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Letter

Longitudinal (18F)AV-1451 PET 
imaging in a patient with 
frontotemporal dementia due 
to a Q351R MAPT mutation

Introduction
Mutations in the microtubule associated 
protein tau (MAPT) gene are a common 
cause of inherited frontotemporal 
dementia (FTD) and result in the depo-
sition of pathological tau protein in the 
brain.1 Tau positron emission tomography 
(PET) may enhance in vivo diagnosis and 
testing of tau-based therapies in FTD, 
however, few tau ligands have been vali-
dated in FTD. The (18F)AV-1451 ligand 
was developed to assess in vivo tau accumu-
lation and has consistently been shown to 
bind to tau in individuals with Alzheimer’s 
disease (AD) but less work has focused on 
the non-AD tauopathies, including FTD. 

Autoradiography studies of (18F)AV-1451 
have shown strong binding in regions 
of neurofibrillary tangles matching the 
pattern of paired helical filament (PHF) 
immunochemistry but have not shown 
strong binding to non-PHF-tau.2

In (18F)AV-1451 studies conducted in 
FTD spectrum disorders, not only does 
the ligand not bind strongly to non-PHF 
tau, but there is significant in vivo binding 
reported in conditions where no tau is 
expected at all, for example, in patients 
with semantic variant primary progres-
sive aphasia and with C9orf72 expan-
sions where TDP-43 pathology is usually 
found.3 4 (18F)AV-1451 also displays both 
off-target binding in the basal ganglia 
and an age-related increase in binding in 
cognitively healthy controls.3 Neverthe-
less, this ligand has shown strong binding 
in a subset of FTD-causing MAPT muta-
tions, including V337M and R406W that 
are associated with PHF-tau pathology.1 5 
(18F)AV-1451 may therefore be useful in 
detecting tau pathology in some genetic 

forms of FTD that result in similar struc-
tural conformations of tau to that of 
AD. Here we describe longitudinal (18F)
AV-1451 PET imaging from a patient with 
FTD due to a Q351R mutation located on 
exon 12 of the MAPT gene.6

Methods
Participants
A patient with a Q351R MAPT muta-
tion in her mid-60s as well as six healthy 
controls (three male and three female: 
mean age at scan 44.7 years, range 29.1–
68.3 years) underwent (18F)AV-1451 
PET and T1-weighted MR imaging. The 
Q351R MAPT mutation carrier was also 
scanned 1 year later. All participants gave 
their consent to take part.

Scanning procedures
All participants were scanned on a Siemens 
Biograph 6 PET-CT scanner with Truepoint 
gantry. Dynamic PET data were acquired 
continuously following intravenous bolus 
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Figure 1  (A) BPND of (18F)AV-1451 in a Q351R MAPT mutation carrier, at baseline and follow-up 1 year later and a representative age-matched control 
participant. Sagittal, coronal and axial views are displayed for PET images for all participants, as well as T1-weighted MR images for the mutation carrier. 
Areas of maximal BPND in the patient at baseline were the medial temporal, pallidum, putamen and insula regions, with the addition of the temporal 
cortex, thalamus and caudate at follow-up. (B) BPND max, mean and SD in controls, with BPND and T-scores in the patient with the Q351R MAPT mutation 
at baseline and follow-up, with percentage increase in BPND between baseline and follow-up. Bold represents a significant difference between the patient 
and controls. B, baseline; BPND, non-displaceable binding potential; F, follow-up; max, maximum; MAPT, microtubule associated protein tau; PET, positron 
emission tomography.
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injection of (18F)AV-1451 for 120 mins in 
3D-mode. A low-dose CT scan of the head 
was also acquired.

Dynamic images were reconstructed 
using a filtered back projection algo-
rithm (direct inversion Fourier trans-
form), with isotropic voxel size of 2 mm3. 
Corrections for decay and random counts 
were performed, and attenuation and 
scatter were corrected based on the CT 
scan acquired preceding PET acquisi-
tion. Rigid head motion correction using 
image registration was performed to align 
the reconstructed dynamic PET frames. 
Frames affected by mismatched attenua-
tion correction were identified by visual 
inspection and excluded from kinetic 
analysis. All participants also underwent 
T1-weighted volumetric MR imaging on a 
3T Siemens Trio scanner.

A simplified reference tissue model 
(SRTM) with basic functions was used to 
generate non-displaceable binding poten-
tial (BPND) values. BPND values were calcu-
lated using the pons as a reference region. 
Regions of interest were defined on the 
co-registered T1-weighted MR image 
using a previously described parcella-
tion methodology generating six cortical 
and five subcortical regions including a 
combined medial temporal (amygdala and 
hippocampus) region.7

Analyses
T-scores were calculated and differences in 
BPND between the carrier (at both baseline 
and follow-up) and controls were compared 
using standard single case methodology, 
with a significance level set at 0.05.

Results
Clinical history
A detailed case report of the patient 
until the age of 62 has been previously 
reported.6 In her mid-60s when she had 
the baseline PET scan, she carried a diag-
nosis of behavioural variant FTD. Her 
disease had been very slowly progressive, 
initially starting in her mid-40s with an 
amnestic presentation and quite subtle 
behavioural change. A change in person-
ality only became prominent in her late 
50s. By the mid-60s she was apathetic, but 
disinhibited at times, with a sweet tooth, 
and impaired executive function as well 
as both episodic and semantic memory 
difficulties. At the time of the baseline 
scan, her mini-mental state examination 
(MMSE) was 24/30 and frontotemporal 
lobar degeneration-modified clinical 
dementia rating (FTLD-CDR) sum of 
boxes was 18, while at the follow-up scan, 
her MMSE had decreased to 18 and her 

FTLD-CDR had increased to 19.5. Her 
father developed a similar illness in his 40s, 
dying at the age of 55. Genetic screening 
had revealed a novel Q351R mutation 
(NM_001123066.3: c.2057A>G), not 
previously reported in other families.

PET imaging analysis
At baseline, the patient’s BPND was higher 
than the mean control BPND in all regions, 
and higher than the maximum control 
BPND in the frontal, temporal and insula 
cortical and all subcortical regions. A 
significant difference from controls was 
seen in the insula region cortically, and the 
medial temporal, putamen and pallidum 
regions subcortically (figure 1).

At follow-up, the patient’s BPND values 
had increased across all cortical and 
subcortical regions after 1 year. These 
were now higher than the maximum 
control BPND in all cortical and subcortical 
regions, with a significant difference from 
the control group in the same regions as at 
baseline but also now the temporal region 
cortically and caudate and thalamus 
regions subcortically.

The patient’s regional BPND values nega-
tively correlated with brain volumes both 
at baseline (r2=−0.745, p=0.008) and 
follow-up (r2=−0.791, p=0.004) (Supple-
mentary Table 1, Supplementary Figure 1).

Discussion
In this study, we show increased binding 
of the (18F)AV-1451 ligand in an indi-
vidual with a Q351R MAPT mutation in 
both cortical and subcortical regions, with 
higher binding potential in all regions at 
longitudinal follow-up later. The findings 
are consistent with the known pattern of 
symmetrical anteromedial temporal and 
insula lobe and basal ganglia involvement 
seen in MAPT carriers.7

As with prior studies, we found some 
binding of the (18F)AV-1451 ligand in 
healthy controls, particularly centred 
around the basal ganglia, although this 
was lower than in the patient, even at the 
baseline scan. The nature of such off-target 
binding remains unclear, although it is not 
likely to represent binding to tau.

There has been little investigation of 
longitudinal change in (18F)AV-1451 
binding. Here we provide evidence that a 
very variable change is seen over a 1-year 
interval in a patient with a slowly progres-
sive form of FTD. In cortical regions, the 
percentage increase varied from 13% to 
130%, while in the subcortical regions it 
varied from 1% to 89%, with the lowest 
increase seen in the pallidum where the 
most off-target binding was seen in controls.

No one with a Q351R mutation has 
yet to come to postmortem. However, 
the mutation sits between two muta-
tions known to have PHF-tau pathology 
(V337M and R406W).2 Strong binding 
of (18F)AV-1451 has been shown in both 
mutations in vivo,5 suggesting that the 
strong binding observed in this patient 
is also indicative of PHF-tau pathology, 
although further studies will be needed.

This study suggests that the (18F)
AV-1451 ligand may be a useful biomarker 
in at least a subset of MAPT mutations 
that result in PHF-tau pathology in FTD. 
However, further work needs to be done 
in characterising tau ligands that may 
be useful across the spread of non-AD 
tauopathies.
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