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IMPORTANCE Biomarkers for chronic traumatic encephalopathy (CTE) are currently lacking.
The radiotracer fluorine F 18–labeled (18F)–flortaucipir (FTP) detects tau pathology in
Alzheimer disease, and positron emission tomography (PET) with FTP shows elevated
binding in individuals at risk for CTE. No study, however, has assessed the correlation
between in vivo FTP PET and postmortem tau in CTE.

OBJECTIVE To assess the regional association between in vivo FTP binding and postmortem
tau pathology in a patient with pathologically confirmed CTE.

DESIGN, SETTING, AND PARTICIPANTS A white male former National Football League player
with 17 years of US football exposure was clinically diagnosed with traumatic encephalopathy
syndrome at a neurology tertiary referral center. 18F-Fludeoxyglucose, carbon 11–labeled
Pittsburgh compound B, and FTP PET were performed 52 months prior to death, and
magnetic resonance imaging, 50 months prior to death. Brain images were assessed
qualitatively for abnormalities blinded to autopsy data. Autopsy was performed using a
neurodegenerative research protocol. The FTP standardized uptake value ratios (inferior
cerebellar gray reference region) and W-score (age-adjusted z-score) maps were compared
with phosphorylated tau immunohistochemical analysis with monoclonal antibody CP13.

MAIN OUTCOMES AND MEASURES Qualitative and quantitative comparisons between
antemortem FTP PET and tau pathology at autopsy.

RESULTS Flortaucipir uptake was distributed in a patchy, frontotemporal-predominant
pattern that overlapped with regions showing neurodegeneration on magnetic resonance
imaging and hypometabolism on 18F-fludeoxyglucose PET. Pathological assessment revealed
stage 4 CTE; limbic argyrophilic grain disease; stage 2 limbic-predominant, age-related
transactive response DNA-binding protein 43 encephalopathy; and Braak neurofibrillary
tangle stage 3. 18F-Flortaucipir W-maps matched areas of high postmortem tau burden in left
fusiform and inferior temporal gyri and juxtacortical frontal white matter. High FTP W-scores
with low tau burden were found in the basal ganglia, thalamus, motor cortex, and calcarine
cortex. No regions with low FTP W-scores corresponded to areas with high pathological tau
burden. A modest correlation, which did not reach statistical significance (ρ = 0.35, P = .17),
was found between FTP standardized uptake value ratio and tau area fraction at the regional
level.

CONCLUSIONS AND RELEVANCE In this patient, FTP PET findings during life showed a modest
correspondence with postmortem pathology in CTE. These findings suggest that FTP may
have limited utility as a tau biomarker in CTE.
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C hronic traumatic encephalopathy (CTE) is a neurodegen-
erative disease associated with a history of repetitive head
traumas.1 Accurately diagnosing CTE during life is chal-

lenging given clinical overlap with other neurodegenerative syn-
dromes. Antemortem biomarkers are needed to facilitate clini-
caldiagnosisduringlifeandaccelerateresearchondiseasemecha-
nisms and drug development. Two recent studies in former
professional US ball players meeting clinical criteria for traumatic
encephalopathy syndrome suggested that fluorine F 18–labeled
(18F)–flortaucipir (FTP) positron emission tomography (PET) may
be a potential in vivo CTE biomarker.2,3 We describe the associa-
tion between antemortem FTP PET and postmortem tau pathol-
ogy in a retired US football player diagnosed with traumatic en-
cephalopathy syndrome and found to have CTE at autopsy.

Methods
The institutional review boards at the University of California
San Francisco, University of California Berkeley, and Law-
rence Berkeley National Laboratory approved the study. Writ-
ten informed consent for participation in research and au-
topsy was obtained from the patient. The analyses were
performed from May 5, 2011, to December 7, 2018.

Clinical and Neuropsychological Testing
Neurological assessment and neuropsychological testing were
performedattheUniversityofCaliforniaSanFranciscoAlzheimer
DiseaseResearchCenter,SanFrancisco,aspreviouslydescribed.4

Neuroimaging
Magnetic resonance imaging (MRI) was performed at the Uni-
versity of California, San Francisco, and PET imaging with 18F-
fludeoxyglucose (FDG) (glucose metabolism), carbon 11–
labeled Pittsburgh compound B (PiB) (β-amyloid), and 18F-FTP
(tau) were performed at Lawrence Berkeley National Labora-
tory, Berkeley, California (eMethods in the Supplement).

Neuropathology
Neuropathological examination was performed at the Univer-
sity of California, San Francisco Neurodegenerative Disease Brain
Bank as previously described5 (eMethods in the Supplement).

FTP-Pathology Correspondence
We first visually compared FTP W-score maps with neuro-
pathological tau burden. Quantitative analysis was per-
formed by comparing FTP standardized uptake value ratios
(SUVRs) in pathologically sampled regions5 with postmor-
tem tau area fraction, defined as the proportion of the region
staining positively for phosphorylated tau (CP13) immunohis-
tochemistry (eMethods in the Supplement).

Results
Clinical History
The patient was a white male former National Football League
defensive end. His football career started in high school and

spanned 17 years. After retiring from football, he worked as a pro-
fessional stuntman. He reported having experienced innumer-
able head impacts. At age 57 years, he developed depression, so-
cial withdrawal, episodic rage, anxiety, and a reduced ability to
multitask.Atage63years,hedevelopedposturaltremor,stooped
posture, and a shuffling gait. Neurological examinations (at ages
65 and 68 years) revealed mild parkinsonism. Neuropsychologi-
cal testing demonstrated mild impairments in attention and ex-
ecutive functioning (eTable in the Supplement). Clinical pre-
sentation met criteria for traumatic encephalopathy syndrome
with mixed behavioral, cognitive, mood, and motor features.6

At age 72 years, the patient developed recurrent seizures and was
hospitalized in an intensive care unit, where he died (eFigure in
the Supplement).

MRI and PET Imaging
Neuroimaging performed at age 68 years is shown in Figure 1.
On visual assessment, T1-weighted MRI revealed a partial ca-
vum septum pellucidum and mild atrophy, predominantly in
left greater than right medial temporal and frontal lobes
(Figure 1). Findings from FDG PET demonstrated mild hypo-
metabolism in the same regions. Images from PiB PET showed
nonspecific white matter binding consistent with absent to
sparse neuritic plaques. Flortaucipir SUVR images revealed
most intense, confluent uptake in the left inferior temporal and
fusiform gyri, with lower signal in the bilateral medial tem-
poral lobes, dorsolateral prefrontal cortex (particularly at the
juxtacortical white matter), and parietal regions. Retention was
also observed in basal ganglia and thalami, although uptake
in these regions is known to be nonspecific.7 W-maps from FTP
PET (threshold = 1.65; 95th percentile of age-adjusted con-
trols) showed predominant uptake in frontal subcortical white
matter and left posterior medial temporal lobe.

Neuropathological Analysis
Tau immunohistochemistry identified frequent clusters of tau-
immunoreactive astrocytes and neurofibrillary tangles, pre-
dominantly in perivascular regions or at the depths of corti-
cal sulci (Figure 2A and B). Perivascular clusters of tau-

Key Points
Question Does in vivo binding of the tau positron emission
tomography radioligand fluorine F 18–labeled (18F)–flortaucipir
correspond to tau pathology in chronic traumatic
encephalopathy?

Findings In a patient with pathologically confirmed chronic
traumatic encephalopathy, 18F-flortaucipir positron emission
tomography performed 52 months prior to death showed a
patchy, frontotemporal pattern corresponding qualitatively to
regions with tau pathology found at autopsy. There was a modest
correlation between regional 18F-flortaucipir standardized uptake
value ratios and tau immunohistochemistry area fraction that did
not reach statistical significance.

Meaning Findings in this case suggest that 18F-flortaucipir may
have limited utility as a biomarker of tau pathology in chronic
traumatic encephalopathy.
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immunoreactive astrocytes were observed in the spinal cord.
Findings were consistent with stage 4 CTE.1

In addition, moderate flame-shaped neurofibrillary tangles
typical of Alzheimer disease (AD) (Braak stage 3), and fre-
quent tau-immunoreactive pretangles and grains consistent
with argyrophilic grain disease, were observed in the hippo-
campus, entorhinal cortex, and fusiform gyrus (Figure 2C).

Transactive response DNA-binding protein of 43 kDa (TDP-
43) inclusions were seen in the hippocampus and entorhinal
cortex (limbic-predominant, age-related TDP-43 encephalopa-
thy, stage 2), but not in sulcal depths or perivascular regions
typical of CTE-related TDP-43 (Figure 2D). Results of immu-
nohistochemical analyses for α-synuclein and β-amyloid were
negative.

Figure 1. Neuroimaging in Pathologically Proven Chronic Traumatic Encephalopathy
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T1-weighted magnetic resonance
(MRI) (top row) demonstrated mild
medial temporal and frontal atrophy.
Fluorine F 18–labeled
(18F)–fludeoxyglucose (FDG) on
positron emission tomography (PET)
images (second row) demonstrated
mild hypometabolism in the medial
temporal, medial and dorsolateral
frontal, and peri-insular regions,
whereas carbon 11–labeled Pittsburgh
compound B (PiB) PET scan (third
row) was visually rated as negative
for cortical retention. On
18F-flortaucipir PET imaging (fourth
row), there was widespread patchy
binding predominantly in the left
greater than right frontotemporal
areas. The 18F-flortaucipir PET W-map
(bottom row) (thresholded at 3
different levels) showed that these
focal increases were higher than what
would be expected considering the
patient’s age. DVR indicates
distribution volume ratio; GM, gray
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ratio with acquisition windows in
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Regions with high tau burden and elevated SUVRs and W-
scores at FTP PET included the hippocampus, entorhinal cor-
tex, amygdala, and fusiform gyrus. Regions with high FTP W-
scores but low tau burden included the motor cortex and the
calcarine cortex. Basal ganglia and thalamus PET signal was
associated with low tau-immunohistochemistry burden, con-
sistent with reported off-target FTP binding in these regions.7

High W-scores in left medial temporal regions corresponded
to regions that showed additional copathologies at autopsy, in-
cluding AD-type neurofibrillary tangles, argyrophilic grain dis-
ease, and TDP-43 inclusions. No regions with high tau bur-
den corresponded to low FTP signal.

Correlation of Regional FTP Uptake With Tau Area Fraction
A modest correlation (ρ = 0.35) was observed between re-
gional FTP SUVRs and tau-positive area fraction, which did not
reach statistical significance (P = .17) (Figure 3). Regions with
the highest pathological tau burden (as measured by area frac-
tion), such as the hippocampus, entorhinal cortex, amyg-
dala, and fusiform gyrus, had the highest SUVR values, al-
though similar average SUVR values were also found in a few
regions with low pathological tau area fraction.

Discussion
We compared FTP PET and postmortem tau pathological bur-
den in a professional US football player with clinical trau-
matic encephalopathy syndrome and pathologically con-
firmed CTE. Flortaucipir PET showed a patchy, frontotemporal-
predominant uptake pattern that overlapped with regions
showing neurodegeneration/hypometabolism on MRI and FDG
PET, similar to the pattern previously reported in sympto-
matic retired professional football players.2,3 Flortaucipir SUVR
values were elevated compared with those for age-adjusted
controls but lower than those reported in patients with AD.8

Regions of FTP retention generally corresponded to regions that
showed CTE-related tau pathology at autopsy, although their
correspondence was modest and not as strong as that previ-
ously reported in a patient with AD.9

The binding of FTP to pathological tau inclusions in other,
non-ADtauopathiesischaracterizedbylowersignalintensitythan
is seen in AD,10 with similar binding also reported in some non-
tauneurodegenerativedisorders,especiallyindegeneratingbrain
regions.10 Our findings in CTE parallel these previous observa-
tions in that, although the FTP uptake was observed in some tau-
positiveareas,thesignal intensitywaslowandcouldbeexplained
bylocalneurodegeneration-relatedchangesthatareindependent
of tau aggregation. Flortaucipir was developed as a radiotracer
based on its ability to selectively bind to tau in AD postmortem
tissue.11 Although tau aggregates in AD and CTE are both com-
posed of 6-isoform tau filaments, differences in filament tertiary
structurebetweenthe2diseasesmayberelevanttoFTPbinding.12

Figure 2. Neuropathologic Findings
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Photomicrographs from immunohistochemical analyses with CP13 antibody for
detection of phosphorylated tau (A-C) and TDP-43 antibody (D). Bars indicate
25 μm. A, Frequent perivascular and depth-of-sulci clusters of
tau-immunoreactive astrocytes and neurons are seen in the superior frontal
sulcus, together with frequent pretangles, fuzzy astrocytes, and dystrophic
neurites in upper cortical layers. B, Numerous neurofibrillary tangles, dystrophic

neurites, and perivascular astrocytic and neuronal clusters are present in the
amygdala. C, Abundant perinuclear ringlike inclusions in the CA4 region of the
hippocampus and frequent pretangles in the dentate gyrus are consistent with
argyrophilic grain disease. D, Neuronal cytoplasmic inclusions of transactive
response DNA-binding protein of 43 kDa (TDP-43) are seen in neurons lacking
nuclear TDP-43 staining, and dystrophic neurites are seen in the subiculum.

Figure 3. Comparison Between Regional Flortaucipir Standardized
Uptake Value Ratio (SUVR) and CP13-Labeled Tau Area Fraction
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A modest correlation that did not reach statistical significance was found
between regional fluorine F 18–labeled (18F)–flortaucipir SUVR and tau-positive
area fraction at postmortem pathologic analysis. aMCC indicates anterior
cingulate cortex; AMY, amygdala; ANG, angular gyrus; AOG, anterior orbital
gyrus; CA, hippocampus; CAL, calcarine cortex; ENT, entorhinal cortex; FP,
frontal pole; FUS, fusiform gyrus; IFG, inferior frontal gyrus; ITG, inferior
temporal gyrus; MFG, middle frontal gyrus; MOT, primary motor cortex; PCC,
posterior cingulate cortex; SEN, primary sensory cortex; SFS, superior frontal
sulcus; and STG, superior/middle temporal gyrus.
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Autoradiography has shown relatively low FTP binding to post-
mortem CTE tissue.13 A focused effort may be needed to develop
novel radiotracers that reliably detect CTE tau aggregates.

Limitations
Our study has limitations. The results should be interpreted
in the context of a single case report. It is conceivable that in-
terindividual variations in the expression of CTE, neurode-
generation, or copathologies may affect FTP binding. The in-
terval between FTP PET and autopsy in this case was more than
4 years, and pathology may have progressed in this time frame.
The quantitative correlation between PET and tau immuno-
histochemistry may have been affected by sampling error, low

spatial resolution of PET, and differences in target/epitope af-
finity when comparing radiotracer and antibody binding.

Conclusions
We detected elevated FTP binding during life in a pattern that
generally corresponded to CTE pathology post mortem. How-
ever, the relatively low signal intensity and only modest cor-
relation between PET and autopsy findings suggest that FTP
may have limited utility as a biomarker of tau pathology in CTE.
Additional PET-to-autopsy reports with FTP and alternative tau
radiotracers are needed to validate and extend our findings.
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