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Uncertainties in the PET defined A-/TNeocortical+ Subtype

In the 15+ years following the advent of the first promising PET ligand
to robustly measure amyloid plaques in vivo,! the Alzheimer’s disease
(AD) research field has amassed large cohorts of research participants
thoroughly characterized with biomarkers of key AD hallmarks (such
as AIBL, ADNI, etc.). These transformative studies address the timely
need to evaluate the utility of quantitative biomarkers of amyloid and
tau throughout the long disease continuum of AD. An important oppor-
tunity that has emerged from these large cohorts of deeply phenotyped
research participants is the ability to detect “outliers,” individuals that
do not match an expected typical pattern of disease progression. You
need hundreds if not thousands of datapoints to find outliers and probe
into their meaning. The detection of an outlier oftentimes depends on
joint status across modalities, as seen in Krishnadas et al.2 These out-
lier exceptions give researchers the opportunity to challenge dominant
hypotheses, discover additional mechanisms, and assess limitations
and nuance in our measurement tools.

The work presented by Krishnadas et al.2 leverages the team’s
extensive dataset of over 450 individuals characterized with both amy-
loid and tau PET to identify a small set of outliers defined across two
key PET modalities. Specifically, the manuscript discusses individuals
that are amyloid PET-negative (via 18F-NAV4694) but have clear tau
PET signal elevations with 18F-MK6240 throughout neocortex. Of the
452 research participants that contributed to this effort, 276 were As-
using a centiloid (CL) threshold of 25. Of the 276 Amyloid- participants,
12 were flagged using quantitative tau PET values in neocortex. Upon
a second step that involved a qualitative read by a blinded expert, four
of the 12 were confirmed to have unequivocal neocortical tau PET ele-
vations. These four A-/T+ outliers, which reflect 1.4% of the Amyloid-
group, form the basis of the manuscript.

The possibility of A-/T+ individuals is included in the framework
that describes a biological research definition of AD.% The anticipated
likelihood of this combination depends on how T-positivity is defined.
It is well established that tau deposition occurs in the brainstem and
entorhinal cortex before amyloid—abnormalities,“*5 and there are also
cases described in the postmortem literature that have tangles in hip-
pocampus (Braak Ill/1V) without evidence of amyloid (a combination
that has been labeled “Primary Age-Related Tauopathy,” PART).6 It is
generally appreciated that involvement of neocortex (Braak stages V-
VI) occurs exclusively in the presence of abnormal amyloid, which is

not the case for the four research participants described by Krish-

nadas. Whereas PART could be more accurately labeled as A-/Tyr.+,
Krishnadas’s four cases could be labeled A-/Tneocortical +-

For any approach that involves dichotomization of continuous val-
ues, there is always the possibility that the resulting A- classification
is merely an artifact of arbitrary threshold selections and measure-
ment error. To this end, we have seen that amyloid PET CL values of 12
align with cerebrospinal fluid (CSF) derived measures of amyloid,” and
CL values of 5-10 predict future longitudinal amyloid accumulation.®
Although, it remains unclear how these CL thresholds vary by amy-
loid ligand and other methodological details that may influence the
precision of these values especially in the low CL range, the overall
pattern from the literature highlights that CL values lower than 25
can be an indicator of abnormal amyloid processes and be associated
with downstream effects. With that being said, three of the four cases
from Krishnadas et al. had CL values strongly indicating Amyloid PET-
negativity (CL values between -3 and 2). Participant 4 is an exception
with a CL value of 18, so one might wonder if measurement error in that
case’s PET scan caused it to dip below the positive threshold and should
in fact be A+/T+. Further, some studies have reported negative slopes
of amyloid accumulation in some A+ participants, a phenomenon that is
poorly understood and may reflect a loss of plaque as a function of neu-
ronal loss. Participant 4 with the CL value of 18 was the most advanced
case of the four A-/Teocortical+ cases (Participant 4 has AD dementia,
whereas Participants 1-3 are either clinically unimpaired or have mild
cognitive impairment). It is possible that Participant 4 may behave sim-
ilarly to one of the negative slope data points shown in Figure 2A of
Villemagne et al.”?

To further understand these outliers, the authors additionally exam-
ined biofluid measures (CSF, N = 1 or plasma, N = 3, see Table 1).
The exact biofluid measurement was inconsistently available across
the four A-/T+ cases, but the two participants that had an additional
biofluid amyloid measurement were both biofluid-positive for amyloid
(one via CSF, and one via a previously published plasma amyloid com-
posite measure'®), providing some evidence for a lack of sensitivity
from amyloid PET. All four participants had a positive tau biofluid mea-
sure (one via CSF, and three via plasma ptau). For the three cases with
tau measured in the plasma, the authors evaluated plasma “p217+tau,”
a measurement that captures tau when phosphorylated at the 217
amino acid location, but also integrates phosphorylation at other sites

such as 212.11 Similar to other studies evaluating plasma p217 alone, 2
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TABLE 1 Biomarker synthesis

A-/Teocortical + Participants

#1 #2 #3 #4
Amyloid CL -
Positive tau PET ROIs Te

NA

Biofluid amyloid NA

Biofluid tau

+ + +

Note: Green indicates values clearly within the negative range, yellow sug-
gests more intermediate values, and red indicates clear positivity across
biomarkers. NA indicates not assessed. PET synthesis: Participant 1 showed
the most restrictive neocortical tau uptake. This participant was positive
only in temporoparietal (Te) with an SUVR of 1.37, just slightly above the
SUVR threshold of 1.33 for that region. Participant 4 was showed the most
elevated amyloid centiloid value among the four cases, which could reflect
some underlying amyloid pathology. Participant 2 & 3 show the most dis-
cordance between amyloid and tau PET measures (low amyloid centiloid
values with clearly elevated neocortical tau PET signal). Biofluid synthesis:
The plasma amyloid composite value of 1.69 reported for participant 1 was
deemed clearly positive in comparison to the previously published© dis-
tribution of this variable (Figure 1 and Extended Data Table 1 in ref.!0).
Cerebrospinal fluid values and thresholds were reported in the manuscript
for Participant 2, with values clearly abnormal relative to the reported
thresholds. Plasma p217+tau values were not provided for the three A-
/TNeocortical+ Participants that had this measure in the current manuscript
(participant 1, 3, and 4), so it is unclear whether these values are peri-
threshold or clearly positive (for these values, table cells below are unfilled,
with a positive symbol indicating author reported positive status). For ref-
erence, the association between p217+tau and tau PET from the larger
Australian cohort is shown in Figure 4 in Dore et al.!* Overall, the accom-
panying biofluid data supports underlying abnormalities in amyloid and/or
tau in all four participants.

Abreviation: ROI, region of interest.

the plasma p217+tau measure tracks strongly with both amyloid and
tau PET positivity.!! Elevated plasma p217+tau in the three A-/T+
cases is consistent with their neocortical tau PET positivity, provid-
ing confidence that the tau PET signal is not artifactual. Overall, the
biofluid-tau PET biomarker profile is consistent with abnormal levels
of both amyloid and tau in these cases. The negative amyloid PET status
stands out as inconsistent with this AD-like profile, and implies either
a lack of sensitivity of the amyloid PET scan, a distinct biological sub-
type that is less prone to amyloid plague formation (but may have other
amyloid abnormalities such as oligomerization), or mechanisms that
promote an exaggerated tau response relative to minimal underlying
amyloid burden. These potential explanations are discussed below.

A primary hypothesis from the authors is that these cases do in fact
have abnormalities in amyloid processing, but that these abnormalities
were not detected by the amyloid PET scan. This explanation is consis-
tent with the positive plasma/CSF biofluid measures for these cases,
and is in line with various studies showing the possibility of abnormal
CSF amyloid levels in the context of an amyloid PET negative scan.
Using a large multi-site PIB imaging-postmortem cohort, La Joie et al.
demonstrated that amyloid Thal stages of 4 and 5 were generally asso-
ciated with CL values above 25, whereas all the Thal 0 and 1 cases were
below 12.1% However, the range of CL values for Thal 2 and 3 spanned

|.13)

approximately -10 to +130 CLs (see Figure 2A in La Joie et al.*®), sug-

gesting poor correspondence between Thal staging and amyloid PET
imaging at intermediate levels of amyloid plaques. Another explanation
for the lack of elevated amyloid PET signal in these cases is the possi-
bility that disease subtypes exist that result in a predilection toward
non-plaque forms of amyloid accumulation, such as oligomerization.
Even among individuals that have autosomal dominant mutations that
result in high production of the amyloid-42 protein, varying levels of
PET-positivity have been demonstrated despite consistent abnormal-
ities in CSF-amyloid levels (see Figure 6D and J in Chhatwal et al.14).
Interestingly, different mutations can result in a globally elevated amy-
loid PET pattern, a striatal dominant PET pattern, or limited amyloid
PET elevations in cortex and striatum altogether. Examples of the dis-
connect between amyloid measured by PET and by CSF in autosomal
dominant mutation carriers highlights that amyloid abnormalities (such
as amyloid oligomers) can still exist in the absence of detectable amy-
loid plaques, which may account for the PET-defined A-/Tyeocortical +
profile.

Another explanation for the appearance of this unexpected A-
/TNeocortical+ Profile is that the elevations observed on the tau PET
side were false positives. Tau thresholds are less established and likely
cannot be summarized by a single global threshold, as is routinely
done with amyloid PET. Nevertheless, the approach used by Krishnadas
was quite conservative, using a threshold defined by the 99th per-
centile of tau PET values from the Amyloid- clinically unimpaired group,
and also evaluated in three sets of regions, medial temporal (“Me”),
temporoparietal (“Te”), and the rest of neocortex (“R”; frontal, supe-
rior temporal, anterior cingulate). Furthermore, in a second step, all
cases identified with these conservative quantitative thresholds were
further confirmed via a visual read. This procedure identified 12 A-
participants that surpassed the quantitative tau PET threshold, and
only four of these were confirmed to have neocortical tau on visual
inspection. Although, no further detail was provided for the eight that
were found qualitatively unclear, the authors were confident that the
remaining four A-/Tneocortical+ reflect “real” tau PET signal. However,
we have seen strange levels of uptake with other tau ligands such as
18F-Flortaucipir in the temporal poles of semantic dementia cases that
likely have underlying TDP-43 pathology,'® as well as tau PET update
that is co-localized with infarcts and other incidental findings that are
associated with iron and mineralization.1® However, these tau PET off-
target examples from the literature tend to involve focal elevations,
whereas the 18F-MK6240 elevations from Krishnadas’ A-/Tneocortical +
cases were broad throughout neocortex and importantly, followed a
cortical gray matter pattern (the one exception may be what appears as
a focal asymmetrical hotspot in the lateral parietal/occipital for Partic-
ipant 1). Nevertheless, given that 18F-MK6240 is a new tau PET ligand
it is possible that there are yet to be discovered sources of off-target
binding.

The main importance of this paper is drawing attention to a specific
group of outliers that are amyloid-PET negative and have pronounced
neocortical tau PET uptake reminiscent of Braak V-VI. This profile
is unexpected and is distinct from other known A-/T+ profiles that
involve focally restricted tangle deposition to the medial temporal

lobe (PART). The identification of this subgroup depended on a large
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cohort, and further required visual examination to distinguish from
cases that had presumed artifacts driving high quantitative values.
Thus, it is easy to see how these cases could be dismissed, or aver-
aged out using standard group level approaches. By isolating these
outlier cases, Krishnadas provides an opportunity to better under-
stand our PET measurements and hypothesize potential explanations.
It remains unclear whether mechanisms driving this profile are the
same or different across the four individuals. Although the authors
hypothesize that amyloid-abnormalities are present albeit undetected
by amyloid PET, it is also possible that there are yet to be discovered
(uncommon) mechanisms leading to neocortical tau deposition that
are not mediated by amyloid-abnormalities, or along those lines, there
could be subgroups of individuals prone to aggressive tau deposition
with only minimal amyloid burden (below the threshold detected with
amyloid PET imaging). The clinical implications of the A-/TNeocortical +
group are unknown and it is interesting that three of the four cases
had normal cognition or only mild cognitive impairment, providing an
opportunity to observe clinical progression and longitudinal biomarker
trajectories. Post-hoc leveraging across multiple cohorts to build larger
cohorts of A-/Tneocortical+ €ases, along with longitudinal follow up of
these cases should improve our understanding of this unexpected

profile.
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