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Abstract

Pittsburgh compound B (PiB) radiotracer for positron emission tomography (PET) imaging can
bind to different types of amyloid-B plaques and blood vessels (cerebral amyloid angiopathy).
However, the relative contributions of different plaque subtypes (diffuse versus cored/compact) to
in vivo PiB PET signal on a region-by-region basis is incompletely understood. Of particular
interest is whether the same staging schemes for summarizing amyloid-p burden are appropriate
for both late-onset and autosomal dominant forms of Alzheimer disease (LOAD and ADAD). Here
we compared antemortem PiB PET with follow-up postmortem estimation of amyloid-f burden
using stereologic methods to estimate the relative area fraction of diffuse and cored/compact
amyloid-p plaques across 16 brain regions in 15 individuals with ADAD and 14 individuals with
LOAD. In ADAD, we found that PiB PET correlated with diffuse plaques in the frontal, parietal,
temporal, and striatal regions commonly used to summarize amyloid-f burden in PiB PET, and
correlated with both diffuse and cored/compact plaques in the occipital lobe and parahippocampal
gyrus. In LOAD, we found that PiB PET correlated with both diffuse and cored/compact plaques
in the anterior cingulate, frontal lobe (middle frontal gyrus), and parietal lobe, and showed
additional correlations with diffuse plaque in the amygdala and occipital lobe, and with
cored/compact plaque in the temporal lobe. Thus, commonly used PiB PET summary regions
predominantly reflect diffuse plaque burden in ADAD and a mixture of diffuse and cored/compact
plaque burden in LOAD. In direct comparisons of ADAD and LOAD, postmortem stereology
identified much greater mean amyloid- plaque burdens in ADAD versus LOAD across almost all
brain regions studied. However, standard PiB PET did not recapitulate these stereologic findings,
likely due to non-trivial amyloid-f plaque burdens in ADAD within the cerebellum and brainstem

— commonly used reference regions in PiB PET. Our findings suggest that PiB PET summary
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regions correlate with amyloid-f plaque burden in both ADAD and LOAD; however, they might
not be reliable in direct comparisons of regional amyloid-f plaque burden between the two forms
of AD.

Keywords

Alzheimer disease, amyloid-p plaques, PiB PET, stereology

Introduction

Pittsburgh compound B (PiB) positron emission tomography (PET) is a powerful diagnostic tool
that enables in vivo imaging of insoluble amyloid-f3 throughout the human brain at near-millimeter
resolution [36]. This offers an opportunity to detect and monitor changes in amyloid-p plaque
deposition during the course of Alzheimer disease (AD) clinical trials. However, some important
characteristics of PiB, as it is applied in vivo, remain incompletely understood. Although PiB is
known to bind to amyloid-p peptides associated with both diffuse and amyloid-B cored/compact
plaques [43], the relative contributions of these plaque subtypes to in vivo PiB PET signal on a
region-by-region basis remains incompletely understood. The distinction is of interest from a
clinicopathological perspective, as cored/compact plaques are more likely than their diffuse
counterparts to be neuritic [16, 40, 51]. Nonetheless, diffuse plaques are associated with
deleterious effects on cognitive performance and are unlikely to be benign [55]. Additionally, as
AD clinical trials involve both late-onset AD (LOAD) and autosomal dominant AD (ADAD)
populations, there is a need to understand whether the staging schemes for summarizing amyloid-
B burden in the former are appropriate for investigating the severity of f-amyloidosis in the latter.
In contrast to individuals with LOAD, those with ADAD carry a mutation in one of three genes —
APP, PSEN1, or PSEN2 —and develop AD with a relatively predictable time of clinical onset. This

defining characteristic of ADAD allows investigators to assess the extent to which candidate drugs
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are preventing or delaying the onset of AD dementia, but this underlying difference in disease
etiology may also lead to differences in the characteristics of 3-amyloidosis between LOAD and
ADAD populations [1, 57].

Commonly, postmortem staging of amyloid-p deposition in AD involves assessment of
Thal phase [69] and the Consortium to Establish a Registry for Alzheimer disease (CERAD)
neuritic plaque score [47], which have recently been incorporated, along with Braak neurofibrillary
tangle (NFT) stage [4], into the ABC score [28]. Although very useful for some purposes, these
systems only describe the general anatomic pattern of amyloid-f plaque deposition within the
central nervous system (Thal phase) and the semi-quantitative maximal density of neuritic plaques
within a prescribed, limited set of cortical regions (CERAD). For antemortem staging of amyloid-
B deposition in AD, a volume of interest comprised of frontal, parietal, temporal, and striatal
regions is typically constructed to focus on brain regions of greater relevance to AD disease
pathology [37, 64]; however, these regions were derived by comparing groups of healthy
individuals and individuals with LOAD. Thus, from both neuropathologic and imaging
perspectives, it is unclear whether these staging schemes for amyloid-p burden are equally
applicable to both ADAD and LOAD.

Therefore, to investigate more fully the qualities of B-amyloidosis in these two forms of
AD, we examined two cohorts, representing ADAD and LOAD, using antemortem PiB PET
imaging and unbiased stereologic methods to quantify postmortem amyloid-f3 burden contributed
by diffuse and cored/compact plaques in 16 brain regions of interest, including seven summary
regions typically of interest in PiB PET imaging of AD (frontal, parietal, and temporal lobes,
anterior and posterior regions of the cingulate gyrus, caudate, and putamen), seven other regions

typically of interest for the evaluation of various other AD and non-AD pathologic features
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(occipital lobe, amygdala, hippocampus, parahippocampal gyrus, entorhinal cortex, globus
pallidus, and thalamus), and two reference regions typically of interest in PiB PET imaging of AD
(cerebellum and brainstem). We then compared these findings to corresponding antemortem PiB
PET, to determine whether the relationship between histologic and PET assessments of amyloid-
B pathology is influenced by plaque type, anatomic region, and form of AD. This study provides
insights into the extent to which plaque subtypes are represented in typical PiB PET neuroimaging
and the extent to which differences in amyloid-p plaque burden between ADAD and LOAD are
represented in typical PiB PET. Thus, this study informs how PiB PET might best be applied to
evaluate ADAD progression in AD clinical trials, and how amyloid-f clearance might be
appropriately monitored in anti-amyloid-f drug trials.

Materials and methods

Cohort demographics

Participants selected for this histological/radiological comparison study were either enrolled in the
Dominantly Inherited Alzheimer Network Observational Study (DIAN-Obs, n=14) or in
longitudinal observational studies of the Charles F. and Joanne Knight Alzheimer Disease
Research Center (Knight ADRC, n=15). One participant was enrolled in studies of the Knight
ADRC, but had an ADAD mutation; this individual was grouped with participants from the DIAN-
Obs to form the ADAD cohort (n=15), and the remaining participants from the Knight ADRC
formed the LOAD cohort (n=14) in the current study (Table 1). All participants met the inclusion
criteria, having undergone PiB PET prior to death, and having high AD neuropathologic change
(ADNC) upon subsequent postmortem examination [48]. Cohort demographics are reported in

Table 1.
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To address other questions about PiB PET amyloid staging, a separate extended imaging
cohort of 317 DIAN-Obs participants and 734 Knight ADRC participants was selected. These
participants met the inclusion criteria of having had a clinical and cognitive assessment within 18
months of a PiB PET scan. Extended imaging cohort demographics are reported in Table 3.
Protocols for the study have received prior approval by the local Institutional Review Board (IRB)
or Ethics Committee of each DIAN site, and by the Washington University IRB for the Knight
ADRC. Participants or their caregivers provided written informed consent.

Postmortem neuropathology

Neuropathologic assessment of cases included a systematic evaluation of histologic slides
representing 16 areas from the left hemibrain by experienced neuropathologists (authors R.J.P. and
N.J.C.) [7]. Following an established protocol, each left hemibrain was sliced after formalin
fixation. The supratentorial portion of the cerebral hemisphere was sliced in the coronal plane; the
cerebellum, parasagitally; and the brainstem, axially. Sixteen representative brain areas were
sampled: the frontal lobe (middle frontal gyrus); temporal lobe (superior and middle temporal
gyri); parietal lobe (inferior parietal cortex including the angular gyrus); occipital lobe (including
the calcarine sulcus and parastriate cortex); anterior cingulate gyrus (at the level of the genu of the
corpus callosum); posterior cingulate gyrus (including precuneus at the level of the splenium);
amygdala; hippocampus, parahippocampal gyrus, and entorhinal cortex (at the level of the lateral
geniculate nucleus); caudate, putamen, and globus pallidus (at the level of the anterior
commissure); thalamus (including subthalamic nucleus); brainstem (midbrain, pons, medulla
oblongata); and cerebellum (with the dentate nucleus). Slide-mounted six-micron-thick sections
of formalin-fixed, paraffin-embedded tissue were stained with hematoxylin and eosin (H&E), with

a modified Bielschowsky silver impregnation, and by immunohistochemistry (IHC) using
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antibodies for amyloid-f (10D5, Eli Lilly, Indianapolis, IN, USA), phosphorylated tau (PHF-1, a
gift from Dr. Peter Davies), phosphorylated alpha-synuclein (Cell Applications, San Diego, CA,
USA), and phosphorylated TAR DNA binding protein of 43 kDa (TDP-43, Cosmo Bio USA,
Carlsbad, CA, USA) to detect the histopathological hallmarks of AD as well as those of frequent
comorbid pathologies (including non-AD tauopathies, TDP-43 proteinopathies, and a-
synucleinopathies). The Area Fraction Fractionator probe in Stereo Investigator 10 (MBF
Bioscience, Williston, VT, USA) was used to assess the burden of diffuse and cored/compact
amyloid-p using stereologic methods as implemented in a computerized image analysis system.
Plaque area fraction was assessed either in the gray matter of cortical gyri or subcortical nuclei.
Diffuse amyloid-p plaques were identified by raters (A.Z. and N.S.) to be irregularly-shaped
amyloid-p deposits, while cored/compact amyloid-p plaques were identified to be spherically-
shaped amyloid-f3 deposits representing a dense central core (surrounded by a less compact halo
of amyloid-pB oligomers contributing to the diffuse rather than the compact amyloid-p plaque area
fraction) [31, 73]. The degree of agreement among raters in assessing diffuse and cored/compact
amyloid-p plaque burden was high (Cohen’s x>0.8). When assessing amyloid-p plaque area
fraction, raters were blinded to any demographic information regarding the individuals who
donated the tissue samples, as well as any information regarding their antemortem PiB PET
acquisition.

Antemortem PiB PET imaging

Methods for antemortem PiB PET acquisition, performed in compliance with the DIAN protocol,
have been described previously [2, 49]. Briefly, participants received an intravenous injection of
approximately 15 mCi of [11C]PiB radiotracer [76]. PET images were attenuation compensated

with the corresponding CT image, and reconstructed using the ordered subset expectation
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maximization technique. Data from 40 to 70 minutes post injection were converted to regional
standardized uptake value ratios (SUVRs) with the cerebellar gray matter as the standard reference
region, with cerebellar white matter and brainstem evaluated as alternative reference regions in
later analyses. Regional SUVRs of interest were defined by FreeSurfer [22] version 5.3 regions
best corresponding to the areas sampled for neuropathology in a consensus between an experienced
neuropathologist and radiologist (authors R.J.P. and T.L.S.B.) [10]. MR images used for
FreeSurfer segmentation were also performed in compliance with the DIAN protocol, as described
previously [2, 49]. Briefly, T1-weighted images (1.1 x 1.1 x 1.2 mm resolution) were acquired for
all DIAN-ODbs participants on 3T scanners within one year of their PET scan.

Methods for antemortem PiB PET and MRI at the Knight ADRC have been described
previously [64, 65]. These methods notably differ from the DIAN protocol in the following
manner: PET imaging data from the 30 to 60 minutes post injection were converted to regional
SUVRs (in contrast to the 40-70 minute post-injection time window for DIAN) and MR imaging
was acquired on either a 1.5 or 3T scanner (in contrast to only 3T scanners for DIAN).

Briefly, brain areas sampled for neuropathologic assessment were matched to FreeSurfer
regions on the basis of shared nomenclature and spatial overlap on the left hemisphere (Online
Resource 1). All data processing steps were performed using the PET Unified Pipeline [63, 64], a
publicly-available software developed in house.

Statistical analysis

All statistical analyses were performed in R version 3.5.2 “Eggshell Igloo”. Multiple imputation
was used in the ADAD (15 participants) and LOAD (14 participants) cohorts to estimate missing
observations due to the occasional unavailability of postmortem tissue samples; specifically, 17

tissue samples in the ADAD cohort (out of a possible 240, yielding 7.1% missingness) and 13
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tissue samples in the LOAD cohort (out of a possible 224, yielding 5.8% missingness) were
unavailable and subsequently estimated by multiple imputation by chained equations using the
predictive mean matching method and five imputations [6]. Pearson’s r was used to measure the
linear correlation between regional PiB PET SUVR and diffuse and compact plaque area fractions
in ADAD and LOAD cohorts. T-values from Welch two sample t-tests were used to determine the
extent to which regional PiB PET SUVR and diffuse and compact plaque area fractions differed
between ADAD and LOAD cohorts. Area under the receiver operating characteristic curves
(AUCs, interpreted as the probability that a randomly selected ADAD/LOAD individual has a
higher regional PiB PET SUVR than a randomly selected non-carrier/young healthy control) were
used to determine which regions were most frequently elevated in ADAD/LOAD versus young
healthy controls. Hierarchical agglomerative clustering was used to visualize similarities in
regional PiB PET SUVR distributions across participants (complete-linkage clustering using a
Euclidean distance metric). All test statistics are accompanied by p-values adjusted for false
discovery rate (FDR) control by the Benjamini-Hochberg procedure. A FDR of g=0.05 was chosen
for discussion purposes, but all FDR-adjusted p-values have been reported for transparency [19].
Results
Cohort demographics
Participants who formed the ADAD cohort in this study (n=15) were mostly known PSEN1
mutation carriers (n=13), male (n=9), lacking the APOE4 allele (n=10), and died at the average
age of 47 from AD with other co-morbidities (Table 1). All ADAD participants were Thal phase
5, and Braak NFT stage VI, with “frequent” CERAD neuritic plaque scores.

Participants who formed the LOAD cohort in this study (n=14) were mostly male (n=9)

APOEA4 carriers (n=10) who died at the average age of 83 with AD and other co-morbidities.
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LOAD participants were largely Thal phase 5 (with two borderline Thal phase 4/5 cases), Braak
NFT stage V (n=10), with “frequent” CERAD neuritic plaque scores.

In addition to the age of death, the major difference to note between the ADAD and LOAD
cohorts is that the imaging-autopsy interval in the ADAD cohort is on average less than the
imaging-autopsy interval in the LOAD cohort (an average of 2.4 years versus an average of 4.7
years) due to procedural differences between DIAN-Obs and Knight ADRC studies. We address
the potential impact of this difference in the Discussion.

In the extended imaging cohort, ADAD participants (n=317) were mostly PSEN1 mutation
carriers (n=131) or non-carriers/young healthy controls (n=133), female (n=182), and cognitively
normal (n=251), lacked the APOE4 allele (n=222), and underwent PiB PET at an average age of
38 (Table 3).

LOAD participants (n=734) were mostly female (n=421) and cognitively normal (n=615),
lacked the APOEA4 allele (n=451), and underwent PiB PET at an average age of 69.

Correlations between PiB PET and stereologic measurements

Regional correlations between PiB PET SUVR and diffuse and compact plaque area fractions in
the ADAD and LOAD cohorts are shown in Table 2. In the ADAD cohort, PiB PET SUVR was
significantly correlated (FDR-adjusted p-value<0.05) with diffuse plaque burden in all PiB PET
summary regions except for the putamen, and with both diffuse and cored/compact plaque burden
in the occipital lobe and parahippocampal gyrus (reference regions were not assessed in these
correlational analyses). In the LOAD cohort, PiB PET SUVR was significantly correlated with
both diffuse and cored/compact plaque burdens in the anterior cingulate, frontal lobe, and parietal

lobe summary regions, and with cored/compact plaque burden in the temporal lobe summary
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region. Additionally, PiB PET SUVR was significantly correlated with diffuse plaque burden in
the amygdala and occipital lobe.

Differences between ADAD and LOAD as measured by PiB PET and stereology

Regional differences in amyloid-f burden (as measured by PiB PET and stereology) between the
ADAD and LOAD cohorts are shown in Fig. 1. Diffuse plaque burden was significantly greater in
ADAD versus LOAD in all summary regions except for the parietal lobe, and in all other regions,
except for the globus pallidus. Cored/compact plaque burden was also greater in ADAD versus
LOAD, though only in the cerebellum and brainstem was this difference significant.

In contrast to stereologic measurements, PiB PET SUVRs (when calculated using the
cerebellar gray matter as a reference region) showed no significant differences between ADAD
versus LOAD in any summary region examined, with the exceptions of the caudate and the
putamen. Additionally, PiB PET SUVR was significantly greater in ADAD versus LOAD in the
hippocampus, occipital lobe, and thalamus. Alternative reference regions such as the brainstem,
cerebellar white matter, and a combined cerebellar gray and white matter region were also
investigated (Fig. 2). The brainstem as a reference region yielded results similar to those when
cerebellar gray matter was used as a reference region (and additionally showed significant
differences in the globus pallidus). When cerebellar white matter was used as a reference region,
PiB PET SUVRs showed additional significant differences between ADAD versus LOAD in the
anterior cingulate, amygdala, entorhinal cortex, globus pallidus, brainstem, and cerebellum. Use
of the combined cerebellar gray and white matter reference region mostly recapitulated the
significant differences between ADAD versus LOAD as seen with the cerebellar white matter
reference region, with the exception of the amygdala and entorhinal cortex. Nonetheless, no

reference region assessed in this study revealed significant between-cohort differences in SUVR
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in the frontal and temporal lobes, posterior cingulate, and parahippocampal gyrus in a manner
concordant with our stereology results. Additionally, the alternative reference regions showed
significant between-cohort differences in SUVR in the globus pallidus, which was not seen in
stereology.

PiB PET staging in ADAD versus LOAD

Regional distributions of PiB PET SUVRs in ADAD versus LOAD are shown in Fig. 3. Regional
AUC analyses showed that ADAD participants frequently demonstrate elevated PiB PET SUVRs
compared to non-carriers/young healthy controls across all brain regions, with several medial
temporal lobe regions being the least frequently elevated, namely the amygdala, hippocampus, and
entorhinal cortex (Fig. 3a). In contrast, LOAD participants most frequently demonstrate elevated
PiB PET SUVRs compared to non-carriers/young healthy controls across several temporal lobe
regions, namely the middle temporal, inferior temporal, and fusiform cortices (Fig. 3b). In a
hierarchical agglomerative clustering dendrogram of ADAD cases, caudate and putamen PiB PET
SUVRs cluster with cortical SUVRs such as those of the occipital lobe, frontal lobe, and the
anterior and posterior cingulate (Fig. 3c). In contrast, in LOAD, caudate and putamen SUVRs
cluster with medial temporal lobe SUVRs such as those of the parahippocampal gyrus, entorhinal
cortex, amygdala, and hippocampus rather than frontal and cingulate cortex SUVRs (Fig. 3d).
Discussion

Evidence suggests that the primary substrate for PiB retention (and likely that of all PET amyloid-
B radiotracers) is fibrillar amyloid-p [38]. Fibrillar amyloid-pB is present in both diffuse and
cored/compact plaques — although the density is probably much greater in the latter [15].
Therefore, in vivo PiB retention cannot distinguish between diffuse and cored/compact deposits of

fibrillar amyloid-p. However, the total PiB signal will be primarily driven by the most abundant
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form of fibrillar amyloid-B, whether in diffuse or cored/compact plaques. To determine which form
of plaque (diffuse or cored/compact) is most associated with the in vivo PiB PET signal,
postmortem-to-in vivo correlative studies must be performed. In this study, we compared the
correlation of in vivo PiB PET retention with postmortem analyses of diffuse and cored/compact
plaques in ADAD and LOAD to determine the major contributor to the in vivo PiB PET signal in
these different forms of AD. From correlational analyses, PiB PET SUVRs in AD summary
regions appear to reflect predominantly diffuse plaque burden in ADAD, and a mixture of diffuse
and cored/compact plaque burden in LOAD. Outside of these summary regions, PiB PET SUVRs
seem to correlate with both diffuse and cored/cored compact plaque burden in the occipital lobe
and parahippocampal gyrus in ADAD, and with diffuse plague burden in the occipital lobe and
amygdala in LOAD. These differences suggest that the two forms of AD may require different -
amyloidosis staging schemes to interpret findings from PiB PET. Furthermore, the greater
variability of plaque burden observed among ADAD cases additionally suggests that a staging
scheme for ADAD might require adjustment for other factors, such as, perhaps, genetic subtype.
Nonetheless, some caution is warranted: the presence of cored/compact plaques in several of the
aforementioned brain regions is a sign of advanced disease which, in turn, is associated with altered
blood flow. Changes in blood flow associated with advanced AD may alter PiB pharmacokinetics
and cause nonspecific retention in affected brain areas [3]; such pathophysiologic changes may be
partly responsible for the above observations.

Postmortem stereologic measurements of diffuse and cored/compact plaque burden are
significantly greater in ADAD versus LOAD across the brain, yet standard antemortem PiB PET
in the same individuals captured significant differences mostly in subcortical regions (specifically

the caudate, putamen, and thalamus, as well as the hippocampus and occipital lobe) when using
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either the cerebellar gray matter or brainstem as reference regions. One possible explanation for
the lack of significant differences in cortical amyloid-p between the two cohorts as measured by
PiB PET is offered by our stereology results; the cerebellum and brainstem — both commonly used
as reference regions in LOAD studies due to their relatively low PiB PET signal in LOAD cohorts
— have non-trivial amyloid-p plaque burdens in the ADAD cohort. These circumstances would
tend to depress regional PiB PET SUVRs in those ADAD cases with substantial cerebellar and/or
brainstem amyloid-f3 deposits and, thus, selectively reduce the mean SUVR of the ADAD cohort,
relative to that of the LOAD cohort. Importantly, this observation suggests that cerebellar gray
matter and brainstem may not be appropriate reference regions for evaluating amyloid-f3 burden
with PiB PET in many cases of ADAD. An alternative reference region such as the cerebellar
white matter was also evaluated in this study, though using the cerebellar white matter as a
reference region only showed additional significant differences in amyloid- burden between
ADAD and LOAD in the anterior cingulate, amygdala, entorhinal cortex, brainstem, cerebellum,
and globus pallidus (though this last region did not demonstrate significantly different amyloid-f3
plaque burden in ADAD versus LOAD). Unfortunately, previous work has shown that white
matter reference regions may exhibit confounding age-effects, especially in studies of LOAD [44].
Thus, comparing regional differences in amyloid-p burden accurately between ADAD and LOAD
cohorts using PiB PET may be impossible using a standard approach. One compromise solution
may be to use a combined cerebellar gray and white matter reference region, which mitigates the
effects of amyloid-f burden in the cerebellar gray matter of ADAD individuals and potentially
also the age-related changes in the cerebellar white matter of LOAD individuals; however, this

combined reference region still fails to demonstrate the elusive between-cohort differences in
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amyloid-p burden in several regions implicated by our stereology results (Fig. 2). Potential reasons
for this discrepancy are noted in the penultimate paragraph of this Discussion.

Finally, our results suggest that diffuse and cored/compact amyloid-p plaque burdens are
on average greater in ADAD than in LOAD, with diffuse plaque area fraction being greater in
ADAD versus LOAD in all brain regions assessed in this study, except for the parietal lobe and
globus pallidus. Interestingly, another neuropathological study showed a higher density of compact
plaques and an equal degree of diffuse plaques in ADAD relative to LOAD, though this was a
semi-quantitative study where regional distribution was not taken into account [57]. While overall
amyloid-p plaque burdens may generally be greater in ADAD versus LOAD, this difference may
not be true for each case of ADAD. Our current experiment encapsulates the heterogeneity in
phenotypes previously described across the amyloid-p PET imaging literature of ADAD:
Koivunen and colleagues found striatal elevations in specific PSEN1 mutation carriers [41] and
Remes and colleagues found striatal and posterior cingulate elevations in APP mutation carriers
[56]; Theuns and colleagues found an APP mutation carrier who demonstrated elevated amyloid-
B burden in cerebral cortex with sparing of subcortex and cerebellum [70]; Tomiyama and
colleagues found an APP mutation carrier who demonstrated very low amyloid-f signal in the
brain [72], and Schéll and colleagues found a similar result in another two APP mutation carriers
[61]. Beyond imaging studies, many other studies have observed heterogeneities in the ADAD
population, including in age of onset and clinical presentation [42, 59, 62, 66] as well as implicated
amyloid-p species [46, 54]. It would be of future interest to determine how the heterogeneities
observed in these other domains may relate to the heterogeneities we observed in postmortem

stereology of diffuse and cored/compact plaque burden.
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While general correspondence between amyloid-f PET and neuropathologic assessment
has been evaluated by several studies, few have done so with unbiased, quantitative stereologic
measurements as in the current study. In general, we found that the semi-quantitative ABC scoring
of neuropathology cases using Thal phase, Braak NFT stage, and CERAD neuritic plaque score
[29] was not granular enough to capture differences and variability between individuals and
cohorts that were seen when using quantitative stereologic measurements. Notably, all ADAD
cases in our study were Thal phase 5, Braak NFT stage VI, and CERAD neuritic plaque score
“frequent”. Additionally, LOAD cases were mostly Thal phase 5 (with two borderline exceptions),
mostly Braak NFT stage V, and all CERAD neuritic plaque score “frequent”. This is consistent
with our previous study, which found substantial inter-cohort differences in tau neurofibrillary
tangle, neuropil thread, and neuritic plague burden in a cohort of seven ADAD and 10 LOAD
individuals who were nonetheless all assessed as Braak NFT stage VI [10].

Nevertheless, several findings from previous studies are concordant with ours, even when
reagents and analytic methods differ substantially. For example, Klunk and colleagues compared
PiB PET SUVRs of two PSEN1 mutation carriers who had developed clinical AD — using pons as
the reference region — with qualitative assessment of 10D5-immunostained amyloid-f plaques in
the striatum of the parent of one of the mutation carriers; from this indirect study, they found
intense amyloid-P radiotracer binding in the striatum, consistent with findings from postmortem
neuropathology [39]. Two caveats, however: first, the premise that motivated Klunk and
colleagues to use the pons as a reference region — that the pons is a region free of amyloid-f§ — may
not be true for all cases of ADAD,; indeed, as our study illustrates, use of this reference region
might account for their observation that cortical amyloid-p radiotracer retention was not greater in

ADAD versus LOAD. Additionally, we cannot exclude the possibility that the distribution and
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characteristics of amyloid-3 deposits across individuals with the same pathogenic variant
completely align.

Imaging-pathology correspondence has not been well-studied in ADAD beyond the
previous paper, but it has been more extensively studied in the LOAD literature. Clark and
colleagues [12] compared semiquantitative visual ratings and [18F]JAV45 (also known as
florbetapir or Amyvid) SUVRs with semiquantitative rating and quantitative — but not stereologic
— assessment of 4G8 immunostained amyloid-p plaques. This comparison was done across Six
regions of interest in 29 individuals (which was expanded to 59 individuals in a follow-up study
[11]), ranging from cognitively normal to clinically diagnosed with LOAD and non-AD dementia,
but all approaching the end of life [12]. In accord with the current study, Clark and colleagues
found strong correlations between ante- and postmortem measurements of amyloid-p burden in
the frontal, parietal, and temporal lobes and anterior cingulate gyrus, though they additionally
found significant correlations in the posterior cingulate and precuneus, which did not reach
significance for LOAD in our current study. That our LOAD cohort did not include cognitively
normal or non-AD dementia individuals may have contributed to this difference between the two
studies; other potential factors include the use of different amyloid-p PET binding agents and
different primary anti amyloid-p antibodies.

Particularly of interest are LOAD imaging-pathology studies that also use the PiB PET
radioligand. Of note among these is a study by Ikonomovic and colleagues, which compared PiB
PET distribution volume ratios (DVRSs) and quantitative — but not stereologic — assessment of 6-
CN-PiB stained and 6E10 immunostained amyloid-f plaques in a single LOAD individual across
19 regions of interest, including the cortical ribbon and most subcortical nuclei, all sampled in a

single axial plane; correlations were strong overall between regional PiB PET DVRs and 6E10
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immunostained diffuse and cored/compact amyloid-p plaques [31]. Another study is by Driscoll
and colleagues, who investigated six older adults — none of whom progressed to certain AD
dementia — by comparing regional PiB PET DVRs with stereologic measurements of 6E10
immunostained amyloid-f plaques; they found statistically significant correlations in the anterior
and posterior regions of the cingulate gyrus and in the precuneus [18]. Murray and colleagues
investigated 35 cases with antemortem PiB PET imaging and postmortem semi-quantitative
scoring and found a PiB PET summary region SUVR of 1.4 was approximately equivalent to a
Thal phase of 1 to 2, and that Thal phase, but not Braak NFT stage or cerebral amyloid angiopathy
(CAA) score, predicted PiB PET summary region SUVRs [50]. Moving beyond PiB PET studies,
Curtis and colleagues investigated 68 patients with antemortem [18F]flutemetamol PET and
postmortem semi-quantitative scores; the authors found a median sensitivity and specificity of
88% among five visual readers interpreting [18F]flutemetamol PET scans as positive or negative,
compared to the reference standard of postmortem neuritic plaque density as assessed by the
modified CERAD score [14]. Ikonomovic and colleagues studied 106 end-of-life subjects with
antemortem [18F]flutemetamol PET and postmortem semi-quantitative scores, finding that the
probability of an abnormal [18F]flutemetamol PET scan increased with neocortical neuritic plaque
density (though diffuse plaques and CAA may explain cases with abnormal [18F]flutemetamol
PET scans but low neuritic plaque burden), and concluding that amyloid-p in the form of neuritic
plaques is the primary form of amyloid-p detectable by [18F]flutemetamol PET [30]. Sabri and
colleagues studied 74 trial participants with antemortem [18F]florbetaben PET and postmortem
CERAD scores and concluded that [18F]florbetaben PET demonstrated high sensitivity and
specificity for detecting neuritic plaques [60]. Thal and colleagues investigated three cohorts of

human autopsy cases neuropathologically and biochemically for the distribution of plaques and
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CAA, quantity, and composition of amyloid-f3 pathology and found that these three measures
correlated with each other and with [18F]flutemetamol PET, neurofibrillary tangles, neuritic
plagues, and dementia severity [68].

This current study does have some limitations. One potential criticism of the current study
is that the imaging-autopsy interval, namely the time interval between the antemortem PiB PET
imaging visit and the start of autopsy, could not be matched between ADAD and LOAD cohorts.
In the ADAD cohort, individuals continued to undergo PiB PET imaging exams well after showing
clinical signs of AD, and imaging-autopsy intervals in the cohort ranged from 0.68 to 5.6 years
with an average of 2.4 years. In contrast, individuals in the LOAD cohort did not undergo imaging
studies once they progressed to moderate dementia, and the imaging-autopsy intervals ranged from
0.310 9.6 years with an average of 4.7 years. The primary concern would be whether this difference
caused greater discordances between ante- and postmortem assessments of amyloid-p burden in
the LOAD versus ADAD cohort. Relevant to this issue, two points of evidence suggest that this
imaging-autopsy interval difference is not likely to account for all of the differences in amyloid
burden between LOAD and ADAD. First, the strongest correlation between PiB PET SUVR and
diffuse plaque burden in the entire study was observed within the LOAD cohort, within the parietal
lobe (Pearson’s r=0.83, FDR-adjusted p-value=0.00098). Second, according to highly-cited
leading articles in the field of AD research, amyloid-f deposition in the brain occurs over decades,
and the majority of it occurs well before clinical symptoms of AD appear [33, 74]; in this scenario,
a difference of 2.4 years near the end of that 15-to-20-year period is unlikely to impact amyloid
burdens substantively. Additionally, the rate of amyloid-f deposition slows as an individual enters
the symptomatic phase of the disease, and this phenomenon lessens the effect of the imaging-

autopsy interval on differences in plaque burden prior to and at death [32]. A related limitation to
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the long interval between PiB PET and postmortem analysis is that the AD process also advanced
during this interval — the PET findings were in the milder stages of AD, whereas the postmortem
analysis was at the end-stage of the disease, so end-stage findings may not reflect mild stage
findings and vice-versa.

Another difference between the ADAD and LOAD cohorts to be mindful of is age. Age-
related co-morbidities are far more common in LOAD than in ADAD [7], and three LOAD
participants in this study were over 90 years of age. Specifically in our study, we observed both
microinfarcts and TDP-43 pathology, both of which are common co-morbidities among such
“oldest-old” individuals [13, 52]. Nonetheless, since the focus of the current study is the
quantification of amyloid- burden, the presence of co-morbidities and their potential to contribute
to dementia do not complicate our main findings. This is particularly relevant as there are no
known reports of amyloid-p immunostain or radioligand off-target binding to microinfarcts or
TDP-43 aggregates, which would be one way these co-morbidities could complicate the
quantification of amyloid-p burden.

Another limitation of our study is the manner in which regions were matched between
imaging and neuropathology. Regional PiB PET SUVRs were derived from FreeSurfer regions
(from the Desikan-Killiany atlas [22]) whereas regional plaque area fractions were derived from
standard tissue blocks included in DIAN and Knight ADRC postmortem assessment protocols [7].
FreeSurfer regions and tissue blocks were matched on the basis of shared nomenclature or spatial
overlap; however, this solution is imperfect. One primary issue is that brain structures were
segmented in their entirety through imaging, but were only be sampled in a chosen plane in
neuropathology. For example, neuropathologic assessment of the hippocampus and

parahippocampal gyrus was performed at the level of the lateral geniculate nucleus, whereas the
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hippocampus and parahippocampal gyrus were assessed in their entirety in imaging. Previous work
has noted this may lead to discordances in imaging-neuropathology comparisons [10], and future
work will aim to target the same regions across both imaging and neuropathology with greater
accuracy using improved co-registration methods [20].

Another limitation is that our study does not account for the presence or degree of amyloid-
B deposition in the walls of small cortical blood vessels, or CAA, during stereologic quantification.
CAA is known to be an additional source of the PiB PET signal [9], potentially contributing to its
regional variability across disease conditions [34, 45], and can be more prevalent and severe in
ADAD relative to LOAD [57]. As such, it may account for higher PiB PET signal in the occipital
lobe in ADAD versus LOAD independently of plague burden, and otherwise influence the
correlation between amyloid-p pathology and PiB PET signal in ways not measured in the current
study. CAA may also impact PiB PET SUVR measurements more broadly by appearing within
the cerebellum. Like the occipital lobe, the cerebellum often shows disproportionately high CAA
relative to other brain areas. However, in the current study, when assessed semi-quantitatively [53,
75], CAA does not show any statistically significant correlations with diffuse or cored/compact
plaque burden, or PiB PET SUVR, in either the ADAD or LOAD cohort.

We also acknowledge two other limitations of this study. The current imaging-
neuropathology findings cannot address whether the PiB PET signal maintains the correlations
with diffuse and compact plaque burden as seen here throughout the course of ADAD and LOAD.
End-stage postmortem studies cannot determine the absolute staging of different plaque
morphologies, though the earliest plaque forms observed in the non-demented aged brain are
typically of the diffuse type. This observation may impact the appropriate time to administer anti-

amyloid-p drug interventions, which would aim to prevent more cored/compact plaque formation;
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cored/compact plaques, because they are more likely to be neuritic, may be more closely linked
than diffuse plaques to tau pathology, neurodegeneration, and cognitive impairment. Nonetheless,
findings from our extended imaging cohort support the idea of developing separate PET staging
schemes for ADAD versus LOAD across the lifespan as well. In ADAD, we see most frequent
elevations of amyloid-f burden in regions outside the medial temporal lobe, while in LOAD, we
see most frequent elevations of amyloid-B burden in posterolateral temporal lobe regions,
suggesting two different origins of B-amyloidosis in the two diseases. Furthermore, in ADAD,
striatal amyloid-p accumulation appears in step with other cortical amyloid-p accumulation,
whereas in LOAD, striatal amyloid-B accumulation appears along with medial temporal lobe
amyloid-p accumulation. Our observations in the ADAD participants are consistent with prior
longitudinal analyses in the ADAD population [24] and our observations in the LOAD participants
are consistent with prior LOAD schemes, in particular, the scheme of Grothe and colleagues [26],
who propose that amyloid-p deposition appears first in temporobasal and frontomedial regions,
and appears latest in the medial temporal lobe and striatum. Additional work is needed to
understand how changes in the spatial distribution and intensity of the PiB PET signal throughout
the disease course of ADAD relates to the distribution of plaque pathology, which has been more
extensively studied in the context of LOAD [26, 27, 35, 67].

Finally, we note that our current histological approach measures amyloid-f plaque burden
in a semi-quantitative approach by its area. Thus, in a situation where a diffuse plaque and
cored/compact plague might have the same area, the cored/compact plaque may have a higher
mass of amyloid-p. This is in contrast to the semi-quantitative nature of PiB PET, where PiB
retention is proportional to the number of available binding sites — presumably determined by the

mass of fibrillar amyloid-p — whether amyloid-p is deposited in the form of a diffuse or
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cored/compact plaque. This presumption is also somewhat speculative as it is unknown whether
the PiB radiotracer can fully penetrate a solid fibrillar plaque core within the typical timeframe of
a PiB PET imaging study; it is also possible that conformational and/or biochemical differences
might alter the availability of binding sites. The numerous aforementioned differences in how PiB
PET and amyloid-p plaques are quantified leave room for future studies to develop more
comparable semi-quantitative measures of ante- and postmortem amyloid-f burden. Two
promising directions are light microscope high-resolution autoradiography [8], which might be
able to quantify the intensity of radiotracer signal contributed by individual plaques in a manner
that avoids the issue of quantifying the mass of fibrillar amyloid-p by its area; and single-molecule
imaging [17] and small angle neutron scattering [5, 71], which may help us understand the
relationship between fibrillar amyloid-p aggregates and various amyloid-p plaque types. A third
approach would be to move away from purely neuropathological approaches of assessing
characteristics of plaque pathology to instead focus on biochemical approaches. Biochemical
approaches quantifying amyloid-p species from brain tissue homogenates have shed light on
amyloid pathology in LOAD, indicating increased amounts of Ap40 or AB42(43) relative to plaque
types [23, 25]. More recently, a study in LOAD evaluated biochemical fractions of amyloid-f from
brain tissue compared to PET imaging to estimate which biochemical pools were most affected in
AD, and derived a first approximation of the rates of amyloid-p accumulation [58]. Such
approaches can also reveal distinct molecular profiles of amyloid-p in LOAD and ADAD [21].

In summary, our data indicate that there is a close association between fibrillar amyloid-p
burden as visualized by PiB PET and as assessed by postmortem stereologic measures. Caveats
may be raised: individuals with ADAD show considerable variability in amyloid-p burden and

distribution that can also differ considerably from that typical of LOAD; therefore, summary and
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reference regions commonly used in PiB PET studies of LOAD may potentially need to be adjusted
for PiB PET studies of ADAD. This point is especially important when evaluating anti-amyloid-
B drug trials that enroll participants with ADAD. In such studies, investigators should be alert to
the possibility of variable drug responses and interpret differences in cross-sectional measures of
amyloid-p burden between treatment groups with care; indeed, individual-focused longitudinal
monitoring strategies might be favorable. Additionally, when comparing trials of the same anti-
amyloid-p drug conducted in ADAD versus LOAD, investigators should note that the choice of
reference region can strongly influence interpretations of regional amyloid-B burden differences
between cohorts.
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a b~ W N

932

933

Family
mutation

PSEN1

PSEN1

PSEN1

PSEN1
PSEN1
PSEN1
PSEN1

PSEN1

PSEN1
PSEN1
PSEN1
PSEN1

PSEN1

APP

PSEN1

Family
mutation

Tables and figure legends

Table 1 Cohort demographics

APOE

44

23

33

34

23

33

33

23

34

33

34

33

33

44

33

APOE

34

33
34
34
34

Sex

Sex

L

MMSE

21

16

21
12
10

13

21

15

19

21

27
15 (7)

MMSE

30

21
20
26
12

CDR

0.5

0.5

16
(0.9)
CDR

0.5

Clinical
cause of
death

Aspiration,
pneumonia,
AD
Probable
pneumonia
Inanition

AD

Probable
pneumonia
AD,
inanition
AD,
inanition
Respiratory
failure,
cardiac
arrest, AD

AD

Heart attack,
Inanition
AD,
inanition
Aspiration,
inanition
Brain
hemorrhage,
inanition
Pneumonia,
inanition
AD

Clinical
cause of
death

UTI,
diabetes
mellitus, AD
contributing

Lymphoma
AD
Inanition
AD

CDR
at
death

3(0)

CDR
at
death

w W W N

Age
at
death

40-50

30-40

40-50

40-50
40-50
40-50
50-60

40-50

30-40
60-70
40-50
50-60

50-60

60-70

30-40
47 (9)
Age

at
death

80-90

60-70
80-90
70-80
70-80

42

Imaging-
autopsy
interval

(years)
0.68

11

3.3
2.3
1.8
13

15

25

2.3

34

5.6

33
2.4 (1.3)
Imaging-

autopsy
interval

3.7

3.9
3.8
3.9
4.7

Thal
phase

5(0)

Thal
phase

o o1 o1 g

Braak
stage

6
6(0)

Braak
stage

5

[S2 NS BN &) BN o}

CERAD
score

3
3(0)

CERAD
score

w W W w

CAA

(0.9)
CAA

N

Final Dx
1

ADNC

ADNC

ADNC

ADNC

ADNC

ADNC

ADNC

ADNC

ADNC

ADNC

ADNC

ADNC

ADNC

ADNC

ADNC

Final Dx

1

ADNC

ADNC
ADNC
ADNC
ADNC

Final Dx 2-4

Glioblastoma

DLB
(neocortical),
SVD: CAA
(moderate-
severe), Art.
(mild)

DLB

DLB
ALB

MH (BG)

ALB
ALB
CAA

ALB

ALB

Final Dx 2-4

SVD: Art.
(moderate),
LVD: Art.
(moderate)



11

12
13

14

Mean
(SD)

934

935

936

937

938

939

940

941

942

943

944

945

34
34

33

34

34

34

34
33

33

28
25

22
26
25

26

23
25

23

24 (4)

05

0.5
0.5

0.5

0.7
(05)

AD

DLB, UTI,
dehydration

Inanition

Inanition

Inanition

Inanition

AD

26
(06)

80-90
70-80

80-90
80-90
90-
100

90-
100

70-80

90-
100

70-80

83 (9)

4.8
3.7

0.3
3.4
8.4

9.6

42
6.1

49

47 (2.2)

5.1
05)

3(0)

1 ADNC
1 ADNC
1 ADNC
1 ADNC
2 ADNC
3 ADNC
1 ADNC
2 ADNC
1 ADNC
1.4

(0.8)

Age at death is reported as an age range to protect the identities of the study participants. Exact

ADAD mutations of the PSEN1 gene are presented in Online Resource 2 in the interests of better

understanding the clinicopathologic variability in this population, but are not linked to the

individual-level demographics in this table in order to protect the identities of the study

participants. Abbreviations: ADNC (Alzheimer disease neuropathologic change), ALB (amygdala

Lewy bodies), Art. (arteriolosclerosis), BG (basal ganglia), CAA (cerebral amyloid angiopathy),

DLB (dementia with Lewy bodies), Dx (diagnosis), FL (frontal lobe), LVD (large vessel disease),

MH (microhemorrhage), MTL (medial temporal lobe), PL (parietal lobe), SAH (subarachnoid

hemorrhage), SD (standard deviation), SVD (small vessel disease), Th (thalamus), UTI (urinary

tract infection).

Table 2 Regional correlations between [11C]PiB PET SUVRs and plague area fractions

ADAD

Diffuse plaque

43

Compact plaque

Infarcts (BG,
Th)

ALB, TDP-
43 (MTL)

Infarcts (PL,
FL),
microinfarct
(FL)

DLB
(olfactory),
SVD: Art.
(moderate),
SVD: CAA
(mild)



Summary regions r SE p r SE p

Anterior cingulate 081 0.16 0.0018 0.32 0.26 0.45
Caudate 0.62 0.22 0.018 0.066 0.28 0.87
Frontal lobe 0.63 0.19 0.018 031 0.26 0.45
Parietal lobe 0.70  0.20 0.012 059 0.22 0.15
Posterior cingulate 0.63 0.22 0.018 0.045 0.28 0.87
Putamen 034 026 0.21 -0.084 0.28 0.87
Temporal lobe 0.60 0.22 0.021 031 0.26 0.45
Other regions

Amygdala 043 025 0.11 0.58 0.23 0.053
Entorhinal cortex 046 025 0.081 048 0.24 0.0
Globus pallidus -0.013 0.28 0.96 0.12 0.28 0.79
Hippocampus 029 0.27 0.30 056 0.23 0.053
Occipital lobe 0.80 0.17 0.00038 0.65 0.21 0.030
Parahippocampal gyrus 0.64  0.21 0.011 0.65 0.21 0.030
Thalamus 048 0.24 0.073 0.059 0.28 0.83
LOAD

Summary regions

Anterior cingulate 0.82 0.16 0.00098 0.68 0.21 0.018
Caudate 036 0.27 0.25 0.087 0.29 0.77
Frontal lobe 0.72 0.20 0.0080 0.81 0.17 0.0028
Parietal lobe 0.83 0.16 0.00098 0.62 0.23 0.030
Posterior cingulate 023 0.28 0.43 023 0.28 0.61
Putamen 052  0.25 0.077 -0.087 0.29 0.77
Temporal lobe 054 0.24 0.077 0.68 0.21 0.018
Other regions

Amygdala 0.71 0.20 0.016 034 0.27 0.32
Entorhinal cortex 0.072 0.29 0.81 -0.44 0.26 0.26
Globus pallidus 0.14 029 0.81 0.13 0.29 0.77
Hippocampus 0.081 0.29 0.1 -0.059 0.29 0.84
Occipital lobe 0.77 0.18 0.0090 0.39 0.27 0.29
Parahippocampal gyrus 0.49  0.25 0.14 059 0.23 0.18
Thalamus 050 025 0.14 048 0.25 0.26

946  P-values are adjusted for FDR control by the Benjamini-Hochberg procedure. Abbreviations: SE
947  (standard error).

948

949  Table 3 Extended imaging cohort demographics

ADAD LOAD

Number 317 734
Family mutation PSEN1 131

PSEN2 22

APP 31
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Non-carrier 133

APOE 22 3 3
23 28 80
24 12 18
33 191 368
34 78 209
44 5 42
Sex M 135 313
F 182 421
Mean baseline MMSE (SD) 28.8 (8.61) 28.7 (1.86)
Baseline CDR 0 251 615
0.5 43 98
1 16 21
2 5 0
3 2 0
Mean baseline age (SD) 37.7 (10.7) 68.7 (9.49)

950

951  Fig. 1 Regional differences between ADAD and LOAD as measured by [11C]PiB PET SUVRs

952  and plaque area fractions
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Regional differences in diffuse (a, b, ¢) and compact plaque area fractions (d, e, f) and [11C]PiB

PET SUVRs (g, h, i) across summary regions, other regions, and reference regions between ADAD

and LOAD. Differences are reported as t-values from Welch two sample t-tests, accompanied by

p-values adjusted for FDR control by the Benjamini-Hochberg procedure.

Fig. 2 Regional differences between ADAD and LOAD as measured by [11C]PiB PET SUVRs

while using alternative reference regions

46




961

962

a Summary regions Other regions Reference regions
3
k=] " t=2.7 5.1 t=22 t=1 =23 =57 t=1.2 6 =22 =23 =32 t=4.6 =3 =18 t=4.9 125 ' P —az
g‘ p=0.033 p‘-O 00031 p=0.050 p=0.31 p=0.052  p=000016  p=027 p=0.045 p=0.045 p=0.012  p=0.00061 p=G015 p=0.087  p=0.00047 looas 00037
.
& 0 0w *
35 1.00 . B
ae N &
b Co
-5
@E? 075
]
OZ R e
=3 fﬂq . . sh. sk .
&, e s N AR 0.50
3 —.ﬁ ) $ﬁ T Lak ;.& K- =
@ L g -~ ot N
3 o
a
Anterior cingulete Frontal lobe Posterior cinguiate Temporal lobe Amygdala Globus palidus Ocopial obe Thalemua Brainstem
[ Parietal lobe Putamen rhinal cortex Hippocampus rahippocampal gyru: Cerebellum
dz
2
=
o =23 247 t=1.9 t=0.72 =2 1=5.3 t=0.87 ¢ =19 =19 =29 t=4 . =29 =14 t=4.2 as LR d =3,
@ p=0071  e0.00088 =01 p=0.48 p=01 p=0O003E  p=046 pe0.085  p=0085  p=002  p=0.0023 p=0.02 p=018  p=0.0023 =23 =32
o ep=g03| * P=0.0058
%g 3 o | el
3®,
g
=2 o8 e
wa e
aE 5
[
&5 .
o £ ", .
=% ﬁg ‘ b o |
-3 e, e
& 17‘. b -
5 ’ *ﬁ: w 4 R »- -
3 .
2 v v v v
8 Ank ingulate Frontal lobe Temporal lobe S Globus palidu Occipital lobe Thelamus Brainstem
= Caudat Paretal lobe Fu«amsn Entorhinal cortex pr:}:ar'\p Parahippocampal gyru Cerebellum
g
=7 % |5 t=14 =0.018 =15 =58 =022 1=11 1=0.99 =26 =32 % g=27 =052 =46 101 eesssmvamme
. p=024  p=000028  ps0.24 p=0.88 024  p=57e05  p=086 p=0.39 p=0.39 p=0033  p=0.015  p=0.031 p=0B1  p=0.00065 ﬁ':; ﬁ':;
x
g9 .
2 e a8
i ] s
s
w e ol
E EN
@& . . .
o e 2 06 . |
o3 . N . o s :
TE e a v * fogt] %o e * Yo it
@1 - et ‘:L. $ P . s
5 1 e S ISR .l : % # . .|
2 . é & tl'-‘, . . T
e oT, o %’, oo la 04 etl®e
. .
Anterior cingulate Frontal lobe Posterior cingulate Temporal lobe Amygdala Globus palidus Occipital lobe Thalamus Brainstem
Caudate Paretal lobe Putamen Entorhinal corte: Hippocampus Parahippocampal gyrus Cerebellum
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Regional differences in [11C]PiB PET SUVRs when using cerebellar white (a, b, c), cerebellar

963  gray+white (d, e, f), and brainstem reference regions (g, h, i) between ADAD and LOAD.

964  Differences are reported as t-values from Welch two sample t-tests, accompanied by p-values
965 adjusted for FDR control by the Benjamini-Hochberg procedure.
966

967  Fig. 3 Regional distributions of PiB PET SUVRs in ADAD and LOAD
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972

973
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976

a b

ADAD = young healthy controls LOAD > young healthy controls

RS ,‘

AUC
050

d

G

Regional PiB PET SUVRs in ADAD and LOAD. a Regional area under the receiver operating
characteristic curves for ADAD versus young healthy controls (AUC, the probability that a
randomly selected ADAD participant has a higher regional PiB PET SUVR than a randomly
selected young healthy control). b Regional AUCs for LOAD versus young healthy controls. ¢
Heatmap and dendrograms of ADAD participants after hierarchical agglomerative clustering. d

Heatmap and dendrograms of LOAD participants after hierarchical agglomerative clustering.

Online Resource 1 Matching regions between imaging and neuropathology
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978

979

980

981

982

983

984

985

986

987

988

989

990

991

992

993

Regions are matched between imaging and neuropathology on the basis of shared nomenclature
and spatial overlap. The left column describes the anatomic sites from which the standard DIAN
and Knight ADRC tissue blocks relevant to this study are taken, superimposed on a T1-weighted
MR image of the FreeSurfer example participant “Bert”. The right column depicts the parcellation
and segmentation of “Bert” at the same levels. In reality, all tissue is sampled from the left
hemisphere and all imaging measures are derived from the left hemisphere, but for convenience
of representation, these regions are sometimes depicted on the contralateral hemisphere in the
figure. In the nomenclature used for this study, the anatomic sites, with matched FreeSurfer
(Desikan-Killiany atlas) regions in parenthesis, are: anterior cingulate (caudal anterior cingulate);
caudate (caudate); cerebellum (cerebellar cortex); frontal lobe (rostral middle frontal); parietal lobe
(inferior parietal); pons (brainstem); posterior cingulate (posterior cingulate); putamen (putamen);
temporal lobe (middle temporal); amygdala (amygdala); entorhinal cortex (entorhinal); globus
pallidus (pallidum); hippocampus (hippocampus); occipital lobe (pericalcarine); parahippocampal

gyrus (parahippocampal); thalamus (thalamus).

Online Resource 2 Exact ADAD mutations of the PSEN1 gene investigated in this study
PSENL1 deletion intron 4
PSEN1 Asn135Ser
PSEN1 Asn135Tyr
PSEN1 11e143Thr
PSEN1 Metl146Leu
PSEN1 His163Arg

PSEN1 Ser169Leu
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994

PSEN1 Ser170Phe
PSEN1 Gly209Glu
PSENL1 Ile229Phe
PSENL1 Ile229Phe
PSEN1 Thr245Pro
PSEN1 Cys410Tyr

PSENL1 lle439Val
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