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ABSTRACT: Background: Frontotemporal lobar degen-
eration with tauopathy caused by MAPT (microtubule-
associated protein tau) mutations is a highly heterogenous
disorder. The ability to visualize and longitudinally monitor
tau deposits may be beneficial to understand disease path-
ophysiology and predict clinical trajectories.
Objective: The aim of this study was to investigate the
cross-sectional and longitudinal 18F-APN-1607 positron
emission tomography/computed tomography (PET/CT)
imaging findings in MAPT mutation carriers.
Methods: Seven carriers of MAPT mutations (six within
exon 10 and one outside of exon 10) and 15 healthy control
subjects were included. All participants underwent 18F-APN-
1607 PET/CT at baseline. Three carriers of exon 10 muta-
tions received follow-up 18F-APN-1607 PET/CT scans.
Standardized uptake value ratio (SUVR) maps were obtained
using the cerebellar gray matter as the reference region.
SUVR values observed in MAPT mutation carriers were nor-
malized to data from healthy control subjects. A regional
SUVR z score ≥ 2 was used as the criterion to define posi-
tive 18F-APN-1607 PET/CT findings.

Results: Although the seven study patients had heterog-
enous clinical phenotypes, all showed a significant
18F-APN-1607 uptake characterized by high-contrast
signals. However, the anatomical localization of tau
deposits differed in patients with distinct clinical symptoms.
Follow-up imaging data, which were available for three
patients, demonstrated worsening trends in patterns of tau
accumulation over time, which were paralleled by a signifi-
cant clinical deterioration.
Conclusions: Our data represent a promising step in
understanding the usefulness of 18F-APN-1607 PET/CT
imaging for detecting tau accumulation in MAPT muta-
tion carriers. Our preliminary follow-up data also suggest
the potential value of 18F-APN-1607 PET/CT for monitor-
ing the longitudinal trajectories of frontotemporal lobar
degeneration caused by MAPT mutations. © 2021 Inter-
national Parkinson and Movement Disorder Society
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Frontotemporal lobar degeneration (FTLD) is a dis-
ease spectrum that encompasses highly heterogenous
conditions in terms of clinical phenotypes,

neuropathological features, and genetic underpinnings.1

FTLD with tauopathy (FTLD-tau) represents up to
40% of all FTLD cases,2 and pathogenic mutations in
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the microtubule-associated protein tau (MAPT; OMIM
157140) gene are responsible for the genetic form of
FTLD-tau.3 Under physiological conditions, roughly
equal amounts of tau isoforms with three (3R) or four
repeats (4R) of microtubule-binding domains are pro-
duced.4 However, the relative abundance of 3R and 4R
tau isoforms can be altered by disease-causing MAPT
mutations, ultimately resulting in 3R, 4R, or 3R + 4R
tauopathies.5 Specifically, MAPT mutations within
exon 10 and the surrounding introns, which collectively
represent a significant hotspot, have been shown to
result in excess 4R tau production.6,7

Recent advances in tau positron emission tomograph
(PET) tracers have fostered our ability to identify cere-
bral tau deposits. Although 18F-AV-1451 tau PET has
been used to image patients who carried at least 10 dif-
ferent MAPT mutations, the diagnostic performances
have been inconsistent.8-14 Although the tracer avidly
binds to 3R + 4R tau deposits (which are mainly cau-
sed by MAPT mutations outside of exon 10), the ability
to visualize 4R tau accumulation (which is chiefly
elicited by mutations within exon 10) appears more
limited.10 Another traditional tau tracer, 11C-PBB3, has
shown good performance for visualizing 4R tau aggre-
gates in patients harboring the MAPT N279K
variant,15 but it is clinically limited by its intrinsic meta-
bolic instability and rapid clearance.16 Although the
utility of the second-generation tau radiotracer 18F-PI-
2620 has been investigated in patients with progressive
supranuclear palsy (PSP; a 4R tauopathy), whether it
might have clinical value in MAPT mutation carriers
remains unanswered.17

Previous data suggested that the second-generation tau
tracer 18F-APN-1607 outperforms 11C-PBB3 in terms of
signal-to-noise ratio, while having minimal cross-
reactivity with monoamine oxidases.18 In addition, its
binding patterns in sporadic FTLD-tau cases have been
shown to consistently correlate with neuropathological
findings.18 Nonetheless, the diagnostic performances of
18F-APN-1607 positron emission tomography/computed
tomography (PET/CT) imaging in cases with genetic
FTLD-tau caused by MAPT mutations have not been
thoroughly investigated. Interestingly, a significant corti-
cal and subcortical 18F-APN-1607 uptake has been
recently reported in a patient with behavioral variant
frontotemporal dementia (FTD) who harbored a MAPT
P301L mutation occurring in exon 10.19 In light of the
significant heterogeneity in terms of disease phenotypes
and neuropathological features among MAPT mutation
carriers, the potential value of 18F-APN-1607 PET/CT
imaging should be investigated by taking into account
both clinical and genetic findings.
The purpose of this study was twofold. First, we

sought to investigate the clinical utility of 18F-APN-1607
PET/CT in MAPT mutation carriers by analyzing a sam-
ple of seven patients with different phenotypes. To this

aim, both regional standardized uptake value ratios
(SUVRs) and the patterns of tau deposition were thor-
oughly investigated in a cross-sectional analysis. Second,
three patients underwent an imaging follow-up study to
assess whether 18F-APN-1607 tau PET/CT may serve as
a potential imaging biomarker of disease progression.

Subjects and Methods
Participants

This study conforms to the tenets of the Declaration
of Helsinki and was approved by the Ethics Committee
of the Huashan Hospital, Fudan University (Shanghai,
China). Written informed consent was obtained from
all participants. The study patients were recruited from
the Movement Disorders Clinics of the Huashan Hospi-
tal, Fudan University, between May 2014 and May
2020. We identified eight patients harboring previously
described pathogenic MAPT variants.15,20-22 One case
who did not undergo 18F-APN-1607 tau PET/CT imag-
ing was excluded; therefore, the final study sample con-
sisted of seven patients. MAPT mutation analysis was
performed using second-generation sequencing, and all
of the identified variants were further confirmed with
Sanger sequencing (Supporting Information Fig. S1).23

Between May 2019 and November 2020, we also
included a total of 15 consecutive healthy control sub-
jects with a negative history of neurological or psychiat-
ric disorders.

Clinical Assessments
All patients were scheduled to undergo regular follow-

up visits on an annual basis. Variables collected from the
study participants and their family members were demo-
graphic data, medical history, and clinical manifestations.
Patients were considered to have symptoms of FTD when
the diagnostic criteria for FTD were met. The motor pre-
sentation was categorized as PSP, corticobasal syndrome
(CBS), or amyotrophic lateral sclerosis (ALS) according
to the currently accepted diagnostic criteria.24-30 Cogni-
tive and motor functioning were assessed on each visit.31
18F-APN-1607 PET/CT scans were scheduled for each
patient at the nearest visit after July 2019 (baseline) and
during the subsequent visit over a 12-month (�2 months)
time interval. However, patients A-II-2, A-II-3, and
B-III-1 were unwilling to receive a follow-up 18F-APN-
1607 PET/CT examination. In addition, patient E-II-2
became uncooperative as a result of a significant clinical
deterioration over time.

Image Acquisition and Processing
On completion of clinical assessment, all participants

underwent the following imaging studies (see
Supporting Information): (1) structural magnetic reso-
nance imaging (MRI), (2) dopamine transporter
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imaging with 11C-CFT PET/CT, (3) glucose metabolism
imaging with 18F-FDG PET/CT, and (4) tau imaging
with 18F-APN-1607 PET/CT. All images were obtained
on separate days within 1 week of each other.
18F-APN-1607 tau PET/CT imaging was conducted
using a Siemens mCT Flow PET/CT scanner (Siemens,
Erlangen, Germany). The procedures have been previ-
ously described.32 In brief, the window scanning time was
90–110 min18 after the intravenous administration of 18F-
APN-1607 (370 MBq), which was prepared in the
Huashan Hospital PET center. Images were reconstructed
using a 3D ordered-subset expectation maximization
algorithm. Individual PET and corresponding T1-
weighted MRIs were coregistered using the SPM12 soft-
ware (http://www.fil.ion.ucl.ac.uk/spm/software/spm12/)
implemented in MATLAB 9.5 (MathWorks, Natick, MA,
USA). The transformation matrices of segmented
T1-weighted MRIs were applied to matched PET images
into the Montreal Neurological Institute standard space.
Normalized images were subsequently smoothed with a
Gaussian kernel at a half-maximum with a full width of
6 mm. SUVR maps were obtained using the cerebellar
gray matter as the reference region. Mean regional SUVR
values were extracted using the following regions of inter-
est (ROIs): 42 cerebral gray matter ROIs identified from
the automated anatomical atlas (AAL) three template,33

8 cerebral white matter ROIs merged from the AAL-VOI
template in the PMOD software (version 4.005,

http://www.pmod.com), and 14 predefined subcortical
ROIs.32 The hippocampus was excluded from the analy-
sis because of its anatomical contiguity to the choroid
plexus.18 A list of all ROIs examined in the study is pro-
vided in Supporting Information Table S1.

Data Analysis
Groups were compared by χ2 (categorical data) or Stu-

dent t tests (continuous data). Regional SUVR z scores were
calculated using the following formula: z score = (crude
SUVR observed inMAPTmutation carriers � mean SUVR
observed in healthy controls)/standard deviation of SUVR
observed in healthy control subjects.
On analyzing 18F-APN-1607 tau PET images, a

SUVR z score ≥ 2 standard deviations was used as the
criterion to define positive findings. Statistical signifi-
cance was defined as a two-tailed P < 0.05.

Results
Participant Characteristics

A total of seven MAPT mutation carriers from five
families were included in the study (Fig. 1). The general
characteristics of patients and control subjects are shown
in Supporting Information Table S2. The clinical features
of the study patients were markedly heterogeneous. The
clinical, genetic, and imaging data of the seven patients

FIG. 1. Family trees showing the distribution of MAPT mutations. ALS, amyotrophic lateral sclerosis; CBS, corticobasal syndrome; D, dementia; D*,
suspected dementia; FTD, frontotemporal dementia; M, mutant; P, parkinsonism; P*, suspected parkinsonism; PPS, Parkinson’s plus syndrome; PSP,
progressive supranuclear palsy; W, wild-type.

Movement Disorders, 2021 3

1 8 F - A P N - 1 6 0 7 T A U P E T I N M A P T M U T A T I O N S

http://www.fil.ion.ucl.ac.uk/spm/software/spm12/
http://www.pmod.com


T
A
B
L
E
1

G
en
er
al
ch
ar
ac
te
ris
tic
s
of
th
e
se
ve
n
M
A
PT

m
ut
at
io
n
ca
rri
er
s

P
at
ie
n
t

A
-I
I-
2

P
at
ie
n
t

A
-I
I-
3

P
at
ie
n
t

B
-I
II
-1

P
at
ie
n
t

B
-I
II
-2

P
at
ie
n
t

C
-I
I-
1

P
at
ie
n
t

D
-I
II
-2

P
at
ie
n
t

E
-I
I-
2

G
en

et
ic

d
at
a

M
A
PT

m
ut
at
io
n

N
27
9K

N
27
9K

N
27
9K

N
27
9K

P3
01
L

S3
05
I

P5
13
A

E
xp

ec
te
d
ta
u
is
o
fo
rm

(s
)

4R
4R

4R
4R

4R
4R

3R
+

4R

G
en

er
al

ch
ar
ac
te
ri
st
ic
s

C
lin

ic
al
di
ag
no

sis
at
ba
se
lin

e
Pr
ob

ab
le
PS

P
+

FT
D

Pa
rk
in
so
ni
sm

Pr
ob

ab
le
PS

P
+

FT
D

Su
gg
es
tiv

e
of

PS
P

FT
D

Po
ss
ib
le
C
B
S

Pa
rk
in
so
ni
sm

+
pr
ob

ab
le

A
LS

+
FT

D

C
lin

ic
al
di
ag
no

sis
at
fo
llo
w
-u
p

Pr
ob

ab
le
PS

P
+

FT
D

Pa
rk
in
so
ni
sm

+
FT

D
N
A

Pr
ob

ab
le
PS

P
FT

D
Pr
ob

ab
le
C
B
S

+
FT

D
N
A

A
ge

at
on

se
t
(y
)

48
50

44
43

55
35

41

D
ise
as
e
du

ra
tio

n
(b
as
el
in
e/
fo
llo
w
-u
p)

(m
o)

10
0a
/1
23

6a
/2
9

43
a /
N
A

21
a /
35

a
24

a /
36

a
9a
/1
9a

38
a /
N
A

B
as
el
in
e
im

ag
in
g
fe
at
u
re
s

M
R
I

Fr
on

ta
la
nd

te
m
po

ra
la
tr
op

hy
+

+
+

+
+

�
+

FD
G

PE
T
/C

T
im

ag
in
g

Fr
on

ta
lh

yp
om

et
ab
ol
ism

N
A

+
+

+
+

+
+

T
em

po
ra
lh

yp
om

et
ab
ol
ism

N
A

+
+

�
+

�
�

M
id
br
ai
n
hy
po

m
et
ab
ol
ism

N
A

+
+

+
�

+
�

D
A
T
PE

T
/C

T
im

ag
in
g

A
nt
er
io
r
pu

ta
m
en

al
te
ra
tio

ns
+

+
+

+
+

+
�

Po
st
er
io
r
pu

ta
m
en

al
te
ra
tio

ns
+

+
+

+
+

�
�

C
au
da
te

al
te
ra
tio

ns
+

+
+

+
+

�
+

a C
al
cu
la
te
d
at
th
e
tim

e
of

18
F-
A
PN

-1
60
7
PE

T
im

ag
in
g.

+
,
po

sit
iv
e;

�,
ne
ga
tiv

e;
�,

su
sp
ec
te
d;

A
LS

,
am

yo
tr
op

hi
c
la
te
ra
l
sc
le
ro
sis
;
C
B
S,

co
rt
ic
ob

as
al
sy
nd

ro
m
e;

D
A
T
,
do

pa
m
in
e
tr
an
sp
or
te
r;
FD

G
,
fl
uo

ro
de
ox

yg
lu
co
se
;
FT

D
,
fr
on

to
te
m
po

ra
l
de
m
en
tia
;
M
R
I,
m
ag
ne
tic

re
so
na
nc
e
im

ag
in
g;

N
A
,

no
t
av
ai
la
bl
e;
PE

T
/C

T
,p

os
itr
on

em
iss
io
n
to
m
og
ra
ph

y/
co
m
pu

te
d
to
m
og
ra
ph

y;
PS

P,
pr
og
re
ss
iv
e
su
pr
an
uc
le
ar

pa
lsy
.

4 Movement Disorders, 2021

Z H O U E T A L



are depicted in Table 1 and Supporting Information
Table S3, which present the various clinical symptoms in
chronological order as they appeared. Figure 2 shows the
results of 18F-APN-1607 tau PET imaging, whereas
18F-FDG PET and 11C-CFT PET images are provided in
Supporting Information Fig. S2.

18F-APN-1607 Imaging in MAPT Mutation
Carriers: Baseline Findings

MAPT N279K (Families A and B)

Four patients (A-II-2, A-II-3, B-III-1, and B-III-2)
from two different families (A and B) carried a MAPT
N279K mutation. All showed parkinsonism at the time
of disease onset, and some of the core symptoms of PSP

were observed later among patients A-II-2, B-III-1, and
B-III-2. Notably, patients A-II-2, A-II-3, and B-III-1
developed FTD symptoms during their clinical course,
which was accompanied by severe widespread cortical
accumulation of tau deposits.
Patient A-II-2, who originally presented with parkin-

sonism, subsequently showed typical symptoms of PSP,
accompanied by apraxia of speech. On 18F-APN-1607
tau PET imaging, there was diffuse tracer uptake, espe-
cially in the subcortical regions, including striatum,
putamen, pallidum, subthalamic nucleus (STN), teg-
mentum, red nucleus (RN), raphe nuclei, and dentate.
The cerebral cortex and all of the white matter regions
also showed extensive involvement. Patient A-II-3 pres-
ented with symmetrical akinesia-rigid parkinsonism. At

FIG. 2. 18F-APN-1607 binding patterns observed in MAPT mutation carriers and healthy control subjects: baseline and follow-up data. Each patient is
presented separately; the MAPT mutation identified for each case is marked in italics. Y0 denotes baseline findings, whereas Y1 refers to follow-up
findings. The patterns of tau depositions were heterogeneous across different MAPT mutations. Compared with baseline values, the three patients who
were longitudinally followed up (B-III-2, C-II-1, and D-III-2) showed an increased tau burden over time. HC, healthy control subject; R, right; SUVR,
standardized uptake value ratio. [Color figure can be viewed at wileyonlinelibrary.com]

Movement Disorders, 2021 5

1 8 F - A P N - 1 6 0 7 T A U P E T I N M A P T M U T A T I O N S

http://wileyonlinelibrary.com


baseline, an increased tracer uptake was observed in
subcortical regions, including bilateral putamen and
pallidum and right STN and raphe nuclei, as well as in
the cortex and corresponding white matter. Baseline
18F-APN-1607 tau PET imaging also showed extensive
tau deposits in the left locus ceruleus, a finding that
may account for the significant deterioration in the
patient’s global cognition and language fluency over a
2-year follow-up.
Patient B-III-1 was diagnosed with probable PSP plus

FTD. Symptoms of FTD, including behavioral and lan-
guage deficits, developed over a 3-year period. On
18F-APN-1607 tau PET imaging, a markedly high
tracer uptake was observed in the frontoparietal cortex;
this was especially evident in the left precentral, supe-
rior, and middle frontal gyrus, as well as in the bilateral
superior medial frontal gyrus. Tau deposits were also
evident in subcortical regions, including the right puta-
men, midbrain, and RN, as well as in the bilateral sub-
stantia nigra (SN), pallidum, STN, and tegmentum.
Patient B-III-2 presented right-dominant parkinsonian
symptoms at onset. A diagnosis of PSP was suspected

at baseline because of predominant postural instability.
Baseline 18F-APN-1607 tau PET imaging showed tau
deposits in the left STN, SN, tegmentum, RN, and
raphe nuclei. Semiquantitative analysis failed to identify
positive tau aggregates in the cortex of patient B-III-2.
Consistently, FTD symptoms (eg, personality changes
and nonfluent speech) were absent at the time of clinical
assessment. Over a 35-month follow-up, there was evi-
dence of oculomotor dysfunction, but FTD symptoms
remained negative. After an additional 18F-APN-1607
tau PET scan, her diagnosis was changed to probable
PSP without FTD.

MAPT P301L (Family C)

Patient C-II-1, who harbored a MAPT P301L muta-
tion, was diagnosed with FTD (subtype: semantic vari-
ant primary progressive aphasia) at the age of 57 years.
There was no evidence of movement disorders. Semi-
quantitative analysis of 18F-APN-1607 PET/CT imaging
findings showed that positive tau aggregates were lim-
ited to the bilateral thalamus. Temporal involvement is

FIG. 3. Heatmaps of regional z scores in the seven MAPT mutation carriers: baseline and follow-up data. Y0 denotes baseline findings, whereas Y1
refers to follow-up findings. (A) Original z scores. (B) Negative regions (z scores <2 standard deviations) are marked in blue; mildly positive regions
(z scores ≥2 and <3 standard deviations) are denoted in orange; definitely positive regions (z scores ≥3 standard deviations) are marked in red. [Color
figure can be viewed at wileyonlinelibrary.com]
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a disease-specific anatomic feature of semantic variant
primary progressive aphasia. Although on visual assess-
ment positive signals were identified in the temporal
white matter, the SUVR z score (1.272) did not meet
the positivity criteria for tau aggregates. On follow-up
examinations, the patient had behavioral disturbances;
however, her motor function remained normal.

MAPT S305I (Family D)

Patient D-III-2, who harbored an MAPT S305I muta-
tion, developed right hand apraxia accompanied by a
reduced arm swing at the age of 35 years. A diagnosis
of CBS was suspected. 18F-APN-1607 PET/CT imaging
findings at baseline demonstrated the presence of tau
accumulation in the precentral and postcentral gyrus,
the supplementary motor area, and the corresponding
motor cortex white matter. A significant asymmetry
was evident (predominance observed on the contralat-
eral side with respect to the initially affected side). On a
14-month follow-up, he had rigid-akinesia parkinson-
ism, dystonia, and myoclonus with significant right-side
predominance. Because of the presence of agrammatism
and reduced language fluency, he was diagnosed with
probable CBS combined with FTD.

MAPT P513A (Family E)

Patient E-II-2, who harbored a MAPT P513A muta-
tion, presented with asymmetrical parkinsonism, muscle
weakness, and mild cognitive impairment at the age of
41 years. Although electromyogram findings were ini-
tially unremarkable, both bulbar palsy and behavioral
symptoms were evident. At the age of 43 years, the
results of electromyogram indicated motor neuron loss
in the biceps and paravertebral muscles (T10 level). A
diagnosis of FTD-ALS-parkinsonism was made. The
results of 18F-APN-1607 PET/CT imaging showed cor-
tical tau accumulation, most notably in the paracentral
gyrus, postcentral gyrus, certain portions of the parietal
and occipital gyrus, as well as in the motor cortex white
matter.

18F-APN-1607 PET/CT Imaging: Follow-Up
Findings

Three MAPT mutation carriers (patients B-III-2,
C-II-2, and D-III-2) received follow-up 18F-APN-1607
PET/CT imaging at 14, 12, and 10 months from the ini-
tial scan, respectively. All three patients showed a sig-
nificant clinical deterioration, with worsening of the
original symptoms and/or the onset of new manifesta-
tions that were initially absent (Table 1 and Supporting
Information Table S3). These findings were paralleled
by a trend of increased tau burden over time. On visual
examination, follow-up 18F-APN-1607 PET findings
showed an increasing burden of tau accumulation over
time in all cases. In addition, regions characterized by

the presence of tau aggregates at baseline showed a
trend toward increasing SUVR values at follow-up.
Remarkably, certain regions that did not show tau
deposits at baseline became positive during the course
of follow-up (Figs. 2 and 3). Specifically, patient B-III-2
showed increasing tau deposits in midline structures
involving the putamen, pallidum, and midbrain, as well
as the STN, tegmentum, SN, and RN. These imaging
findings were paralleled by an obvious deterioration in
terms of motor dysfunction. On visual examination, the
follow-up 18F-APN-1607 PET/CT scan of patient C-II-2
showed an enlargement of tau deposits, which were
also characterized by an increased tracer uptake over
time (SUVR z scores at baseline and follow-up: 1.272
and 1.868, respectively). In addition, quantitative anal-
ysis demonstrated positive tau aggregates in the left
putamen, which were initially absent. The second
18F-APN-1607 PET/CT scan of patient D-III-2 showed
novel tau deposits in various initially unaffected areas
(eg, basal ganglia and frontoparietal regions, mainly in
the left side). These imaging results were accompanied
by newly developed contralateral parkinsonism and
a significant deterioration in terms of language
dysfunction.

Discussion

This is, to our knowledge, the first study to provide
an in-depth analysis of 18F-APN-1607 PET/CT findings
in patients with FTLD-tau caused by different MAPT
mutations, as well as the first to apply this imaging
modality to describe the longitudinal changes of tau
accumulation occurring over time in this rare and het-
erogeneous clinical entity.
Once we had obtained baseline evidence indicating a

significant 18F-APN-1607 uptake with high-contrast
signals in all of the seven participants, we then analyzed
whether the location of pathogenic MAPT mutations
(ie, within exon 10 versus outside of exon 10) could be
related to the observed 18F-APN-1607 PET/CT imaging
findings. We found that the anatomical localization of
tau deposits varied according to the clinical phenotypes
of FTLD-tau as a result of different MAPT mutations.
In addition, on analysis of the follow-up 18F-APN-1607
PET/CT images obtained from three patients carrying
pathogenic exon 10 mutations, we identified worsening
trends in terms of tau accumulation over time, which
were noticeably paralleled by a significant clinical
deterioration.
The exon 10 MAPT mutations observed in this study

(N279K, P301L, and S305I) were expected to accelerate
the production of 4R tau isoforms. Both first- and
second-generation tau tracers have been investigated
in 4R tauopathies, with inconsistent performances.
Although previous 18F-AV-1451 PET/CT studies focusing
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on patients who carried the same mutations showed dis-
crepant findings, most found either negative or mild
tracer uptake (Supporting Information Table S4).8-10,12 In
addition, inconsistencies were also observed when 18F-
AV-1451 imaging results were analyzed with respect to
neuropathological findings. Although an autopsy study
conducted in a S305I mutation carrier showed that cere-
bral areas characterized by elevated 18F-AV-1451 uptake
corresponded to regions with a severe burden of tau
pathology,13 the pattern of 18F-AV-1451 accumulation in
a P301L mutation carrier did not correlate with tau brain
deposits identified on postmortem analysis.8 Another tra-
ditional tracer (11C-PBB3) has been investigated in
FTLD-tau patients harboring MAPT exon 10 mutations
and was found to successfully image 4R tauopathies.15

Unfortunately, its clinical applications are severely limited
by the intrinsic metabolic instability, rapid clearance, and
potential off-target binding.32 The second-generation tau
tracer 18F-PI-2620 is also characterized by high affinity to
4R tau isoforms in patients with PSP, but its potential
utility in MAPT-related FTLD-tau deserves further scru-
tiny.17 In our investigation conducted using 18F-APN-
1607 as tau PET tracer, all cases harboring exon
10 MAPT mutations invariably showed high-contrast sig-
nals despite varying clinical phenotypes. These consistent
results may reflect a higher affinity of 18F-APN-1607
compared with 18F-AV-1451 for 4R tau isoforms.19

Although these findings are preliminary, they call atten-
tion to the importance of appropriately selecting the most
suitable tau PET tracer in MAPT mutation carriers.
Subcortical tau aggregates, especially in the basal

ganglia, were identified in the majority of our MAPT
mutation carriers. In accordance with our findings, pre-
vious neuropathological studies in MAPT-related FTLD
indicated the presence of varying degrees of tau deposi-
tion in the basal ganglia even in patients who did not
show movement disorders.13,21,34-37 However, tracer
uptake in the basal ganglia should be interpreted with
caution because it may result from off-target binding.
Notably, more than 50% of MAPT mutation carriers
had evidence of prominent white matter tau pathology,
a finding that is strikingly different from the predomi-
nant localization of tau deposits in the gray matter
occurring in Alzheimer’s disease.15 Previous neuroimag-
ing and neuropathological investigations have consis-
tently shown that MAPT-related FTLD-tau is
characterized by a significant white matter burden.38,39

Further investigations with larger sample sizes are
required to investigate in greater detail the longitudinal
trajectories of tau deposition in the white matter of
MAPT mutation carriers.
On visual examination, the topographical distribu-

tion of cortical 18F-APN-1607 uptake was largely simi-
lar to regional hypometabolism observed on 18F-FDG
PET images. Interestingly, the patterns of tau deposits
in the brain were found to predominantly reflect the

clinical phenotype rather than the presence of specific
mutations. Among the MAPT N279K mutation carriers
included in our study, cases with widespread cortical
involvement showed severe clinical phenotypes (ie, FTD
symptoms including personality changes, and language
impairment); conversely, patient B-III-2, who exhibited
a more limited involvement of the frontal cortex, had
milder symptoms. This observation may also explain
the discrepancies between our data and previous 18F-
AV-1451 PET investigations focusing on MAPT S305I
mutation carriers. The application of 18F-AV-1451 PET
imaging in two patients with behavioral variant FTD
harboring this mutation showed symmetrical tau depo-
sition in the frontal, temporal cortex, and corres-
ponding white matter.9,13 Different from the previously
reported phenotype, our D-III-2 patient showed symp-
toms of CBS (predominantly in the right side). Accord-
ingly, a significant asymmetrical involvement of the
primary motor cortex was observed. This pattern was
consistent with those previously reported for sporadic
CBS both in neuropathology40 and in 18F-APN-1607
tau PET/CT imaging studies.18

The MAPT P513A mutation, which is located outside
of exon 10, has been originally described in a family
with nonfluent variant primary progressive aphasia22

and subsequently identified in patients with Alzheimer’s
disease.41 The study participant harboring this muta-
tion (E-II-1) had symptoms of ALS, which is a relatively
uncommon manifestation of MAPT mutations being
predominantly linked to TAR DNA binding protein
43 (TDP-43) pathology.42-44 Although the neuropatho-
logical impact of this mutation has yet to be deter-
mined, we hypothesize that it can lead to cortical and
subcortical tau deposits consisting of both 3R and 4R
isoforms. This would be in accordance with previous
observations reported for patients with different muta-
tions outside of exon 10.45 Consistent with published
findings obtained from patients with ALS,46-48 the
results of 18F-APN-1607 PET/CT imaging in our
MAPT P513A mutation carrier showed tau deposits
affecting the motor cortex and the somatosensory cor-
tex. However, caution should be exercised in inter-
preting these results in light of the potential off-target
binding of 18F-APN-1607 to TDP-43.
Data concerning the longitudinal changes of tau

deposition occurring in carriers of MAPT mutations
over time are currently limited.49 Our study focused on
this issue by analyzing consecutive 18F-APN-1607
PET/CT images collected in three carriers of MAPT
exon 10 mutations who presented with PSP and CBS-
like phenotypes. Patients who received follow-up imag-
ing demonstrated a worsening tau burden over time,
which was paralleled by a significant clinical deteriora-
tion. Albeit preliminary, these findings provide pilot evi-
dence on the potential utility of 18F-APN-1607 PET/CT
findings for monitoring the clinical course of 4R
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tauopathies caused by MAPT mutations. However, the
number of patients who underwent longitudinal imag-
ing was limited, and larger scaled studies with longer
follow-up duration are necessary to confirm our find-
ings. Further research is also needed to evaluate the
prognostic role of 18F-APN-1607 PET/CT imaging in
FTLD-tau with MAPT mutations.
Our findings should be interpreted in the context of

several limitations. First, we cannot rule out an in vivo
cross-reactivity of 18F-APN-1607 to monoamine oxi-
dases or non-tau protein aggregates. Second, the ROIs
identified from the purpose of the study were drawn
from several public templates. In certain cases, it would
be possible that tau deposits could be limited to a small
portion of the ROI. Consequently, regional SUVR
values that represent the average range of tau aggre-
gates might not accurately reflect the tau burden within
the ROI. We also acknowledge that tracer uptake might
have occurred in the reference region located in the cer-
ebellum, potentially leading to an underestimation of
regional SUVR values. Third, because poor patient
cooperation was relatively common in our cohort, we
chose to rely on late-phase static imaging only,18 and
no correction for blood flow or arterial input was
applied. Future studies using a dynamic acquisition pro-
tocol will be required to shed further light on the clini-
cal value of 18F-APN-1607 PET/CT imaging in MAPT
mutation carriers. Fourth, the small sample size posed a
limitation regarding the ability to generalize our conclu-
sions, as well as our ability to explore the relationships
between regional tau deposition and clinical symptoms.
In this scenario, replication in independent samples is
paramount for ensuring external validity. Fifth, we
acknowledge that tau burden might have been under-
estimated in MAPT mutation carriers because patients
were significantly younger than the healthy control sub-
jects. Finally, because we had no postmortem data con-
cerning brain tau deposition, we were unable to
analyze the correlations between the results of
18F-APN-1607 PET/CT imaging and pathological find-
ings. Future autopsy studies in MAPT mutation carriers
who had undergone 18F-APN-1607 PET/CT imaging
should work to address this limitation.

Conclusions

Our data represent a promising step in understanding
the clinical usefulness of 18F-APN-1607 PET/CT imag-
ing for detecting the burden of tau accumulation in
MAPT mutation carriers. This imaging modality may
be applied for identifying 4R tau deposits during base-
line work-up examinations. In addition, our prelimi-
nary follow-up data suggest the potential value of
18F-APN-1607 PET/CT for monitoring the longitudinal

trajectories of patients with FTLD-tau caused by MAPT
mutations.
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