (t-tau) examination (4RT, n = 56; 3/4RT, 

n = 39), which served for gold standard validation of 

early-phase [18F]PI-2620 assessment as a surrogate of 

neurodegeneration. �e intermodal correlation analysis 

revealed signi�cant relationships across all major regions 

studied. �e strongest correlations were observed 

between early-phase [18F]PI-2620 and [18F]FDG-PET 

(R = 0.53, P < 0.0001), as well as between early-phase [18F]

PI-2620 and β-amyloid-PET0−10  min (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 [18F]

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 

(See figure on previous page.)
Fig. 3  [18F]PI-2620 binding for the detection of tau accumulation patterns in 4RT and 3/4RT. (A) Average [18F]PI-2620DVR 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, 
***p < 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), β-amyloid-PET (green dots), and both combined (black line) to predict β-amyloid positivity in all patients. (E-F) Correlation plots visualize 
association between [18F]PI-2620 K2a and DVR in the 10% most discriminating K2a-based regions and the basal ganglia solely. (G) ROC analysis of [18F]
PI-2620 K2a and DVR derived from the basal ganglia, validated against β-amyloid gold standard assessments. (H) Scatterplots depict association between 
[18F]PI-2620DVR and p-tau-181 from CSF in both study cohorts
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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 [18F]PI-2620R1 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 [18F]PI-2620 acquisition could enable detailed 

characterization of the individual patient’s biomarker 

trajectory.

Discussion
Molecular imaging is becoming increasingly prominent 

in de�nition schemes of neurodegenerative diseases, 

particularly AD [20] but also for movement disorders 

[38, 39]. �e evolving diagnostic criteria for AD empha-

size the use of a single Core 1 biomarker for biological 

diagnosis across the disease continuum [20]. �is bio-

logical-centric approach aligns with the broader A/T/N 

classi�cation but raises questions about its clinical 

implications. Recent critiques argue that focusing solely 

on β-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]. �ese 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 β-amyloid, tau, and 

neurodegenerative processes. Our �ndings support this 

holistic view, demonstrating that multi-faceted tau-PET 

metrics provide a robust framework for disease staging 

and progression monitoring. �erefore, 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 [18F]

PI-2620 tau-PET imaging to decipher the entire A/T/N 

classi�cation scheme in patients with distinct tauopa-

thies with a single scan in a cross-sectional study design. 

We demonstrated that assessment of the tracer e�ux 

via [18F]PI-2620K2a is a highly e�ective kinetic PET-

biomarker for distinguishing between 3/4RT and 4RT 

Fig. 4  3-dimensional quantitative staging determines personalized trajectories of A/T/N-based disease severity in patients with tauopathies. Axial slices 
of representative patients with tauopathies with varying tau burden in the CenTauR and Kovacs masks are shown alongside K2a and R1 z-score images. 
The percentage values are calculated based on scaling relative to the individual with the highest and lowest values. 3D scatter plot visualizes all n = 129 
participants, with K2a predicted β-amyloid-positivity (purple dots) and β-amyloid-negativity (green dots)
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patients. Furthermore, we highlight the signi�cance of 

[18F]PI-2620DVR to quantify regional tau burden, and in 

conjunction with [18F]PI-2620R1, a biomarker of neuronal 

injury, for detailed disease staging.

As the main �nding of our study, we observed similar 

regional [18F]PI-2620 e�ux for 4RT patients and healthy 

controls, with only minor alterations observed in the 

basal ganglia region, whereas, 3/4RT patients exhibited 

signi�cantly reduced tracer clearance in cortical regions. 

�is di�erential e�ux pattern can be explained by the 

distinct tau isoform-speci�c characteristics of [18F]

PI-2620 binding and clearance. According to previous 

�ndings, the K2a pattern varies with tau isoform compo-

sition. In 4RT, e�ux patterns resemble healthy controls 

due to lower binding a�nity or reduced entrapment in 

4R tau aggregates. In contrast, 3/4RT show higher tracer 

retention and reduced cortical clearance, re�ecting com-

plex binding dynamics from mixed tau isoforms [12]. 

�erefore, lower K2a values align with the pathological 

pro�le characteristic of AD, highlighting that the pres-

ence of both β-amyloid and tau biomarkers, speci�cally 

3/4R tau, is essential for a reliable AD diagnosis [20]. 

When we challenged [18F]PI-2620K2a in a ROC analy-

sis against DVR, the highest discriminatory power for 

prediction of β-amyloid-positivity was obtained for the 

presented clearance biomarker. When compared against 

the gold standards of binary β-amyloid-PET scans and 

CSF Aβ42/Aβ40 ratios [42, 43], [18F]PI-2620K2a showed 

high positive and negative predictive values, indicat-

ing its strong potential for accurate classi�cation of the 

β-amyloid status.

Importantly, these �ndings were con�rmed 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 β-amyloid prediction. Despite 

increased clinical variability, K2a retained its superior 

performance for predicting β-amyloid positivity com-

pared to DVR and R1, highlighting its robustness and 

generalizability across di�erent disease entities. Notably, 

regions and thresholds de�ned in the main cohort were 

applied without re-optimization of model parameters, 

yet K2a-based classi�cation 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 �ndings align with several studies in which [18F]

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 

favorable tracer kinetic pro�le in the presence of 3/4R tau 

�laments. 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 

[18F]PI-2620 has stronger binding a�nity to 3/4R-tau 

compared to 4R-tau isoforms [8, 46]. �is is further sup-

ported by recent �ndings of molecular dynamics and 

Brownian dynamics simulation, which revealed that 3/4R 

tau �laments, particularly within the C-shaped groove 

of AD tau, o�er multiple high-a�nity surface binding 

sites and elevated association rates. In contrast, 4R tau 

�laments 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 signi�cant 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-

speci�c binding kinetics. In this regard, structural biol-

ogy studies using cryo-electron microscopy have further 

emphasized the conformational diversity of tau �laments 

across diseases, providing a biological rationale for the 

observed tracer behavior and supporting the isoform-

sensitive properties of [18F]PI-2620 [47–49].

In addition to di�erent kinetic pro�les, we also 

exploited the di�erent 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 e�orts to stan-

dardize quantitative tau measurements across di�erent 

tracers have supported the development of a universal 

scale. Notable examples include CenTauR, introduced for 

the Alzheimer’s disease continuum [37], and histopatho-

logically de�ned regions for PSP as outlined by Kovacs 

et al. [33]. As a major novelty, we provide the �rst proof 

of concept for staging distinct tauopathies within the 

A/T/N framework. To this end, we combined established 

disease-speci�c composite regions, CenTauR for AD and 

Kovacs-de�ned regions for PSP, with PET-derived surro-

gate markers: K2a as a proxy for β-amyloid status, DVR 

as a measure of tau burden, and R1 as an indicator of 

neuronal injury. �ese 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 

re�ecting perfusion de�cits, 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 strati�ed by β-amyloid status using a K2a-

based cuto�, resulting in individualized A/T/N pro�les. 

�is ability to di�erentiate 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 cuto�s and con�rm 

robustness across di�erent scanners and clinical settings.

However, when examining speci�c regions like the 

basal ganglia, we observed only a trend towards a higher 

[18F]PI-2620DVR in the basal ganglia of 4RT compared 

to AD, which did not remain signi�cant after multiple 

comparison testing. �is �nding may be attributed to 

the distinct binding characteristics of [18F]PI-2620 to 

di�erent 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]. �is made it an ideal model to evaluate whether 

kinetic parameters such as K2a can reliably di�erentiate 

tau isoforms even when clinical presentation is overlap-

ping. Our �ndings con�rm 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. 

�is reinforces the utility of K2a as an isoform-sensitive 

marker capable of resolving tau heterogeneity within 

clinically overlapping phenotypes. �is also contributed 

to atypical clinical scores within our cohort, re�ecting 

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 �ndings, 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 [18F]PI-2620 DVR with high potential 

to distinguish β-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 β-amyloid-positivity. �is 

�nding suggests that K2a may provide a more nuanced 

and sensitive measure of β-amyloid-related changes. 

Although the visual appearance of K2a maps di�ers 

markedly from that of traditional β-amyloid PET images, 

this is mechanistically expected, as K2a re�ects tracer 

clearance dynamics rather than direct β-amyloid binding. 

Importantly, this surrogate relationship is functionally 

rooted in the β-amyloid-dependent formation of AD-

type tau and was con�rmed through correlations with 

Centiloid values and predictive classi�cation 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 β-amyloid-

negative 4R CBS cases. �ese 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 �uid. Although p-tau181 and p-tau217 are 

tau-derived markers, they show high speci�city for AD-

type pathophysiology and are strongly associated with 

Aβ 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-tau181 in AD compared with 4RT. �us, tau-related 

biomarkers can behave as AD-speci�c markers when 

they re�ect the Aβ-associated molecular context of AD-

type tau pathology rather than tau aggregation in general. 

Similarly, K2a is not interpreted as a direct measure of 

β-amyloid binding, but as a kinetic tau-PET parameter 

whose predictive value re�ects AD-speci�c tracer-tau 

interactions and the more persistent binding characteris-

tics of mixed 3/4R tau �laments.

To further evaluate the sensitivity of K2a in atypical 

and early disease presentations, we analyzed β-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. �is 

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 identi�ed individuals with β-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 [18F]PI-2620DVR 

and [18F]PI-2620K2a are strongly negatively associated in 

cortical regions of 3/4RT, but not in 4RT patients. �e 

opposite was observed in the basal ganglia, highlight-

ing the dependence of [18F]PI-2620 binding a�nity 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 β-amyloid positivity in the 

evaluated patients with tauopathies. �e ROC analysis of 

K2a in the basal ganglia revealed that signi�cant discrim-

ination was achieved only with PET validation, however, 

this was not replicated with CSF or combined biomarker 

validation. Conversely, DVR did not demonstrate signi�-

cant discriminatory power in the basal ganglia, suggest-

ing that this region may be less e�ective for β-amyloid 

status prediction using [18F]PI-2620 binding.

As the third pillar of the proposed staging scheme, our 

study provides valuable insights into the utility of [18F]

PI-2620 tracer delivery as a predictive marker for neu-

ronal damage in patients with tauopathies. We exploited 

concomitant scans of [18F]FDG-PET and early-phase 

β-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 �ndings showed a signi�cant 

association between [18F]PI-2620R1, [18F]FDG-PET and 

early-phase β-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 signi�cant association between [18F]PI-2620R1 

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 [18F]PI-2620R1 and atrophy in speci�c 

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 a�ected by atrophy may 

exhibit compensatory pathological increases in neuro-

nal activity and neuroin�ammation, 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. �ese 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.

�is study has several limitations, including, despite 

a few cases, the absence of autopsy con�rmation for the 

clinically diagnosed cases, which could have led to diag-

nostic inaccuracies. �e primary aim of this study was 

to demonstrate the feasibility of classifying individual 

patients within the A/T/N classi�cation scheme using 

dynamic tau-PET imaging. We calculated DVR and K2a 

thresholds through ROC analysis, establishing cuto�s 

that allowed for assignment into either the β-amyloid-

positive or β-amyloid-negative group. �rough further 

quantitative regional assessment of tau load and perfu-

sion, we were able to di�erentiate 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 β-amyloid imaging 

[67], will be essential. De�ning cut-o�s based on larger 

cohorts will improve the ability to discriminate between 

di�erent neurodegenerative disorders. While we focused 

on ROI-based analyses to capture biologically and clini-

cally meaningful patterns, future studies may bene�t 

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 e�ective 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 neuro�brillary pro�les 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 [18F]PI-2620 scan, relevant infor-

mation can still be extracted from the early-phase signal 

via the R1 parameter. Since R1 re�ects relative tracer 

delivery and is not in�uenced by speci�c tau binding, it 

remains a valid marker of perfusion and neurodegenera-

tion independent of T status. �is 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 [18F]PI-2620 tau-PET imaging to classify and 

stage patients within the A/T/N framework, providing 

valuable insights for future clinical trials. �is approach 

suggests that a single dynamic [18F]PI-2620 tau-PET may 

reduce the need for additional β-amyloid- and [18F]FDG-

PET examinations in selected diagnostic settings, thereby 
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reducing radiation exposure for patients and lowering 

healthcare costs.
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