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ABSTRACT

Introduction: In vivo characterization of pathologic deposition of tau protein in the human brain by
PET imaging is a promising tool in drug development trials of Alzheimer’s disease (AD). 18-F MK-
6240 is a radiotracer with high selectivity and sub-nanomolar affinity for neurofibrillary tangles
(NFTs) that shows favorable non-specific brain penetration and excellent kinetic properties. The
purpose of the present investigation was to develop a visual assessment method that provides
both an overall assessment of brain tauopathy and regional characterization of abnormal tau
deposition.

Methods: 18-F MK-6240 scans from 102 participants (including healthy volunteers, patients with
AD or other neurodegenerative disorders) were reviewed by an expert nuclear medicine physician
blind to participants’ diagnosis to identify common patterns of brain uptake. This initial visual read
method was field tested in a separate, non-overlapping cohort of 102 participants with 2 additional
naive readers trained on the method. Visual read outcomes were compared with semiquantitative
assessments using volume of interest (VOI) SUVr.

Results: For the visual read eight gray-matter regions per hemisphere were assessed as negative
(no abnormal uptake) or positive (1-25% of the region involved, 25-75% involvement, or >75%
involvement), then characterized the tau binding pattern as positive or negative for evidence of tau,
and if positive, whether brain uptake is in an AD pattern. Readers demonstrated agreement 94%
of the time for overall positivity/negativity. Concordance on the determination of the regional
binary outcomes (negative or positive) showed agreement of 74.3 % and Fleiss’ k of 0.912. Using
clinical diagnosis as the ground truth, readers demonstrated a sensitivity of 73-79% and specificity of
91-93, with combined reader concordance sensitivity of 80% and specificity 93%. Cortical regions
average SUVr showed a robust correlation with visually-derived ratings of regional involvement (r =
.73, p <.0001).

Conclusion: We developed a visual read algorithm for 18-F MK-6240 PET offering both
determination of scan positivity and the regional degree of cortical involvement. These cross-
sectional results show strong inter-reader concordance on both binary and regional assessments of
tau deposition, as well as good sensitivity and excellent specificity supporting use as a tool for

clinical trials.



INTRODUCTION

The recent introduction of tau PET imaging biomarkers for clinical and research
applications provides a powerful tool for corroborating the patterns of pathologic progression in
Alzheimer’s disease (AD) suggested by post mortem studies (1), as well as potentially offering a
means for monitoring response to treatments designed to interrupt AD brain pathology (2, 3). Tau
PET imaging shows good correlation between regional brain uptake and clinical and psychometric
measures in cross-sectional studies.(4-7). Indeed, increased density and spread of abnormal
uptake in tau PET images is consistent with progression of the disease occurring in early and mild
AD patients and is associated with the degree of neuropsychological impairment.

Tau PET studies have corroborated findings from pathologic post-mortem examination of AD
brains, which demonstrated initial cortical uptake in entorhinal cortex and medial temporal structures,
extending to inferolateral temporal, superolateral temporal, and neocortical occipital, posterior
cingulate, parietal, and frontal cortices (8). Temporal lobe structures, especially mesial temporal gyri
and hippocampus are the earliest neocortical regions to manifest neurofibrillary tangles (9),
suggesting visual read methods might focus particular attention here. The first- generation tau PET
agent 18-F AV-1451, which was utilized in the largest clinicopathological study of AD and mild
cognitive impairment (MCI) (10), has off target uptake in areas adjacent to the mesial temporal
lobe, limiting the ability to assess tau pathology of this important region.

18-F MK-6240 is a second-generation tau PET imaging agent with high specificity and low
off target binding in gray and white matter, representing improvements over first-generation
tracers (11, 12). In cognitively normal individuals, 18-F MK-6240 demonstrates homogeneous
uptake such that some structural features like the ventricles are visualized but without evidence of
focal uptake in neocortex. Alzheimer's patients show a pattern of cortical uptake which is more
intense, asymmetric, and focal (13), consistent with the distribution of the tau pathology reported
in postmortem studies (9).

As the utility of tau PET radiotracers like 18-F MK-6240 expands, potential future clinical
applications in AD may include: 1) aid in differential diagnosis of patients with cognitive
impairment, 2) eligibility screening for long-term treatments to slow disease progression, 3)
monitoring the effectiveness of such treatments, 4) assessing the course of disease, and 5) use as a
prognostic biomarker potentially identifying at-risk cohorts. For any of these indications a robust

method for visual assessment will be an important way to evaluate 18-F MK-6240 PET images,



especially in the clinical setting where an interpretation of the tau PET scan as negative or positive
is a primary goal. However, unlike amyloid PET, tau uptake patterns demonstrate dynamic
heterogeneity in individuals with AD, both in the spatial extent within the brain and the intensity of
uptake within regions. This offers an opportunity for obtaining additional information from the visual
read relevant to clinical research trials. Specifically, it may be possible to visually assess changes
to the extent of uptake within regions over time, as well as between regions. Thus, it may be
possible to elicit tau progression information from the visual interpretation.

The goals of the present study were to develop, field test, and refine a visual read method
for 18-F MK-6240 PET as a potential tool for assessing in vivo brain tau accumulation, providing a
readout of both tau positivity/negativity and the spatial extent of uptake within individual regions.
The latter may be relevant to assessing within-patient changes in the context of clinical therapeutic
drug trials where the tau PET signal might be expected to be unchanged or even decrease on

serial imaging.

MATERIALS AND METHODS

Imaging data

Pooled imaging data provided under Informed consent from 204 participants with various
diagnoses (Healthy controls (CN), Mild Cognitive Impairment (MCI) due to AD, AD dementia, and non-AD
brain disorders) were obtained from Cerveau Technologies Inc. which gathered, curated, organized, and
archived the data under contractual agreement from nine separate studies at nine clinical sites. All studies
had Investigational Review Board approval and participants provided written informed consent for the
procedures including handling of imaging data. Scans were received as reconstructed, scatter, randoms,
and attenuation-corrected anonymized DICOM image volumes. Data from each center were acquired
according to their own imaging protocol and therefore scan time windows were not guaranteed to overlap
at later post injection times. Therefore, to generate an average static image for visual assessments, we
used the most common overlapping late frame time window (6x5min frames), which was between 60

minutes and 90 minutes post-injection.

Definition of MK-6240 uptake patterns

For developing the visual read method, we randomly selected a subset of the original database
containing 102 participants (62 CN, 17 MCI, 29 AD, 4 non-AD neurological disease). 18-F MK-6240



averaged images were reviewed by an experienced nuclear medicine physician-researcher (“Reader 0”)
without a pre-specified examination protocol and blinded to each participants’ diagnosis and imaging site.
This process of unguided examination led to the identification and categorization of common uptake patterns
that were generally consistent with current understanding of AD tau pathophysiology, and patterns that were
better described as non-AD or off-target binding. Based on this review, an initial visual read procedure was
developed for field testing and refinement using the second half of the image dataset (102 different, non-

overlapping participants).

Visual assessment algorithm for 18-F MK-6240

The visual assessment of [18-F MK-6240 is a three-step process: 1) assess technical
adequacy, 2) systematically review neocortical areas as for the presence and spatial extent of
increased radiotracer uptake, and 3) apply a ruleset to step 2 findings for determination of positivity

and classification as an AD pattern or not. Details are described in the Supplemental materials S-1.

Readers focus on eight pre-specified brain regions in each hemisphere of the cerebral cortex (16
regions total): hippocampus, mesial temporal, inferior temporal, lateral temporal, parietal, posterior
cingulate, occipital, and frontal lobes (Figure 1). Temporal regions are grouped under the
designation “Cluster 1”7, while the extra-temporal cortical regions are grouped under the designation
“Cluster 2. Cluster 3 comprises subcortical regions (striatum/globus pallidus, thalamus, pons,

dentate nucleus) suggestive of binding related to non-AD tauopathy.

For each of the 16 cortical regions the reader ascertains if there is abnormal increased
radiotracer in the region relative to the cerebellum and informed by training examples. The reader
also assigns a regional extent score expressed as a percent of the region showing abnormal

increased uptake: none (0%), 1-25%, 26-75%, or >75% involvement of the region).

----- Figure 1----

Regional positivity is defined by either focal or confluent uptake involving at least 1-25% of the
region (Table 1). Readers are asked to judge the extent (voxels with increased uptake within each

region) rather than the intensity of uptake.



--Table 1—

The initial algorithm for assessing positivity was according to three rules below (Figure 2). As
described below, this initial set of rules was refined further based on additional information and

experience.

Rule 1: Normal scan- no more than one region of focally increased radiotracer uptake in Clusters 1

or 2 (combined) and no regions of focal uptake in Cluster 3,

Rule 2: Positive, Alzheimer’s pattern- two or more Cluster 1 and/or Cluster 2 positive regions, with at

least one positive region in Cluster 1 and no positive regions in Cluster 3

Rule 3: Positive, non-Alzheimer's pattern- two or more Cluster 2 and/or Cluster 3 positive regions,

with no positive regions in Cluster 1.

Readers

Two board-certified nuclear medicine physicians with research backgrounds in brain
molecular imaging and some experience with flortaucipir PET, but naive to 18-F MK-6240, served as
testers of the read method. First, readers reviewed the scientific background, study rationale, and
description of the read method with focus on brain region identification. Following a group case
review and individual testing for competency, field testing with the two independent readers and one
in-house expert reader was performed. A total of 112 test scans (102 cases + 10 repeat scans) were

randomly presented without clinical or diagnostic information.

Scans were read in either linear gray or inverse gray scale. Readers were not provided MRIs,
CTs or other structural information. Images were maintained on a DICOM server accessed by
remote desktop software to run PMOD 3.8 (PMOD Technologies, Zurich) for visual display and
adjustment of the PET scans. All interactions with the read platform were logged by PMOD. Readers
recorded read findings in an electronic report form, which captured data, time, and user information



for each case. Reads were conducted by 2 readers over 2 days and 1 reader over 7 days, all

initiated within one day of the training.

Evaluation of the read method

Binary readouts (positive/negative) for tau deposition by the two field test readers (Reader 1
(R1), Reader 2 (R2)) were compared to the ““gold standard” read by the internal nuclear medicine
reader (Reader 0 (R0)). Concordance for visual assessment among all three readers were tallied for
positive and negative cases and expressed as a percent. Cohen’s kappa and Fleiss’ kappa were
used to assess reader by reader and group agreement correcting for chance agreement for the
overall scan assessment. Rater agreement was also evaluated on a region-by-region basis for
agreement between all three readers on both the binary determination and regional extent using
Fleiss’ kappa statistic (14). In addition, an exploratory overall tau visual regional extent score (VRES)
was calculated for each region by assigning a value to the categorical region score of 1 for visual
scores > 75%, 0.5 for visual scores of 26% to 75%, 0.25 for scores of < 25%, and 0 for visual scores
of 0. Hence, a scan with complete bilateral uptake involving greater than 75% extension throughout

each region has a total VRES of 16.
Other assessments included:

1.Intra-rater Test-retest reliability for scan positivity/negativity was determined for those scans (n=10)

which were randomly presented twice to the readers.

2.Sensitivity, specificity, and area under the ROC curve were determined using site clinical diagnosis

for those participants where this information was available (n=91).

3.Self-reported reader confidence in their assessments (Supplemental materials S2).

Comparison with Standard Uptake Value ratios

SUVr was used to compare the brain uptake in regions involved in Braak stages 1-6 and the
VOI sampling of Jack, et al (15) (i.e., “Jack VOI) to binary and regional extent visual reads. T1-
weighted MR images and 18-F MK-6240 PET scans were obtained from the Cerveau database. 18-
F MK-6240 PET scans were processed and analyzed similar to visual read images, as described

above. Details of the image processing are provided in Supplemental materials S3.



Statistical analyses

Comparison between demographics in the development and testing scan groups utilized
descriptive statistics and unpaired t-tests. For visual reads, percent concordance against the read
standard (Reader 0) was determined and pairwise and group reader agreement was assessed with
Cohen’s and Fleiss’ kappa statistics, respectively. Readers’ total VRES (0 -16) were compared with
ANOVA and post hoc Welch’s T. VRES totals were also correlated with SUVrs using Pearson’s R.
Further, individual visual reads, VRES analyses, and SUVrs using different VOI strategies
underwent ROC curve for determination of sensitivity and specificity against the clinical site

diagnosis as truth standard.

Refinement of the algorithm for assessing positivity

Following the blind read, a study close-out and image review with all readers assessed the
adequacy of the initial ruleset for describing scans encountered in the presented cases. This
information was supplemented by other data sources including published studies on the regional
patterns of radiotracer uptake and review on another internal 18-F MK-6240 PET dataset of MCI and
mild AD participants. Based on these learnings, the algorithm was refined. These refinements were

then applied back to the original dataset for comparison to the preliminary algorithm.

RESULTS

Overall Binary Scan Assessment
The development (n=102) and testing (n=102) data sets were not significantly different with
regards to age, self-reported gender, or diagnostic cohorts (Table 2). No scans were excluded

from review by any reader for technical deficiencies.

—--Table 2

Comparing overall binary tau positivity (original rules 2, 3) against the “gold standard” by
Reader 0, both Reader 1 and Reader 2 had a high level of concordance with complete
agreement in 107 (95%) and 108 (95%) out of 112 scans (102 original + 10 repeated),

respectively. All three readers were in complete agreement in 105 out of 112 cases (94%).



Cohen’s k for pairwise comparisons were 0.964 and 0.955, respectively, for Reader 0 vs Reader 1
and Reader 0 vs Reader 2, indicating excellent agreement. Fleiss’ kappa for inter-reader
agreement among all three readers was 0.912, again indicating excellent agreement. Review of
the 7 discordant cases show two primary causes; 1) technical issues like improper attenuation
correction or reconstruction errors due to motion artifacts on scans judged to be still
interpretable (n=5), and 2) uptake in the inferior and mesial temporal lobes that was incorrectly
attributed to off-target meningeal uptake at the base of the skull (n=2) (Figure 3). Discrimination of
this non-specific uptake from adjacent cortical regions may be improved by leveraging structural

imaging (MR or CT) which was not allowed in the present study (Supplemental Figure 1).

Regional assessments

Regional assessments were made in 1792 regions (112 cases x 16 regions). Evaluation of the
sixteen regions for reader agreement on the binary determination of positivity/negativity for each region
showed 3/3 rater agreement in 1329 regional reads (74.3% of regions), 2/3 agreement in 367 reads
(20.4%), and 96 regions read (5.3%) with complete discordance. Over the sixteen regions, complete
agreement between the three readers ranged from 69% to 86%. There was excellent agreement for some
regions with Fleiss’ kappa ranging from k= 0.726 (left mesial temporal) to k= 0.945 (right parietal) (Table 3).

Evaluation of reader agreement across the 4 possible regional responses (0, < 25%, 25-75%, >75%)
showed substantial agreement for 8 of 16 regions and moderate agreement for the other 8 regions. The
regions demonstrating highest reader agreement were the lateral temporal lobes and posterior cingulate
cortex, while those regions demonstrating the least reader agreement were the occipital lobes, right

hippocampus, and left mesial temporal lobe.
----- Table 3—--
Reproducibility
Reproducibility of the ten randomly selected cases for the binary determination of
positive/negative was excellent, with Reader 0 and Reader 2 achieving 100% reproducibility and Reader 1

achieving 90%. The reproducibility of the binary positive/negative determination for the sixteen cortical

regions for the 10 repeated case pairs was also very good, with readers showing 93.8%, 95.0%, and

10



98.8% (readers RO, R1, R2, respectively) self-agreement for the 10 case pairs of 16 regions. Overall, of
the 480 region pairs (10 case pairs of 16 regions each for 3 readers) assessed with the regional extent
score, 460 (95.8%) of the reads were scored identically. Regions which demonstrated the most intra-
reader disagreement were left and right inferior temporal lobes which together had 8 intra-reader

disagreements.

Comparison with Clinical Diagnosis

In 91 of the 102 (89%) cases where a clear, well-supported clinical diagnosis of AD, MCI, or healthy
volunteer was available from the site, we assessed binary visual reads, total VRES, and diagnostic
sensitivity and specificity. Among the healthy volunteers 42 of 45 had negative visual reads, the AD
participants demonstrated positive visual reads in 22 of 28 cases, while MCI positive visual reads were noted
in 12 of 18 cases. The consensus read for the overall binary determination of scan positivity (2/3 or 3/3
readers agree) relative to a site diagnosis of cognitive impairment due to AD or AD dementia had a
sensitivity = 81% and specificity = 93%. Comparing the visual read findings of each reader to the site clinical
diagnosis as the ground truth demonstrated excellent specificity and moderate to good sensitivity for the

visual read method (Table 4).

- Table 4----

Comparison with Standard Uptake Value ratios

SUVrs were calculated in 87 subjects who had a T1-weighted MRI for co-registration and regional
segmentation. When parsed by visual read status, negative and positive read groups demonstrated
significantly different mean SUVrs (p<0.001) for all individual Braak regions, Braak regional combinations
(Braak 1-2, 3-4, 5-6), and Jack VOlIs (Supplemental Table 1). Individual read data (Figure 4) demonstrate
clustering of negative scans around SUVr=1 (no specific binding) while visually positive scans show
higher SUVrs spread over a wider range. Although the majority of negative scans cluster around an SUVr of
1, we show a strong association (r(102)=0.73, p< 0.0001) between quantitative SUVrs from Braak 3-4 with semi-
quantitative VRES summed across all readers (Supplemental figure 2). In addition, we examined the regional
distribution of total VRES, showing a Braak-like staging, with a greater number or cases showing higher VRESs

in the temporal regions compared to extra-temporal cortical regions (Supplemental figure 3).

---Figure 4---

ROC analyses were performed to assess different VOI template sampling for SUVTr relative to the

11



clinical site diagnosis as gold standard. Comparing VOI sampling strategies to the site clinical diagnosis as
the truth standard using the highest Youden Index for each analysis as the SUVr cut-off (Supplemental figure
4), again demonstrated excellent specificity and moderate sensitivity with Braak 3-4. Jack regions showed
slightly higher sensitivity/specificity than the Braak 1-2 or Braak 5-6 analyses although this did not achieve

statistical significance (p= 0.59).

Refinement of the algorithm for assessing positivity

The original algorithm for assessing positivity performed well in separating tau positive from
tau negative scans consistently across readers. Nevertheless a few changes were suggested after
reader review, review of additional 18-F MK-6240 PET datasets, and consideration of published

literature (16). These resulted in the adjustments described in Table 5.

The revised algorithm was applied to the regional data with little effect on the
determination of positivity by the readers. The final assessment was only changed in two scans,
for one reader only. Both of which were reclassified from “Negative” to “Positive, atypical AD
pattern”, improving the intrareader concordance from 90% to 100% for that reader. Overall
concordance amongst the three readers showed 106/112 (95%) were in complete agreement on

binary assessment of positivity.

DISCUSSION

This study describes development, initial evaluation, and refinement of a visual read
method for 18-F MK-6240 brain PET assessing the uptake patterns consistent with tau deposition in
patients with Alzheimer's disease. The method provides two sets of related information, the binary
determination of positive or negative for presence of pathological tau, and the regional extent of
tau deposition in brain areas thought to be involved in the pathological progression of AD. The
utility of this method lies in its potential use in clinical trials, particularly for eligibility assessments to
confirm the presence of the targeted pathology, as well as to measure disease progression and
treatment effect.

We demonstrated a high reader concordance for binary (positive/negative) and regional

12



assessment of brain uptake consistent with expected tau pathology. Discordance between
readers was relatively low and due primarily to technical artifacts or the confusion of uptake at the
base of the skull with inferior and mesial temporal lobes. As expected, absolute agreement for visual
extent (4 possible categories) was lower but still substantial to moderate and varied by region.
Agreement between readers was lower in the temporal lobe regions (excepting lateral temporal
lobes) than other cortical regions (e.g., parietal, post. cingulate), perhaps due to more difficult
anatomic localization relative to the more accessibly definable and larger regions and high
meningeal uptake adjacent to inferomedial temporal regions.

Our data show robust test-retest reproducibility and good accuracy relative to clinical site
diagnoses. The region with the lowest reproducibility was the inferior temporal lobes; signal in this
region was infrequently misattributed to extracerebral uptake in surrounding regions. Off-target
uptake of 18-F MK-6240 primarily involves meninges as well as uptake at the base of the
calvarium, both of which had only minor impact on scan interpretation in this cohort and
minimized with the aid of structural imaging. This compares favorably with 18-F AV-1451 where it
is typically difficult to evaluate medial temporal structures due to the proximity of off-target uptake
within the choroid plexus.

We observed a strong concordance between SUVr and the binary read with visually
negative reads clustered around SUVr =1.0, consistent with negligible binding. By contrast,
visually positive scans had higher SUVrs about twice the values of negative reads. Analysis of the
semi-quantitative regional extent score (VRES) demonstrated more frequent occurrence of uptake in
temporal cortical structures than extra-temporal regions, as predicted from the models of tau spread
from the post-mortem data. However, these differences could also be due to the lack of
normalization for region size, which ran from relatively small in the mesial temporal cortex to very
large in frontal lobe. Partial volume error correction, which was not performed, would be expected
to increase the differences between temporal and non-temporal regions.

Relative to clinical diagnosis, both the visual read and SUVR analysis showed excellent
specificity and moderate to good sensitivity with the best combination of sensitivity/specificity (81%
sensitivity/93% specificity) in the consensus read. Not surprisingly, the consensus read is the most
commonly used PET interpretation method for eligibility assessments in clinical therapeutic trials,
where amyloid PET negativity rates may be as high as 10-20% amongst individuals thought to have

AD on clinical examination (17). In addition, lower sensitivity relative to clinical diagnosis is common

13



in cross-sectional datasets given the observed tendency for baseline clinical diagnosis to identify AD
with higher sensitivity and lower specificity than imaging when the gold standard is final clinical
diagnosis following longitudinal follow-up over a year or more ( 1 8). Both, the semiquantitative
SUVR analysis and the visual read performed similarly for sensitivity and specificity, with visual
reads having slightly higher Youden indices. While the SUVr cut-offs used here represent an
optimized Youden index (see Supplemental figure 2), they may not be ideal for addressing other

research questions, which may require a different point on the ROC curve.

Limitations

Although the readers were naive to 18-F MK-6240 PET, they were brain imaging specialists
with experience reading other tau and amyloid PET tracers. Reader selection was intentional in
order to evaluate a read method designed for research and clinical trial visual assessment of brain
tau burden with regional information for tracking change and comparing patients rather than the
simple binary determination of positive/negative determination normally required in routine clinical
use. Hence, the study readers may have more readily handled the difficult task of accurately
identifying subregions within the temporal lobes and other neocortical regions than readers with less
experience. Future studies will aim to evaluate the method and training paradigm with less
experienced readers to determine generalizability of the binary and regional extent aspects of the
method. Perhaps more germane to the routine clinical use is that a simpler version of this method
can be employed for the easier task of determining overall scan positivity.

Limitations of this study are a lack of longitudinal data, no pathological diagnostic
confirmation, and limited data on amyloid status or clinical measures to support the accuracy of
clinical diagnosis. Moreover, our development sample included a limited number or MCI patients
(n=17), which may limit the applicability of the algorithm for clinical diagnosis and clinical trial inclusion.
Specifically, in cases with lower 18-F MK-6240 binding, such as in MCI, off-target binding in meningeal
tissue could theoretically lower accuracy of visual reads in proximal brain regions. Future research will aim
to include a better characterized sample, more representative of patients screened for initial memory
complaints. Furthermore, there are exceptions to the rules, specifically logopenic primary progressive
aphasia will score as typical AD owing to unilateral left hemispheric uptake in cluster regions 1 and 2. The

case used as an example of positive scan, non-AD pattern in figure 2 raises additional points. Here there is
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uptake in the caudate bilaterally and also in the right occipital and parietal regions. Is this an atypical AD or
non-AD tauopathy? In these rare cases additional data may prove to clarify and adjust the algorithm.
Finally, we included midbrain in Cluster 3 while instructing readers not to rate the substantia
nigra as positive even though it is localized in midbrain. This may be confusing for some,
although the readers very rarely endorsed midbrain regardless of the evident uptake in the
substantia nigra.

The selection of the time window of 60 to 90 minutes, was driven by the availability of the
data and may not be ideal for separating negative from positive scans. In high binding regions of
positive scans, SUVrs may continue to rise past 90 minutes as washout proceeds (13). When
visually comparing early versus later PET images, there is some minor residual background
uptake in some of the scans. However, this is most apparent in the positive scans which are
typically easier to interpret than negative scans because of the relatively low off- target uptake. In
summary, we believe that given the small impact on scan interpretability, it was preferable to

open the time window rather than reducing the size of the cohort.

Future work

Further validation of this read method would be needed for greater confidence in the utility of
the visual assessment toward the intended research application. As discussed above, the present
data has resulted in a minor adjustment of the algorithm to be more reflective of the potential range
of cases that a reader may encounter. While we are confident that the proposed algorithm captures
most AD-related cases, minor adjustments may be needed to better marry the scan phenomenology
with the intended cohort. Future development should also focus on evaluation of patients with serial
18-F MK-6240 scans with months to years of longitudinal data, interpretation of scans over a wider
range of tauopathies, evaluation in a larger group of readers with greater range of experience

reading PET images, and 18-F MK-6240 PET with clinical metrics and post-mortem brain pathology.

Conclusions

This work provides a method for the visual interpretation of 18-F MK-6240 brain PET

images. This initial cross-sectional study demonstrated that experienced readers can utilize this

15



algorithm for robust and reproducible visual interpretation of 18-F MK-6240 brain scans. The
overall determination of scan positivity may be useful in aiding diagnosis or enhancing the
accuracy of clinical trial enrollment. Scan information derived from cortical regional assessment
may be most valuable for within-patient evaluation of change over time, as well as for determining

the efficacy of new treatments designed to alter the course of progression.
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KEY POINTS

QUESTION: Can a visual read method for brain tau deposition using 18-F MK-6240 PET
provide robust overall positivity/negativity and information about the regional extent of
abnormal tracer uptake?

PERTINENT FINDINGS: Readers can utilize this algorithm for robust and reproducible
visual interpretation of 18-F MK-6240 brain scans at the whole brain and regional
levels.

IMPLICATIONS FOR PATIENT CARE: This read method may be a useful tool for AD
clinical drug development as means to enhancing the accuracy of clinical trial enroliment,
for within-patient evaluation of change over time, and for determining the efficacy of new
treatments designed to alter the course of progression.
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FIGURES & TABLES

Cluster 1 Cluster 2 Cluster 3
Temporal lobes Extra-temporal neocortex Subcortical

Lataral Globus pallidus
temporal Hippocampus Frontal Occipital striatump Thalamus
Inferior Parietal .
temporal Mesial Posterior Pons, Midbrain, Dentate
temporal cingulate nucleus not shown

Figure 1 Regions for visual read are outlined and overlaid on T1 MRI for anatomic reference.
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Figure 2 18-F MK-6240 PET in Healthy Volunteers, Alzheimer and non-Alzheimer Tauopathy. Note that “Positive, atypical AD”
was added in the refined algorithm. Also, the non-AD tauopathy is an extremely rare instance of cluster 3 and clusterl,2
positivity

classified on basis of the striatal finding. See Discussion section.
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Figure 3. Difficult case shows bilateral anterior mesial temporal uptake which can be confused with off target uptake in the
meninges and the
floor of the calvarium.
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MK62640 Reads and SUVrs

Red = Read positive (35)
Blue = Read negative (52)

Figure 4 Standard uptake value ratios for different regional VOIs parsed by visual read negative or positive.
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Tables

Table 1 Regions for Visual Assessment

Brain area

Cluster 1
Temporal lobes

Cluster 2 Extra-
temporal
Neocortex

Cluster 3
Subcortical Area

Included Regions

Hippocampus Mesial
temporal Inferior
temporal Lateral
temporal

Occipital
Post.cingulate

Parietal
Frontal

Striatum-globus
Thalamus Dentate
nucleus Pons
Midbrain

Visual Rating

No uptake (0%)
Uptake 1-25%
extension 26% to 75%
>75% extension

No uptake (0%)
Uptake 1-25%
extension 26% to 75%
>75% extension

Presence/absence

No. regions

8 regions

4 each left and
right
hemisphere

8 regions

4 each left and
right
hemisphere

5 regions

Rationale

Earliest cortical
regions involved
in AD per Braak
staging

Next regions
involved in AD

May be positive in
non-AD
tauopathies
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Table 2 Demographic Data

DEVELOPMENT
DATASET TEST DATASET
AGE Yrs GENDER AGE Yrs GENDER
GROUP N GROUP
mean(SD) male female mean(SD) male female
AD 29 72.4 20 9 AD 24 70.4 12 12
9.9 10.7
MCI 17 71.2 11 6 MCI 21 69.9 12 9
7.1 8.0
HEALTHY 52 66.4 25 27 HEALTHY 45 68.6 18 27
12.1 7.5
OTHER 4 63.3 0 4 OTHER 12 65.9 5 7
4.6 9.4
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Table 3. Reader Agreement for Visual Assessment Positive/Negative for Regional Tau

Regional Binary Agreement
Positive/Negative

Complete Agreement on Spatial Extent Scoring

Fleiss' Fleiss'
Region kappa Interpretation Region kappa Interpretation
Right Parietal 0.945 Right Lateral Temporal 0.748
Right Frontal 0.929 Left Lateral Temporal 0.716
R'9$t Lateral =, 547 Right Post. Cingulate ~ 0.702
emporal
Almost Substantial
Left Parietal 0.906 perfect Left Posterior Cingulate 0.678
agreement
agreement
Left Posterior, g, Right Parietal  0.655
Cingulate
Left Lateral 5 gog Left Parietal  0.621
Temporal
Right Post. - g7 Right Frontal 0618
Cingulate
Left Frontal 0.801 Left Frontal 0.602
Left Occipital 0.801 Right Inferior Temporal 0.597
. Left 0.783 Left Inferior Temporal 0.576
Hippocampus
Right Inferior— 7¢, Right Hippocampus ~ 0.552
Temporal ' Substantial 9 PP P '
Right Occipital  0.759 ~ 2dreement Right Mesial 0552
Temporal
. Right 0.756 Left Hippocampus 0.551 Moderate
Hippocampus agreement
Left Inferior 754 Left Mesial Temporal 0545
Temporal
Right Mesial -~ 7, Right Occipital 0.537
Temporal
Left Mesial — 7,6 Left Occipital 0503
Temporal

Overall binary assessment kappa = 0.912
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TABLE 4. Sensitivity/Specificity of MK-6240 Visual Reads and SUVR analyses using clinical diagnosis as
standard-of-truth

‘ouden
Method |Reader Sensitivity  Specificity  Index
RO 0.79 0.93 0.72
Visual R1 0.75 0.93 0.68
Read R2 0.79 0.91 0.70
Consensus 0.81 0.93 0.74
Visual Cut-off
VRES 15 0.742 0.890 0.63
SuUvr Cut-off
B1-2 1.4 0.649 0.888 0.54
B3-4 13 0.645 0.963 0.61
B5-6 1.2 0.611 0.960 0.57
Jack 1.4 0.650 0.880 0.53




Table 5. Initial and revised algorithms for interpreting MK-6240 PET

Scan Assessment

Negative

Positive, AD pattern

Positive, Atypical AD
pattern

Positive, Non-AD
pattern

Original Algorithm

No more than one
region positive in the
cortex

Evidence of
increased radiotracer
uptake in two
cortical regions with
atleast one region in
temporal lobes

Not assessed

Any positive scan not
fitting AD criteria

Refined Algorithm

All clusters negative

At least one cluster 1
region positive and no
cluster 3 positive
regions

Evidence of increased
radiotracer uptake in
one or more regions
in cluster 2 but not
clusters 1 or 3

Evidence of increased
radiotracer uptake in
one or more regions
in clusters 1-3 with at
least one regionin
cluster 3

Reason for adjustment

Allowing one region to be positive was to
prevent calling scans positive when
meningeal uptake close to the
inferolateral temp lobes could be misread
as a positive region. This was dropped
with improved methods/instructions to
identify this confound.

Revised following observations of
multiple cases with isolated cluster 1
abnormality in just one region

This rare pattern is noted from review of
other MK- 6240 datasets and is an
expected pattern based on the published
literature off other tau PET tracers

Formalized uniform assessment for regions
involved in non-AD tauopathies
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SUPPLEMENTAL MATERIALS

S-1. Detailed visual assessment algorithm for ['*F]MK-6240
The visual assessment of [18F]MK-6240 is a three-step process. First, readers

adjusted the image to standardize the orientation, windowing, and thresholding of the
gray scale per explicit instructions for consistency when viewing images in all three
planes (axial, coronal, and sagittal). Readers were not permitted to sample voxel values,
draw regions of interest, or develop a quantitative measure. Next, technical adequacy for
visual review was systematically queried to determine the overall quality of the scan for
the following: positioning, motion, attenuation correction, field of view, image filtering, and
count rate. Next the image volumes are reoriented in a standardized manner and the
upper threshold on the window is set to 70-80% of maximum, depending upon the
characteristics of the scan. An inverse linear grayscale is the recommended scale to use
for interpretation based on previous data which suggests biases in applying many color
scales including monochrome color scales.

Once the images are processed as described the next step is careful
interrogation of neocortical regions for the presence or absence of focal uptake
suggestive of tau deposition in eight pre-specified brain regions in each hemisphere
of the cerebral cortex (16 regions total): hippocampus, mesial temporal, inferior
temporal, lateral temporal, parietal, posterior cingulate, occipital, and frontal lobes.
These regions are organized into clusters for temporal regions (Cluster 1), extra-
temporal cortical regions are grouped under the designate (Cluster 2), and an
additional Cluster 3 comprising subcortical regions suggestive of binding related to
non-AD tauopathy.

For each of these 16 cortical regions the reader ascertains first, if there is
abnormal increased radiotracer in the region relative to the cerebellum and as
informed by a basic sense of abnormal levels of tissue uptake provided by the
training. Uptake in the cerebellar gray is an internal reference for nonspecific
distribution of the tracer; as a rule of thumb uptake greater than 1.5 times the
cerebellar gray would be in keeping with increased ['®F]MK-6240 binding. Next, the
reader determines for each region, what percentage of the region appears to show,

if any, abnormal increased uptake in one of four categories: none (0%), 1-25%, 26-



75%, or >75% involvement of the region.

Region by region assessment begins on the coronal views where the left and right
temporal lobes are easily displayed. There are four regions of the temporal area read in
sequence: hippocampus, mesial temporal lobe, inferior temporal lobe, lateral temporal
lobe (Cluster 1). In assessing these regions readers identify focal uptake which may be
asymmetric or limited to medial and inferior structures or medial structures alone. The
sagittal image allows visualization of the anatomic distribution of abnormal uptake in the
lateral temporal regions where there are distinct linear areas of increased uptake that
track the lobar anatomy. The axial images are next viewed for initial assessment of the
parietal, occipital, posterior cingulate and frontal regions (Cluster 2) for evidence of
increased tracer uptake relative to the cerebellar gray. Regional positivity is defined by
either focal or confluent uptake involving at least 1-25% of the region (Table 1). Readers
are asked to judge the extent of abnormal increased uptake within the region rather than
intensity of that uptake. The extension refers to the number of voxels with increased
uptake, while the intensity is how high the uptake is in any given voxel or cluster of
voxels with respect to cerebellar gray matter. Next, the reader reviews subcortical brain
uptake (striatum/globus pallidus, thalamus, pons, midbrain, dentate nucleus; collectively
“Cluster 3”). Finally, the reader assesses common areas of “off-target” uptake which
might confound regional evaluation, including: meninges, substantia nigra, venous
sinuses and other vascular uptake including scalp, bony structures at the skull base,
eyeballs, and salivary glands. The last step is the application of the algorithm to the
regional positivity findings to address the questions is this scan positive or negative for
evidence of brain tau? If positive is it in an Alzheimer's pattern? If it is an Alzheimer's

pattern is it typical or atypical?



S-2. Reader Confidence

Self-rated confidence was measured with a five-point Likert scale where 1 is no
confidence and 5 is complete confidence. Of the total of 336 scans read, 295 scans
(87.8%) were read with complete confidence while 41 scans (12.2%) were read with
less than complete confidence; of those, 21 scans (6.2%) were read with moderate or
less (score < 4) confidence. Of those scans scoring 4 or less, 17 (41.5%) were read as
negative, 19 (46.3%) as positive, AD pattern, and 5 (12.1%) as positive, non-AD pattern.
While differences between readers were small given the high number of completely
confident reads, the number of reads rated <5 was less consistent, with readers
reporting between 3 and 25 cases as less than completely confident. However, reader

confidence had no bearing on the reader’s concordance with other readers.

S-3. Details of image processing for SUVR determination

['®FIMK6240 images were nonlinearly registered into MNI152 space using the
subjects T1 MRI scan as part of a diffeomorphic nonlinear registration (DARTEL). First,
the T1 structural MRI images were segmented into gray matter and white matter using SPM12.
DARTEL then uses these tissue probability maps to create flow-fields which provide the
parameters required to spatially normalize any images which are co-registered to the
MRI image into MNI152 space. Each PET image was registered to the corresponding
MRI using a rigid-body registration. Finally, the individuals’ DARTEL flow-field was
applied without modulation resulting in ['®*F]MK6240 images in MNI152 space. The
normalized maps were spatially smoothed with an 8mm full width at half maximum
Gaussian kernel. SUVrimages for ['®F]MK6240 were generated by dividing all intensities
in the image by the mean uptake value of the reference region, for which we utilized the

ventrolateral cerebellum VOI from the CIC atlas.



Supplemental Table 1

Standard uptake value ratios for different brain regions and volume of interest sampling

strategies parsed by visual read status.

TABLE 1
SUVr
Braak_1
Braak_2
Braak 3
Braak_4
Braak_5
Braak_6
Braak_1-2
Braak_3-4
Braak_5-6
Jack VOI

Negative Read Positive Read Welch's t
Mean SD Mean SD P

1.24 0.28 2.02 0.57 <0.0001
0.89 0.29 1.62 0.49 <0.0001
1.06 0.17 2.04 0.88 <0.0001
1.01 0.18 2.20 0.94 <0.0001
0.99 0.22 2.05 1.03 <0.0001
0.92 0.17 1.63 0.77 <0.0001
1.10 0.26 1.86 0.52 <0.0001
1.02 0.18 217 0.91 <0.0001
0.98 0.21 1.97 0.97 <0.0001
1.10 0.21 2.20 0.80 <0.0001




Supplemental Figure 1

Supplemental Figure 1 Two difficult cases (A and B) with discordant reads. Case A lower gray scale 18-F MK-6240
shows small foci of uptake bilaterally in the mesial temporal lobes on the coronal view (red arrow) which has the
appearance of meningeal uptake, but on sagittal view is linear and conforms to temporal lobe. This is confirmed on
MRI. B is a patient with asymmetric uptake in the mesial aspect of the right temporal lobe (red arrow). The linear
appearance on the sagittal images (blue arrow) is consistent with temporal binding.



Supplemental Figure 2

Braak 3-4 SUVr vs VRES Score

5_
Braak-3,4 - read
(47)
= Braak-3,4 + read
(26)

Braak 3-4 SUVr

| Rsquared [ 0.7267 |
[ P value | <0.0001 |

Summed 3 readers visual tau score

Supplemental Figure 2. Braak 3-4 SUVrs plotted against the three reader summed visual reader
extent score (VRES) and fit to a linear regression. Note the large majority of visually negative scans
had visual tau scores = 0 and SUVrs clustering around 1.



Supplemental Figure 3
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Supplemental Figure 3. Composite mean cortical tau regional visual uptake score calculated for all
102 research participants by merging left and right hemisphere homotypic regions and averaging all
three readers scores. Scores for each subject and region range from 0 (no uptake) to 1 (>75% of
region involved).



Supplemental Figure 4

Youden Indices for SUVr Using Site Diagnosis as Gold
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Supplemental Figure 4 Sensitivity/specificity analysis for different SUVr sampling templates using site
clinical diagnosis as the truth standard. Youden index is obtained by ROC curve and calculated as the
sum of (sensitivity and specificity)-1, expressed as a percent for different SUVr strategies and cut-offs.
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