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IMPORTANCE Positron emission tomography (PET) may increase the diagnostic accuracy
and confirm the underlying neuropathologic changes of Alzheimer disease (AD).

OBJECTIVE To determine the accuracy of antemortem [18F]flortaucipir PET images for
predicting the presence of AD-type tau pathology at autopsy.

DESIGN, SETTING, AND PARTICIPANTS This diagnostic study (A16 primary cohort) was
conducted from October 2015 to June 2018 at 28 study sites (27 in US sites and 1 in
Australia). Individuals with a terminal illness who were older than 50 years and had a
projected life expectancy of less than 6 months were enrolled. All participants underwent
[18F]flortaucipir PET imaging, and scans were interpreted by 5 independent nuclear medicine
physicians or radiologists. Supplemental autopsy [18F]flortaucipir images and pathological
samples were also collected from 16 historically collected cases. A second study (FR01
validation study) was conducted from March 26 to April 26, 2019, in which 5 new readers
assessed the original PET images for comparison to autopsy.

MAIN OUTCOMES AND MEASURES [18F]flortaucipir PET images were visually assessed and
compared with immunohistochemical tau pathology. An AD tau pattern of flortaucipir
retention was assessed for correspondence with a postmortem B3-level (Braak stage V or VI)
pathological pattern of tau accumulation and to the presence of amyloid-β plaques sufficient
to meet the criteria for high levels of AD neuropathological change. Success was defined as
having at least 3 of the 5 readers above the lower bounds of the 95% CI for both sensitivity
and specificity of 50% or greater.

RESULTS A total of 156 patients were enrolled in the A16 study and underwent
[18F]flortaucipir PET imaging. Of these, 73 died during the study, and valid autopsies were
performed for 67 of these patients. Three autopsies were evaluated as test cases and
removed from the primary cohort (n = 64). Of the 64 primary cohort patients, 34 (53%)
were women and 62 (97%) were white; mean (SD) age was 82.5 (9.6) years; and 49 (77%)
had dementia, 1 (2%) had mild cognitive impairment, and 14 (22%) had normal cognition.
Prespecified success criteria were met for the A16 primary cohort. The flortaucipir PET
scans predicted a B3 level of tau pathology, with sensitivity ranging from 92.3% (95% CI,
79.7%-97.3%) to 100.0% (95% CI, 91.0%-100.0%) and specificity ranging from 52.0% (95%
CI, 33.5%-70.0%) to 92.0% (95% CI, 75.0%-97.8%). A high level of AD neuropathological
change was predicted with sensitivity of 94.7% (95% CI, 82.7%-98.5%) to 100.0% (95% CI,
90.8%-100.0%) and specificity of 50.0% (95% CI, 32.1%-67.9%) to 92.3% (95% CI,
75.9%-97.9%). The FR01 validation study also met prespecified success criteria. Addition
of the supplemental autopsy data set and 3 test cases, which comprised a total of 82 patients
and autopsies for both the A16 and FR01 studies, resulted in improved specificity and
comparable overall accuracy. Among the 156 enrolled participants, 14 (9%) experienced
at least 1 treatment-emergent adverse event.

CONCLUSIONS AND RELEVANCE This study’s findings suggest that PET imaging with
[18F]flortaucipir could be used to identify the density and distribution of AD-type tau
pathology and the presence of high levels of AD neuropathological change, supporting
a neuropathological diagnosis of AD.
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A lzheimer disease (AD) is characterized by aggregated tau–
containing neurofibrillary tangles (NFTs)1 and by amy-
loid plaque composed largely of aggregated amyloid-β

(Aβ) fragments.2,3 Neuropathological criteria for the diagnosis
of AD were established by the National Institute on Aging–
Alzheimer Association (NIA–AA)4 and were updated in 2012 to
reflect the current thinking on AD pathological assessment.5,6

With the advent of biomarkers that enable in vivo identifica-
tion of underlying AD pathological conditions, and the accep-
tance that AD begins years before the emergence of cognitive
impairment, AD is now commonly accepted as a clinicopatho-
logical entity7,8 that can be diagnosed without histopathologi-
cal examination, in the presence of appropriate biomarker evi-
dence of an underlying condition.6,8,9

Tau is an intracellular protein that binds to and stabilizes axo-
nal microtubules in neurons, thereby regulating intracellular
transport.10 Pathologicalaccumulationofaggregatedhyperphos-
phorylated tau protein in neurons and glia underlies a wide range
of neurodegenerative disorders.11 Compared with cortical Aβ
plaque, the density and distribution of phosphorylated tau ag-
gregated in NFTs correlate more closely with AD-associated cog-
nitive impairment and neurodegeneration.12-14 Thus, an imaging
biomarker for pathological tau could potentially aid in the diag-
nosis and selection of patients for therapy as well as allow for
monitoring disease progression and for assessing the response
to putative disease-modifying treatments.

Positron emission tomography (PET) ligands have been
shown to provide a minimally invasive estimate of the neu-
ropathological features of AD, such as Aβ neuritic plaque
deposition.15-18 Imaging biomarkers for cortical tau have be-
come available.19,20 Flortaucipir is being developed as a PET
tracer for detection of the aggregated tau of AD.19,21-24 In vitro
autoradiography studies of brain tissue from symptomatic pa-
tients with AD have found that [18F]flortaucipir signal corre-
lates with the level of paired helical filament tau by immuno-
histochemistry and binds with a dissociation constant in the
approximately 0.5 nM range.20

Comparison of tracer binding to aggregated protein in au-
topsy material is one method of validating a novel PET agent.
For example, large autopsy studies have demonstrated a high
sensitivity and specificity for amyloid PET to distinguish indi-
viduals with subsequent autopsy findings of no or sparse neu-
ritic plaque from individuals with moderate to frequent
plaque.16-18 Studies comparing antemortem tau PET imaging
with autopsy have begun assessing the ability of flortaucipir to
detect underlying NFTs in AD and non-AD dementias.25-33 In this
case-control diagnostic study, we prospectively evaluated in vivo
PET imaging with [18F]flortaucipir in people who had terminal
illness with or without dementia to assess the association of
tracer pattern and density with established postmortem tau
pathological assessment and neuropathological AD criteria.

Methods
Study Design
This diagnostic study (18F-AV-1451-A16; NCT02516046), here-
after referred to as A16 primary cohort study), compared PET

imaging with [18F]flortaucipir with subsequent postmortem as-
sessment of tau pathology34 and associated NIA–AA level of
Alzheimer disease neuropathologic change (ADNC).5 The study
was approved by the institutional review boards at all study
sites, and all participants or authorized representatives signed
informed consent before the conduct of study procedures. This
study was conducted in compliance with the Declaration of
Helsinki35 and the International Conference on Harmoniza-
tion Good Clinical Practice guideline.36

This multicenter study was conducted from October 2015
through June 2018 by 28 investigators at 28 study sites (27 in
the US and 1 in Australia). Five board-certified nuclear medi-
cine physicians or radiologists (eAppendix in the Supple-
ment) independently visually rated flortaucipir PET scans as
either having or not having a pattern of flortaucipir retention
consistent with AD (Figure 1). In a subsequent validation study
(18F-AV-1415-FR01; NCT03901092), hereafter referred to as the
FR01 validation study, a second set of 5 nuclear medicine phy-
sicians or radiologists reinterpreted all available scan data. Both
the A16 primary cohort and FR01 validation studies tested the
primary hypotheses (1) that an antemortem pattern of [18F]flo-
rtaucipir retention consistent with AD would correspond with
a postmortem B3-level (Braak stage V or VI) pattern of tau pa-
thology accumulation at autopsy34 and (2) that the AD pat-
tern would occur selectively in the presence of high amyloid
burden, meeting the NIA–AA criteria for high levels of ADNC
at autopsy.5

Participants
The A16 primary cohort included participants who had termi-
nal illness, were older than 50 years, and had a projected life
expectancy of less than 6 months. Cognitive status ranged from
clinically normal through dementia, including both AD and
non-AD clinical dementia diagnoses. The Informant Question-
naire on Cognitive Decline in the Elderly37 was administered at
baseline. The Mini-Mental State Examination38 was adminis-
tered at screening to patients who were capable of testing.

The first 3 participants who had an autopsy were evaluated
as test cases and were not included in the primary cohort. Their
autopsy results and [18F]flortaucipir scans were used to confirm
and assess the adequacy of the planned trial methods.

Key Points
Question Do the findings of visual reads of [18F]flortaucipir
positron emission tomography (PET) images correspond with
postmortem assessment of Alzheimer disease tau and amyloid
pathologies?

Findings In this diagnostic study of 82 individuals with or without
dementia, visual reads of [18F]flortaucipir PET scans corresponded
with postmortem Braak stages V and VI levels of cortical
neurofibrillary tangles and high levels of Alzheimer disease
neuropathological change.

Meaning Findings from this study suggest that visual reads of
[18F]flortaucipir PET scans may accurately support a pathological
diagnosis of Alzheimer disease.
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Supplemental Autopsy Cases
Additional images and tissue were collected from academic
centers that performed investigator-initiated sponsored
[18F]flortaucipir studies (eAppendix in the Supplement). This
historically collected data set was added to the A16 study co-
hort for exploratory analyses. The PET images from these his-
torically collected cases were interpreted by the same 5 read-
ers as those in the A16 primary cohort analysis, and the autopsy
tissue was evaluated during a scheduled consensus panel by
the same neuropathologists using the same criteria.

PET Imaging Acquisition
Participants underwent 20 minutes of PET imaging (4 × 5-
minute acquisition frames) beginning approximately 80 min-
utes after an intravenous administration of 370 (±10%) MBq
of [18F]flortaucipir. Participants with cognitive impairment who
did not come to autopsy within 9 months after the flor-
taucipir scan were either removed from the study or required
to undergo a repeat flortaucipir scan for comparison with the
neuropathological result. Cognitively normal patients re-
mained eligible for autopsy, regardless of the time from scan
to autopsy. Frames were motion-corrected and summed from
80 to 100 minutes after injection. The supplemental autopsy
cases also received a target dose of 370 MBq [18F]flortaucipir.
Although full dynamic imaging was performed for some par-
ticipants, the images were processed in the same manner as
that used for the primary cohort.

Imaging Visual Interpretation
The flortaucipir PET scans were evaluated by 5 readers who
were blinded to clinical and neuropathological results. Scans
that were considered unevaluable (eg, head out of field of view,
severe motion, acquisition start time offsets, and low counts)
by at least 3 of the 5 readers were not used in any analyses. Af-

ter the prescribed reorientation of the scan, mean counts in
the cerebellar region of the brain were estimated. For visual-
ization, a color scale was used that rapidly transitioned be-
tween 2 colors. Readers examined specified brain regions
(lateral anterior temporal, lateral posterior temporal, occipi-
tal, parietal, precuneus, and frontal lobes) and scored each
region as negative or positive depending on the presence of
an elevated flortaucipir signal of more than 65% above the
cerebellar signal (eAppendix in the Supplement).

The flortaucipir PET images were interpreted by visual ex-
amination as having regional patterns of tracer uptake that were
either not consistent with AD (negative AD tau pattern) or con-
sistent with AD (moderate or advanced AD tau pattern)
(Figure 1). A negative AD tau pattern consisted of no in-
creased neocortical activity or increased neocortical activity
isolated to the mesial temporal, anterolateral temporal, and/or
frontal regions. A moderate AD tau pattern showed increased
neocortical activity in the posterolateral temporal or occipi-
tal region. An advanced AD tau pattern was defined as in-
creased neocortical activity in the parietal or precuneus re-
gion or increased activity in the frontal region accompanied
by increases in the posterolateral temporal, parietal, or occipi-
tal region.

Interpretation was performed for each hemisphere and for
the scan as a whole. In cases in which whole-brain pathologi-
cal results were not available, the scan classification from the
corresponding hemisphere was used for analysis.

Imaging Quantitative Analysis
Scans were motion-corrected by a rigid-body coregistration of
all frames to the first frame of that PET session. The motion-
corrected series was then corrected for acquisition start
time discrepancies and averaged across frames.24 Because
structural imaging was not acquired for the primary cohort,

Figure 1. Positron Emission Tomography With [18F]flortaucipir Visual Read Categories and Comparative Histologic Structure

NFT (AT8) Amyloid plaque (6E10)
Sup/middle temp gyrus Middle frontal gyrus Sup/middle temp gyrus Middle frontal gyrus

Negative
flortaucipir
AD pattern

Moderate
flortaucipir
AD pattern

Advanced
flortaucipir
AD pattern

R L A P R L

R L A P R L

R L A P R L

Three cases representing the 3 levels of visual reads and corresponding
histologic sections from the superior or middle temporal (sup/middle temp)
gyrus (Braak region of interest [ROI] 7) and middle frontal gyrus (Braak ROI 6)
stained for neurofibrillary tangles (NFTs) with AT8 antibodies and for amyloid

plaque with 6E10 antibodies. Images presented in a blue-green-red-yellow
color scale, with cortical counts scaled to 1.65 × the mean cerebellar counts
(eAppendix in the Supplement). A indicates anterior; AD, Alzheimer disease;
L, left; P, posterior; R, right.
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a PET-to-PET registration method was deployed. First, a flo-
rtaucipir template was created in MNI (Montreal Neurologi-
cal Institute) space from flortaucipir scans registered to the MNI
template using the standard PET-to-MRI registration method.23

Motion-corrected, time-corrected, summed scans were spa-
tially registered to this template using an affine registration.
The PERSI (Parametric Estimation of Reference Signal
Intensity)22 algorithm was applied to create a participant-
specific white matter reference region. Mean counts from a
weighted neocortical target region (multiblock barycentric dis-
criminant analysis; eFigure 1 in the Supplement)24,39 were ex-
tracted and normalized to the mean counts of the reference
region to generate standardized uptake value ratios (SUVRs).

Neuropathological Assessment
Neuropathological assessment was performed by 2 authors
(T.G.B. and T.J.M.) blinded to clinical and imaging results and
using NIA–AA diagnostic scoring guidelines.5,40 Immunohis-
tochemical staining with the AT8 monoclonal antibody was
used as the primary method of Braak pathological staging of
NFTs, and the 6E10 Aβ1-42 monoclonal antibody was used to
detect Aβ plaque. The highest hemisphere NIA–AA pathologi-
cal scores were compared with the flortaucipir scan visual in-
terpretations. An NFT score of B3, including Braak stages V to
VI, was considered positive. Amyloid pathology was evalu-
ated using Thal phase scoring41 for total amyloid plaque and
Consortium to Establish a Registry for Alzheimer Disease
(CERAD) scoring42 for neuritic plaque. The ADNC, consisting
of a combination of NFT and amyloid plaque scores, was re-
corded as not, low, intermediate, or high level per the NIA–AA
guidelines.5,40 A high level of ADNC was considered positive
as another standard for comparison with the scans.

Safety Assessment
Treatment-emergent adverse events (TEAE) were defined as
adverse events that started or worsened in intensity or fre-
quency on or after [18F]flortaucipir injection and up to 48
hours after injection. TEAEs were classified as either related
or not related to [18F]flortaucipir as indicated by the study
investigator.

Statistical Analysis
The preplanned A16 primary cohort included all enrolled par-
ticipants who had valid and evaluable flortaucipir images and
who had an autopsy (n = 64), and excluded the 3 test cases
and 16 supplemental historically collected autopsy cases. A pre-
planned exploratory analysis was performed on the full au-
topsy data set (n = 82), which included the 64 patients in the
primary cohort, 2 evaluable autopsies from the 3 test cases,
and the 16 supplemental autopsy cases. For both the primary
cohort and the full autopsy data set, analyses included assess-
ment of the diagnostic performance (sensitivity and specific-
ity) of the 5 independent readers interpretations of the flor-
taucipir scans as being consistent with an AD pattern
corresponding to an NFT score of B3 and an NIA–AA assign-
ment of high ADNC level. Two-sided 95% CIs, indicating al-
pha of 0.05 (based on the Wilson score method), of sensitiv-
ity and specificity were calculated for each of the 5 readers.

Success was defined as having at least 3 of the 5 readers above
the lower bounds of the 95% CI for both sensitivity and speci-
ficity of 50% or greater. Accuracy, positive predictive value,
negative predictive value, and positive and negative likeli-
hood ratios of the flortaucipir imaging classification for each
of the 5 readers (relative to NFT and ADNC scores) were also
calculated.

In addition, a secondary analysis was performed using the
majority read interpretation of PET images from the 5 inde-
pendent readers. The majority read was defined as either a
negative, moderate, or advanced flortaucipir AD pattern based
on 3 of 5 readers interpreting the PET image in 1 of these 3 read
categories. When no majority was reached for 1 of 3 read cat-
egories, a majority read was established for either a positive
(moderate or advanced) or negative interpretation. If posi-
tive, the specific category of positive (moderate or advanced)
that had the greater number of read interpretations was used
as the majority read. In case of a tie between an advanced and
moderate read (eg, advanced=2, moderate=2, negative=1), the
moderate read was used as the final interpretation. The ma-
jority reads were then compared with NFT scores and ADNC
standards for calculation of sensitivity and specificity in a man-
ner identical to the primary analysis. To assess overall inter-
reader agreement, Fleiss κ statistics were calculated. The agree-
ment between each pair of readers was assessed for each
diagnostic decision using the simple κ coefficient.

Analyses performed on the A16 primary cohort were re-
peated on the full autopsy data set. Similar analyses were per-
formed for the FR01 validation study. A visual read interpre-
tation for 1 of the 3 test cases was not included in the full
autopsy data set analysis because the image was deemed un-
evaluable by the readers, owing to an inadvertent image pro-
cessing error. After subsequent motion correction, this image
was included for analysis in the FR01 validation study. One
supplemental autopsy case was excluded from the FR01 vali-
dation data set, with 3 readers declaring the image unevalu-
able because of low counts. Thus, 82 images were included in
the full autopsy data set for both the A16 study and FR01 study,
but the data sets differed by 1 case each.

Additional exploratory comparisons were made between
quantitative SUVR and the pathological end points for the pri-
mary cohort plus the 3 test cases. Receiver operating curves
were created to evaluate the ability of the SUVR to identify the
pathological end points and the optimal SUVR positivity cut
point.

Where applicable, statistical tests were performed with a
2-sided α = 0.05. The data analysis for this report was per-
formed using SAS System for Windows, version 9.4 (SAS
Institute Inc). All analyses were conducted between August 20,
2018, and September 12, 2019.

Results
Clinical Demographics
A total of 156 participants were enrolled in this diagnostic study,
underwent flortaucipir imaging, and were included in a safety
assessment (Table 1). Before study completion, 73 partici-
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pants died within 9 months of imaging, of whom 67 (92%) had
a valid study autopsy (eFigure 2 in the Supplement). After re-
moval of the 3 test cases, the remaining 64 participants were
included in the A16 primary cohort, with autopsy occurring a
mean (SD) 16.2 (15.0) hours from the recorded time of death
and 2.6 (2.14) months after [18F]flortaucipir imaging.

Of the 64 patients in the primary cohort, 34 (53%) were
women, 62 (97%) were white, and the mean (SD) age was 82.5
(9.6) years (Table 1). Of the 64 primary cohort patients, 49 (77%)
had dementia, 1 (2%) had mild cognitive impairment, and 14
(22%) had normal cognition. Of the 49 patients with demen-
tia, 33 had a clinical diagnosis of AD based on medical history
and 16 had non-AD clinical diagnosis at baseline (eTable 1 in
the Supplement).

All 3 test-case patients had a clinical dementia syn-
drome, 2 had an AD diagnosis, and 1 had an undetermined di-
agnosis. The supplemental autopsy cases (n = 16) had a mean
(SD) reported age of 77.7 (11.2) years, comprised 6 women
(37.5%), and all were white individuals. Four had normal cog-
nition, 3 had non-AD mild cognitive impairment, 2 had AD de-

mentia, and 7 had non-AD dementia (Table 1; eTable 1 in the
Supplement).

Safety Assessment
Among the 156 enrolled participants, 14 (9%) experienced at
least 1 treatment-emergent adverse event (eTable 2 in the
Supplement). Agitation (n = 3) and headache (n = 2) were the
most common of these events. Three participants (2%) expe-
rienced serious adverse events within 48 hours of the flor-
taucipir scan: death from acute kidney failure, death from ma-
lignant neoplasm, and nonfatal myocardial infarction during
hemodialysis. Both death events were reported by the inves-
tigator as severe adverse events that were not associated with
the study drug or procedure.

Primary Cohort Outcomes
The A16 primary cohort analysis of 64 patients met prespeci-
fied success criteria, with flortaucipir PET imaging demon-
strating statistically significant sensitivity and specificity for
detecting both NFT score of B3 and high level of ADNC, as de-

Table 1. Demographic Characteristics of A16 Original Eligible Cohort, Primary Cohort, Test Cases,
and Supplemental Autopsy Cases

Variable

Mean (SD)
Normal
cognition

Mild cognitive
impairment Dementia Total

Original eligible cohort

No. 50 3 103 156

Age, y 75.2 (15.1) 82.0 (10.4) 82.5 (10.5) 80.2 (12.5)

Female sex, No. (%) 23 (46) 1 (33) 62 (60) 86 (55)

White race/ethnicity, No. (%) 42 (84) 3 (100) 98 (95) 143 (92)

Educational level, y 14.4 (3.16) 11.3 (5.03) 14.9 (3.25) 14.7 (3.27)

MMSE scorea 27.3 (3.44) 23 (2.65) 11.8 (9.47) 21.3 (9.83)

IQCODE scorea 3.2 (0.53) 3.5 (0.40) 4.8 (0.39) 4.5 (0.78)

Primary cohort

No. (%) 14 (22) 1 (2) 49 (77) 64 (100)

Age, y 78.6 (12.1) 76 83.8 (8.6) 82.5 (9.6)

Female sex, No. (%) 6 (43) 0 28 (57) 34 (53)

White race/ethnicity, No. (%) 14 (100) 1 (100) 47 (96) 62 (97)

Educational level, y 14.9 (2.91) 16 15.1 (3.53) 15.0 (3.36)

MMSE scoreb 26.2 (4.21) 26 6.9 (6.86) 18 (11.07)

IQCODE scoreb 3 (0.60) 3.4 4.9 (0.31) 4.5 (0.83)

Test cases

No. 0 0 3 3

Age, y NA NA 84.0 (5.2) 84.0 (5.2)

Female sex, No. (%) NA NA 1 (33) 1 (33)

White race/ethnicity, No. (%) NA NA 3 (100) 3 (100)

Educational level, y NA NA 16.0 (4.00) 16.0 (4.00)

MMSE scorec NA NA 20 20

IQCODE scorec NA NA 4.9 (0.14) 4.9 (0.14)

Supplemental autopsy cases

No. 4 3 9 16

Age, y 86.8 (12.7) 72.3 (8.9) 75.4 (9.9) 77.7 (11.2)

Female sex, No. (%) 2 (50) 0 4 (44) 6 (38)

White race/ethnicity, No. (%) 4 (100) 3 (100) 9 (100) 16 (100)

Educational level, y 15.3 (4.57) 16 (0) 15.1 (3.33) 15.3 (3.20)

Abbreviations: IQCODE, Informant
Questionnaire on Cognitive Decline in
the Elderly; MMSE, Mini-Mental State
Examination; NA, not applicable.
a MMSE sample size = 85; IQCODE

sample size = 132.
b MMSE sample size = 26; IQCODE

sample size = 59.
c MMSE sample size = 1; IQCODE

sample size = 3.
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termined by the interpretations of at least 3 of the 5 physican
readers of the PET scans (Table 2; Figure 2). For the B3 level,
sensitivity ranged from 92.3% (95% CI, 79.7%-97.3%) to 100.0%
(95% CI, 91.0%-100.0%), and specificity ranged from 52.0%
(95% CI, 33.5%-70.0%) to 92.0% (95% CI, 75.0%-97.8%). For

the high ADNC level, sensitivity was 94.7% (95% CI, 82.7%-
98.5%) to 100.0% (95% CI, 90.8%-100.0%) and specificity was
50.0% (95% CI, 32.1%-67.9%) to 92.3% (95% CI, 75.9%-
97.9%) (Table 2). The majority read analysis for the A16 pri-
mary cohort showed similar results for B3 level sensitivity

Table 2. Diagnostic Performance of 5 Independent Reader Interpretations of the [18F]flortaucipir Images
in the A16 Primary Cohort and the Full Autopsy Data Set Cohorta

Reader
No./Cohort TP FN FP TN

% (95% CI)

Accuracy (95% CI) NPV (95% CI) PPV (95% CI)Sensitivity Specificity
Flortaucipir PET read compared with B3 NFT score

1

PCb 38 1 8 17 97.4 (86.8-99.5) 68.0 (48.4-82.8) 85.9 (75.4-92.4) 94.4 (74.2-99.0) 82.6 (69.3-90.9)

FASc 43 3 8 28 93.5 (82.5-97.8) 77.8 (61.9-88.3) 86.6 (77.6-92.3) 90.3 (75.1-96.7) 84.3 (72.0-91.8)

2

PC 36 3 2 23 92.3 (79.7-97.3) 92.0 (75.0-97.8) 92.2 (83.0-96.6) 88.5 (71.0-96.0) 94.7 (82.7-98.5)

FAS 41 5 2 34 89.1 (77.0-95.3) 94.4 (81.9-98.5) 91.5 (83.4-95.8) 87.2 (73.3-94.4) 95.3 (84.5-98.7)

3

PC 36 3 3 22 92.3 (79.7-97.3) 88.0 (70.0-95.8) 90.6 (81.0-95.6) 88.0 (70.0-95.8) 92.3 (79.7-97.3)

FAS 41 5 3 33 89.1 (77.0-95.3) 91.7 (78.2-97.1) 90.2 (81.9-95.0) 86.8 (72.7-94.2) 93.2 (81.8-97.7)

4

PC 36 3 6 19 92.3 (79.7-97.3) 76.0 (56.6-88.5) 85.9 (75.4-92.4) 86.4 (66.7-95.3) 85.7 (72.2-93.3)

FAS 41 5 6 30 89.1 (77.0-95.3) 83.3 (68.1-92.1) 86.6 (77.6-92.3) 85.7 (70.6-93.7) 87.2 (74.8-94.0)

5

PC 39 0 12 13 100.0 (91.0-100.0) 52.0 (33.5-70.0) 81.3 (70.0-88.9) 100.0
(77.2-100.0)

76.5 (63.2-86.0)

FAS 42 4 12 24 91.3 (79.7-96.6) 66.7 (50.3-79.8) 80.5 (70.6-87.6) 85.7 (68.5-94.3) 77.8 (65.1-86.8)

Majority
reads

PC 36 3 5 20 92.3 (79.7-97.3) 80.0 (60.9-91.1) 87.5 (77.2-93.5) 87.0 (67.9-95.5) 87.8 (74.5-94.7)

FAS 41 5 5 31 89.1 (77.0-95.3) 86.1 (71.3-93.9) 87.8 (79.0-93.2) 86.1 (71.3-93.9) 89.1 (77.0-95.3)

Flortaucipir PET read compared with high ADNC score

1

PC 37 1 9 17 97.4 (86.5-99.5) 65.4 (46.2-80.6) 84.4 (73.6-91.3) 94.4 (74.2-99.0) 80.4 (66.8-89.3)

FAS 40 1 11 30 97.6 (87.4-99.6) 73.2 (58.1-84.3) 85.4 (76.1-91.4) 96.8 (83.8-99.4) 78.4 (65.4-87.5)

2

PC 36 2 2 24 94.7 (82.7-98.5) 92.3 (75.9-97.9) 93.8 (85.0-97.5) 92.3 (75.9-97.9) 94.7 (82.7-98.5)

FAS 39 2 4 37 95.1 (83.9-98.7) 90.2 (77.5-96.1) 92.7 (84.9-96.6) 94.9 (83.1-98.6) 90.7 (78.4-96.3)

3

PC 36 2 3 23 94.7 (82.7-98.5) 88.5 (71.0-96.0) 92.2 (83.0-96.6) 92.0 (75.0-97.8) 92.3 (79.7-97.3)

FAS 39 2 5 36 95.1 (83.9-98.7) 87.8 (74.5-94.7) 91.5 (83.4-95.8) 94.7 (82.7-98.5) 88.6 (76.0-95.0)

4

PC 36 2 6 20 94.7 (82.7-98.5) 76.9 (57.9-89.0) 87.5 (77.2-93.5) 90.9 (72.2-97.5) 85.7 (72.2-93.3)

FAS 39 2 8 33 95.1 (83.9-98.7) 80.5 (66.0-89.8) 87.8 (79.0-93.2) 94.3 (81.4-98.4) 83.0 (69.9-91.1)

5

PC 38 0 13 13 100.0 (90.8-100.0) 50.0 (32.1-67.9) 79.7 (68.3-87.7) 100.0
(77.2-100.0)

74.5 (61.1-84.5)

FAS 40 1 14 27 97.6 (87.4-99.6) 65.9 (50.5-78.4) 81.7 (72.0-88.6) 96.4 (82.3-99.4) 74.1 (61.1-83.9)

Majority
reads

PC 36 2 5 21 94.7 (82.7-98.5) 80.8 (62.1-91.5) 89.1 (79.1-94.6) 91.3 (73.2-97.6) 87.8 (74.5-94.7)

FAS 39 2 7 34 95.1 (83.9-98.7) 82.9 (68.7-91.5) 89.0 (80.4-94.1) 94.4 (81.9-98.5) 84.8 (71.8-92.4)

Abbreviations: ADNC, Alzheimer disease neuropathologic change; FAS, full
autopsy data set; FN, false negative; FP, false positive; NFT, neurofibrillary
tangles; NPV, negative predictive value; PC, primary cohort; PET, positron
emission tomography; PPV, positive predictive value; TN, true negative; TP, true
positive.
a Sample size and accuracy statistics comparing [18F]flortaucipir PET visual

reads for all 5 individual readers compared with pathological findings for
identifying B3 NFT scores and high ADNC scores.

b Primary cohort included 64 participants.
c Full autopsy data set included 82 cases.
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(92.3%; 95% CI, 79.7%-97.3%) and specificity (80.0%; 95% CI,
60.9%-91.1%), and for high ADNC level sensitivity (94.7%; 95%
CI, 82.7%-98.5%) and specificity (80.8%; 95% CI, 62.1%-
91.5%) (Table 2).

For the full autopsy data set (n = 82), all 5 readers met suc-
cess criteria with lower confidence limits of sensitivity and
specificity greater than 50% for the NFT score of B3 with sen-
sitivity ranging from 89.1% (95% CI, 77.0%-95.3%) to 93.5%
(95% CI, 82.5%-97.8%) and specificity ranging from 66.7% (95%
CI, 50.3%-79.8%) to 94.4% (95% CI, 81.9%-98.5%). Success cri-
teria were also met for high level of ADNC with sensitivity rang-
ing from 95.1% (95% CI, 83.9%-98.7%) to 97.6% (95% CI 87.4%-
99.6%) and specificity ranging from 65.9% (95% CI, 50.5%-
78.4%) to 90.2% (95% CI, 77.5%-96.1%) (Table 2). The majority
read analysis for the A16 full autopsy data set showed similar
results for B3 level sensitivity (89.1%; 95% CI, 77.0%-95.3%)
and specificity (86.1%; 95% CI, 71.3%-93.9%), and for high
ADNC level sensitivity (95.1%; 95% CI, 83.9%-98.7%) and speci-
ficity (82.9%; 95% CI, 68.7%-91.5%) (Table 2).

In the full autopsy data set, there were 26 impaired par-
ticipants with a non-AD clinical diagnosis. Of these, 19 had less
than high levels of ADNC at autopsy. In 16 of these 19 partici-
pants, the flortaucipir PET images were accurately inter-
preted as not being consistent with an AD pattern (eTable 1 in
the Supplement).

The FR01 validation study also met the prespecified suc-
cess criteria for both the FR01 primary cohort (n = 64) and full
autopsy data set (n = 82) analyses, demonstrating statisti-
cally significant sensitivity and specificity (above 95% CI lower
limits >50%) of flortaucipir PET imaging for detecting both the
NFT score of B3 NFT and high ADNC level by at least 3 of the 5
readers. Similar sensitivity and specificity results were seen
for the majority read analyses (eTable 3 in the Supplement).

Interrater reliability in both the A16 primary cohort and
FR01 validation studies was high. For the A16 study, all read

scans (n = 105 of enrolled patients) showed 89.9% agree-
ment (Fleiss κ, 0.80; P < .001); the primary cohort scans
(n = 64) showed 88.4% agreement (Fleiss κ, 0.74; P < .001).
In the FR01 study (n = 82), the Fleiss κ value was 0.82
(P < .001).

Pathological cases covered a full range of tau pathology
from Braak stages I to VI NFTs (Figure 2, Figure 3, and eFig-
ure 3 in the Supplement). Specifically, 46 (56%) of the full
autopsy data set cases were classified as having an NFT score
of B3, and 42 (91%) of these cases had amyloid neuritic
plaque with moderate or frequent CERAD scores. Only 2 of
these cases with an NFT score of B3 and moderate to fre-
quent CERAD scores had normal cognition; 8 of 23 (35%) of
cases with B2 NFT scores were amyloid negative (CERAD
none-sparse score), and 3 of those 8 had normal cognition. Of
the 46 cases with an AD pattern on flortaucipir scan (by
majority 3 of 5 readers), 43 (94%) had amyloid plaque with
moderate to frequent CERAD scores.

For quantitative analysis, 60 (90%) of 67 scans (primary
cohort plus test cases) met the scan quality criteria for SUVR
calculation; 6 scans (9%) had severe inter- and within-frame
motion, and 1 scan (2%) was acquired outside of the allow-
able postinjection acquisition time window. Receiver opera-
tor curve assessment established an optimal SUVR cut
point greater than 1.113 for defining a positive scan. This
quantitative cut point yielded a sensitivity of 84.2% for an
NFT score of B3 and 86.5% for a high level of ADNC, with
100% specificity for both autopsy measures (eFigure 3 in the
Supplement).

Figure 2. Braak Neurofibrillary Tangle (NFT) Scores vs Majority Read
Interpretations for the A16 Primary Cohort (n = 64)
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Figure 3. Consortium to Establish a Registry for Alzheimer Disease
(CERAD) Amyloid Plaque Scores vs Braak Neurofibrillary Tangle
(NFT) Scores
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grid square to minimize overlap for presentation purposes. AD, Alzheimer
disease; Adv, consistent with advanced AD tau pattern; CN, cognitively normal;
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Discussion

The A16 study demonstrated statistically significant sensitiv-
ity and specificity of PET imaging with [18F]flortaucipir for de-
tecting tau neurofibrillary pathology (NFT score of B3 corre-
sponding with Braak stages V and VI) and high levels of ADNC
neuropathologic changes (according to NIA–AA criteria). These
results were confirmed by a second set of independent physi-
cian readers of the PET scans in the FR01 validation study. The
primary study results were further strengthened in secondary
exploratory analyses that included 16 supplemental autopsy
cases, establishing a high specificity for detecting AD tau. A high
degree of interrater reliability was observed. Administration of
flortaucipir F18 was safe with relatively few adverse effects
among patients enrolled in the A16 study, many of which were
common events among older adults, people with dementia, and
people with terminal illness.

Amyloid and tau pathologies may begin independently6,43

but are highly associated with each other in symptomatic stages
of AD.44 In this study, the presence of high levels of AD-type
NFTs, as assessed by an AD pattern on a PET scan with [18F]flo-
rtaucipir, was accompanied by a probability of moderate to
frequent neuritic plaque present at autopsy. These results are
consistent with previously observed correspondence be-
tween elevated flortaucipir PET signal and elevated signal on
amyloid PET.23,45 These findings support the potential for PET
imaging with [18F]flortaucipir to assist in the diagnosis of AD
as defined by the NIA–AA research framework.6

An AD pattern, as defined in this study, required evi-
dence of [18F]flortaucipir uptake beyond the mesial and
anterior lateral temporal lobes. For visual reads of PET scans,
the mesial temporal regions can be challenging to interpret
owing to the potential bleed-in from off-target binding in the
choroid plexus and atrophy-associated partial-volume
effects. Furthermore, although these areas are key in early
NFT accumulation in AD, isolated tau in these regions can
represent B1-level NFTs, which are associated with not or
low levels of ADNC.5 In addition, mesial temporal lobe NFTs
in the absence of substantial Aβ or neuritic plaque can occur
in older individuals without cognitive impairment, those
with mild impairment, or those with cognitive impairment
associated with other causes than AD. This consequence can
pose a diagnostic dilemma and suggest comorbid pathologi-
cal conditions distinct from AD.46,47 Therefore, including
these regions in a diagnostic criterion for an AD pattern on
flortaucipir PET images may reduce the specificity of AD
neuropathological diagnosis.

The NFT levels below B3 are not as strongly associated with
cognitive impairment or moderate to frequent neuritic amy-
loid plaque burden. Although the presence of B3 score may pre-
dict the presence of substantial amyloid plaque, amyloid plaque
is often present in the absence of B3-level NFTs, particularly
in earlier stages of AD.6,48,49 Similarly, approximately 20%
(19%-23%) of participants with positive amyloid PET scans have
no or low levels of [18F]flortaucipir binding by quantitative or
visual interpretation.21,23,50-52 Analyses from the National Alz-
heimer Coordinating Center pathological database have indi-

cated that individuals with a B2 score had clinically normal re-
sult at a rate of 25.3% (34 of 134), and 41 (37.6%) of 109 people
with Aβ at autopsy had a B2 score.5 As such, an AD pattern on
a flortaucipir PET scan, as defined here, and the presence of
B3-level NFTs is associated with the presence of both key AD
pathologies. However, a pattern not consistent with AD on flo-
rtaucipir PET scan (which may include isolated uptake in the
mesial, anterior lateral temporal, or frontal lobes) would not
rule out the presence of AD-associated amyloid pathology or
lower levels of NFT pathology.

Exploratory analysis using quantitation to identify posi-
tive or negative flortaucipir PET scans similarly resulted in
the high accuracy of detecting the standard for both NFTs and
NIA–AA neuropathological AD diagnosis. Our previously pub-
lished report of the 3 test cases in the A16 study demon-
strated regional relationships between quantitative flor-
taucipir PET signal and neocortical phosphorylated paired
helical filament tau concentrations (Pearson r = 0.81;
P < .001).53 In support of this finding and the quantitative data
presented herein, a recent study of 26 cases comparing flor-
taucipir PET image and autopsy findings demonstrated a sen-
sitivity of 87% and specificity of 82% for identifying AD-
spectrum pathological diagnoses, using quantitative analysis
of a mesial, inferior, or middle temporal lobe region of
interest.25 Twelve of these autopsy-confirmed cases had patho-
logical evidence of Braak stages IV to VI NFTs (2 cases with
Braak stage IV) with moderate to frequent neuritic plaques and
were above the SUVR threshold for positivity for the [18F]flo-
rtaucipir temporal lobe region of interest. Together, these re-
sults suggest the potential use of quantitative analysis to sup-
port visual read interpretation of flortaucipir F18 scan images.
Further method improvements, including quantitative analy-
sis of mesial temporal structures,25,54,55 may alter the sensi-
tivity of [18F]flortaucipir to detect earlier pathological stages
of NFTs.

[18F]flortaucipir appears to bind poorly to non-AD tau
pathologies such as those seen in frontotemporal demen-
tias, progressive supranuclear palsy, corticobasal degenera-
tion, and chronic traumatic encephalopathy.27,30,32,50,56,57

Cortical [18F]flortaucipir PET signal in patients with non-AD
dementias is generally lower than expected than that seen
in typical patients with AD and, when present, tends to be
greatest in anterior temporal lobes, frontal lobe and
striatum/globus pallidus, and in some reports of white mat-
ter foci.27,28,30-32 A multinational flortaucipir F18 imaging
study that evaluated 719 participants with clinical diagnoses
of AD dementia, non-AD neurodegenerative disorders, and
mild cognitive impairment as well as controls with normal
cognition demonstrated a high level of discriminative accu-
racy of [18F]flortaucipir for AD compared with other neuro-
cognitive disorders.50 In the full autopsy data set presented
herein, 16 of 19 cases with less than high levels of ADNC at
autopsy had flortaucipir PET images interpreted as not con-
sistent with an AD pattern. Overall, these non-AD clinical
diagnosis cases support the high specificity of PET imaging
with [18F]flortaucipir for distinguishing AD from non-AD tau
pathologies. However, larger sample sizes are needed to
confirm this finding.
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Limitations
This study has several limitations. The A16 study cohort was
older than the typical symptomatic patients with AD re-
cruited into clinical trials, had more advanced clinical dis-
ease with only 1 case of mild cognitive impairment, and lacked
racial/ethnic diversity. These characteristics may have impli-
cations for the visual and quantitative interpretation of PET
scans and for the associations with underlying pathological fea-
tures. In addition, the visual interpretations of PET scans used
in this study showed the best accuracy for detecting the most
advanced stages of NFT tau load and distribution as well as
ADNC. Earlier stages of AD may meet intermediate pathologi-
cal diagnostic criteria or have neuritic plaque with moderate
or frequent CERAD scores in the absence of substantial tau.6

In addition, up to 2 of the 5 readers did not meet the statisti-
cal accuracy criteria for specificity for the primary outcomes
of the A16 primary outcome and FR01 validation studies. This
finding was largely associated with overcalling small, noncon-
tiguous foci of activity in the temporal lobes, resulting in a false-
positive AD pattern read. This level of activity may represent
noise or early spread of tau. PET scan read errors may also have
been associated with imprecise drawing of the cerebellar ref-
erence region, resulting in reduced mean cerebellar counts and
relatively increased cortical signal above the threshold. These

types of scan read errors are potentially mitigated through im-
proved reader training or procedural automation. Although
[18F]flortaucipir retention in the neocortex appeared to match
the distribution of aggregated tau in AD at autopsy, [18F]flor-
taucipir retention in subcortical structures also appeared to
represent off-target binding. The source of this binding is
unknown, but given these locations, it can typically be distin-
guished from neocortical binding in regions associated with
AD pathology.

Conclusions
Results of this study support the hypothesis that, with a high
sensitivity and moderate to high specificity, PET imaging with
[18F]flortaucipir is able to identify the underlying presence of
NFTs at the B3 level and a high level of ADNC per the NIA–AA
criteria, consistent with a neuropathological diagnosis of AD.5

In appropriate clinical cases of adults who have undergone ad-
equate neurological assessment and have been evaluated for AD
or other causes of cognitive decline, PET imaging with [18F]flo-
rtaucipir may help in establishing a diagnosis of AD. Further re-
search is required into the potential value of [18F]flortaucipir
imaging in earlier clinicopathological stages of disease.
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