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ABSTRACT: Background: 18F-APN-1607 is a novel
tau PET tracer characterized by high binding affinity for
3- and 4-repeat tau deposits. Whether 18F-APN-1607
PET imaging is clinically useful in PSP remains unclear.
Objectives: The objective of this study was to investi-
gate the clinical utility of 18F-APN-1607 PET in the diag-
nosis, differential diagnosis, and assessment of disease
severity in patients with PSP.
Methods: We enrolled 3 groups consisting of patients with
PSP (n = 20), patients with α-synucleinopathies (MSA with
predominant parkinsonism, n = 7; PD, n = 10), and age-
and sex-matched healthy controls (n = 13). The binding
patterns of 18F-APN-1607 in PET/CT imaging were investi-
gated. Regional standardized uptake ratios were compared
across groups and examined in relation to their utility in
the differential diagnosis of PSP versus α-syn-
ucleinopathies. Finally, the relationships between clinical
severity scores and 18F-APN-1607 uptake were investi-
gated after adjustment for age, sex, and disease duration.

Results: Compared with healthy controls, patients with
PSP showed increased 18F-APN-1607 binding in several
subcortical regions, including the striatum, putamen,
globus pallidus, thalamus, subthalamic nucleus, mid-
brain, tegmentum, substantia nigra, pontine base, red
nucleus, raphe nuclei, and locus coeruleus. We identified
specific regions that were capable of distinguishing PSP
from α-synucleinopathies. The severity of PSP was posi-
tively correlated with the amount of 18F-APN-1607
uptake in the subthalamic nucleus, midbrain, substantia
nigra, red nucleus, pontine base, and raphe nuclei.
Conclusions: 18F-APN-1607 PET imaging holds promise
for the diagnosis, differential diagnosis, and assessment
of disease severity in patients with PSP. © 2021 Interna-
tional Parkinson and Movement Disorder Society
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Progressive supranuclear palsy (PSP), a rare neurodegen-
erative disease associated with pathological accumulation
of tau protein, is a common atypical parkinsonism clini-
cally characterized by a complex spectrum of motor and
behavioral syndromes.1,2 Despite recent advances in mag-
netic resonance (MR) and positron emission tomography/
single-photon emission computed tomography (PET/
SPECT) imaging, prompt and accurate diagnosis of PSP
remains a challenge. Accordingly, patients with PSP may
be misdiagnosed as having other parkinsonian disorders,
especially in the earliest stages of the disease.3 The most
recent diagnostic criteria for PSP maintain that imaging bio-
markers, including midbrain atrophy or hypometabolism
detected onMRI or 18F-fluorodeoxyglucose (18F-FDG) PET
and postsynaptic striatal dopaminergic degeneration identi-
fied on 123I-iodobenzamide (123I-IBZM) SPECT or 18F-
desmethoxyfallypride (18F-DMFP) PET, should be regarded
as an aid or support in the diagnostic process.3 Although
PSP is a tauopathy, the use of tau PET imaging for the diag-
nosis of PSP is still in its infancy.
Recent years have witnessed a significant increase in

the number of PET tracers with binding affinity for tau
deposits. Of them, 18F-AV-1451 has limited clinical
usefulness for PSP because of its poor binding capacity
in non-AD tauopathies.4,5 Another study demonstrated
a significant 18F-THK-5351 uptake in the globus
pallidus and midbrain of patients with PSP.6 Although
this was sufficient to distinguish between cases with
PSP and healthy controls,6 obvious “off-target” binding
to monoamine oxidase B (MAO-B) hampers the clinical
application of 18F-THK-5351 in the diagnosis of PSP.7
11C-pyridinyl-butadienyl-benzothiazole 3 (11C-PBB3)
has also been investigated in PSP and has a limited
cross-activity to MAO-B8,9; however, its off-target
binding represents a significant caveat.10 Although
second-generation tau tracers (eg, 18F-PI-2620) can dis-
tinguish between patients with PSP and healthy con-
trols, their binding patterns are not significantly
associated with age, disease duration, or disease sever-
ity.11 Interestingly, an 18F-labeled PBB3 analogue
(propanol modification of PBB3, PM-PBB3, termed
18F-APN-1607 (also known as 18F-PM-PBB3), holds
promise as a useful tracer for in vivo detection of tau
aggregates in patients with Alzheimer’s disease
(AD) and other non-AD tauopathies.12,13 Compared
with 11C-PBB3, 18F-APN-1607 is characterized by a
high signal-to-noise ratio and low retention in the
venous sinuses.12 However, information on its clinical
utility in the diagnosis, differential diagnosis, and
assessment of disease severity in patients with PSP
remains limited.
To shed light on this issue, we designed a pilot proof-

of-concept investigation in which the binding patterns of
18F-APN-1607 were examined in PET/CT studies of
patients with PSP, patients with α-synucleinopathies, and
healthy controls. Subsequently, regional standardized

uptake value ratios (SUVRs) were compared to assess
whether 18F-APN-1607 binding could distinguish
between PSP-Richardson’s syndrome (PSP-RS) and PSP-
non-RS (ie, other pooled subtypes). Finally, the relation-
ships between clinical severity score and regional mea-
sures of 18F-APN-1607 uptake were investigated after
adjustment for age, sex, and disease duration.

Methods
Participants

The study participants were recruited from the Move-
ment Disorders Clinic, Department of Neurology,
Huashan Hospital, Fudan University (Shanghai, China).
Between May 2019 and August 2020, patients with PSP
(n = 20), patients with α-synucleinopathies (multiple sys-
tem atrophy with predominant parkinsonism [MSA-P],
n = 7; Parkinson’s disease [PD], n = 10), and age- and
sex-matched healthy controls (HCs, n = 13) were
included in the study. PSP was diagnosed and classified
into specific subtypes in accordance with the 2017 Move-
ment Disorder Society (MDS) diagnostic criteria.3 The
diagnosis of PD and MSA-P followed the widely accepted
PD14 and MSA-P15 criteria. All healthy controls had a
negative history for neurologic and psychiatric disorders.
Ethics approval for the study was received from the insti-
tutional review board at the Huashan Hospital (approval
number 2019–284). The study protocol conforms to
national and international regulations and the ethical
guidelines set forth by the Helsinki Declaration. All par-
ticipants provided written informed consent after receiv-
ing a detailed explanation of the study procedures.

Clinical Assessment
After recruitment, all participants were referred to a

clinical assessment team. Patients were clinically evalu-
ated and underwent imaging procedures after an over-
night fast, that is, following an antiparkinsonian
medication withdrawal > 12 hours. Disease severity in
patients with PSP and α-synucleinopathy was assessed
using the Movement Disorders Society Unified
Parkinson’s Disease Rating Scale (MDS UPDRS) and the
Hoehn and Yahr (H&Y) scale.16 The PSP rating scale
(PSPrs)17 was also used to evaluate disease severity. Cog-
nitive function was assessed using the Mini–Mental State
Examination (MMSE). The study participants underwent
18F-APN-1607 PET imaging after completion of clinical
assessments. All clinical data were reviewed by an expert
committee.

Image Acquisition
After completion of clinical assessments, all participants

initially underwent anatomical MRI in a 3.0-T horizontal
magnet (Discovery MR750; GE Medical Systems, Milwau-
kee, WI) followed by 18F-APN-1607 PET. High-resolution
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T1-weighted images were acquired using the following
parameters: TE, 3.2 milliseconds; TR, 8.2 milliseconds;
TI, 450 milliseconds; flip angle, 12�; acquisition
matrix, 256 � 256 � 152; and voxel size, 1 � 1 � 1 mm.
18F-APN-1607 was prepared in the Huashan Hospital
PET center by nucleophilic substitution reaction followed
by acid hydrolysis carried out on an 18F-multifunction
synthesizer (Beijing 127 PET Technology Co. Ltd., Bei-
jing, China).18 The tosylate precursor used for radio-
synthesis was obtained from APRINOIA Therapeutics
(Suzhou, China). PET images were acquired in the
Huashan Hospital on a Siemens mCT Flow PET/CT
scanner (Siemens, Erlangen, Germany) in 3-dimensional
(3-D) mode. A low-dose CT transmission scan was per-
formed for attenuation correction. 18F-APN-1607 was
administered intravenously (370 MBq), and patients
rested comfortably for 90 minutes.12 18F-APN-1607 PET
imaging was performed over a 20-minute acquisition
time (90–110 minutes). Images were subsequently
reconstructed using a 3-D ordered-subset expectation
maximization algorithm (4 iterations; 24 subsets; Gauss-
ian filter, 2 mm; zoom, 3). Reconstructed images had a
matrix size of 256 � 256 � 148 and a voxel size of
2 � 2 � 3 mm3.

Image Processing
All imaging data were transformed for further

processing using the MRIcron tool (output format:
Neuroimaging Informatics Technology Initiative). Indi-
vidual PET and the corresponding T1-weighted MRI
images were thoroughly coregistered using the SPM12
toolbox (http://www.fil.ion.ucl.ac.uk/spm/software/
spm12/). The transformation matrix for each segmented
T1-weighted MRI image was applied to the matched
PET image into the Montreal Neurological Institute
(MNI) standard space. Subsequently, normalized
images were smoothed with a Gaussian kernel at half-
maximum with a 6-mm full-width. Cerebellar gray mat-
ter was used as the reference region for SUVR calcula-
tions. Cortical and subcortical volumes of interest were
identified using the Wake Forest University PickAtlas
(version 3.0)19 and included the following regions:
frontal cortex, parietal cortex, occipital cortex, tempo-
ral cortex, striatum, caudate, putamen, globus pallidus,
thalamus, subthalamic nucleus, midbrain, tegmentum,
substantia nigra, red nucleus, pontine base, raphe
nuclei, locus coeruleus, and dentate nucleus.20 Mean
values obtained from both sides were used for the pur-
pose of analysis.

Criteria for Positive Findings on 18F-APN-1607
Tau PET Imaging

The regional SUVR z score was defined as: (single
patient’s SUVR – mean SUVR observed in healthy con-
trols)/SD of SUVR value observed in healthy controls.

A regional z score ≥ 2 was considered to define positive
findings for semiquantitative interpretation at the
regional level.11 The presence of at least 1 positive
region has been previously considered a criterion for
positivity (1-region positivity approach).11 In light of
the distribution of positive regions in patients with
α-synucleinopathies and healthy controls (Fig. S5), we
also adopted more restrictive standards, that is, the
presence of at least 2 positive regions of interest on 18F-
APN-1607 tau PET imaging (2-region positivity
approach).

Statistical Analysis
Data are presented using descriptive statistics. Groups

were compared on baseline variables by the Fisher’s
exact test for categorical data. Normality of continuous
variables was investigated using visual histograms and
the Kolmogorov–Smirnov test. The homogeneity of var-
iance was assessed with the F test. When data were nor-
mally distributed and the variance was heterogeneous,
intergroup comparisons of baseline variables were per-
formed using 1-way analysis of variance followed by
post hoc Bonferroni’s tests in the 4 study groups. In the
presence of a skewed distribution, continuous data
were analyzed with the Kruskal–Wallis test followed by
post hoc tests for pairwise comparisons. As for multiple
comparisons of SUVR values, a generalized linear
model (GLM) was used to examine intergroup differ-
ences after adjustment for age, sex, and disease dura-
tion. Analyses were adjusted for multiple comparisons
via the Benjamini-Hochberg procedure to control for
the false discovery rate. Differences in continuous vari-
ables between patients with PSP-RS and PSP-non-RS
(pooled) were analyzed with the Student t test. The
single-case positivity distributions among different
groups were compared using the chi-square test or Fish-
er’s exact test. Areas under the receiver operating char-
acteristic (ROC) curve (AUC) were calculated to assess
the diagnostic accuracy of regional 18F-APN-1607
uptake. The regions with high classification accuracy
(AUC ≥ 0.85, P < 0.05) were reported. The criterion for
cutoff point selection in the context of ROC curve anal-
ysis is the maximum of the Youden’s index.21 Pearson’s
correlation coefficient was used to investigate the asso-
ciation between regional 18F-APN-1607 SUVRs and
age or disease duration without correcting for multiple
comparisons. A GLM was applied to calculate partial
correlations between clinical severity score and the
extent of 18F-APN-1607 uptake on PET images in
patients with PSP after adjustment for age, sex, and dis-
ease duration (when available). All analyses were car-
ried out in SPSS (version 20.0; IBM, Armonk, NY), and
statistical significance was determined by a
2-tailed P < 0.05.
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Results
Subject Characteristics

A total of 20 patients with PSP were finally recruited.
Although most patients with PSP had classic PSP-RS
(n = 16), 4 were diagnosed with variant PSP syndromes
(PSP-non-RS, pooled). The general characteristics of
patients with PSP, MSA-P, and PD and healthy controls
are summarized in Table 1. No significant intergroup
differences were observed in terms of age and sex. Dis-
ease duration, MDS UPDRS-III, and MMSE scores did
not differ across groups; conversely, significant differ-
ences were observed with respect to the H&Y scores
(P = 0.035).

Regional 18F-APN-1607 Binding
On visual inspection, most patients with PSP showed

obvious 18F-APN-1607 binding in the subcortical nuclei
and brain stem. Such elevated bindings in the basal gang-
lia and midbrain were absent in the majority of patients
with α-synucleinopathies (neither MSA-P nor PD). Corti-
cal tracer uptake was uncommon in PSP, being detectable
in 3 patients only (Fig. S1). Representative images of
18F-APN-1607 binding in individual regions are shown in
Figure 1. In 4 patients with MSA-P, 18F-APN-1607 bind-
ing was evident in the putamen, different from the previ-
ously mentioned regions in PSP (Fig. S2). Notably, some
participants showed obvious plexus binding (Fig. 1).
Compared with healthy controls, quantitative analyses

in patients with PSP revealed a significant increase in

terms of regional 18F-APN-1607 binding for the follow-
ing regions: striatum, putamen, globus pallidus, thala-
mus, subthalamic nucleus, midbrain, tegmentum,
substantia nigra, pontine base, red nucleus, raphe nuclei,
and locus coeruleus (Table 2). Compared with patients
with PD, those with PSP had a higher tracer binding in
the putamen, globus pallidus, subthalamic nucleus, mid-
brain, tegmentum, substantia nigra, red nucleus, pontine
base, raphe nuclei, and locus coeruleus (Table 2). Com-
pared with the MSA-P group, patients with PSP had
higher tracer binding in the globus pallidus, subthalamic
nucleus, midbrain, tegmentum, substantia nigra, red
nucleus, raphe nuclei, and locus coeruleus (Table 2).
Compared with healthy controls, there was a significant
increase of 18F-APN-1607 uptake in the putamen
(P = 0.003) and globus pallidus (P = 0.020) in patients
with MSA-P, but not in those with PD (Fig. S2).

Analysis of Positive Findings on 18F-APN-1607
PET Imaging

We analyzed the presence of positive findings on
18F-APN-1607 tau PET imaging in the 4 study groups
using 2 different methods. Using the 2-region positivity
approach, 17 of the 20 patients with PSP (85%) and 5 of
the 17 patients with α-synucleinopathies (29%) were clas-
sified as 18F-APN-1607 tau PET positive at the single-case
level (Fig. 2). In the α-synucleinopathies group (n = 17), 2
patients with PD (20%) and 3 patients with MSA-P
(43%) were 18F-APN-1607 tau PET positive (Fig. 2;
Fig. S3). None of the healthy controls was 18F-APN-1607

TABLE 1 General characteristics of the study groups

PSP

α-Synucleinopathies

HCs PMSA-P PD

Number of subjects 20 7 10 13 —

Disease subgroup
(number of subjects)

Probable PSP-RS (16)
Probable PSP-P (2)
Possible PSP-PGF (1)
Suggestive of PSP-P (1)

— — — —

Sex (men/women) 13/7 2/5 6/4 8/5 0.438a

Age, years 63.0 � 7.4 60.3 � 5.1 59.4 � 16.3 60.6 � 4.2 0.473b

Disease duration, months 45.1 � 30.0 25.9 � 11.7 29.9 � 17.3 — 0.126c

PSP rating scale score 31.6 � 16.6 — — — —

MDS UPDRS-III score 34.2 � 15.1 44.0 � 8.2 38.9 � 17.1 — 0.306c

Hoehn & Yahr scale score 3 (3, 3) 4 (3, 4) 4 (3, 4) — 0.035b

MMSE 24.1 � 4.6 23.9 � 4.9 25.4 � 4.3 26.7 � 2.5 0.337b

aFisher’s exact test.
bKruskal-Wallis test.
cOne-way analysis of variance followed by Bonferroni’s post hoc correction for multiple comparisons.
PSP-RS, progressive supranuclear palsy–Richardson’s syndrome; PSP-P, progressive supranuclear palsy with predominant parkinsonism; PSP-PGF, progressive supranuclear palsy
with predominant gait freezing; PSP-P, progressive supranuclear palsy with predominant parkinsonism; MSA-P, multiple system atrophy with predominant parkinsonism; PD,
Parkinson’s disease; HCs, healthy controls; MDS-UPDRS, Movement Disorders Society Unified Parkinson’s Disease Rating Scale; MMSE, Mini–Mental State Examination.
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tau PET positive (Fig. 2A; Fig. S4). The 2-region positivity
approach was able to distinguish PSP from healthy con-
trols with a sensitivity of 85% and a specificity of 100%.
On analyzing its ability to distinguish PSP from patients
with α-synucleinopathies, the sensitivity was 85%, and the
specificity was 71% (Table S1). As previously reported,11

the 1-region positivity approach distinguished patients
with PSP from healthy controls with a sensitivity of 90%
and a specificity of 92%. However, lower specificity
(53%) was observed on analyzing its ability to distinguish
PSP from patients with α-synucleinopathies (Table S1;
Fig. S5). Therefore, our main analysis was based on the
2-region positivity approach (Fig. 2A).

Diagnostic Accuracy of 18F-APN-1607 Tau PET
Findings

ROC curve analysis revealed that SUVRs of most sub-
cortical regions allowed making a reliable differential

diagnosis between PSP and α-synucleinopathies. This was
especially evident for SUVRs of the subthalamic nucleus
(AUC, 0.935). Using an optimal cutoff value of 1.535 for
SUVRs of subthalamic nucleus, 18F-APN-1607 PET
imaging had 95% sensitivity and 82% specificity for dis-
tinguishing PSP from α-synucleinopathies. In addition,
SUVRs of raphe nuclei, red nucleus, tegmentum, and
midbrain were found to distinguish PSP from
α-synucleinopathies with high accuracy (Fig. 2B). The dif-
ferential ability of regional SUVRs in distinguishing PSP
from MSA-P, PD, and HC is summarized in Table S2.

Associations between 18F-APN-1607 Binding
and Disease Severity in Different PSP

Subtypes
As shown in the heat map of individual 18F-APN-

1607 binding, the subgroup of patients with the PSP-
non-RS (pooled) subtype showed a trend toward a low

FIG. 1. Representative 18F-APN-1607 PET images in different groups. Representative individual 18F-APN-1607 PET images were superimposed to ana-
tomical T1 MRI in patients with PSP,people with α-synucleinopathies, and HCs. Obvious 18F-APN-1607 bindings in the midbrain and basal ganglia
were identified in different PSP subtypes. No prominent tracer binding in the subcortical nuclei and brain stem was observed in patients with
α-synucleinopathies (PD and MSA-P). The presence of plexus binding was also evident in different groups. The color stripe indicates the standard
uptake value ratio using the cerebellar cortex as the reference region. PSP-RS, progressive supranuclear palsy-Richardson’s syndrome; PSP-P, pro-
gressive supranuclear palsy with predominant parkinsonism; PSP-PGF, progressive supranuclear palsy with predominant gait freezing; MSA-P, multiple
system atrophy with predominant parkinsonism; PD, Parkinson’s disease; HC, healthy controls. [Color figure can be viewed at wileyonlinelibrary.com]
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tracer uptake (Fig. 3A). Similarly, they tended to have
lower z scores (both total score and at the regional
level) – albeit not significantly so (Fig. 3B). The associa-
tions between the severity of PSP (as assessed by PSPrs
scores) and the extent of 18F-APN-1607 uptake
(as expressed by SUVRs) were analyzed separately for
different ROIs without applying a correction for multi-
ple comparisons. The SUVR of subthalamic nucleus
(P = 0.035), midbrain (P = 0.014), substantia nigra
(P = 0.030), red nucleus (P = 0.014), pontine base
(P = 0.043), and raphe nuclei (P = 0.005) showed posi-
tive correlations with PSPrs scores after adjustment for
age, sex, and disease duration (Fig. 3C). Notably, nei-
ther age nor disease duration was found to correlate
with 18F-APN-1607 uptake (Table S3).

Discussion

In the current study, we provide initial proof-of-
concept evidence that 18F-APN-1607 PET imaging may

serve as an imaging tool for distinguishing PSP from
α-synucleinopathies (MSA-P and PD). Although cases
with PSP showed a clear 18F-APN-1607 binding in the
basal ganglia and midbrain, such binding patterns were
rare in patients with α-synucleinopathies or healthy
controls. However, 4 cases with MSA-P showed clear
18F-APN-1607 binding in the basal ganglia, but not in
the midbrain. Moreover, we found that the severity of
PSP was positively correlated with SUVRs measured in
certain 18F-APN-1607-positive regions. Pending inde-
pendent validation, our pilot observations suggest that
18F-APN-1607 PET may serve as a promising imaging
biomarker for the diagnosis, differential diagnosis, and
assessment of disease severity in patients with PSP.
On identifying areas of increased 18F-APN-1607

uptake in patients with PSP (striatum, putamen, globus
pallidus, thalamus, subthalamic nucleus, midbrain, teg-
mentum, pontine base, substantia nigra, red nucleus,
raphe nuclei, and locus coeruleus), we confirmed that
their distribution was consistent with the typical tau
spreading pattern in PSP pathology.22 First-generation

FIG. 2. . Clinical value of 18F-APN-1607 tau PET imaging in the differential diagnosis of PSP. Clinical utility of 18F-APN-1607 tau PET imaging in dis-
tinguishing PSP from α-synucleinopathies using global PET tau results — positive versus negative (A) and receiver operating characteristic curve analy-
sis of regional SUVRs (B). (A) Individual 18F-APN-1607 tau PET imaging findings (positive versus negative) in different patient groups. (B) Receiver
operating characteristic curves illustrating the diagnostic accuracy of 18F-APN-1607 binding in different brain regions for the differential diagnosis of
PSP versus α-synucleinopathies. The accuracy of the model was assessed by calculating the areas under the receiver operating characteristic curves.
PSP, progressive supranuclear palsy; MSA-P, multiple system atrophy with predominant parkinsonism; STN, subthalamic nucleus; Ra, raphe nuclei;
RN, red nucleus; TG, tegmentum; MB, midbrain. [Color figure can be viewed at wileyonlinelibrary.com]
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tau tracers have shown either low affinity or limited sig-
nals for non-AD tauopathies,23,24 being ultimately lim-
ited for the imaging of patients with PSP. Recent
studies have focused on the potential utility of second-
generation tau PET tracers, including 18F-PI-262011

and 18F-APN-1607,12 in this clinical entity (Table S4).
Studies conducted using first-generation tracers have
been partially limited by the occurrence of off-target
binding in the basal ganglia, midbrain, thalamus, cho-
roid plexus, and venous sinus.24 Specifically,
18F-THK5351 showed off-target binding to MAO-B,25

whereas 18F-AV-1451 signals tended not only to
increase with age but also displayed off-target activity
because of neuromelanin and brain hemorrhagic
lesions.26 Notably, 18F-APN-1607 uptake did not cor-
relate with age in either disease groups (regardless of a
diagnosis of PSP or α-synucleinopathies) or in healthy
controls. Although these results suggest that off-target
activity from brain aging was unlikely, caution should
be exercised on the occurrence of off-target binding
because background activity was elevated and plexus
binding was observed.

Once we had obtained initial evidence indicating that
18F-APN-1607 binding could be increased in subcorti-
cal areas of patients with PSP, we then included it in
the imaging protocol patients with α-synucleinopathies.
This allowed us to demonstrate the usefulness of 18F-
APN-1607 PET for a differential diagnosis. In our
study, the 18F-APN-1607 binding patterns of patients
with PSP were obviously different from those observed
in α-synucleinopathies. Interestingly, 4 cases with
MSA-P in our study had increased 18F-APN-1607 bind-
ing in the putamen. This has been shown to result in
low specificity when the 1-region positivity approach
was used to distinguish PSP from α-synucleinopathies.11

A previous investigation demonstrated asymmetric
18F-AV-1451 uptake in the putamen of patients with
MSA-P, which may be at least in part attributable to
off-target binding.27 However, we identified 18F-APN-
1607 binding in the putamen of patients with MSA-P
(4 of 7), but not of those with PD. These results can be
explained either by the presence of tau deposits in the
putamen28 of the former patient group or by off-target
binding of the tracer to other proteins not limited to

FIG. 3. 18F-APN-1607 uptake and clinical severity of PSP. Heat map of regional z scores at the patient level (A) and summed vectors of regional
z scores in different PSP phenotypes (B) identified a trend toward increased tau deposition in PSP-RS. (C) Partial correlation analyses in patients with
PSP revealed significant positive associations between regional 18F-APN-1607 bindings and disease severity (as assessed by PSPrs scores) after
adjustment for age, sex, and disease duration using a generalized linear model. PSP-RS, progressive supranuclear palsy–Richardson’s syndrome;
STN, subthalamic nucleus; MB, midbrain; SN, substantia nigra; RN, red nucleus; PB, pontine base; Ra, raphe nuclei; PSPrs, progressive supranuclear
palsy rating scale. [Color figure can be viewed at wileyonlinelibrary.com]
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MSA-related α-synuclein.29 Future studies should exam-
ine in greater detail the clinical utility of 18F-APN-1607
PET imaging in patients with MSA-P.
PSP includes different disease subtypes that have dis-

tinct clinical courses and tau accumulation patterns.
Our study is the first to analyze SUVRs from 18F-APN-
1607 PET in relation to different PSP variants. In agree-
ment with the results from a pathology study,20 we
found a trend toward increased tau accumulation
(as reflected by 18F-APN-1607 binding) in patients with
the PSP-RS than in those with PSP-non-RS (pooled).
There were 3 cases in the PSP cohort with negative tau
PET imaging (Fig. 2; Fig. S3). Although the definition
of standard positive uptake (Z ≥ 2) may be too strict
for some patients with PSP, it is possible that the bur-
den of tau accumulation at the time of examination
was below the detection threshold. A thorough follow-
up will be necessary to confirm the diagnosis in the
presence of clinical symptoms and negative 18F-APN-
1607 PET imaging findings.
Another interesting observation in our study is the

positive association between PSP severity and SUVRs
measured in several subcortical regions (ie, subthalamic
nucleus, midbrain, substantia nigra, red nucleus, pon-
tine base, and raphe nuclei). Owing to the exploratory
nature of the study and the limited sample size, we did
not apply a post hoc correction for multiple compari-
sons when correlation analyses based on different ROIs
were undertaken. Notably, this is consistent with the
previous finding of a significant correlation between
18F-APN-1607 SUVRs in the subthalamic nucleus and
PSPrs scores.12 Pathologic alterations in the sub-
thalamic nucleus are common in PSP.30 The increased
signal observed in these nuclei may be attributable to
the prion-like propagation of tau fibrillogenesis,20

which may play a role in disease progression. Although
our findings should be considered as hypothesis gener-
ating, the clinical utility of 18F-APN-1607 PET imaging
for the diagnosis, differential diagnosis, and assessment
of disease severity in PSP warrants further scrutiny.
Our study has 2 main strengths. First, our research

was not limited to patients with PSP and healthy con-
trols. The inclusion of cases with α-synucleinopathies
allowed us to assess whether 18F-APN-1607 PET imag-
ing has value for differential diagnosis. Second, the
selection of the regions of interest for this study, includ-
ing the cortex, striatum, thalamus, brain stem, and cere-
bellum, was informed by recent pathological studies.20

Our investigation also has some limitations. First,
patients with PD had severe symptoms despite short
disease duration. This can be explained by the small
sample size and/or that patients with severe disease
despite short disease duration are more likely to be
included in PET imaging studies, potentially implying a
selection bias. Future studies with larger samples should
work to address this caveat. A higher number of

patients may also provide greater power to evaluate
whether differences in terms of 18F-APN-1607 binding
exist between different PSP subtypes. Second, we relied
on a nondynamic acquisition protocol. In an effort to
minimize the impact of blood flow, we adopted the
methodological approach described by Tagai et al.12

Third, we did not perform visual interpretation of PET
images.

Conclusion

Our pilot results suggest that 18F-APN-1607 PET
imaging has the potential for the diagnosis, differential
diagnosis, and disease severity assessment in patients
with PSP. Our findings should be viewed as hypothesis
generating, and further research is needed to replicate
these results in a larger sample.
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