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Abstract

Knowledge about spatial and temporal patterns of beta-amyloid (AB) accumulation
is essential for understanding Alzheimer’s disease (AD) and design of anti-amyloid drug
trials. In this thesis, I studied the spatial pattern of AB accumulation in subjects with
preclinical and manifest sporadic AD (SAD) and autosomal dominant AD (ADAD), as
measured with positron emission tomography (PET). Analyzed were baseline and two
years’ follow-up PET and magnetic resonance imaging data from the Alzheimer’s
disease Neuroimaging Initiative and Dominantly Inherited Alzheimer Network
databases. After pre-processing and partial volume correction of PET images, regional
standard uptake values (SUV) were extracted using a probabilistic brain atlas. In the first
project, the regional pattern of annual accumulation rate (AAR) of 8F-florbteapir was
investigated in 58 AB-positive patients with incipient and manifest dementia due to sAD.
A pseudo-temporal accumulation rate was estimated from baseline PET only by
determining how fast regional SUVR changes relative to the whole gray matter SUVR.
The so-called pseudo-temporal measurements explained 87% (p<0.001) of the variance
in longitudinal AARs across 62 regions. Thus, this method allows identification of brain
regions with a high accumulation rate of AB, which are of particular interest for anti-
amyloid clinical trials. In the second project, |1 examined a longitudinal trajectory of
AAR in the pre-dementia stage of sAD, using ‘®F-florbteapir PET data of 246 Ap-
positive cognitively normal subjects and patients with mild cognitive impairment.
Subjects with baseline SUVR in whole gray matter (SUVRgwm) of 0.56 to 0.92 (n=134)
appeared to accumulate AP approximately 1.5 times faster than remaining subjects. In
subjects with SUVRgm above 0.95, most active AB accumulating regions were outside
the established set of AD-typical regions. When these patterns are taken into account,
the sample size in anti-amyloid trials can be substantially reduced. Finally, our data
strongly suggested that treated and placebo groups should be matched for baseline
SUVRgm. Otherwise, a treatment effect can be significantly over- or underestimated. In
the third project, I studied the spatial and temporal pattern of Ap accumulation in ADAD.
Analyzed were Pittsburg compound B PET data of 97 mutation carriers (MC) (APP=19,
PSEN1=72, PSEN2=6) and 50 AB-negative asymptomatic non-mutation carriers (NC).
| found that overall the spatial and temporal pattern of Ap accumulation in MC was very

similar to that of SAD except for subcortical nuclei. As compared to sAD, these nuclei



appeared to be fast AR accumulating regions. However, due to their relatively small size,
these regions did not significantly contribute to the set of AD-typical regions. Thus, the
established set of AD-typical regions can be used as target region to detect longitudinal
SUVR changes in AB-positive MC, too. In summary, the findings of this thesis provide
meaningful references for planning and analyses of anti-amyloid clinical trials with PET

as biomarker.

Keywords: Alzheimer’s disease, amyloid imaging, cognitive normal, mild cognitive
impairment, dementia, clinical trial, positron emission tomography, florbetapir, PiB,
clinical trial, beta-amyloid accumulation.



Zusammenfassung

Kenntnisse (ber r&umliche und zeitliche Muster der Akkumulation von Beta-
Amyloid (AP) sind essentiell fiir das Verstidndnis der Alzheimer-Krankheit (AD) und
das Design von Anti-Amyloid-Studien. In dieser Arbeit untersuchte ich daher das
ré&mliche und zeitliche Muster der A3 Akkumulation bei Patienten mit pr&klinischer
und manifester sporadischer AD (sAD) und autosomal dominanter AD (ADAD),
gemessen mit der Positronen - Emissions - Tomographie (PET). Analysiert wurden
Ausgangs- und zweijé&rige Verlaufs-PET- und Magnetresonanztomographie -Daten der
Alzheimer Disease Neuroimaging Initiative (ADNI) und der Dominantly Inherited
Alzheimer Network (DIAN). Nach Vorverarbeitung und partieller Volumenkorrektur
von PET-Bildern wurden regionale standard uptake values (SUV) mittels eines
probabilistischen Gehirnatlasses extrahiert. Im ersten Projekt wurde das r&mliche
Muster der jébrlichen Akkumulationsrate (AAR) von 18F-Florbteapir bei 58 AP-
positiven Patienten mit beginnender und manifester Demenz aufgrund von AD von
ADNI untersucht. Eine pseudo-temporale Akkumulationsrate wurde auf der Basis der
Ausgangs-PET gesch&zt. Hierbei wurde bestimmt, wie schnell sich regionales SUVR
relativ zu SUVR der gesamten grauen Substanz ver&ndert. Die pseudotemporalen
Messungen erkl&aten 87% (p <0,001) der Varianz der longitudinalen AARS in 62
Regionen. Somit k&wnen mit dieser Methode Hirnregionen mit einer hohen
Akkumulationsrate von AP identifiziert werden; diese sind wichtig fir Anti-Amyloid-
Studien.Im zweiten Projekt untersuchte ich die longitudinale Trajektorie von AAR im
pradementiellen Stadium von sAD. DafUr wurden 246 AB-positiven kognitiv normalen
Probanden und Patienten mit leichter kognitiver Beeintr&htigung von ADNI
eingeschlossen. Probanden mit Ausgangs-SUVR in der gesamten grauen Substanz
(SUVRewMm) von 0,56 bis 0,92 (n = 134) erschienen AP etwa 1,5-mal schneller Ap zu
akkumulieren als die tbrigen Probanden. In Probanden mit SUVRem Uber 0,95 lagen
die meisten aktiven AlsAkkumulationsregionen auf%rhalb des etablierten Sets von AD-
typischen Regionen. Durch die Bertcksichtigung dieser Befundek&nnen Stichproben
der Anti-Amyloid-Studien wesentlich reduziert werden. Schlief3ich sprechen unsere
Ergebnisse stark daftr, dass die behandelten und Placebo-Gruppen fir Ausgangs-
SUVRewMm angepasst werden sollten. Ansonsten kann ein Behandlungseffekt signifikant

Uber- oder untersch&zt werden. Im dritten Projekt untersuchte ich das r&umliche und



zeitliche Muster der Af3Akkumulation in ADAD. Analysiert wurden Pittsburg
compound B PET-Daten von 97 Mutationstrégern (MC) (APP = 19, PSEN1 = 72,
PSEN2 = 6) und 50 Al¥negativen asymptomatischen Nichtmutationstr&gern (NC). Ich
fand, dass das ré&umliche und zeitliche Muster der AfsAkkumulation was sehr &nlich
zu dem der sAD, bis auf subkortikale Nuklei. Im Vergleich zur sAD zeigten sich diese
Nuklei als schnell Afdakkumulierende Regionen. Aufgrund ihrer geringen Grd% trugen
sie allerdings unwesentlich in das Set der AD-typischen Regionen bei. Somit kann das
etablierte Set der AD-typischen Regionen als Targetregion auch bei Anti-Amyloid-
Studien in ADAD verwendet werden. Zusammenfassend stellen die Befunde dieser
Doktorarbeit eine wertvolle Grundlage fCr die Planung und Analyse von Anti-Amyloid-

Studien mit PET als Biomarker dar.

Stichworte: Alzheimer-Krankheit, Amyloid-Bildgebung, kognitive Normalit&, leichte
kognitive Beeintr&htigung, Demenz, Klinische Studie, Positronen-Emissions-

Tomographie, Florbetapir, PiB, klinische Studie, Beta-Amyloid-Akkumulation.
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I. Introduction

1.1. Alzheimer’s disease

Nowadays, Alzheimer’s disease (AD) is becoming a growing public and financial
healthcare problem. There were an estimated 46.8 million people worldwide living with
dementia in 2015, and this number, is believed to be close to 50 million people in 2017,
reaching around 131.5 million in 2050 [1]. The total estimated worldwide cost of
patients with AD and other dementias is US$818 billion in 2015, which represents 1.09%
of global GDP. The global cost of dementia will rise above a US$ trillion by 2018, which
is predicted to increase beyond a trillion dollar annual cost by 2050 unless disease-
modifying treatments are developed. Therefore, specific therapeutic and prevention
strategies are urgently needed.

AD is a neurodegenerative disease and the most common cause of dementia [2, 3].
Clinically, it is characterized by a progressive cognitive deterioration, leading to a
functional disability and finally to death. Patients with AD may have difficulties with
memory, orientation, language, problem-solving that at a certain time point affect a
person’s ability to perform daily activities. The two key hallmark pathologies of AD are:
extracellular beta-amyloid (AP) (plaques) and intracellular twisted strands of the protein
tau (tangles) [4]. AB plaques are believed to contribute to cell death by interfering with
neuron-to-neuron communication at synapses. It has been hypothesized that excess
amyloid burden initiates a cascade of events that results in neuronal death and cognitive
decline [5]. The accumulation of tau tangles blocks the transport of nutrients and other
essential molecules inside neurons. Notably, research suggests that accumulation of AB
and tau tangles start more than 2 decades prior to fist symptoms [6-8]. Here, give a
biomarker-based definition of AD (5). Accumulating evidence from the AD research
resulted in a conceptual change of disease understanding. Namely, and in contrast to the
older diagnostic guidelines [9], the disease can now be diagnosed at the pre-dementia
stage, if there is evidence of abnormal biomarkers .

Traditionally, AD is subdivided into two types according to age: 1) early onset AD
(EOAD); 2) late onset AD (LOAD). Individuals with EOAD (around 1-5% of AD) tend
to develop Alzheimer’s symptoms before age 65, sometimes as early as age 30; while

the symptoms of LOAD (predominant form of AD) become apparent at age 65 or later



[10]. EOAD develops at an early age due to autosomal dominant mutation in amyloid
precursor protein (APP) [11], presenilin 1(PSEN1) [12], or presenilin 2 (PSEN2) [13].
A mutation to the APP or PSEN1 genes will develop AD for sure, and a mutation to the
PSEN2 gene will have a 95% chance of developing the disease [14]. Additionally, AD
may be classified as three different types according to family history: 1) autosomal
dominant AD (ADAD) (<5% of all cases), occurring in at least three individuals in two
or more generations, with two of the individuals being first-degree relatives of the third;
2) familial AD (15-25% of all cases), occurring in more than one individual, and at least
two of the affected individuals are third-degree relatives or closer; or 3) sporadic AD
(sAD) (75% of all cases), isolated case in the family or cases separated by more than
three degrees of relationship [14]. Typically, SAD are LOAD, but around 40% EOAD
may be classified as SAD, possibly representing hidden familial or autosomal dominant
disease.

1.2. Diagnosis

The diagnostic criteria and guidelines published by the National Institute of
Neurological and Communicative Disorders and Stroke and the Alzheimer’s
Association in 1984, then known as the Alzheimer’s Disease and Related Disorders
Association (ADRDA), have been used for several decades [9]. The ADRNA criteria
were based purely on a clinical judgment, including reports from the patient and family
members, cognitive tests, the course of symptom progression, and general neurological
assessment. These diagnostic criteria largely depend on the exclusion of other causes of
cognitive decline. Beside a low to moderate diagnostic accuracy, these criteria supported
a diagnosis only at the dementia stage. To overcome this limitation, the National Institute
on Aging (NIA) and the Alzheimer’s Association proposed new diagnostic guidelines
[15-17]. Their novelty consists in incorporation of biomarker tests in the diagnostic
algorithm, while keeping the clinical phenotype as the core diagnostic feature.
Biomarkers are defined as in vivo measurable physiological, biochemical or anatomical
variables, indicating specific features of AD-related pathological changes [18]. Five
biomarkers have been well established for AD over the past several years. They can be
divided into two main categories: 1) biomarkers AP deposition, as assessed with
measures of APso and Aa2 in the cerebrospinal fluid (CSF) [19-23] and by positron
emission tomography (PET) [6, 24-31]; and 2) biomarkers of neurodegeneration,



including increased concentrations of CSF total and phosphorylated tau [20-22, 32-35],
hypometabolism on fluorodeoxyglucose (FDG) PET [28, 36-38] and atrophy on
structural MRI [39-42]. As shown in Fig.1, a hypothetical model of course of biomarkers

findings related to clinical symptoms of AD was proposed by Jack et al. in 2013 [18].
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The revised guidelines identify three different stages of AD: 1) cognitively normal
(CN) at preclinical stage of AD that occurs before symptoms develop [15], which was
proposed for research. In this stage, individuals may have asymptomatic cerebral
amyloidosis, “downstream” neurodegeneration, and neuronal injury and subtle
cognitive/behavioral decline that indicate the earliest signs of disease, but they may have
not yet developed noticeable symptoms such as memory impairment. This proposed
preclinical stage is related to current idea of AD that Alzheimer’s-related brain changes
may begin 20 years or more before symptoms occur [6, 27, 43-46]. 2) Mild cognitive
impairment (MCI) due to AD [16]. In this stage, activities of daily living are basically
unimpaired, but individuals show cognitive decline greater than expected for their age
and education level. Approximately 15-20% of people age 65 or older have MCI [47].
3) Dementia due to AD [17]. In this stage, individuals have noticeable memory, thinking

and behavioral symptoms that impair a person’s ability to function in daily life.



1.3. Anti-amyloid therapies

According to 2017 Alzheimer’s disease facts and figures of the Alzheimer’s
Association [10], 244 drugs for Alzheimer’s have been tested in clinical trials registered
with clinicaltrials.gov in the decade of 2002-2012, but only one of them successfully
completed clinical trials and went on to receive approval from the FDA. So far, none of
the pharmacologic treatments (medications) available today for AD slows or stops the
damage and destruction of neurons that cause Alzheimer’s symptoms. Many factors
contribute to the difficulty of developing effective treatments for Alzheimer’s, including
the high cost of drug development, the relatively long trial duration. According to former
investigations [6, 27, 43-46], AD is a slow and gradual process that can extend for more
than two decades, which provides a large therapeutic window. In the past decades, most
of the clinical trials [48-56] have focused on mild-to-moderate or severe AD
symptomatic patients, whose disease may have progressed too far for a successful
intervention. Particularly, the phase 3 clinical trials of two high-profile AD antibodies,
bapineuzumab [48] and solanezumab [49] against the aggregation-prone peptide AP,
have failed to improve clinical outcomes in patients with LOAD. Therefore, efforts to
develop disease-modifying treatments may require clinical trials to be conducted earlier
in the disease process. According to Fig.1, A accumulation emerges early in the disease
process, thus in vivo imaging of Ap plays an key role in detecting and identifying
individuals who are at high risk of developing AD in the early stages of the disease.
Therefore, amyloid PET image has been widely used as the inclusion criteria to identify
participants with risk to be AD and a primary or secondary endpoint in clinical trials

with anti-amyloid therapeutics over the past years [48, 54, 57-63].

1.4. Amyloid PET in clinical trials

It has been demonstrated that deposition of AP starts many years prior to the first
clinical symptoms, gradually increasing up to moderate dementia due to AD [6, 15, 26,
64-70]. Amyloid imaging allows studying AP deposition in the living human brain. In
2012, Clark and colleagues reported that PET with amyloid tracers is an accurate tool
for in vivo measurement of neuritic AB [31]. Previous investigations proved that AP

plaques do not affect the brain uniformly but accumulate particularly in the frontal,

10



parietal, cingulate and temporal cortices [26, 27, 71]. Therefore, the frontal, lateral
parietal and temporal cortices as well as the anterior and posterior cingulate regions are
regarded as regions with a significant Ap burden in AD [28]. It should be noted that this
regional pattern has been summarized based on cross-sectional studies in patients with
dementia due to sAD. Thus, a standardized uptake value ratio (SUVR) in a composite
cortical area averaged across these regions (referred to as AD-typical regions thereafter)
has been commonly used as a primary or secondary measurement in anti-amyloid trials
[48, 54, 57]. Knowledge about regional pattern of AB accumulation is essential for
understanding AD and Ap-associated dementing disorders, and for design of anti-

amyloid trials.

1.5. Aims

The aim of this thesis was to explore the spatial and temporal pattern of AP
accumulation in SAD and ADAD in the context of clinical trials. Specifically, I studied
whether these patterns can be considered to reduce a sample size and shorten duration

of a hypothetical anti-amyloid clinical trial.

1.5.1. Predicting spatial pattern of Af accumulation by baseline amyloid PET

Although it always costs numerous human resource and time consuming to acquire
longitudinal data, longitudinal analysis is still extremely essential for us to explore the
progression of AP deposition in brain and conduct anti-plaque drug trial. Regional
dynamics of AP deposition in SAD has been explored by using longitudinal *C -
Pittsburgh compound B (PiB) PET [26, 27, 72-74]. Some recent longitudinal 8F-
Florbetapir studies [29, 75, 76] have been conducted to study AP deposition for SAD,
but related regional dynamics of AP deposition for AD haven’t been analyzed. The
significant amount of AP deposition was also found in patients with Lewy body disease
[77], atypical forms of AD, and mixed dementia [78] in addition to the typical AD, but
the regional longitudinal studies for non-AD dementia are not as detail as AD due to
their uncommon follow-up (FU) data. The ideal way to acquire such longitudinal pattern
is to conduct a repeated amyloid PET in the same subject over time. However, large
scale PET studies are very expensive and subject to radiation exposure, especially when

individuals with mild disease are involved. It could be more difficult to collect such
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studies in other AP-associated disorders like in Lewy body disease and atypical (as
compared to typical AD disorders) forms of AD. No longitudinal PET studies in these
ApB-associated disorders have been published so far. Assumed that the total amyloid
burden would be a reasonable approximation of the stage of the pathology, the spatial
patterns of the temporal progression of AB deposition in older adults has been estimated
recently in one cross-sectional PiB PET study [79] , but it is still unclear whether the
cross-sectional results correlates related longitudinal measurements. Therefore, | firstly
studied if spatial pattern of longitudinal AB deposition in sAD could be predicted by
baseline amyloid PET data collected from Alzheimer’s disease Neuroimaging Initiative
(ADNI) database using a pseudo-temporal image analysis. Assuming that there is a
spatial spread of amyloid deposition, the pseudo-temporal accumulation rate can be
extracted by determining how fast the amyloid amount increases in a given region
relative to whole brain GM amyloid load. If effective, such an approach could provide
preliminary information for fast accumulating regions (FARS) of AP in the beginning of
trial. Using those FARs as the target region could reduce the duration and sample size
of the trial. This approach may also be used to explore spatiotemporal patterns of AB
deposition in other AB-associated disorders.

1.5.2. Rate of beta-amyloid accumulation varies with baseline amyloid burden:
implications for anti-amyloid drug trials

Clinical trials in patients with manifest AD have failed to show clinical efficacy
over the past years [48, 49, 51-56, 80]. Therefore, it has been argued that patient with
AD may be too late to remedy [48, 81]. In addition to the factors on ability of tested
antibodies to adequately engage their targets [82], it was also suggested that therapeutic
interventions should be conducted at an earlier disease stages [83-86]. As a result, a few
ongoing anti-amyloid trials are testing the efficacy of potential disease-modifying drugs
in Ap-positive CN individuals [58, 60, 62] and subjects with MCI [61, 63].

However, previous longitudinal PET studies of AB-positive CN and MCI produced
rather inconsistent results. For instance, the anterior cingulate region was reported a fast
AP accumulating region in one study [87], while none AP accumulation of this regions
was detected in another study [27]. Although both groups studied CN subjects using
PiB-PET. In individuals with MCI, one group observed significant PiB accumulation

within the anterior and posterior cingulate, temporal, parietal cortices as well as in the
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putamen [88]. However, another group reported a positive PiB rate also within the
prefrontal cortex, insula and occipital lobe, but not within the putamen of the same
clinical entity [27]. In addition, Villemagne and colleagues did not detect any significant
regional PiB accumulation in Ap-positive CN and MCI subjects within 20 months, but
they observed significant Ap accumulation in the orbitofrontal and dorsolateral
prefrontal cortices of AB-positive CN subjects within 38 months [89]. Multiple factors
such as study duration, proportion of AB-positive subjects at baseline or reference region
may be related to the inconsistency of these findings. One probable important factor may
be that the study subjects may have been at different stages of the AP trajectory. As a
matter of fact, the trajectory of amyloid accumulation rate may have an inverse U-shape
across the whole period of accelerated Ap deposition [6, 43]. Moreover, a spatial pattern
of longitudinal AB accumulation may vary nonlinearly over the whole period. To be
more specific, some fast accumulating regions at an early stage may become slow
accumulating regions at the late stages, while others may become top FARs at a later
stage. These factors may be related to the design and analysis of anti-amyloid clinical
trials in AB-positive CN and MCI.

Considering the discrepancy of previous longitudinal studies above, it is plausible
to hypothesize that FARs that affected by Ap and subjects with high Ap accumulation
rate (fast-accumulators) in AB-positive CN and MCI subjects may vary in different stage
of CN and MCI. Ideal method to explore FARs and fast-accumulators is to collect a
complete data battery at multiple time points in many individuals over the entire course
of CN and MCI. However, the more than 20 years’ time span makes it extremely difficult
to collect such an idealized dataset. Previous results suggested that total amyloid burden
may be a valid solution for modeling AP trajectory for AD [27, 43, 90]. Therefore, I
subsequently adapted the pseudo-temporal analysis approach to model AAR of AP in
AD-typical regions with baseline total amyloid burden based on AB-positive CN and
MCI subjects collected from ADNI database in the second project. This established
trajectory was applied to explore the pseudo-temporal pattern of AAR in the pre-

dementia stage of AD in the context of clinical trials.

1.5.3. Spatial and temporal pattern of Af accumulation in autosomal dominant
Alzheimer’s disease
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Currently, several research being conducted through Dominantly Inherited
Alzheimer Network (DIAN) are studying families with ADAD. Those ADAD mutation
carriers (MCs) provide us the opportunity to investigate the preclinical stage of AD,
since their clinical fate is clear due to genetic mutation. Knowledge gained from ADAD
MCs may be translated to the asymptomatic, prodromal and clinical symptomatic SAD
[91]. A recently launched DIAN Trials Unit (DIAN-TU) aims at testing multiple drugs
for slowing or preventing the progression of ADAD [92]. Herewith, amyloid PET is
used as a surrogate biomarker to track target engagement [92]. However, optimal brain
regions to be targeted in longitudinal analyses of amyloid PiB PET have not yet been
established for ADAD. A lot of studies have demonstrated AB deposition in subcortical
regions in ADAD MCs, and the regional distribution of Ap plaques in ADAD may
different from that in SAD [93-96]. The difference of longitudinal amyloid accumulation
may be even larger. Thus, the set of AD-typical regions that has been established in
symptomatic SAD may not be necessarily optimal to track Ap accumulation over time
in presymptomatic ADAD. However, only few longitudinal studies have examined a
(mean cortical) AB accumulation in ADAD so far [97], while knowledge on a regional
pattern of AP accumulation over time is still missing. Such a pattern may provide a set
of regions that accumulate A significantly faster than the composite cortical region. As
a result, the trial duration and drug costs can be reduced. In addition, Bateman et al.
reported that AP deposition in MCs could be detected 15 years before estimated years
to symptom onset (EYO) [44], therefore, DIAN-TU has recruited those MCs with EYO >
-15 as the target of the anti-amyloid drug trial. However, it is still unclear whether the
cutoff EYO -15 can identify suitable target with significant highly amyloid accumulation
or amyloid deposition for anti-amyloid drug trial. Therefore, I investigated the regional
pattern of longitudinal AR accumulation in ADAD and suitability of EYO cutoff -15 of
identifying target for DIAN-TU in the end of the thesis.
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Il. Predicting spatial pattern of Ap accumulation by baseline amyloid

PET

The advancing of in-vivo amyloid imaging allows us to study AP deposition in the
living human brain. The spatial and temporal patterns of AP accumulation is relevant for
understanding AD and designing anti-amyloid trials. The aim of the first project is to
investigate whether it is possible to use baseline amyloid PET to predict the spatial
pattern of longitudinal Ap accumulation. This approach may be also useful in exploring
spatial patterns of A accumulation in other amyloid-associated disorders such as Lewy

body disease and atypical forms of AD.

2.1. Materials and Methods
2.1.1. Participants

The 8F-florbetapir PET data of patients with AD were collected from the ADNI
database (ida.loni.usc.edu). The ADNI study was approved by institutional review
boards of all participating centres, and written informed consent was obtained from all
participants or authorized representatives. All patients with incipient and mild dementia
due to AD with structural magnetic resonance imaging (MRI), baseline and 2 years’
follow up (FU) *8F-florbetapir PET scans available from ADNI database by August,
2015 were considered. Subjects with incipient AD were those diagnosed with late mild
cognitive impairment at the time of baseline florbetapir scan, but who converted to
dementia due to AD at FU. In addition, the present of AD pathology was confirmed by
including only individuals with an Ap-positive scan at baseline [17]. Inclusion of
clinically manifest patients with AD resulted in a homogenous data set in respect to both
clinical phenotype and underlying pathology. AB-positivity was determined according
to the SUVR in AD-typical regions with a threshold of >1.11 as described elsewhere
[28]. Particularly, SUVR in the AD-typical regions was calculated by averaging SUVR
across the frontal, anterior/posterior cingulate, lateral parietal, lateral temporal regions,
and dividing by the value in the whole cerebellum. Thus, out of 69 initially selected

patients, 59 were AB-positive. After exclusion of one significant outlier (Grubbs' test
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[98]; Graph-Pad Software, La Jolla, CA, USA), 58 patients remained for further analyses
(Fig. 2). The outlier was a subject with a 40% reduction in SUVR at FU as compared to
baseline PET. To explore potential influence of the apolipoprotein E (APOE) &4 gene

carrier [99], age and gender onto results, subgroup analyses were performed.

7/ 7-7.\.
t Dementia due to AD ‘
| . | - |
/" Incipient dementia /" Mild dementia
U n=33 _/"' C n=36 /
. | ) i | i
- | NP | |
|, AB-neg. Vo Ap-pos. \--‘ Ap-pos. \‘| |, AB-neg.
. n=4 . n=31  , . n=28 ' p=8
) T | i - |
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APOQEed-pos. | APOEe4-neg. || Age=z 71y Age<71y Male Female
n=47 n=11 n=37 n=21 n=29 n=29
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Fig.2.The process of collecting image data from ADNI. 45-pos and 45-neg denote AB-positivity
and Ap-negativity individually. The cutoff age between Age-N and Age-P was set as 71, by

referring to previous literature (Fleisher et al., 2013).

2.1.2. Image acquisition and analysis

Details on image acquisition are given elsewhere (http://adni-info.org). Briefly,
PET data were acquired at 50—70 min p.i. as 4>5 min frames. Images were realigned,
averaged, resliced to a common voxel size (1.5 mm?®), and smoothed to a common
resolution of 8 mm? in full width at half maximum.

The PMOD PNEURO tool (V. 3.5 PMOD Technologies, Zirich) was applied to
conduct the image analysis. First of all, PET images were rigidly co-registered to the
corresponding MRI to calculate a linear transformation (PET-2-MRI). Then, individual
MRI images were nonlinearly co-registered to the standard MRI template in the
Montreal Neurological Institute (MNI) space (MRI-2-MNI), while PET-2-MRI and
MRI-2-MNI transformations were used to transform PET images into the MNI space.
Individual T1-weighted MRI images were segmented into gray matter (GM), white
matter (WM) and cerebrospinal fluid [100] to generate a total of 83 volumes of interests

for each subject in the MNI space [101]. Out of 83 volumes of interests, 62 cortical
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regions with a volume above 1 cm?® (i.e. 2 x full width at half maximum) were included
in the final analyses.

A volumes of interest based partial volume correction (PVC) was performed in the
original PET space [102]. Regional SUVR was calculated as ratio of florbetapir uptake
in each region to that in WM [75]. SUVR in whole brain GM (whole-GM) was
calculated as a volume-weighted mean value of 62 GM regions, likewise intensity

normalized to WM.

2.1.3. Pseudo-temporal image analysis

Sixty two regional SUVR values from the baseline ®F-florbetapir PET were used
for the pseudo-temporal analysis. Specifically, subjects were ranked according to their
SUVR in whole-GM (SUVRgwm), resulting in an across-subject waveform for each
region [79]. For a given region r, the SUVRs for n subjects can be expressed as:

SUVR,(i),i=1..n (Eq.)

where SUVR,.(i) denotes the SUVR of the i™ subject for region .

Then, SUVR, may be organized by ranking corresponding individual SUVRgm from

minimal to maximal value, forming a pseudo-temporal waveform W,

W, () = [suvr) ., SUVRE) |j=1.n  (ea2)

SUVRgpm(Mmin)’ SUVRgpm(Mmax)

where W;(j) denotes the j™ element of W
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Fig. 3. Piecewise linear fit of pseudo-temporal waveforms for a fast (A: left superior frontal
gyrus) and slow (B: left insula) accumulating region. Reference line corresponds to SUVR in

whole brain gray matter with a slope value of 1.0.
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Assuming that there is a spatial spread of amyloid deposition with disease
progression, the pseudo-temporal accumulating rate can be extracted by determining
how fast amyloid deposits in a given region relative to whole-GM. To be more specific,
each region’s waveform was fitted using a piecewise linear fit. Each fit was modeled
with a restricted linear spline with 4 knots to allow the fitted line varying nonlinearly
with total amyloid burden. As shown in Fig. 3, examples of piecewise linear fit of a fast
and slow accumulating region are illustrated. Subsequently, a derivative function of the
fitted line was obtained for each region. Finally, a mean slope value (pseudo-temporal
accumulating rate) across 58 subjects was calculated for each region according to the

derivative function.

2.1.4. Regression analyses between baseline and follow-up measurements

The annual accumulation rate (AAR) of AP was calculated as following:
SUVRpy—SUVRgL

AAR = ruime (Eq.3)
where, SUVRgyis the SUVR of the FU PET data, SUVRg,, is baseline, and FU time
(years) is the time between two PET scans. The mean AAR across subjects was
calculated for each region.

A linear regression analysis was performed to predict the AAR (as dependent
variable) by slope values (as independent variable) across 62 regions. The same analysis
was performed in subgroups of subjects stratified according to age, gender and APOE
4 status. For the former, the age of 71 years was used as cut-off [103].

The linear regression analysis was performed using baseline SUVR and the ratio of
baseline SUVR to SUVRgwm as independent variables for a reference, respectively.

Additionally, the same analysis was conducted for 417 subjects (including 148 CN,
231 MCI, 38 AD), in order to explore how such a pseudo-temporal analysis approach

performs without considering amyloid status or the presence of AD pathology,

2.1.5. Fast and slow accumulating regions

To explore utility of these analyses in the context of clinical trials, FARs and slow
accumulating regions (SARs) were determined according to ranks of both longitudinal
(AARSs) and baseline (slope values) measurements. Top 10 FARs were combined into

18



one single composited FAR according to the Eq.4 and used as a putative target in clinical
trials. Then, AAR in this composited FAR was compared with that in AD-typical regions.
The set of AD-typical regions consisted of 18 regions, covering the frontal (8 regions),
parietal (3 regions including precuneal/posterior cingulate), temporal (6 regions) lobes

plus anterior cingulate region [104].

(SUVRregion(1) *VOlumeregion(l) +:+SUVRregion(k) *VOlumeregion(K)
et SUVRregion(N)*Volumeregion(N))

SUVRComposited:

(Eq.4)

(Volumeregion(l) +--+Volumeregion(k) +Volumeregion(n))

where SUVRegion(k) is the SUVR of K™ region, Volume,egion(k) is the volume of K™
region, and SUV R¢omposited 1S SUVR of composited FAR, AD-typical regions or whole-
GM.

2.1.6. Statistics

Normality of distribution was tested using the D'Agostino-Pearson test (Graph-Pad
Software, La Jolla, CA, USA) and visual inspection of variable histograms. Data were
presented as mean =SD. Mean AAR of the composited FAR across 58 subjects was
compared with those of whole-GM and AD-typical regions using a two-tailed paired-
sample t-test. Statistical significance was defined as p<0.05. Regression and statistical
analyses were performed using SPSS for Windows (version 22.0).

2.2. Results

2.2.1. Demographics

Demaographic data of patients at baseline are summarized in Table 1.

Table 1. Demographics of patients at baseline

Group N FU Age Gender  Education APOE e4- MMS ADAS

(years) (years) (f/m) (years) pos. (%) E -cog
Incipient 30 197+ 70.67x 16/14 16.33+ 73% 2487 19.77x
dementia 0.12 7.91 2.70 279 6.80
Mild 28 2.00+ 7525+ 13/15 14,96+ 89% 2157 3171+
dementia 0.10 7.37 2.83 .17 10.64
All 58 1.99+ 7288+ 29/29 15.67+ 81% 23.28 25,53+
patients 0.11 7.93 2.82 43.00 10.65

19



2.2.2. Regression analysis between baseline and follow-up measurements
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Fig. 4. Linear regression across 62 regions
As illustrated in Fig. 4, pseudo-temporal accumulating rates (slope values) could
predict AARs across 62 regions (R? =0.87, p<0.001) accurately following the function
as follow:
y = 0.047 x f — 0.010 (Eq.7)

where y indicates AAR, and B means slope value of each region.

The correlation between pseudo-temporal accumulating rate and AAR was still very
strong for incipient (n=30, R? =0.77, p<0.001) and mild (n=28, R?=0.58, p<0.001)
dementia due to AD, respectively. The regression remained highly significant after
stratification according to age, gender, and the APOE &4 status (p<0.001 for all, Table
2).

Table 2. Linear regression coefficient (Pearson) between pseudo-temporal and longitudinal

measurements in subgroups of patients

Sub-  APOE €4-pos. APOE €4-neg. Age>71ly Age<7ly Male Female

group
N 47 11 37 21 29 29
R? 0.82 0.32 0.72 0.58 0.79 0.70

APOE ¢4-pos. and APOE ¢4-neg. indicate APOE ¢4 status is positive and negative,

respectively.

For the reference, baseline SUVR and the ratio of baseline SUVR/SUVRem
predicted AARs across 62 regions with a similar accuracy (R? =0.53 and =0.49,
respectively, p<0.001 for both). As compared to baseline SUVR, pseudo-temporal
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accumulating rates explained an additional significant amount of variance (R?change =
0.35, p<0.001) in the linear regression analysis.

Without considering amyloid status or the presence of AD pathology, pseudo-
temporal accumulating rates still accurately (Fig.5) predicted AARs across 62 regions
(R2 =0.84, p<0.001) following the function:

y1 = 0.020 x 1 — 0.001 (Eq.8)

Where y1 indicates AAR of A, and B1 means slope value of each region.
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Fig. 5. Linear regression across 62 regions for 417 subjects.

2.2.3. Fast and slow accumulating regions

Left  Right

ﬁﬂ‘ ﬁi?4 H@%ﬂs

Fig. 6: Composited FAR (purple) and AD-typical regions (blue) as overlaid onto a standard T1

MRI template in the MNI space. Note that the composited FAR region fully overlaps with the
AD-typical regions.

Bilateral anterior cingulate, superior and middle frontal gyri, left superior parietal,

anterior orbital, posterior cingulate regions, and inferiolateral remainder of the parietal

lobe were found to be top 10 FARs (table 3). These 10 regions (Fig. 6) were combined
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into one composited FAR according to the equation 4. Bilateral hippocampus, caudate
nucleus, thalamus, amygdala, and parahippocampal gyrus appeared to be top 10 slow
accumulating regions (table 4). Notably, 10 regions with the highest AAR were the same
10 regions with the largest fitted line’ slope. The same was true for 10 regions with the

lowest AAR.

Table 3. Fast accumulating regions of Af-positive patient due to SAD

Regions Rank of Slope Rank of AAR Volume
slope AAR (mean4SD) (mmd)
Anterior cingulate gyrus_L 1 1.42 1 0.064640.0621 7747
Superior frontal gyrus_L 2 1.38 2 0.064440.0565 46866
Superior parietal gyrus_ L 3 1.32 8 0.054040.0505 38141
Anterior orbital gyrus_L 4 1.31 9 0.0508+.0636 5164
Superior frontal gyrus_ R 5 1.30 5 0.057140.0614 46158
Anterior cingulate gyrus_R 6 1.29 3 0.063840.0515 7441
Posterior cingulate gyrus L 7 1.28 7 0.0558+.0598 7159
Middle frontal gyrus_R 8 1.28 4 0.062140.0534 42929
Inferiolateral remainder of 9 1.28 10 0.047440.0479 37662
parietal lobe L
Middle frontal gyrus L 10 1.26 6 0.056640.0500 44690
Posterior superior temporal 1.26 22 0.039640.0633 12220
gyrus_L 11
Lateral remainder of 1.25 13 0.046240.0547 38030
occipital lobe L 12
Cuneus_L 13 1.25 33 0.034240.0560 9438
Superior parietal gyrus_R 14 1.24 11 0.046540.0492 37509
Anterior orbital gyrus_R 15 1.24 19 0.040740.0686 4807
Lateral remainder of 1.18 23 0.039040.0424 38789
occipital lobe_R 16
Lingual gyrus_L 17 1.15 34 0.034140.0529 12333
Postcentral gyrus_L 18 1.13 12 0.046540.0550 23201
Inferiolateral remainder of 1.13 18 0.041740.0450 38214
parietal lobe R 19
Inferior frontal gyrus_R 20 1.12 17 0.043940.0526 15294
Posterior superior temporal 1.08 16 0.044040.0665 12468
gyrus_R 21
Inferior frontal gyrus_L 22 1.08 14 0.045340.0597 14448
Postcentral gyrus_R 23 1.07 15 0.044840.0550 25731
Cuneus_R 24 1.03 36 0.029440.0548 9224
Posterior cingulate gyrus_R 25 1.01 30 0.037540.0487 7557
Posterior temporal lobe L 26 1.01 20 0.040740.0393 44469
Whole-GM 27 1 26 0.038640.0321 851002

Note: * L’ and ° R’ indicate left and right, respectively. Abbreviations: AAR = annual

accumulation rate; whole-GM = whole brain gray matter.

22



Table 4. Slow accumulating regions of Af-positive patient due to SAD

Regions Rank of slope Rank AAR Volume
slope of AAR (mean4SD) (mm?3)
Hippocampus_L 1 0 3 -0.0184+0.0400 1626
Thalamus_R 2 0.03 5 -0.000440.0383 5676
Thalamus_L 3 0.03 4 -0.001540.0352 5452
Caudate nucleus R 4 0.04 1 -0.025640.0515 3411
Hippocampus_R 5 0.05 7 0.002740.0454 1825
Caudate nucleus_L 6 0.07 2 -0.024440.0600 3456
Parahippocampal and ambient 7 0.13 8 0.005740.0510 3583
%yr;b;ala_R 0.20 0.002640.0500 1057
Amygdala_L 0.20 0.008240.0535 1120
Parahippocampal and ambient 10 0.28 10 0.0096+0.0566 3595
I%)(th[a_rlr_len_R 11 0.52 27 0.029240.0367 4063
Anterior superior temporal 12 0.53 15 0.015940.0541 4205
gyrus_R
Insula_R 13 0.55 23 0.022240.0335 12323
Insula_L 14 0.55 20 0.021630.0381 12275
Putamen_L 15 0.56 26 0.028740.0397 3957
Medial anterior temporal 16 0.58 11 0.011440.0461 4975
:;)c?siglr_ior orbital gyrus_R 17 0.61 22 0.022140.0452 4476
Lateral orbital gyrus_L 18 0.63 13 0.014140.0690 3328
Anterior superior temporal 19 0.66 12 0.013440.0558 4033
gyrus_L
Medial anterior temporal 20 0.71 14 0.015140.0458 5107
I R
If;)ti_ral anterior temporal lobe 21 0.75 18 0.020440.0766 2842
_Lgteral orbital gyrus_R 22 0.75 16 0.018140.0662 2967
Straight gyrus_L 23 0.75 25 0.026840.0630 3142
Fusiform gyrus_L 24 0.76 17 0.019940.050 3486
Fusiform gyrus_R 25 0.79 19 0.021040.0520 3479
Posterior orbital gyrus_L 26 0.80 21 0.021740.0530 4594
Straight gyrus_R 27 0.81 29 0.030040.0552 2856
Medial orbital gyrus_R 28 0.87 40 0.038940.0590 4962
Lateral anterior temporal lobe 29 0.88 24 0.025440.0716 2856
L
Precentral gyrus_R 30 0.88 37 0.038040.0452 27438
Medial orbital gyrus_L 31 0.93 39 0.038620.0594 4780
Middle and inferior temporal 32 0.93 36 0.037740.0418 13115
gyrus_L
Precentral gyrus_L 33 0.95 43 0.040140.0420 28237
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Middle and inferior temporal 34 0.97 33 0.035740.0401

gyrus_R

Lingual gyrus_R 35 0.98 32 0.035540.0481
Posterior temporal lobe_R 36 1 35 0.037640.0395
Whole-GM 37 1 38 0.038610.0321

13452

11970
43594
851002

Note: * L’ and ° R’ indicate left and right, respectively. Abbreviations: AAR = annual

accumulation rate; whole-GM = whole brain gray matter.

FARs and SARs were also determined according to ranks of both longitudinal

(AARs) and baseline (pseudo-temporal accumulating rate) measurements for 417

subjects without considering amyloid status or the presence of AD pathology. As shown
in Table 5, top 21 FARs were within the top 26 FARs in Table 3, although the ranks
were not exactly same. The difference may be due to the fact that regions may have
different AAR of AP in different stage of AD. Interestingly, top 10 SARs in Table 6
were also within the top 10 SARs in Table 4, implying that FARs may vary for different

group, but SARs tend to be those same regions.

Table 5. Fast accumulating regions for 417 CN, MCI and AD subjects

Regions Rank of Slope Rank of AAR Volume
slope AAR (mean4SD) (mmd)

Superior parietal gyrus_ R 1 1.49 10 0.024040.0510 37509
Superior parietal gyrus_L 2 1.48 6 0.028140.0524 38141
Superior frontal gyrus_L 3 1.46 4 0.030640.0561 46866
Superior frontal gyrus_R 4 1.43 5 0.030140.0556 46158
Posterior cingulate gyrus L 5 1.41 3 0.030840.0565 7159
Middle frontal gyrus_R 6 1.33 7 0.0270#.516 42929
Inferiolateral remainder of 7 1.31 14 0.022140.0490 37662
parietal lobe_L
Inferior frontal gyrus_L 8 1.30 11 0.023740.0499 14448
Middle frontal gyrus_L 9 1.29 9 0.024540.0516 44690
Inferiolateral remainder of 10 1.24 21 0.018740.0462 38214
parietal lobe_R
Anterior cingulate gyrus_R 11 1.24 2 0.031940.0559 7441
Inferior frontal gyrus_R 12 1.23 13 0.023340.0521 15294
Posterior cingulate gyrus R 13 1.22 15 0.021740.0486 7557
Anterior cingulate gyrus_L 14 1.20 1 0.033040.0595 7747
Anterior orbital gyrus_R 15 1.19 12 0.023440.0718 4807
Anterior orbital gyrus_L 16 1.18 8 0.026840.0669 5164
Posterior superior temporal 17 1.14 17 0.020040.0606 12468
gyrus_R
Posterior superior temporal 18 1.13 18 0.019540.0561 12220
gyrus_L
Posterior temporal lobe_R 19 1.04 32 0.015340.0373 43594
Posterior temporal lobe_L 20 1.02 20 0.019240.0368 4469

24



Lateral remainder of 21 1.02 28 0.017649.0517 38030
occipital lobe_L
Whole-GM 22 1 25 0.018240.0341 851002

Note: ‘L’ and * R’ indicate left and right, respectively. Abbreviations: AAR = annual

accumulation rate; whole-GM = whole brain gray matter.

Table 6. slow accumulating regions for 417 CN, MCI and AD subjects

Regions Rank of Slope Rank of AAR Volume
slope AAR (mean%SD) (mm?®)
Hippocampus_R 1 0 4 0.0011+.0418 1825
Hippocampus_L 2 0 3 -0.002040.0416 1626
Thalamus_L 3 0.04 5 0.001240.0408 5452
Thalamus_R 4 0.08 6 0.001840.0396 5676
Parahippocampal and 5 0.17 11 0.006240.0510 3583
ambient gyri_R
Caudate nucleus R 6 0.18 2 -0.004640.0461 3411
Caudate nucleus L 7 0.19 1 -0.008640.0472 3456
Parahippocampal and 8 0.20 7 0.003240.0490 3595
ambient gyri_L
Amygdala_L 9 0.22 9 0.003940.0530 1120
Amygdala_R 10 0.25 10 0.005540.0519 1057
Medial part of anterior 11 0.26 12 0.006530.0456 4975
temporal lobe L
Medial part of anterior 12 0.32 13 0.008340.0538 5107
temporal lobe_R
Anterior superior 13 0.57 16 0.010240.0486 4205
temporal gyrus_R
Putamen_L 14 0.58 30 0.014520.0398 3957
Anterior superior 15 0.59 8 0.003440.0508 4033
temporal gyrus_L
Insula_L 16 0.60 22 0.012140.0355 12275
Putamen_R 17 0.60 31 0.015040.0392 4063
Insula_R 18 0.63 20 0.011840.0352 12323
Fusiform gyrus_L 19 0.69 26 0.013620.0475 3486
Lateral part of anterior 20 0.69 21 0.012140.0701 2842
temporal lobe R
Straight gyrus_L 21 0.69 15 0.010040.0581 3142
Fusiform gyrus R 22 0.69 14 0.010040.0511 3479
Lingual gyrus_R 23 0.71 27 0.01374D.0475 11970
Lingual gyrus_L 24 0.73 38 0.017740.0479 12333
Posterior orbital 25 0.74 24 0.0124+46.0502 4476
gyrus_R
Straight gyrus_R 26 0.74 41 0.018440.0559 2856
Cuneus_R 27 0.75 37 0.017620.0590 9224
Cuneus_L 28 0.76 35 0.017140.0602 9438
Posterior orbital 29 0.76 23 0.012240.0550 4594
gyrus_L
Precentral gyrus_L 30 0.79 25 0.013040.0494 28237
Precentral gyrus_R 31 0.81 33 0.0153+).0529 27438
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Lateral anterior 32 0.82 18 0.011449.0630 2856
temporal lobe L

Lateral orbital gyrus_L 33 0.85 17 0.011440.0779 3328
Middle and inferior 34 0.90 34 0.015740.0415 13115
temporal gyrus_L
Medial orbital gyrus L 35 0.92 42 0.018440.0618 4780
Medial orbital gyrus R 36 0.95 48 0.021340.0615 4962
Lateral remainder of 37 0.95 19 0.011540.0495 38789
occipital lobe_R
Middle and inferior 38 0.97 28 0.013940.0424 13452
temporal gyrus_R
Postcentral gyrus R 39 0.98 40 0.0183+.0542 25731
Postcentral gyrus_L 40 0.98 45 0.019440.0538 23201
Lateral orbital gyrus R 41 0.98 29 0.014140.0754 2967
Whole-GM 42 1 39 0.018240.0341 851002

Note: ‘L’ and ‘ R’ indicate left and right, respectively. Abbreviations: AAR = annual

accumulation rate; whole-GM = whole brain gray matter.

2.2.4. Implications for anti-amyloid drug trials

Alb————— B
—Composited FAR )
1.51 — AD-Typical SRR N 0.144
14 Whole-GM - L 4@ 0.12-
1.3 c
2 0.10-
1.2 ®
= 0.08+
L1 1 g
? 1 | 3 0.06
0.9/ |18
: T:‘?, 0.04 1
08
S 0.02-
0.7 <
06 0.00-
' Composited FAR AD-Typical  Whole-GM

085" 06 07 08 09 1 11 12 13 14
SUVR in whole brain grey matter

The end of drug trial

C 13 - : I
—Composited FAR | |
—AD-Typical i ‘
Whole-GM I ‘
1.25- | 1 s
l
|

SUVR

0 5 10 15 20 25 30
Time(Months)

Fig. 7. (A) Pseudo-temporal analysis of three sets of regions. Note that the green line is a
reference fit with a slope value of 1.0. (B) Annual accumulation rates (Mean2SD) for composited
FAR, AD-typical regions and whole-GM. * p <0.001 in a two tailed paired t-test. (C) Three sets

of regions as putative targets in a hypothetical drug trial of 24 months.
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The mean slope of the composited FAR (1.3140.15) was higher than those of the
composited AD-typical regions (1.1540.12) and whole-GM (1.00) (Fig. 7A). The mean
AAR of the composited FAR (0.05740.045) was significantly higher than the mean
AARs of whole-GM (0.03940.032, p<0.001, paired-sample t-test) and AD-typical
regions (0.0460.038, p<0.001) respectively (Fig.7B). Assuming a roughly linear
relationship between AP and time in Ap-positive subjects [6, 43], SUVR of the
composited FAR increased 1.48 and 1.24 times faster than that of the whole-GM and
AD-typical regions, respectively (Fig. 7C). Thus, using the composited FAR as the
target region can reduce duration of a 2 years’ drug trial by approximately 32 and 19 %,
respectively. The sample size (n=246) per arm needed to detect 20% atteunation of
further SUVR increase AB-modifying treatment effect in clinical trial with 80% power
and two-tailed (a=0.05) using FAR as the target region could be reduced as compared
to the set of AD-typical regions (n=269) and whole-GM (n=266).
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I11. Rate of beta-amyloid accumulation varies with baseline amyloid

burden: implications for anti-amyloid drug trials

It has been suggested that therapeutic interventions should be conducted at an
earlier disease stages [83-86]. However, previous longitudinal PET studies of AP-
positive CN and MCI produced rather inconsistent results over the past several years.
As a result, 1 hypothesize that FARs that affected by AB and subjects with high AP
accumulation rate (fast-accumulators) may vary in different stage of Ap-positive CN
and MCI. These factors may be of relevance for design and analysis of anti-amyloid
clinical trials. Therefore, the aim of the second project is to investigate the spatial and
temporal pattern of Ap accumulation by adapting the pseudo-temporal analysis approach
to model AAR of AP with baseline total amyloid burden.

3.1. Materials and Methods
3.1.1. Participants

The 8F-florbetapir PET data of CN and MCI were also obtained from the ADNI
database. Considered were CN and MCI subjects with structural MRI and at least one
FU 8F-florbetapir PET scan were available, and only ApB-positive subject at baseline

were included. AB-positivity was defined the same asin 2.1.1.

3.1.2. Image data acquisition and analysis

Image analysis was performed using SPM8 (Welcome Department of Imaging
Neuroscience, London, UK). Specifically, PET images were rigidly co-registered to
concurrently acquired T1 MRI images to calculate a linear transformation (PET-2-MRI).
Individual MRI images were nonlinearly co-registered to the MNI space MRI template,
and those deformations were used to transform the co-registered PET images into the
MNI space. T1 MRI images were segmented into GM, WM and cerebrospinal fluid
[100]. Then, a region-based voxel-wise PVC of PET images was performed using the
PETPVC toolbox [105]. A total of 83 individual brain VOIs [101] were transferred to
individual PET space using the inverse of the above transformations. Sixty two regions
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with a volume above 1 cm® were included in the final analysis [104]. SUVR was
calculated as a ratio of regional SUV to SUV in WM that was recommended as reference
region for longitudinal *8F-florbetapir PET studies [29, 75, 76, 106, 107]. WM mask was
defined the same as in 2.1.2 and described elsewhere [75]. SUVRgm was calculated as
mean value of all 62 GM regions [104]. The set of AD-typical regions were defined the

same as in 2.1.5.

3.1.3. Spatial pattern of 45 accumulation

AAR of ®F-florbetapir was also calculated according to Eq.3 in 2.1.4. An average
AAR across all subjects was calculated for each region, the set of AD-typical regions as

well as for the whole-GM.

3.1.4. Trajectory of AS accumulation as a function of total amyloid burden

In order to explore the variability in regional AAR as a function of total amyloid
burden, an across-subject waveform for a given set of region was calculated [104].
Specifically, AAR in AD-typical regions from the baseline '8F-florbetapir PET were
modeled with a restricted cubic spline with 4 knots to allow AAR to vary nonlinearly
with baseline SUVRewm [43, 104].

As shown in Fig. 8, starting from low baseline SUVR, AAR increased until baseline
SUVRewm 0f 0.70. Afterwards, AAR decreased reaching a plateau at 0.95. Consequently,
three phases were defined: baseline SUVRgm < 0.70 as phase 1, 0.70 <SUVRem < 0.95
as phase 2, and > 0.95 as phase 3.

In phase 3, all regions including whole-GM were ranked according to their AARS.
The hierarchical clustering analysis (HCA) was applied to assess potential clustering of
regions based on minimum variance within clusters and relatively equal cluster sizes
[108]. The sequence of mergers in the dendrogram suggested a cluster solution for given
regions. As a result, regions within the first cluster were subsequently composed into a
single region according to Eq. 4. They are referred to as FARs thereafter. Random
sampling without replacement was applied using in-house Matlab codes (Matlab
R2014b, The Mathworks, Natick, USA) to evaluate consistency of the ranking of top 7

FARs in Table 13. Herewith, individuals were selected randomly not more than once to
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calculate an estimate of the error due to sampling [109]. Specifically, 75 subjects were

randomly selected from the original sample (n= 77) to create a new one.

3.1.5. Two-fold cross-validation

Two-fold cross-validation was conducted using in-house Matlab codes (Matlab
R2014b, The Mathworks, Natick, USA) to evaluate the robustness of the cutoffs for
different phases and fast/slow accumulators (more details were in 3.2.3), and

consistency of FARs in phase 3.

The cutoff of SUVRem between phase 1 and phase 2 was defined as the maximal
AAR point, and the cutoff between phase 2 and phase 3 was defined as the first
derivative function of the fitted plot reaching 0. The mean AAR of whole-GM was used
on the fitted plot to find out the corresponding cutoffs of SUVRgwm for fast accumulators
and slow accumulators. The Cohen's d [110] was calculated as a measure of effect size
of AAR between fast accumulators and slow accumulators. Absolute effect sizes of
approximately =+ 0.1 are considered small, approximately =+ 0.3 medium and

approximately +£0.5 large. Effect size d was calculated using

M, —M
d=—""2 (Eq.5)
Upooled

Where, 6pooled 1S Calculated[111] according to

Opooled = \/(012 + 022)/2 (Eq.6)
Where, M1, M2 and o1, o2 are mean value and standard deviation of either group.

Two-fold cross-validation was conducted to explore the cutoffs for different
phases, fast accumulators and slow accumulators. For each fold, the whole cohort was
randomly assigned to two equal sets datal and data2. AAR was modeled as a function
of baseline SUVRgwm, and cutoffs were defined for different phases, fast accumulators
and slow accumulators on datal, and then the effect size d2 was calculated for data2,
followed by modeling AAR as a function of baseline SUVRewm and defining cutoffs for
different phases, fast accumulators and slow accumulators on data2, then the effect size
d1 was calculated for datal. In the end, the model with the larger effect size was selected
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for each iteration. The distributions of effect size d were obtained after implementing

the two-fold cross-validation test 30000 times.

The effect size Cohen's d of AAR between the proposed set of FAR in phase 3 (more
details in 3.2.3) and AD-typical regions was calculated as 0.39. Two-fold cross-
validation was conducted to testify whether this effect size was statistically significant.
For each fold, subjects in phase 3 were randomly assigned to two sub sets data3 and
datad4. FARs were defined according to AARs in 62 regions of data3, and then the effect
size Cohen's d4 of AAR between FAR and AD-typical regions was calculated for data4,
followed by defining FAR according to data4, and then calculating the effect size
Cohen's d3 for data3. In the end, the FAR with larger d among d3 and d4 was selected
to validate the whole cohort. The distribution of effect size Cohen's d was obtained after

implementing the two-fold cross-validation test 30000 times.

3.1.6. Statistics

Normality of distributions was tested using the D'Agostino-Pearson test and visual
inspection of data histograms. Given a normal data distribution, a parametric (two-tailed)
t-test at the significance level of p<0.05 was applied. Data are presented as mean %SD.
Statistical analyses were performed using Graph-Pad Prism 6 for Windows (La Jolla,
CA, USA), if not otherwise noted. The number of subjects per arm to detect a treatment
effect in a hypothetical 24-month placebo-controlled anti-amyloid clinical trial with 80%

power was computed in G Power 3.1 [112].

3.2. Results

3.2.1. Demographics

Demographic data of each group are summarized in table 7. There was no

significant difference in AAR between subgroups.

Table 7. Demographic characteristics of CN and MCI
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Group N Age Gender Education @ APOE e4- MMSE CDR- ADAS-

(years) (fim) (years) pos. (%) SB 13
CN 83 76.77x  49/34 16.06+ 48.19% 28.86+ 0.19+ 1047+
5.72 2.89 1.33 0.48 4.93
Early MCI 82 7310+  30/52 15.90+ 167.07%  827.79%= 5134 S514.34+
7.27 2.84 1.81 .79 5.10
Late MCI 81 7256+  38/43 16.15+ 66.67%  £27.32+ 51.85 518.39+
7.51 2.80 1.92 .94 7.75
All 246 74.16x 117/129 16.04+ 60.57% 28.00+ 1.12+ 14.35+
7.10 2.84 1.81 1.02 6.84
SUVRbaseIine SUVRbaseIine AAR AAR
in AD-typical in whole gray in AD-typical in whole gray
regions matter regions matter
CN 0.8340.18 0.8140.17 0.03320.034 0.03249.033
Early MCI '0.90+0.20 '0.8740.18 0.02940.030 0.028+9.028
Late MCI 0.97+0.22 0.9340.21 0.03440.034 0.03240.032
All '0.90+0.21 0.8740.19 0.03240.032 0.03149.031

All significant differences refer to a comparison with CN: * p<0.001, two-sample t-test; ¥ p<0.05,
Fisher's exact test; $p<0.001, Mann-Whitney test (MMSE, CDR-SB and ADAS-13 were not
normally distributed).  p<0.05, two-sample t-test.

3.2.2. Spatial pattern of AAR

In CN group, only bilateral amygdala, thalamus and hippocampus, and right caudate
nucleus had no significant increase in SUVR from baseline to FU. As shown in Table 8,
thirty two had a higher AAR than whole-GM. Out of these 32 regions, bilateral anterior
orbital and medial orbital, left superior parietal and posterior cingulate, and right middle
frontal had significantly higher AAR than whole-GM (0.03240.033). Out of these 7
regions, bilateral medial orbital had significantly higher AAR than AD-Typical regions
(0.034490.034).

Table 8. Rank of annual accumulation rates in sub-regions, AD-typical regions and the whole

gray matter of CN group

Region Mean SD Volume(mm3)
Anterior orbital gyrus_R™* 0.044 0.072 4807
Anterior orbital gyrus_L™* 0.043 0.069 5164
Medial orbital gyrus_ L™ * 0.042 0.048 4780
Straight gyrus_L* 0.041 0.050 3142
Medial orbital gyrus_R™ T+ 0.040 0.043 4962
Lateral orbital gyrus_L* 0.039 0.078 3328
Superior parietal gyrus_L"* 0.038 0.037 38141
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Middle frontal gyrus_R* 0.038 0.045 42929

Middle frontal gyrus_L"* 0.037 0.039 44690

Inferiolateral remainder of parietal lobe_R* 0.036 0.038 38214

Lateral remainder of occipital lobe_R* 0.036 0.037 38789

Superior parietal gyrus_R* 0.035 0.038 37509

Lateral part of anterior temporal lobe _L* 0.035 0.043 2856

Inferior frontal gyrus_R* 0.034 0.041 15294

Postcentral gyrus_L* 0.034 0.034 23201

Cuneus_R? 0.034 0.037 9224

Precentral gyrus_L* 0.033 0.035 28237

Superior frontal gyrus_R* 0.033 0.038 46158

Lateral remainder of occipital lobe_L* 0.033 0.036 38030

Precentral gyrus_R? 0.032 0.038 27438

Posterior temporal lobe_R* 0.032 0.036 47598

0.030 0.055 4594

Posterior orbital gyrus_L*

Posterior orbital gyrus_R* 0.030 0.051 4476

Anterior part of superior temporal gyrus_L* 0.029 0.049 4033

Lingual gyrus_L? 0.026 0.041 12333

Insula_R* 0.025 0.053 12323

Anterior part of superior temporal gyrus_R* 0.025 0.048 4205

Fusiform gyrus_R* 0.024 0.048 3479

Insula_L* 0.022 0.064 12275

Medial part of anterior temporal lobe_R* 0.020 0.041 5107

w
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Parahippocampal and ambient gyri_L* 0.017 0.050 3595

Parahippocampal and ambient gyri_R* 0.017 0.046 3583
Amygdala_L 0.013 0.063 1120
Thalamus_L 0.011 0.074 5452
Amygdala_R 0.011 0.056 1057

Hippocampus_R 0.008 0.069 1825
Hippocampus_L 0.008 0.064 1626
Thalamus_R 0.008 0.075 5676
Caudate nucleus_R 0.007 0.070 3411

Regions within the set of AD-typical regions were highlighted as red. SD: Standard deviation.
‘L’ and ‘ R’ indicate the left and right hemisphere, respectively. "and T denote AAR was
significantly different from (p <0.05, two-tailed paired-sample t-test) that of whole gray matter
and AD-typical regions respectively. * denotes AAR was significant different from zero (two-

tailed one-sample t-test).

In MCI group, all the 62 regions had significant increase in SUVR from baseline
to FU. As shown in table 9, twenty six regions had a higher AAR than whole-GM. Out
of these 26 regions, bilateral anterior orbital, posterior cingulate and middle frontal, and
left medial orbital, lateral orbital, superior frontal, superior parietal, middle and inferior
temporal and inferior frontal had significantly higher AAR than whole-GM
(0.03040.030). Out of these 12 regions, left anterior orbital, medial orbital and right
posterior cingulate and bilateral middle frontal had significantly higher AAR than AD-
Typical regions (0.03240.032).

Table 9. . Rank of annual accumulation rates in sub-regions, AD-typical regions and the whole

gray matter of MCI group

Region Mean SD Volume(mma3)
Anterior orbital gyrus_L"* " 0.037 0.044 5164
Medial orbital gyrus L™ " 0.037 0.043 4780
Posterior part of cingulate gyrus_R™¥ 0.035 0.035 7557
Anterior orbital gyrus_R* 0.035 0.045 4807
Lateral orbital gyrus_L" 0.035 0.044 3328
Middle frontal gyrus_ L™ 0.034 0.037 44690
Superior frontal gyrus_L 0.034 0.040 46866
Middle frontal gyrus_ R"* 0.034 0.038 42929
Superior parietal gyrus_L" 0.034 0.035 38141
Posterior part of cingulate gyrus L" 0.034 0.035 7159
Middle and inferior temporal gyrus_L" 0.033 0.037 13115
Lateral orbital gyrus_R 0.033 0.045 2967
Inferior frontal gyrus L~ 0.033 0.038 14448
Medial orbital gyrus_R 0.033 0.042 4962
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Middle and inferior temporal gyrus_R 0.032 0.037 13452

Superior frontal gyrus_R 0.032 0.037 46158

Inferiolateral remainder of parietal lobe_L 0.032 0.034 37662

Postcentral gyrus_L 0.032 0.030 23201

Lateral part of anterior temporal lobe _R 0.031 0.042 2842

Postcentral gyrus_R 0.030 0.031 25731

0.029 0.031 28237

Precentral gyrus_L

Posterior part of superior temporal gyrus_L 0.029 0.037 12220

Anterior part of cingulate gyrus_R 0.029 0.039 7441

Lingual gyrus_L 0.029 0.033 12333

Posterior part of superior temporal gyrus_R 0.029 0.036 12468

Cuneus_R 0.028 0.033 9224

Posterior temporal lobe_R 0.027 0.030 47598

Putamen_L 0.027 0.033 3957

Anterior part of superior temporal gyrus_L 0.026 0.041 4033

Insula_L 0.025 0.034 12275

Insula_R 0.025 0.032 12323

Medial part of anterior temporal lobe_R 0.022 0.036 5107

Parahippocampal and ambient gyri_L 0.019 0.031 3595

Amygdala_R 0.017 0.037 1057

Thalamus_L 0.015 0.035 5452

Thalamus_R 0.013 0.035 5676
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Caudate nucleus R 0.013 0.041 3411
Hippocampus_L 0.012 0.030 1626
“ L’ and ‘ R’ indicate the left and right hemisphere, respectively. “and T denote AAR of the

region was significantly higher (p <0.05, two-tailed paired-sample t-test) than that of whole

gray matter and AD-Typical regions respectively.

In the whole cohort, all 62 regions showed a significant (p<0.05, one sample t-test)
AP accumulation over 2 years (table 10) and AARs were normally distributed. Bilateral
anterior orbital, medial orbital, middle frontal, superior parietal and posterior cingulate,
and left lateral orbital, superior frontal and inferiolateral remainder of parietal lobe, and
right middle and inferior temporal had significantly higher AARs than whole-GM
(0.03140.031). Out of these 14 regions, bilateral anterior orbital and middle frontal, and
left medial orbital, superior parietal and posterior cingulate had significantly higher
AARs than AD-typical regions (0.03340.032).

Table 10. Rank of annual accumulation rates in sub-regions, AD-typical regions and the whole
gray matter of the whole cohort

Region Mean SD Volume(mm?)
Anterior orbital gyrus_L*f 0.039 0.054 5164
Medial orbital gyrus_L"* 0.039 0.045 4780
Anterior orbital gyrus_R™f 0.038  0.055 4807
Lateral orbital gyrus_L”" 0.036  0.058 3328
Middle frontal gyrus_R™" 0.035 0.040 42929
Superior parietal gyrus_L"** 0.035 0.036 38141
Medial orbital gyrus_R" 0.035 0.042 4962
Middle frontal gyrus_L"** 0.035 0.038 44690
Posterior cingulate gyrus _L"f 0.035  0.037 7159
Superior frontal gyrus_L" 0.035 0.040 46866
Straight gyrus_L 0.035 0.047 3142
Posterior cingulate gyrus_R" 0.035 0.039 7557
Lateral orbital gyrus_R 0.034 0.051 2967
Lateral anterior temporal lobe L 0.033 0.042 2856
Middle and inferior temporal gyrus_R" 0.033 0.040 13452
Middle and inferior temporal gyrus_L 0.033 0.041 13115
Inferiolateral remainder of parietal lobe L~ 0.033 0.034 37662
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Superior parietal gyrus_R" 0.033 0.035 37509

Inferior frontal gyrus_R 0.033 0.039 15294

Postcentral gyrus_L 0.033 0.032 23201

Inferiolateral remainder of parietal lobe R 0.032 0.035 38214

Lateral remainder of occipital lobe_R 0.032 0.033 38789

Lateral remainder of occipital lobe_L 0.031 0.033 38030

Lateral anterior temporal lobe R 0.031 0.043 2842

Posterior superior temporal gyrus_R 0.030 0.037 12468

Posterior temporal lobe L' 0.030 0.035 48665

Posterior orbital gyrus_R 0.030 0.044 4476

Posterior temporal lobe_R™f 0.029 0.032 47598

Lingual gyrus_L* 0.028 0.036 12333

Anterior cingulate gyrus_R* 0.028 0.044 7441

Fusiform gyrus_L"*f 0.027  0.041 3486

Putamen_R™f 0.025 0.040 4063

Insula_R™* 0.025 0.040 12323

Anterior superior temporal gyrus_R"* 0.025 0.045 4205




Insula_L" 0.024 0.046 12275

Medial anterior temporal lobe R™f 0.021 0.038 5107
Parahippocampal and ambient gyri_R™* 0.018 0.037 3583
Parahippocampal and ambient gyri_L"" 0.018 0.039 3595

Caudate nucleus_L"f 0.017 0.041 3456
Amygdala_L"* 0.016 0.046 1120
Amygdala_R*' 0.015 0.044 1057
Thalamus_L*" 0.014 0.052 5452

Hippocampus_R™f 0.012 0.047 1825
Thalamus_R** 0.011  0.052 5676
Caudate nucleus_R"f 0.011 0.052 3411
Hippocampus L "' 0.010 0.044 1626

Regions within the set of AD-typical regions were highlighted as red. * L’ and * R’ indicate the
left and right hemisphere, respectively. “and * denote AAR of the region was significantly
different from (p <0.05, two-tailed paired-sample t-test) that of whole gray matter and AD-

typical regions respectively.

3.2.3. Trajectory of AP accumulation as a function of baseline amyloid deposition

Fig. 8 shows AAR in AD-typical regions as a function of baseline SUVRgwm.
According to the criteria in 2.2.4, three different phases were defined. Out of 246
subjects, 52, 117, and 77 subjects fall within the phases 1, 2, and 3, respectively. Subjects
with SUVRem between 0.56 and 0.92 had higher AARs in AD-typical regions than the
mean AAR of whole-GM (0.03140.031) (Fig. 8). They are further referred to as fast
accumulators (n=134); subjects with SUVR below 0.56 and above 0.92 are referred to
as slow accumulators (n=112). In fast accumulators, the mean AAR in AD-typical
regions (0.03840.033) was significantly higher (p=0.045, one-sample t-test) than the
mean AAR of the whole cohort (0.03340.032). In slow accumulators, AAR in AD-
typical regions (0.02620.030) was significantly lower (p=0.016). AAR in AD-typical
regions was 1.50 (p=0.002, two-sample t-test) times higher in fast accumulators than in

slow accumulators (Fig. 9A).
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Fig. 8. Annual accumulation rate (AAR) in AD-typical regions as a function of baseline (baseline)
SUVRewm. Horizontal red line is the mean AAR in whole gray matter of the whole cohort.
Horizontal black line is zero. From left to right, blue lines are cutoffs 0.70 and 0.95 for phase 1
and phase 2, and phase 2 and phase 3, respectively. A background red area indicates fast

accumulators with the cutoffs 0.56 and 0.92.
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Fig. 9. Annual accumulation rates (A) of fast accumulators and slow accumulators in AD-typical
regions; ™ p<0.01 in a two-tailed two-sample t-test (B) in fast accumulating regions (FAR) and

AD-typical regions in phase 3; /7 p<0.01 in a two-tailed paired-sample t-test.
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3.2.4. Spatial pattern of AAR at different phases

In phase 1, out of 31 regions with a higher AAR than whole-GM, right anterior
orbital, lateral orbital, straight, posterior orbital, middle frontal and superior frontal, and
bilateral medial orbital, inferior frontal and posterior cingulate, and left middle and
inferior temporal and inferiolateral remainder of parietal lobe had significantly higher
AARs than whole-GM (table 11). Among of these 14 regions, right anterior orbital,
medial orbital, lateral orbital and inferior frontal had significantly higher AARs than
AD-typical regions (0.03540.037).

Table 11. Rank of annual accumulation rates in sub-regions, AD-typical regions and the whole

gray matter of subjects in phase 1

Sub regions Mean SD Volume (mm?)
Anterior orbital gyrus_R™f 0.047 0.060 4807
Lateral orbital gyrus_L 0.045 0.067 3328
Medial orbital gyrus_R"f 0.044 0.041 4962
Anterior orbital gyrus_L 0.043 0.064 5164
Lateral orbital gyrus_R™* 0.040 0.043 2967
Medial orbital gyrus_L" 0.039 0.049 4780
Straight gyrus_R" 0.039 0.041 2856
Inferior frontal gyrus_R™" 0.038 0.038 15294
Posterior cingulate gyrus_R" 0.038 0.040 7557
Inferior frontal gyrus L~ 0.038 0.038 14448
Posterior orbital gyrus_R" 0.038 0.045 4476
Middle frontal gyrus_R” 0.038 0.041 42929
Anterior cingulate gyrus_R 0.038 0.039 7441
Posterior orbital gyrus_L 0.038 0.045 4594
Posterior cingulate gyrus L~ 0.037 0.040 7159
Middle and inferior temporal gyrus_L" 0.037 0.039 13115
Superior parietal gyrus_L 0.037 0.040 38141
Superior frontal gyrus_R" 0.036 0.037 46158
Anterior cingulate gyrus_L 0.036 0.041 7747
Lateral anterior temporal lobe L 0.036 0.042 2856
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Middle and inferior temporal gyrus_R 0.035 0.040 13452

Straight gyrus_L 0.035 0.044 3142

Posterior superior temporal gyrus_R 0.035 0.038 12468

Insula_R 0.034 0.037 12323

Posterior temporal lobe_R 0.033 0.036 47598

Posterior temporal lobe_L* 0.032 0.036 48665

Fusiform gyrus_R 0.031 0.039 3479

Postcentral gyrus_Rf 0.030 0.034 25731

Anterior superior temporal gyrus_L 0.030 0.039 4033

Fusiform gyrus_L* 0.030 0.040 3486

Lateral remainder of occipital lobe_L* 0.029 0.038 38030

Postcentral gyrus_L"* 0.029 0.036 23201

Precentral gyrus_L"* 0.028 0.036 28237

Medial anterior temporal lobe R™' 0.027 0.033 5107

Cuneus_R*f 0.027 0.036 9224

Lingual gyrus_R™' 0.025 0.033 11970
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Parahippocampal and ambient gyri_L"" 0.022 0.034 3595

Thalamus_R™** 0.021 0.037 5676
Thalamus_L"f 0.021 0.038 5452
Parahippocampal and ambient gyri_R™" 0.021 0.032 3583
Amygdala_R"* 0.021  0.034 1057
Hippocampus_R™f 0.021 0.031 1825

Caudate nucleus_L** 0.019 0.037 3456
Amygdala_L"* 0.018 0.035 1120
Hippocampus_L** 0.018 0.031 1626

Regions within the set of AD-typical regions were highlighted as red. SD: Standard deviation.
‘L’ and ‘ R’ indicate the left and right hemisphere, respectively. "and T denote AAR was
significantly different from (p <0.05, two-tailed paired-sample t-test) that of whole gray matter

and AD-typical regions respectively.

In phase 2, out of 28 regions with a higher AAR than whole-GM, bilateral anterior
orbital, medial orbital, posterior cingulate, lateral orbital, middle frontal and middle and
inferior temporal, and left superior parietal, superior frontal, posterior superior temporal
and inferiolateral remainder of parietal lobe had significantly higher AARs than whole-
GM (table 12). Among of these 16 regions, bilateral anterior orbital and posterior
cingulate, and left medial orbital had significantly higher AARs than AD-typical regions
(0.036490.033).

Table 12. Rank of annual accumulation rates in sub-regions, AD-typical regions and the whole

gray matter of subjects in phase 2

Region Mean SD Volume(mm3)
Anterior orbital gyrus_L™*f 0.045 0.051 5164
Medial orbital gyrus_L"* 0.045 0.046 4780
Anterior orbital gyrus_R™f 0.044 0.052 4807
Medial orbital gyrus_R" 0.041 0.044 4962
Posterior cingulate gyrus_R™f 0.040 0.034 7557
Straight gyrus_L 0.040 0.050 3142
Lateral orbital gyrus_R” 0.040 0.045 2967
Lateral orbital gyrus_L”" 0.040 0.045 3328
Posterior cingulate gyrus _L*f 0.039 0.036 7159
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Superior parietal gyrus_L" 0.039 0.036 38141

Superior frontal gyrus_L" 0.038 0.041 46866

Middle and inferior temporal gyrus_R" 0.038 0.039 13452

Middle and inferior temporal gyrus_L" 0.038 0.038 13115

Superior parietal gyrus_R 0.037 0.035 37509

Inferior frontal gyrus_L 0.036 0.039 14448

Posterior superior temporal gyrus R 0.036 0.036 12468

Postcentral gyrus L 0.036 0.031 23201

Posterior temporal lobe_L 0.035 0.032 48665

Lateral anterior temporal lobe L 0.035 0.044 2856

Lateral remainder of occipital lobe_R 0.034 0.033 38789

Precentral gyrus_L* 0.033 0.032 28237

Postcentral gyrus_Rf 0.033 0.032 25731

Posterior temporal lobe_Rf 0.032 0.032 47598

Lateral anterior temporal lobe R 0.032 0.043 2842

Anterior superior temporal gyrus_R 0.032 0.043 4205

Lingual gyrus_R" 0.031 0.033 11970
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Insula_L"* 0.030 0.036 12275

Insula_R™" 0.030 0.034 12323

Putamen_L* 0.030 0.037 3957

Lingual gyrus_L** 0.030 0.032 12333
Putamen_Rf 0.030 0.036 4063

Fusiform gyrus_R™" 0.029 0.038 3479

Fusiform gyrus_L*" 0.028 0.037 3486
Cuneus_L"f 0.028 0.033 9438

Medial anterior temporal lobe_L** 0.027 0.041 4975
Medial anterior temporal lobe R™' 0.024 0.039 5107
Parahippocampal and ambient gyri_R™* 0.022 0.033 3583
Caudate nucleus_L™* 0.021 0.043 3456
Amygdala_L"* 0.020 0.039 1120
Parahippocampal and ambient gyri_L"" 0.020 0.034 3595
Amygdala_R™" 0.018 0.040 1057
Hippocampus_R™f 0.017 0.033 1825

Caudate nucleus_R"f 0.017 0.039 3411
Thalamus_L"** 0.016 0.039 5452
Hippocampus_L** 0.015 0.032 1626
Thalamus_R™* 0.014 0.043 5676

Regions within the set of AD-typical regions were highlighted as red. SD: Standard deviation.
‘L’ and ‘ R’ indicate the left and right hemisphere, respectively. “and T denote AAR was
significantly different from (p <0.05, two-tailed paired-sample t-test) that of whole gray matter

and AD-typical regions respectively.

In the phases 1 and 2, all regions with AAR above that of the AD-typical region set
(n=36) were part of the latter set (phase 1: n=25, phase 2: n=20). Specifically, anterior,
medial, and lateral orbital, posterior cingulate, superior parietal, middle, superior,
inferior frontal and middle, inferior temporal regions showed the fastest AARs both in
the phase 1 (table 11) and 2 (table 12). Thus, the set of AD-typical regions adequately
captured the most active Ap accumulating regions in these two phases.

In the phase 3, 9 regions showed no significant increase in SUVR (table 13).
However, among 25 regions with a higher AAR than the AD-typical region, 10 were not
part of that set. Moreover, among the top 10 fastest Ap accumulating regions only 4

were part of the AD-typical region set. In contrast to the phases 1 and 2, bilateral lateral
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remainder of occipital lobe, postcentral, precentral, cuneus, and lingual gyrus showed a
higher AAR than the set of AD-typical regions. The HCA analysis revealed that the left
middle frontal, superior frontal, postcentral, lateral anterior temporal lobe, bilateral
lateral remainder of occipital lobe, and the right cuneus were within the same cluster as
the top fast Ap accumulating regions. The random sampling test proved that 93.40% fell
into the same top 7 regions within 5852 trials, although they did not have completely the
same ranks across 5852 trials. Thus, these 7 regions (Fig. 10) were composed into a set

of the phase 3° FARs. The pseudo-temporal analysis for this composited FARSs revealed

an additional acceleration in the phase 3 (Fig. 11).

Fig. 10. Seven fast accumulating regions (FARS) in phase 3 (purple plus blue) and AD-typical
regions (red) are overlaid on a standard MRI template in MNI space. Purple and blue denote

that FAR is within (3 regions) and outside (4 regions) the set of AD-typical regions, respectively.
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Fig. 11. Annual accumulation rates (AAR) in composited fast accumulating regions (FARS) of

phase 3 as a function of baseline (baseline) SUVRgw.
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Table 13. Rank of annual accumulation rates in sub-regions, AD-typical regions and the

whole gray matter in phase 3

Region Mean SD  Volume(mm?)

Superior frontal gyrus_L* 0.031 0.039 46866

Lateral remainder of occipital lobe L ** 0.031  0.030 38030

Lateral anterior temporal lobe _L* 0.030 0.038 2856

Middle frontal gyrus_R* 0.029  0.040 42929

Precentral gyrus_L"™* 0.029  0.030 28237

Lateral anterior temporal lobe _R? 0.028 0.041 2842

Precentral gyrus_R* 0.028  0.035 27438

Inferiolateral remainder of parietal lobe_R* 0.027 0.034 38214

Lingual gyrus_L* 0.027 0.042 12333

Anterior orbital gyrus_L* 0.027 0.047 5164

Superior parietal gyrus_R* 0.026 0.032 37509

Inferiolateral remainder of parietal lobe_L* 0.025 0.029 37662

Middle and inferior temporal gyrus_L* 0.024 0.045 13115

Posterior cingulate gyrus_R* 0.024 0.044 7557

Inferior frontal gyrus_L* 0.024 0.040 14448

Posterior orbital gyrus_L* 0.023 0.052 4594
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Fusiform gyrus_L*
Lateral orbital gyrus_R*
Medial orbital gyrus_R¥

Posterior temporal lobe_L*
Posterior temporal lobe R ™+
Medial anterior temporal lobe_L*

Fusiform gyrus_R?

Posterior superior temporal gyrus_R™*
Anterior superior temporal gyrus_L*
Straight gyrus_R™
Posterior orbital gyrus_R*
Posterior superior temporal gyrus_L*
Putamen_R™"*
Putamen_L "™
Anterior cingulate gyrus R™™*
Medial anterior temporal lobe R™"*
Parahippocampal and ambient gyri_L*"#
Parahippocampal and ambient gyri_R™"*
Insula_R™*

Anterior superior temporal gyrus_R""*
Insula_L™*

Caudate nucleus_L*%*
Amygdala_L**
Thalamus_L""
Amygdala_R"*
Thalamus_R™**
Hippocampus_L**
Hippocampus_R™f
Caudate nucleus_R"f

0.022
0.022
0.022
0.021
0.021
0.021
0.020
0.019
0.018
0.017
0.017
0.017
0.015
0.015
0.014
0.013
0.012
0.011
0.011
0.010
0.010
0.009
0.008
0.007
0.005
-0.000
-0.001
-0.002
-0.007

0.046
0.061
0.039
0.037
0.030
0.034
0.053
0.037
0.048
0.041
0.048
0.048
0.048
0.050
0.052
0.039
0.047
0.046
0.047
0.049
0.059
0.041
0.059
0.072
0.054
0.069
0.063
0.068
0.072

3486
2967
4962
48665
47598
4975
3479
12468
4033
2856
4476
12220
4063
3957
7441
5107
3595
3583
12323
4205
12275
3456
1120
5452
1057
5676
1626
1825
3411

one-sample t-test).

AAR in FARs (0.031 %0.026) was 1.23 (Fig. 9B) and 1.27 times higher than that
in AD-typical regions (0.02540.026, p=0.001) and whole-GM (0.02440.026, p=0.001),
respectively. AAR in AD-typical regions was not significantly higher than AAR in
whole-GM (p=0.209). The mean baseline SUVR in FARs (1.0740.15) was lower
(p<0.001, two-tailed paired-sample t-test) than that in AD-typical regions (1.1240.13).
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Regions within the set of AD-typical regions were highlighted as red. SD: Standard deviation.
‘L’ and ‘ R’ indicate the left and right hemisphere, respectively. “and T denote AAR was
significantly different from (p <0.05, two-tailed paired-sample t-test) that of Whole-GM and

AD-typical regions respectively.  denotes AAR was significant different from zero (two-tailed



3.2.5. Two-fold cross-validation

The mean effect size d of the 30000 iterations was 0.3530.12, implying that using
the mean AAR of whole-GM to classify fast accumulators and slow accumulators was
statistically robust. Mean cutoffs of SUVRewm for phase 1 and phase 2, phase 2 and
phase3 were 0.7040.05 and 0.9540.07 for 30000 iterations, respectively. Moreover,
mean cutoffs of SUVRewm for fast accumulators and slow accumulators were 0.5640.04
and 0.9240.05 for 30000 iterations, respectively. The effect size between fast
accumulator and slow accumulator using the cut-offs of 0.56 and 0.92 was 0.40 (Fig.
12).

6000

N
o
o
o

of validations

, 2000

NO

0

0 01 02 03 04 05 06 07 08

effect size(d)

Fig. 12. Two-fold cross-validation test for the selection of mean AAR of whole-GM to
define fast accumulators and slow accumulators, the effect size 0.40 between fast
accumulator and slow accumulator using the cut-offs of 0.56 and 0.92 was illustrated

as red line.

The effect size of 0.39 between AAR in FARs and AD-typical regions was not
significantly lower (p=0.299) than the mean value of 30000 iterations in a two-fold

cross-validation test (Fig. 13).
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Fig. 13. Two-fold cross-validation test for effect size (Cohen's d) in AAR between FAR and AD-
typical regions in phase 3. The effect size Cohen's d of AAR between the proposed set of FAR

and AD-typical regions was illustrated as red line.

3.2.6. Implications for hypothetical anti-amyloid drug trials at pre-dementia stage of
sporadic Alzheimer’s disease

Two mechanisms of actions of an anti-amyloid drug were considered: 1) the drug
attenuates a (further) AB accumulation, and 2) the drug reduces baseline AB burden.
Assuming a linear relationship between AP accumulation and time [6, 53], inclusion of
fast accumulators instead of the whole (unselected) cohort would reduce the sample size
to treat by around 24 % in the first scenario (table 14). In the second scenario, inclusion
of fast accumulators would reduce the sample size to treat by 61 to 70% (table 14). As
compared to AD-typical regions, utilization of FARs as target region in subjects with
SUVRgm > 0.95 (phase 3) would reduce the sample size to treat by 36 % in the first
scenario (table 14). In the second scenario, the sample size would be marginally larger.

Assuming that an anti-amyloid drug attenuates a further SUVR increase by 20%
within 24 months, inclusion of fast accumulators only would shorten the trial duration
by 3.7 and 10.2 months, as compared to the whole cohort and slow accumulators,
respectively (Fig. 14A). Assuming that an anti-amyloid drug reduces baseline SUVR in
the treated group by 20% within 24 months, inclusion of fast accumulators only would
shorten the trial duration by 4.0 and 9.4 months, respectively (Fig. 14C). As compared
to AD-typical regions, utilization of FARs as target region in subjects with
SUVRewm >0.95 (phase 3) would shorten the trial duration by 4.5 (Fig. 14B) and 2.2 (Fig.

14D) months for the attenuation and reduction scenarios, respectively.
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Table 14. Number of subjects per arm needed to detect Af-modifying treatment effect in clinical
trial with 80% power and two-tailed (2=0.05) in the whole cohort, fast accumulators, slow

accumulators and the phase 3.

whole fast slow phase 3
cohort accumulators accumulators
AD-typical AD-typical AD-typical AD-typical FAR

20% attenuation 391 296 552 433 279
in further SUVR
50% attenuation 64 49 90 70 46
in further SUVR
10% decrease in 30 9 37 12 14
SUVR from
baseline
20% decrease in 13 5 14 5 6
SUVR from
baseline

Furthermore, it was examined how differences in baseline SUVRgm between
hypothetical treated and placebo groups can impact a clinical trial. Assuming that a drug
attenuates A accumulation by 20 % in the end of trial, it would observe 20% attenuation
in the end (Fig. 15B) if treated and placebo groups were matched at BL SUVRewm (Fig.
15 A). Figures 15 and 16 (C-F) depict how imbalances in BL SUVRewm between treated
and placebo groups can impact PET-based endpoints of a hypothetical clinical trial.
Considering an extreme case, where an average baseline SUVRgm of a treated and
placebo correspond to the maximal difference in AAR over the trajectory (Fig. 8), i.e.
the values of 0.95 and 0.70 or vice versa (Fig. 15). As shown in Fig. 15C, a false 31%
((0.0294-0.0426)/0.0426) attenuation (Fig. 15C) would be detected even without drug.
With drug, one would observe a 125 % ((-45%-(-20%)) / (-20%)) overestimation of
treatment effect (observed treatment effect= (0.0294*0.8-0.0426)/0.0426= -
0.0191/0.0426 = -45%) in the end (Fig. 15D). Conversely, a false 45% ((0.0426-
0.0294)/0.0294) enhancement (Fig. 15E) would be detected even without drug. With
drug, one would observe a 180 % ((16%-(-20%)) / (-20%)) underestimation of treatment
effect (observed treatment effect = (0.0426*0.8-0.0294) /0.0294 = 0.0047/0.0294 = 16%)
in the end (Fig. 15F). Assuming that a drug attenuates Ap accumulation by 20 %, one
would observe an overestimation of 125 % in the former case (Fig. 15D). In the latter
case, an underestimation of 180 % would appear (Fig. 15F).
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Fig. 14. Simulation of trial duration using fast accumulators (blue line) and slow accumulators
(red line) to detect the same 4S-modifying treatment effect (20%) as using whole cohort (green
line) within 24 months on (A) attenuating further SUVR increase and (C) reducing baseline
SUVR in AD-typical regions as compared to placebo group. Simulation of trial duration using
fast accumulating regions (FARs) (blue line) to detect the same Af-modifying treatment effect
(20%) as AD-typical regions (green line) within 24 months on (B) attenuating further SUVR

increase and (D) reducing baseline SUVR as compared to placebo group in phase 3.
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Fig. 15. Simulation of a drug trial based on the mean annual accumulation rate (AAR) of the
whole cohort (A) and a true drug effect of 20% attenuation of a further SUVR increase in AD-

typical regions within 24 months (B).

In reality, the difference in baseline SUVRgm between two groups, which are
translated into a distinct natural AAR will be lower. Still, simulations with a difference
in baseline SUVRewm of just 0.10 produce a significant bias. Simulations with baseline
SUVRgm of 0.60 vs. 0.70 and 0.80 vs. 0.90 are presented in figures 16 and 17,

52



respectively. In the latter case, an overestimation of 75 % and underestimation of 90 %

is evident.
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Fig. 16. Simulation of drug trial using mean annual accumulation rates (AARSs) of whole cohort
(A), and two example AARs corresponding to baseline SUVR 0.60 and 0.70 to detect 20%
attenuation of further SUVR increase in treated group within 24 months. Green and blue line

denote treated and placebo groups respectively. Note: “underestimation” and “overestimation’

denote the drug is underestimated and overestimated respectively. Baseline SUVRem=0.60 and
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0.70 denote the placebo group having an AAR corresponding to baseline SUVRgm 0.60 and 0.70

respectively.
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Fig. 17. Simulation of drug trial using mean annual accumulation rates (AARS) of whole cohort
(A), and two example AARs corresponding to baseline SUVR 0.80 and 0.90 to detect 20%
attenuation of further SUVR increase in treated group within 24 months. Baseline SUVRgu=0.80
and 0.90 denote the placebo group having an AAR corresponding to baseline SUVRem 0.80 and
0.90 respectively.
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As shown in Fig. 18, the bias also appears if average AARs of two groups

correspond to different phases.
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Fig. 18. Simulation of drug trial using mean annual accumulation rates (AARs) of whole cohort
(A), and two example AARs corresponding to baseline SUVR 0.60 and 0.80 to detect 20%
attenuation of further SUVR increase in treated group within 24 months. Baseline SUVRem=0.60
and 0.80 denote the placebo group having an AAR corresponding to baseline SUVRem 0.60 and
0.80 respectively.
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IV. Spatial and temporal pattern of Ap accumulation in autosomal

dominant Alzheimer’s disease

So far, optimal brain regions to be targeted in clinical trials have not been
established in ADAD. Such a pattern is useful for design of anti-amyloid drug trials for
ADAD. Indeed, DIAN-TU project has included amyloid PET as the secondary outcome
measures. The aim of the third project is to explore the spatial pattern of Ap

accumulation in MC in the context of clinical anti-amyloid drug trial.

4.1. Materials and Methods

4.1.1. Participants

The PiB PET data were obtained from DIAN database [113]. The DIAN includes
individuals from families with known autosomal dominant mutation in APP [11],
PSEN1 [12], or PSEN2 [13]. Considered for the present study were individuals, for
whom structural MRI and at least one FU PiB PET scan were available. The current
study was based on the eleventh semiannual data cutoff with a total of 151 participants,
who had usable PiB scans for at least two visits on the same scanner. Out of them, 1 MC
and 1 non-mutation carrier (NC) were detected as significant outlier in respect to AAR
(22.3% increase in SUVR from baseline) and baseline SUVR respectively. For those
with more than two PiB scans among the final 149 participants, the first two usable visits
with an interval as close as to 2 years as possible (median: 2.26, mean: 2.3340.90) were
included. Among 149 participants, 97 were MCs (APP=19, PSEN1=72, PSEN2=6) and
52 were NCs. Following recommendations of the DIAN, AB-positivity was defined as
SUVR in a composite cortical region (PVC, cerebellum as reference region) [114]
of >1.42 downloaded from DIAN database.

4.1.2. PET data acquisition and analysis
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Details on image acquisition and preprocessing can be found in [93]. Image
analysis was performed using SPM8 (Welcome Department of Imaging Neuroscience,
London, UK). The regional analysis was identical to 3.2.2. The set of AD-typical regions
was defined as described in 2.1.5. SUVR was calculated as a ratio of regional SUV to
SUV in brainstem, which was recommended as reference region for PiB PET data by
the DIAN [97]. Corresponding cutoff SUVR referring to brainstem after PVC was
identified as 0.81 by performing HCA on AB-positive MC and AB- NC defined by the
cutoff SUVR 1.42 referring to cerebellum cortex provided by DIAN database.

4.1.3. Spatial pattern of A accumulation

AAR of PiB was calculated according to Eq.3 in 2.2.4. An average baseline SUVR
and AAR across all subjects were calculated for each region, the set of AD-typical
regions as well as for the whole-GM. Mean baseline SUVR and AAR were ranked in a

descending order across 62 regions.

4.1.4 Estimated Years to Symptom Onset

Estimated Years to Symptom Onset (EYO) is defined as the estimated time of
individual becoming symptomatic in ADAD. The EYO was calculated as follows: 1) the
visit age minus the mean mutation age of symptom onset (EYO=Visit age - Mean
mutation age of symptom onset) if the individual’s mutation was known and the mean
mutation age of symptom onset for this individual’s mutation was available in the master
genetic database. 2) If any given individual’s mutation was not available in the master
genetic database (e.g. the mutation has not been previously reported or other member
age of onset not available), then at any visit, EYO equals to the visit age minus the
parental age of symptom onset (EYO=Visit age — parental age of symptom onset).

4.1.5. Fast accumulating regions of 45-negative asymptomatic mutation carriers

AB-negative asymptomatic MC with EYO >= -15 were included in DIAN-TU trial
because it has been reported that significant difference in SUVR between MC and NC
appears since EYO -15 [44]. Those AP-negative asymptomatic MC don’t have

substantial amyloid deposition yet, so it may be more suitable to attenuate further SUVR
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increase on them. Consequently, spatial pattern of AAR in those individuals are of
interest for DIAN-TU trial. Top FARs were investigated if there were any regions having
higher AAR than AD-typical regions. To be more specific, all regions including whole-
GM were ranked according to their AARs. A HCA analysis was applied to assess
potential clustering of regions based on minimum variance within clusters and relatively
equal cluster sizes [108]. The sequence of mergers in the dendrogram suggested a cluster
solution for regions with AAR above AAR of whole-GM. As a result, regions within the
first cluster were subsequently composed into a single region according to equation (4).

They are referred to as FARs thereafter.

4.1.6. Statistics

Normality of distributions was tested using the D'Agostino-Pearson test and visual
inspection of data histograms. Given a normal data distribution, a parametric (two-tailed)
t-test at the significance level of p<0.05 was applied, if not otherwise notified. Spearman
correlation test was used to check the association between SUVR/AAR and CDR-SB,
MMSE, cognitive-composite score. The cognitive-composite represents the average of
the z scores from tests including episodic memory, complex attention and processing
speed and a general cognitive screen (MMSE) [92]. Data are presented as mean £SD.
Statistical analyses were performed using Graph-Pad Prism 6 for Windows (La Jolla,
CA, USA). The number of subjects per arm to detect a treatment effect in a hypothetical
24-month placebo-controlled anti-amyloid clinical trial with 80% power was computed
in G Power 3.1 [112].

4.2. Results

4.2.1. Demographics

Table 15. Demographic data of each group of ADAD at baseline

FU Age EYO APOEe MMSE CDR-SB Cog-composite

MC 216+ 74120+ 469+ 29.89% 72698+ f1.34+
(n=97) 092 1002 9.57 4.71 2.59

Tt
-0.77+1.06
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AB-positive MC ~ 1.87+ "43.52+ %101+ $3538% 26.02+ 1,93+ “_1_17ﬂ.01
(n=65) 0.73 9.63 7.02 544 2.97
AB-positive 230+ 3931+ 597+ #516% 28.97+ OdOfs-_l- TT—O. 4240 58
asymptomatic 0.72 7.99 6.80 0.95 ‘
MC (n=31)
ApB-positive 148+ "47.37x 1352+ 26.47% 72332+  13.65+ W*-l.8510.83
symptomatic 0.51 9.47 3.03 6.39 3.28
MC (n=34)
TAB-negative 2.82+ 36.22+ -13.29+ 13.79%  28.86% 0 0.0649.60
asymptomatic 0.92 9.35 9.57 141
MC (n=29)
“AB-negative  2.66+ 39.16+ -9.26+ 24.00%  29.08%+ 0 0.1640.57
asymptomatic 0.77 10.12 9.65 1.21
NC (n=50)

* denotes significantly different from AB-negative and AB-positive asymptomatic MC, p<0.05,
two-sample t-test.

7 denotes significantly different from AB-negative and Ap-positive asymptomatic MC, p<0.05,
Mann Whitney test.

* denotes significantly different from 4p-negative asymptomatic MC, p<0.05, Mann Whitney test.
Sdenotes significantly different from 44-negative asymptomatic MC, p<0.05, Fisher's exact test.
Tdenotes three Ap-negative symptomatic MC were excluded from 32 AB-negative MCs.

** denotes two symptomatic NC were excluded from 52 NCs.

7 denotes significantly different from ApB-negative asymptomatic MC and NC, p<0.01, two-
sample t-test.

* denotes significantly different from Ap-positive asymptomatic MC, p<0.0001, two-sample t-
test.

FU: follow up duration; Cog-composite: The DIAN-TU cognitive composite.

Table 15 shows the demographics of ADAD subjects at baseline. As expected, AB-
positive symptomatic MC had significantly higher age and EYO than Ap-
positive/negative asymptomatic MC/NC. Ap-negative asymptomatic MC had
significantly lower percentage of APOE ¢4 than AB-positive asymptomatic MC. AB-
positive symptomatic MC showed significantly stronger cognitive decline as measured
with MMSE, CDR-SB and cog-composite, than asymptomatic MC. Interestingly, AB-
positive asymptomatic MC had significantly lower cog-composite score than Af-
negative asymptomatic MC/NC, but had no significant difference in MMSE and CDR-
SB.

Baseline SUVR was significantly correlated with EYO (R = 0.61, p<0.0001), Age
(R =0.39, p=0.0001), CDR-SB (R = 0.52, p<0.0001), MMSE (R=-0.32, p=0.0016) and
cognitive-composite (R=-0.58, p<0.0001), while AAR was only significantly correlated
to baseline SUVR (R=0.37, p=0.0002) in MC group. There was no correlation between
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any parameter in AB-negative MC. In AB-positive MC, baseline SUVR had correlation

with EYO (R =0.38, p=0.0017), age (R =0.31, p=0.0112), CDR-SB (R =0.33, p=0.0076)
and cognitive-composite (R = -0.30, p=0.0143) but not in AAR and MMSE. In ApB-

positive asymptomatic MC, baseline SUVR only had significant correlation (R = 0.42,

p=0.0198) with EYO, however, there was significant correlation (R = 0.37, p=0.0433)

between AAR and cognitive-composite. In Ap-positive symptomatic MC, the

correlation between baseline SUVR and age, CDR-SB, MMSE and cognitive-composite

didn’t retain, but there was significantly correlation (R=0.39, p=0.023) between baseline

SUVR and AAR.

As shown in table 16, SUVR and AAR of each group were summarized. All MC
groups had significantly higher SUVR than NC group at baseline. AB-negative MC and
NC had no significantly positive AAR. Particularly, AB-negative asymptomatic MC
with EYO >= -15 had no significant increase in SUVR from baseline to FU. The effect
size of baseline SUVR of AB-negative asymptomatic MC with EYO >= -15 was 22~26%
of AB-positive MCs. Concerning AAR, the effect size of AB-negative asymptomatic
MCs was only 41~45% of AB-positive MCs. The cutoff EYO -15 identified 65 AB-
positive MCs out of 78 MCs. However, AAR in AD-typical regions of 13 AB-negative
asymptomatic MCs was 4.4 and 4.9 times lower (p<0.0001) than those of 31 AB-positive
asymptomatic MCs and 34 symptomatic MCs, respectively. These results suggest that
using cutoff EYO -15 may have included AB-negative MCs without significantly
amyloid accumulation or deposition into the DIAN-TU, thus we may need to exclude
them from the drug trial or find out new target regions with more higher AAR to track
longitudinal SUVR change.

Table 16. AARs and baseline SUVRs in AD-typical regions

All subjects SUVR Cohen’s d AAR Cohen’s d

in SUVR in AAR
MC (n=97) *10.9940.34 1.63 $10.02940.046 0.86
MC with EYO>=-15 (n=78) %11.0740.33 2.00 $10.03340.049 0.92
all (n=65) *11.1540.30 2.62 $10.03940.051 1.05
AB-positive  asymptomatic (n=31) *11.0640.28 2.30 $40.03540.051 0.95
MC symptomatic (n=34)  *1.2440.30 3.05 $40.0430.051 1.16
TAB-negative all (n=29) 0.6440.08 0.67 0.00840.022 0.43
asymptomatic EYO< -15 (n=16) 0.6420.08 0.67 0.00940.026 0.43
MC EYO>=-15 (n=13) 0.6520.09 0.57 0.00840.019 0.47

ApB-negative asymptomatic NC (n=50) 0.6040.04 - '0.00140.019 -
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* denotes significantly higher than AB-negative asymptomatic MC, p<0.0001, Mann Whitney
test.

7 denotes significantly higher than 48- asymptomatic NC, p<0.05, Mann Whitney test.
Sdenotes significantly higher than AB- asymptomatic MC and NC, p<0.0001, two-sample t-test.
7 denotes significantly higher than zero, p<0.05, one-sample t-test.

Tdenotes three 4B-negative symptomatic MC were excluded

Cohen’s d was calculated by comparing to Af-negative asymptomatic NC

4.2.2. Spatial pattern of Af accumulation

APB-negative asymptomatic MC with EYO < -15 and EYO >=-15 had significantly
higher SUVR than AB-negative asymptomatic NC at both baseline and FU. At baseline,
26 regions of AB-negative asymptomatic MC with EYO< -15 and EYO>= -15 have
significantly higher SUVR than corresponding subregion of AB-negative asymptomatic
NC, while the number of regions increased to 51 at FU. There were no significant
difference in SUVR of AD-typical regions and 62 sub regions between AB-negative
asymptomatic MC with EYO<-15 and EYO>=-15 either at baseline or FU. None of 62
regions has significant increase from baseline to FU in AB-negative asymptomatic NC
and MC with EYO < -15. In contrast, seven regions had significant SUVR increase from
baseline to FU in AB-negative asymptomatic MC with EYO >= -15, including bilateral
superior parietal gyrus, postcentral gyrus and precentral gyrus, and right posterior

cingulate gyrus (table 17).

Table 17. Annual accumulation rates in sub regions, AD-typical regions and the whole gray
matter of Af-negative asymptomatic MC with EYO >=-15

Region Mean SD  Volume(mm?)
Superior parietal gyrus_R""* 0.016 0.016 37509
Superior parietal gyrus_L* 0.015 0.024 38141
Middle frontal gyrus_L 0.015 0.025 44690
Inferiolateral remainder of parietal lobe L 0.013 0.025 37662
Postcentral gyrus_R* 0.013 0.019 25731
Precentral gyrus_L* 0.012 0.017 28237
Precentral gyrus_R? 0.012 0.012 27438
Postcentral gyrus_L* 0.012 0.020 23201
Inferiolateral remainder of parietal lobe_R 0.012 0.022 38214
Posterior part of cingulate gyrus L 0.011 0.024 7159
Posterior part of cingulate gyrus_R* 0.011 0.014 7557
Lateral remainder of occipital lobe_R 0.011 0.020 38789
Superior frontal gyrus_L 0.011 0.018 46866
Lateral remainder of occipital lobe_L 0.010 0.027 38030
Cuneus_L 0.009 0.025 9438
Anterior part of superior temporal gyrus_L 0.009 0.023 4033
Lateral orbital gyrus_L 0.009 0.047 3328
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Lateral part of anterior temporal lobe _R 0.009 0.026 2842

Anterior orbital gyrus_L 0.008 0.038 5164

Anterior part of cingulate gyrus_R 0.008 0.023 7441

Middle frontal gyrus_R 0.007 0.024 42929

Fusiform gyrus_L 0.007 0.028 3486

Lingual gyrus_R 0.006 0.026 11970

Medial orbital gyrus_R 0.006 0.036 4962

Posterior temporal lobe_L 0.005 0.023 48665

Cuneus_R 0.004 0.026 9224

Middle and inferior temporal gyrus_L 0.004 0.026 13115

Medial part of anterior temporal lobe_L 0.004 0.028 4975

Straight gyrus_R 0.003 0.027 2856

Parahippocampal and ambient gyri_L 0.002 0.021 3595

Insula_R 0.002 0.024 12323

Posterior part of superior temporal gyrus_R 0.001 0.021 12468

Straight gyrus_L 0.001 0.021 3142

Amygdala_R 0.000 0.028 1057

Medial part of anterior temporal lobe_R -0.001 0.027 5107

Anterior orbital gyrus_R -0.001 0.046 4807

Caudate nucleus_L -0.002 0.020 3456

Lateral orbital gyrus_R -0.003 0.035 2967

Amygdala_L -0.005 0.023 1120

Caudate nucleus R -0.011 0.022 3411
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Regions within the set of AD-typical regions were highlighted as red. SD: Standard deviation.

‘L’ and ‘ R’ indicate the left and right hemisphere, respectively. “and T denote AAR was

significantly different from (p <0.05, two-tailed paired-sample t-test) that of Whole-GM and

AD-typical regions respectively.  denotes AAR was significant different from zero (two-tailed

one-sample t-test).

As shown in table 18, most of top regions with high SUVR at baseline of Ap-

positive MC were within the set of AD-typical regions except for subcortical regions

putamen and caudate nucleus. Considering those subcortical regions have small volumes,

therefore adding them into the set of AD-typical regions or not may not change SUVR

a lot.

Table 18. Top regions with a higher baseline SUVR than AD-typical region and whole gray

Matter of Af-positive MC

Region Mean SD Volume(mm?)
Putamen_R 1.45 0.39 4063
Putamen_L 1.44 0.38 3957
Posterior part of cingulate gyrus R 1.29 0.31 7557
Posterior part of cingulate gyrus L 1.28 0.31 7159
Caudate nucleus_R 1.28 0.33 3411
Caudate nucleus_L 1.27 0.34 3456
Anterior part of cingulate gyrus_R 1.27 0.32 7441
Medial orbital gyrus_ R 1.27 0.35 4962
Anterior part of cingulate gyrus_L 1.26 0.31 7747
Anterior orbital gyrus_R 1.26 0.38 4807
Medial orbital gyrus L 1.25 0.35 4780
Anterior orbital gyrus_L 1.25 0.38 5164
Straight gyrus_R 1.25 0.34 2856
Superior parietal gyrus_R 1.25 0.31 37509
Superior parietal gyrus_L 1.24 0.31 38141
Middle frontal gyrus_ R 1.24 0.37 42929
Superior frontal gyrus_R 1.24 0.34 46158
Straight gyrus_L 1.24 0.33 3142
Superior frontal gyrus_L 1.22 0.35 46866
Middle frontal gyrus_L 1.21 0.36 44690
Lateral orbital gyrus_R 1.16 0.35 2967
Inferior frontal gyrus R 1.16 0.32 15294
Lateral orbital gyrus_L 1.15 0.33 3328
Inferior frontal gyrus_L 1.14 0.33 14448
Posterior part of superior temporal 1.11 0.31 12220

gyrus_L

Posterior orbital gyrus_L 1.11 0.28 4594
Posterior orbital gyrus_R 1.11 0.28 4476
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Regions within the set of AD-typical regions were highlighted as red. SD: Standard deviation.
* L’ and * R’ indicate the left and right hemisphere, respectively.

Concerning symptomatic status, top regions with higher baseline SUVR than AD-
typical regions of AB-positive asymptomatic and symptomatic MC were illustrated in
table 19 and 20. Those top regions were still within the set of AD-typical regions except
for subcortical regions putamen and caudate nucleus. All those top regions of Af-
positive asymptomatic MC had significantly lower baseline SUVR than corresponding
region of symptomatic individuals.

Table 19. Top regions with a higher baseline SUVR than AD-typical regions of Ap-positive
asymptomatic MC

Region Mean SD Volume(mm?3)
Putamen_R 1.23 0.34 4063
Putamen_L 1.23 0.33 3957
Posterior part of cingulate gyrus R 1.19 0.29 7557
Posterior part of cingulate gyrus L 1.19 0.29 7159
Anterior part of cingulate gyrus_R 1.16 0.31 7441
Superior parietal gyrus_R 1.16 0.31 37509
Superior parietal gyrus_L 1.16 0.31 38141
Anterior part of cingulate gyrus_L 1.16 0.29 7747
Straight gyrus_R 1.13 0.29 2856
Straight gyrus_L 1.13 0.30 3142
Superior frontal gyrus_R 1.13 0.33 46158
Medial orbital gyrus R 1.13 0.30 4962
Medial orbital gyrus_L 1.12 0.30 4780
Middle frontal gyrus R 1.12 0.34 42929
Caudate nucleus_R 1.12 0.31 3411
Superior frontal gyrus_L 1.11 0.33 46866
Caudate nucleus_L 1.11 0.32 3456
Anterior orbital gyrus_R 1.10 0.32 4807
Anterior orbital gyrus_L 1.09 0.34 5164
Middle frontal gyrus_L 1.07 0.33 44690

Regions within the set of AD-typical regions were highlighted as red. SD: Standard deviation.
‘L and * R’ indicate the left and right hemisphere, respectively.

Table 20. Top regions with a higher baseline SUVR than AD-typical regions of ApB-positive
symptomatic MC

Region Mean SD Volume(mm?)
Putamen_R 1.64 0.34 4063
Putamen_L 1.62 0.32 3957

Caudate nucleus L 1.42 0.29 3456
Caudate nucleus_R 1.42 0.27 3411
Anterior orbital gyrus_R 1.41 0.37 4807
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Anterior orbital gyrus_L 1.39
Medial orbital gyrus_R 1.39
Posterior part of cingulate gyrus_R 1.38
Anterior part of cingulate gyrus_R 1.37
Medial orbital gyrus_L 1.37
Posterior part of cingulate gyrus _L 1.37
Anterior part of cingulate gyrus_L 1.36
Middle frontal gyrus_R 1.36
Straight gyrus_R 1.36
Superior frontal gyrus_R 1.33
Straight gyrus_L 1.33

Middle frontal gyrus_L 1.33
Superior parietal gyrus_R 1.32
Superior parietal gyrus_L 1.32
Superior frontal gyrus_L 1.32
Lateral orbital gyrus_R 1.29
Lateral orbital gyrus_L 1.27
Inferior frontal gyrus_R 1.26

Inferior frontal gyrus_L 1.24

0.36
0.36
0.30
0.31
0.35
0.31
0.30
0.35
0.35
0.33
0.33
0.35
0.28
0.29
0.34
0.33
0.32
0.33
0.34

5164
4962
7557
7441
4780
7159
7747
42929
2856
46158
3142
44690
37509
38141
46866
2967
3328
15294
14448

Regions within the set of AD-typical regions were highlighted as red. SD: Standard deviation.

* L’ and * R’ indicate the left and right hemisphere, respectively.

As shown in table 21, 56 regions had significant increase in SUVR from baseline
to FU in AB-positive MC. Out of 27 regions with a higher AAR than whole-GM in AB-

positive MC, only bilateral putamen, left caudate nucleus, and right lateral remainder of

occipital lobe were not within the set of AD-typical regions, and note that they were not

top high regions.

Table 21. Annual accumulation rates in sub regions, AD-typical regions and the whole gray

matter of Af-positive MC

Region Mean SD Volume(mm?d)
Lateral orbital gyrus_R™* 0.058 0.097 2967
Anterior orbital gyrus_R™* 0.054 0.089 4807
Lateral orbital gyrus_L™* 0.053 0.086 3328
Inferiolateral remainder of parietal lobe_R™* 0.046 0.064 38214
Superior parietal gyrus_R™* 0.045 0.062 37509
Middle frontal gyrus_L** 0.044 0.063 44690
Anterior orbital gyrus_L* 0.044 0.085 5164
Superior parietal gyrus_L* 0.044 0.074 38141
Inferiolateral remainder of parietal lobe L* 0.043 0.074 37662
Middle and inferior temporal gyrus_L* 0.043 0.055 13115
Superior frontal gyrus_L* 0.042 0.061 46866
Lateral part of anterior temporal lobe L* 0.042 0.060 2856
Middle frontal gyrus_R* 0.041 0.074 42929
Putamen_L* 0.040 0.060 3957

65



Medial orbital gyrus_R* 0.038 0.075 4962

Inferior frontal gyrus_L* 0.038 0.057 14448

Middle and inferior temporal gyrus_R* 0.037 0.053 13452

Superior frontal gyrus_R* 0.037 0.067 46158

Posterior part of superior temporal gyrus_R* 0.036 0.056 12468

Posterior part of cingulate gyrus_R* 0.036 0.053 7557

Cuneus_L* 0.035 0.064 9438

Straight gyrus_R* 0.035 0.077 2856

Postcentral gyrus_R* 0.034 0.064 25731

Lateral remainder of occipital lobe_L* 0.034 0.065 38030

Posterior part of cingulate gyrus _L* 0.034 0.051 7159

Anterior part of cingulate gyrus_L* 0.032 0.064 7747

Posterior orbital gyrus_L* 0.032 0.068 4594

Cuneus_R* 0.030 0.061 9224

Precentral gyrus_R? 0.028 0.059 27438

Anterior part of cingulate gyrus_R? 0.025 0.059 7441

Fusiform gyrus_L* 0.023 0.048 3486

Medial part of anterior temporal lobe_L* 0.020 0.039 4975

Lingual gyrus_R* 0.019 0.048 11970

Thalamus_L* 0.016 0.051 5452

Amygdala_L 0.010 0.044 1120

Parahippocampal and ambient gyri_L* 0.009 0.033 3595

Amygdala_R 0.007 0.047 1057
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Hippocampus_L 0.004 0.046 1626
Thalamus_R 0.001 0.064 5676
Regions within the set of AD-typical regions were highlighted as red. SD: Standard deviation.

‘L’ and ‘ R’ indicate the left and right hemisphere, respectively. "and T denote AAR was
significantly different from (p <0.05, two-tailed paired-sample t-test) that of Whole-GM and
AD-typical regions respectively. * denotes AAR was significant different from zero (two-tailed

one-sample t-test).

In AB-positive asymptomatic MC, 33 regions had higher AAR than whole-GM
(table 22). Out of those 33 FARs, only bilateral putamen were not within the set of AD-
typical regions. In contrast, only 23 regions had higher AAR than whole-GM in AB-
positive symptomatic MC (table 23), out of top 10 FARs, left caudate nucleus and
cuneus, and bilateral lateral remainder of occipital lobe were not within the set of AD-
typical regions. Particularly, cuneus and lateral remainder of occipital lobe were also
within top FARs of phase3 of pre-dementia stage of SAD (table 13).

Table 22. Top 33 FARs with a higher AAR than the whole gray matter of Ap-positive
asymptomatic MC

Region Mean SD Volume(mm?)

Lateral orbital gyrus_R* 0.061  0.099 2967
Anterior orbital gyrus_R"™* 0.060  0.097 4807
Lateral orbital gyrus L 0.059  0.088 3328
Anterior orbital gyrus_L* 0.058  0.093 5164
Medial orbital gyrus_L* 0.048  0.079 4780
Middle frontal gyrus_L""* 0.046  0.061 44690
Medial orbital gyrus_R¥ 0.046  0.078 4962
Lateral part of anterior temporal lobe L* 0.044  0.057 2856
Superior frontal gyrus_L* 0.039  0.062 46866
Straight gyrus_R* 0.039  0.066 2856
Middle frontal gyrus_R™* 0.039  0.063 42929
Putamen_L* 0.039  0.053 3957
Inferior frontal gyrus_L* 0.038  0.059 14448
Superior frontal gyrus_R* 0.037  0.065 46158
Middle and inferior temporal gyrus_L* 0.037  0.051 13115
Middle and inferior temporal gyrus_R* 0.036  0.053 13452
Superior parietal gyrus_R* 0.036  0.057 37509
Posterior part of cingulate gyrus _L* 0.036  0.049 7159
Superior parietal gyrus_L* 0.036  0.061 38141

- AD-ypicalregions 0035 0051 530664
Anterior part of cingulate gyrus_R? 0.035  0.062 7441
Posterior orbital gyrus_R* 0.035  0.070 4476
Posterior part of cingulate gyrus_R* 0.035  0.055 7557
Inferiolateral remainder of parietal lobe R* 0.034  0.051 38214
Posterior orbital gyrus_L* 0.034  0.062 4594
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Inferiolateral remainder of parietal lobe L*
Posterior part of superior temporal gyrus_R*
Straight gyrus_L*

Lateral part of anterior temporal lobe _R*
Putamen_R?¥
Anterior part of cingulate gyrus_L*
Inferior frontal gyrus_R*
Posterior temporal lobe_R*

0.033
0.033
0.033
0.032
0.032
0.032
0.032
0.030

0.062
0.051
0.079
0.064
0.056
0.060
0.059
0.044

Regions within the set of AD-typical regions were highlighted as red. SD: Standard deviation.

37662
12468
3142
2842
4063
7747
15294
47598

‘L’ and ‘ R’ indicate the left and right hemisphere, respectively. "and T denote AAR was

significantly different from (p <0.05, two-tailed paired-sample t-test) that of Whole-GM and

AD-typical regions respectively. * denotes AAR was significant different from zero (two-tailed

one-sample t-test).

Table 23. Top 23 FARs with a higher AAR than the whole gray matter of ApS-positive

symptomatic MC

Region Mean SD  Volume(mm?3)
Caudate nucleus_L* 0.058 0.098 3456
Inferiolateral remainder of parietal lobe R™* 0.056 0.074 38214
Lateral orbital gyrus_R* 0.056 0.096 2967
Lateral remainder of occipital lobe_R™* 0.054 0.054 38789
Cuneus_L* 0.053 0.063 9438
Superior parietal gyrus_R? 0.053 0.066 37509
Inferiolateral remainder of parietal lobe_L 0.052 0.084 37662
Lateral remainder of occipital lobe_L* 0.052 0.064 38030
Superior parietal gyrus_L* 0.050 0.084 38141
Middle and inferior temporal gyrus_L* 0.049 0.058 13115
Anterior orbital gyrus_R* 0.048 0.082 4807
Lateral orbital gyrus_L* 0.048 0.085 3328
Superior frontal gyrus_L* 0.045 0.061 46866
Posterior part of superior temporal gyrus_L* 0.044 0.059 12220
Inferior frontal gyrus_R* 0.044 0.089 15294
Middle frontal gyrus_R* 0.043 0.084 42929
Anterior part of superior temporal gyrus_L* 0.043 0.073 4033
Posterior temporal lobe_R* 0.043 0.047 47598
Middle frontal gyrus_L* 0.043 0.066 44690
Putamen_R* 0.043 0.072 4063
Cuneus_R? 0.042 0.054 9224
Putamen_L* 0.042 0.066 3957

Regions within the set of AD-typical regions were highlighted as red. SD: Standard deviation.

‘L’ and ‘ R’ indicate the left and right hemisphere, respectively. “and T denote AAR was

significantly different from (p <0.05, two-tailed paired-sample t-test) that of Whole-GM and
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AD-typical regions respectively. ¥ denotes AAR was significant different from zero (two-tailed

one-sample t-test).

4.2.3. High percentage of mutation APP in amyloid negative MCs

The percentage of APP (61.54%/66.67%) in asymptomatic/all AB-negative MCs
was significantly higher (Fisher's exact test, p=0.0036/0.0002) than the percentage of
other mutation types (7.94%/15.62%) in asymptomatic/all AB-negative MCs (table 24),
implying that the calculation of EYO of APP carriers may be not as accurate as PSEN1.

Table 24. The number of different mutation types (PSEN1, PSEN2 and APP) in each group

All subjects PSEN1 PSEN2 APP
MC with EYO>= -15 (n=78) 61 2 15
All (n=62) 54 2 6
Asymptomatic (n=28) 23 1 4
AB-positive MC
Symptomatic (n=34) 31 1 2
“All (n=16) 7 0 9
AB-negative MC Symptomatic MC (n=3) 2 0 1
fAsymptomatic MC(n=13) 5 0 8

* The percentage of APP in A-negative MC was significantly higher than other mutation
types, p=0.0002, Fisher's exact test.

" The percentage of APP in AB-negative asymptomatic MC was significantly higher than other
mutation types, p=0.0036, Fisher's exact test.

Table 25 showed that baseline SUVR and AAR of APP was lower (No significance,
Mann Whitney test) than that of PSEN1 in AB-negative MC group, although APP had
similar EYO as PSEN1. In AB-positive MC, APP had higher (No significance, Mann
Whitney test) baseline SUVR and AAR than other mutation types.

Table 25. Comparisons of APP and PSEN and PSEN2
EYO Age SUVR AAR

MCwith  pSEN1+2 (n=63) 20.104543 42944969 *1.1240.32 0.03620.051
EYO>= -15

(n=78) APP(n=15)  -3.554524 45474528 0.8640.31 0.02040.039
AB-positive  PSEN1+2 (n=56) 0.3045.38 43774947 1174030  0.03820.053
MC (n=62) APP(n=6) 3.0046.29 44334568 12040.16  0.05340.036
AB-negative  PSENL (n=7)  -3.2945.04 36.2949.48 0.751019 0.01940.018
MC(n=16) APP(n=g) 391479 46224519 0644006 -0.00340.021
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* Baseline SUVR of PSEN 1+2 was significantly higher than APP, p=0.0067, two sample t-
test.

7 denotes significantly higher than APP, p=0.091, Mann Whitney test.

8denotes significantly higher than APP, p<0.05, Mann Whitney test.

4.2.4. Trajectory of SUVR as a function of EYO

A Trajectory of SUVR based on MC B Trajectory of SUVR based on NC
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Fig. 19. Trajectory of SUVR in MC accumulators (A) and NC (B) as a function of EYO.

Fig. 19 illustrates the trajectory of SUVR in MC (fig. 19A) and NC (fig. 19B) as a
function of EYO. As shown in fig.20A, SUVR of MC increases and reaches amyloid
positivity after EYO -15. After reaching amyloid positivity, SUVR increases slightly,
but increasing rate of SUVR tends to increase after EYO above zero. In the end, SUVR
tends to reach plateau. In contrast, the SUVR of NC didn’t show any obvious increase

over the whole period.

4.2.5. Fast accumulating regions of 44-negative asymptomatic MC with EYO>= -15

Amyloid deposition of Ap-negative asymptomatic MC with EYO>= -15 was
relatively low, although SUVR of them was significantly higher than NC group. It may
be more suitable to prevent further SUVR increase rather than reducing baseline SUVR.
However, AAR in AD-typical region is not significantly different from zero. In AB-
negative asymptomatic MC with EYO>= -15, 20 regions had higher AAR than whole-
GM. The HCA analysis revealed that the bilateral superior parietal, postcentral and
precentral, and left middle frontal and inferiolateral remainder of parietal lobe were the
top fast AP accumulating regions. Thus, these 8 regions were composed into a set of the
fast accumulating regions (FARs). AAR of the composited FAR (0.01440.019) in AB-
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negative asymptomatic MC with EYO>= -15 was significantly higher (p=0.021, one-
sample t-test) than zero, and 1.75 times significantly (p=0.011, paired-sample t-test)
higher than corresponding AAR of AD-typical regions (0.00840.019).

4.2.6. Implications for DIAN-TU trial

As described above, it may make sense to attenuate a (further) Ap accumulation
rather than reduce baseline Ap burden for AB-negative asymptomatic MC with EYO>=
-15. Assuming a linear relationship between AP accumulation and time within two
years[6, 53] utilization of FARs as target region for those individuals would reduce the
sample size to treat by around 67% as compared to AD-typical regions (table 26).
Assuming that an anti-amyloid drug attenuates a further SUVR increase by 100% within
24 months, utilization of FARs as target region in trial with AB-negative asymptomatic

MC would shorten the trial duration by 14 months as compared to AD-typical regions.

Table 26. Number of subjects per arm needed to detect Af-modifying treatment effect in clinical
trial with 80% power and two-tailed (a=0.05) using fast accumulating regions (FARs) and AD-

typical regions as the target respectively for 45-negative asymptomatic MC.

Sample size needed to detect ApB- APB-negative asymptomatic MC with EYO>= -15
modifying treatment AD-typical FAR
20% attenuation in further SUVR 2215 724
50% attenuation in further SUVR 356 117
100% attenuation in further SUVR 90 30

Regarding to the AB-positive MC, two mechanisms of actions of an anti-amyloid
drug could be considered: 1) the drug attenuates a (further) AB accumulation, and 2) the
drug reduces baseline Ap burden. The sample size for using MC with EYO >=-15 and
AB-positive MC as the target to detect SUVR change in AD-typical regions in the anti-
amyloid drug trial were calculated in table 27, which may provide the sampe size needed
for measurements of amyloid PET imaging in DIAN-TU.

Table 27. Number of subjects per arm needed to detect Af-modifying treatment effect in clinical
trial with 80% power and two-tailed (a=0.05) using MC with EYO>=-15 and 4/-positive MC

as the target respectively..

71



Sample size needed to detect AB-

modifying treatment per arm

AD-typical regions as the target region

MC with EYO >=-15 AP-positive MC

(n=78) (n=65)
20% attenuation in further SUVR 867 673
50% attenuation in further SUVR 140 109
10% decrease in SUVR from baseline 151 108
20% decrease in SUVR from baseline 39 28
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V. Discussion

Amyloid PET imaging has provided us a very useful tool to in-vivo study spatial
pattern of AB accumulation in AD. It has been suggested that Ap plaques contribute to
cell death by interfering with neuron-to-neuron communication at synapses. More and
more anti-amyloid drug trials have included amyloid PET as the primary or secondary
measurement to evaluate the treatment effect. In this thesis, spatial and temporal pattern

of AP accumulation of sAD and ADAD were investigated using amyloid PET imaging.

This thesis produced a series of interesting findings, as in detail discussed below.
The results of this thesis proved that regional rate of A accumulation was not constant
across the whole process of AD, regardless of SAD and ADAD. Indeed, AAR may vary
in distinct region and stage of AD. We should not neglect the influence of this variation
during the anti-amyloid drug trial. Spatial pattern of Ap accumulation at early stage
(phase 1 and 2) of pre-dementia SAD was similar as those asymptomatic MC of ADAD,
most of AP active regions can be tracked well by the most commonly used AD-typical
cortical regions, while a few top FARs of either individuals at phase 3 of pre-dementia
SsAD or symptomatic MC of ADAD were not within the set of AD-typical regions. In
other words, some regions who have lower AAR may accumulate Ap faster in the late
stage of amyloidosis, while some FARs of the early stage may slow down at AB
accumulation at the late stage. My findings support that trajectory of SUVR has a
sigmoid shape, namely AP accumulation rate increases as SUVR does in the early stage,
afterwards, the rate may become the maximal and tend to reduce with an increasing
SUVR, and SUVR reaches the plateau in the end. Notably, the knowledge of these

patterns may have important implications for design and analyses of anti-amyloid trials.

Predicting spatial pattern of A5 accumulation by baseline amyloid PET

In first project, I investigated whether baseline PET data can predict spatial pattern
of AP accumulation over 2 years. In a group of patients with incipient and mild
Alzheimer’s dementia, pseudo-temporal accumulating rate derived from baseline 8F-
florbetapir PET using a pseudo-temporal image analysis explained 87% of the variance

in AARs across 62 regions. The correlation was significant throughout the disease
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severity (incipient or manifest dementia), age intervals, genders, and the APOE
genotypes. This pseudo-temporal image analysis may be applied to examine spatial
patterns of A accumulation in other AB-associated disorders.

Braak and Braak initially studied the progression of AP deposition in cross-
sectional data from post mortem brain tissue using a pseudo-temporal analysis approach
[115]. Recently, Yotter and colleagues conducted a pseudo-temporal analysis of PET
images at the voxel level [79]. Assuming that total amyloid burden would be a
reasonable approximation of the disease severity, they estimated spatial patterns of the
longitudinal AB accumulation by using cross-sectional image data, observing that the
“pseudo-temporal” pattern of regional AP deposition was stronger related to cognitive
function of healthy elderly individuals than total amyloid burden [79]. Although their
results were plausible, they were not validated against longitudinal data. This chapter
adopted the method by Yotter et al. for region-based analyses and verified its efficacy
using longitudinal data in clinically manifest AD.

The key finding of this part is the positive correlation between the baseline
measurements of AB and their longitudinal changes across regions. The results revealed
that 55 % of the variance in AARs could be explained by baseline SUVR. In other words,
regions with a high/low baseline Ap load are also those with a high/low AAR at the
stage of clinically manifest AD. It is important to distinguish this approach from an
“across-subject” paradigm, where baseline measurements of whole brain uptake are
correlated with longitudinal measurements of whole brain tracer uptake across subjects,
e.g., [6]. This study observed slowing of AB accumulation rate at the advanced stage of
AD [6]. The findings of this thesis do not oppose those results. Only patients with
incipient to mild Alzheimer’s dementia were included in the present study. It is possible
that some brain regions may continue to accumulate AB with a high AAR even though
AAR of the whole brain may be slowing at the late stage of AD.

According to the findings of the step-wise linear regression analysis, pseudo-
temporal accumulating rate explained significantly more variance (+35%) in AAR than
baseline SUVR alone, implying it may be plausible to use total amyloid burden as a
estimation for the progression of AD. Remarkably, the pseudo-temporal accumulating
rate could identify the same fast and slow accumulating regions as AAR. Both of these
two rates proved that the bilateral anterior cingulate, superior and middle frontal gyri,
left superior parietal, anterior orbital, posterior cingulate, and inferiolateral remainder of

the parietal lobe were FARs. By contrast, the bilateral hippocampus, caudate nucleus,
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thalamus, amygdala and parahippocampal gyri were SARs. These results are well
consistent with one previous PiB-PET study [74]. They examined regional progression
of AB in Alzheimer’s dementia, and observed that regions of the frontal lobe followed
by those of the parietal lobe showed the highest accumulation rate, while temporal lobe
appeared to have the lowest rate across the neocortex, which was in line with the findings
in this thesis. Further, most of the FARs accumulated AP faster in the left hemisphere
[74]. In accordance with the present study, Rinne et al. also found the same order of
accumulation rate (frontal->parietal->occipital->temporal) [71]. However, the lateral
temporal cortex was found to be FAR by other groups found [26, 27]. Surprisingly, the
posterior cingulate region was observed to accumulate AB slower than the anterior
cingulate region, while a few studies reported the posterior cingulate cortex to be one of
the most active AB accumulating regions [71, 72]. The discrepancy may be explained
by methodological factors such as lack of PVC [71, 72] and different reference region
[26, 71, 72]. To note is, that most longitudinal studies with amyloid PET measured
SUVR either in the whole brain or in AD-typical regions, without a detailed regional
analysis. Regarding to the slow accumulating regions, only Grimmer et al. (2010)
conducted a similarly detailed analysis including 90 volumes of interests. In line with
the findings in current study, they reported low or no increases in Ap accumulation in
the archipallium, thalamus, and the caudate nucleus [74].

So far, no longitudinal amyloid PET study has been reported for atypical AD, Lewy
body disease or mixed (AD and vascular) diseases. This pseudo-temporal analysis
approach used in present study may be utilized to predict spatial patterns of AB
accumulation in these clinical entities. Particularly, brain regions with the highest AB
accumulations rate may be predicted by using the proposed pseudo-temporal analysis
method, and those regions may be used as the target regions for anti-amyloid clinical
trials. The results in present study demonstrated that AAR in the set of AD-typical
regions was significantly higher than that in whole-GM, confirming the relevance of
these regions in AD. However, the pseudo-temporal analysis revealed a set of regions
with a significantly higher AAR than AD-typical regions. Consequently, using FAR as
the target region in an anti-amyloid drug trial could reduce the duration and sample size
by approximately 19 % and 9% respectively, as compared to AD-typical regions.

Note that only Ap-positive patients due to AD were used to summarize the
relationship between longitudinal measurements and cross-sectional measurements in

this thesis, which will ensure the presence of the AD pathology as origin of the clinical
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phenotype. Asymptomatic individuals were excluded from the present study due to their
unclear clinical fate. Indeed, presence of a significant AP load cannot confirm a future
development of (typical) clinical AD. Instead, the subject may have a mixed dementing
disorder, Lewy body disease, or an atypical AD. Thus, if such subjects were included in
the present study, it might have a heterogeneous sample of patients with unclear clinical
phenotype, as well as with distinct spatial patterns of A accumulation.

Yet, according to the additional analysis without considering amyloid status or the
presence of AD pathology for 417 subjects, there is still a strong correlation between
pseudo-temporal accumulating rate of Ap and AARs across 62 regions (R? =0.84,
p<0.001). In addition, Yotter and colleagues also reported the utilization of pseudo-
temporal image analysis in amyloid negative subjects [79]. Therefore, the proposed
method can be effective in amyloid-negative subjects, too. Such an approach would
allow capturing the whole trajectory of Ap accumulation, including a long preclinical
phase. Given uncertainty about both pathological and clinical pathways, however,
interpretation of results would be problematic.

One limitation of the part was that the follow up duration were only 2 years, which
were very short as compared to the two decades’ interval of the whole period amyloid
progression of AD. The correspondence at the level of individual regions was far from
perfect, especially beyond top 10 FARs and slow accumulating regions, which may be
explained by the short FU duration. Since the pseudo-temporal rate is trying to capture
the whole disease duration, thus, one would expect a larger correspondence between the
measurements when a longer FU is available. This issue should be addressed by future

studies.

Rate of beta-amyloid accumulation varies with baseline amyloid burden in
pre-dementia stage of sporadic Alzheimer’s disease

In the second project, | applied the pseudo-temporal analysis to explore the
longitudinal trajectory of AP accumulation at the pre-dementia stage of AD in the
context of clinical trials. In line with previous studies, the trajectory follows an inverted
U-shape [27, 43, 90, 107] that continued into a “tail” at a late stage [27]. Thus, three
phases of longitudinal Ap accumulation could be defined: acceleration, deceleration and
a stable phase. One major finding is that the established set of AD-typical regions did
not adequately track most active A accumulating regions in the third phase of the
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trajectory. Furthermore, according to baseline SUVRem the whole dataset could be
divided into two main categories: 1) fast accumulators (54% of the whole cohort):
subjects with the above-average AAR in whole-GM, 2) and slow accumulators: those
with a below-average AAR. Inclusion of fast accumulators instead of an unselected
cohort in an anti-amyloid trial would allow a substantial reduction of a sample size to
treat.

Previous studies reported a bimodal distribution of AB accumulation rate, and they
classified individuals as accumulators and non-accumulators accordingly [27, 90]. In
present study, however, individual AARs were distributed normally. The inconsistency
may be due to the fact that in line with typical anti-amyloid trial inclusion criteria only
AB-positive subjects were included in the present study. Here, fast and slow
accumulators were classified according to the mean AAR in whole-GM. To be more
specific, subjects who accumulate Ap faster at this time than an average AB-positive
subject over the period of his/her “AB-positive life” (around 36 years in present study)
were regarded as fast accumulators. The robustness of this intuitive cut-off was testified
by a cross-validation test. Using fast accumulators as the target subject in a clinical trial
would allow reaching PET-based endpoints faster as compared to an unselected cohort
of subjects. The same size needed to detect significant treatment effect could be reduced
as well. Concerning a clinical anti-amyloid drug trial aiming to attenuate further AB
accumulation, inclusion of fast accumulators only would reduce the sample size by
around 24 %. In a trial aiming to reduce baseline AB burden, a reduction by 61 to 70%
can be reached. Furthermore, data on fast accumulators can be potentially utilized to
obtain an earlier, preliminary estimation of a drug effect.

Regional analyses revealed that most AD-typical regions showed a higher AAR
than whole-GM in the phases 1 and 2, supporting AD-typical regions as a suitable target
region in anti-amyloid drug trials. In the phase 3, however, the bilateral cuneus and
lateral remainder of occipital lobe, the left precentral and postcentral regions were
among top 10 FARs, but not within the set of AD-typical regions. Consequently, it is
very likely that AAR in AD-typical regions tends to become slower after AB load
reaching a certain level, while the phylogenetically older primary visual and
sensorimotor cortices become progressively affected by AB. A cluster analysis revealed
the left middle frontal, superior frontal, postcentral, lateral anterior temporal lobe,
bilateral lateral remainder of occipital lobe, and right cuneus to be within the same

cluster as most active Ap accumulating regions in the phase 3. Thus, this set of FARs
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were further compared with the established set of AD-typical regions as target in a
putative anti-amyloid trial. The results appeared to be dependent on the mechanism of
drug action. Specifically, the utilization of the above FARs would enable reducing the
sample size to treat by roughly one third for trial aiming to attenuate further AB
accumulation. However, the sample size would marginally increase in the drug trial
aiming to reduce a baseline A burden. This may be explained by that the mean baseline
SUVR in FARs was lower than that in AD-typical regions.

According to the trajectory of AAR as a function of baseline SUVRgwm, the control
and experimental groups should be matched at baseline SUVRgm. As shown in the
simulation of drug trial (Fig. 15), a difference of 0.25 baseline SUVRgwm in one extreme
case can produce extremely larger treatment effect than the expected drug effects. But
even with a difference of 0.10 baseline SUVRewm, the drug effect can be greatly
overestimated or underestimated by 75 and 90 %, respectively. Moreover, this treatment
effect bias may occur not only when average AARs of two groups are located on the
same accelerating or decelerating phase of the trajectory, but also appears when average
AARs of two groups belong to different phases (Fig. 19). For example, if the proportion
of phase 1 subjects is substantially larger in the treated group, their on average higher
AAR would cause an underestimation of a drug effect. This effect is aggravated by a
(consequently) higher proportion of phase 2 subjects in the control group. If the
proportion of phase 1 subjects is higher in the control group, an overestimation of a drug
effect is produced.

This part has several limitations. First, although the cut-offs appeared to be robust
according to the cross-validation test, they should be verified prospectively using multi-
centers’ data. Second, as it is true for all semi-quantitative PET studies with SUVR as
outcome measure, this study assumes that a hypothetical drug does not influence
cerebral blood flow. Third, current evidence from both genetic at-risk and older cohort
studies indicate that Ap accumulation is one of the earliest measurable stages of AD, but
the presence of one or more additional biomarker abnormalities or subtle cognitive
symptoms may increase the likelihood of rapid emergence of cognitive symptomatology
and clinical decline. However, this study didn’t add other biomarkers into the criteria of
selecting subjects in order to keep a large sample size to model the trajectory of AAR,
which may bring some atypical dementia into the dataset. Still all the subjects analyzed
in this study had great risk to be AD in future, and several current on-going anti-amyloid

drug trials select this population as the target subject [58, 60, 62]. Furthermore, it may
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be plausible to use total amyloid burden as an alternative estimate for the progression of
AD at this moment, but note that the trajectory of AAR as a function of real time may
be different. The 2-year FU time was rather short as compared to the several decades’
period of AB accumulation, thus it may need longitudinal data with a longer period to
validate the findings in this study in future. Furthermore, it may get more accurate AAR
using more PET scans, however, only the first two PET scans with approximately 2
years FU were used to estimate the rate of A accumulation in this study, by considering
that the most commonly used period of anti-amyloid drug trials is 2 years and only
around a few subjects had more than 2 PET scans when | collected data from ADNI.

Spatial and temporal pattern of A accumulation in autosomal dominant
Alzheimer’s disease

In the third project, | explored the spatial pattern of Af3deposition and accumulation
in ADAD based on DIAN database. The set of AD-typical regions derived from sAD
could efficiently track the amyloid deposition and accumulation in asymptomatic MC.
In AB-positive symptomatic MC, several top FARs left cuneus, and bilateral lateral
remainder of occipital lobe were out of the set of AD-typical regions, which was
consitent with those findings of phase 3 of pre-dementia SAD (table 13). These findings
suggest that the spatial and temporal pattern of AB accumulation in AB-positive MCs
was similar to AB-positive subjects at the pre-dementia stage of SAD. The simmilar
patterns of amyloid deposition and accumulation in ADAD supports translation of
findings in ADAD to SAD.

The main inclusion criteria of ongoing DIAN-TU trial are as follows: 1)
asymptomatic MCs are within -15 to +10 years of EYO; 2) symptomatic MCs are within
10 years of their age at symptom onset [59]. The trajectories of SUVR revealed that
SUVR in MC increases as EYO becomes larger, while SUVR in NC shows no obvious
increase over the whole period. According to the trajectory, SUVR starts to increase
when EYO is still below -20. Consistent with the trajectory published by Bateman and
colleagues [44], the trajectory of SUVR in MC tends to reach plateau in the end. To note
is, the dataset in present study has no individuals with EYO > 10, therefore the trajectory
may be different if more individuals in the late stage (EY0O>10) were added. According
to the trajectory, several MCs with EYO > -15 were ApB-negative, and most of them had
a negative AAR, although they meet the criteria of inclusion in DIAN-TU. Out of 78
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MCs with -15 < EYO < 10, 16 were AB-negative. Combining those AB-negative MC
with AB-positive MC would reduce the effect size of AB-positive MC by 24%.
Interestingly, the percentage of APP (66.67%) in AB-negative MCs was significantly
(Fisher's exact test, p=0.0002) higher than the percentage of other mutation types
(15.62%) in AB-negative MCs, implying the cutoff EYO -15 may be not accurate to
identify MC of APP with substantial AB deposition. Consequently, we may need to
consider amyloid positivity status when we recruit APP for DIAN-TU trial or conclude
one more accurate mean mutation age for APP in future.

Regarding to those AB-negative asymptomatic MCs recruited into current DIAN-
TU, their baseline SUVR in AD-typical regions was slightly higher than AB-negative
NC, but was still extremely lower than AB-positive MC. The effect size of baseline
SUVR in those AB-negative asymptomatic MC was only one fourth of AB-positive MCs.
Consequently, it may be more reasonable to conduct drug trial aiming to attenuate
further SUVR increase for them rather than one trial aiming to reduce baseline SUVR.
However, they had no significant longitudinal AB accumulation in AD-typical regions
over two years’ follow-up regardless of EYO >= -15 or not. DIAN-TU trial may need
to exclude those AB-negative MCs, or find out a new target region with higher AAR
than AD-typical regions to detect longitudinal change of SUVR in a trial aiming to
attenuate further SUVR increase. In AB-negative asymptomatic MCs and NCs, none of
62 regions had significant increase in SUVR from baseline to FU for AB-negative
asymptomatic NC and Ap-negative asymptomatic MC with EYO < -15. However,
bilateral superior parietal gyrus, postcentral gyrus and precentral gyrus, and right
posterior cingulate gyrus had significant increase from baseline to FU in AB-negative
asymptomatic MC with EYO >= -15. Moreover, the HCA analysis revealed that the
bilateral superior parietal, postcentral and precentral, and left middle frontal and
inferiolateral remainder of parietal lobe were the top fast AB accumulating regions for
AB-negative asymptomatic MC with EYO >=-15. As a result, bilateral superior parietal,
postcentral and precentral, and left middle frontal and inferiolateral remainder of parietal
lobe were combined as one composited FAR. Significant positive AAR of the
composited FAR (0.01440.019) was 1.75 times (p=0.011, paired-sample t-test) higher
than corresponding AAR of AD-typical regions (0.00840.019). Using the composited
FAR as the target region to detect further SUVR change could reduce sample size and
shorten trial duration by 67% and 43% respectively as compared to the set of AD-typical

region.
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In AB-positive MC group, all the 62 regions had significantly higher SUVR than
that in corresponding region of AB-negative asymptomatic NC at both baseline and FU,
twenty eight regions had higher SUVR than whole-GM at baseline, and out of them only
bilateral putamen and caudate nucleus were not within the set of AD-typical regions,
which was consistent with previous studies [96]. There was no obvious difference in
spatial pattern of baseline SUVR for AB-positive asymptomatic and symptomatic MC,
both of which could be well tracked by the set of AD-typical regions. Therefore, the set
of AD-typical regions could be utilized as the target region to detect SUVR change from
baseline in anti-amyloid drug trial for AB-positive MC. To note is, those top regions with
high SUVR of AB-positive asymptomatic MCs had significantly lower baseline SUVR
than symptomatic individuals, implying AP-positive asymptomatic MCs still have
potential to keep amyloid accumulating. It may take around 6 years (EYO = -5.97) for
those asymptomatic MCs to be symptomatic. Considering temporal change of A, 56
regions had significant increase in SUVR from baseline to FU in AB-positive MCs, and
out of 27 regions with higher AAR than whole-GM, only bilateral putamen, left caudate
nucleus and right lateral remainder of occipital lobe were not within the set of AD-
typical regions. The spatial patterns of baseline SUVR and AAR in AB-positive MC
confirm the relevance of AD-typical regions for ADAD. Regarding to the spatial pattern
of AAR, ApB-positive asymptomatic MC (table 22) had higher AAR than whole-GM in
33 regions, out of which, only bilateral putamen were not within the set of AD-typical
regions. However, out of only 23 regions had higher AAR than whole-GM in A-
positive symptomatic MC (table 23), 7 regions were not within the set of AD-typical
regions. These findings were in accordance with those results of pre-dementia stage of
SAD. Most of the top FARs of AB-positive asymptomatic MCs collected from DIAN
databse (table 22) were also with those of AB-positive CN subjects collected from ADNI
database (table 8). Those regions out of the set of AD-typical regions (left cuneus, and
bilateral lateral remainder of occipital lobe) in AB-positive symptomatic MC were also
within those top FARs of phase 3 at pre-dementia SAD (table 13). Previous study
reported that those regions may be late-affected regions of amyloid deposition in ADAD
[93]. Therefore they should be added into the target region to detect the amyloid
accumulation in a given study or drug trial if symptomatic MC or individuals in phase 3
of pre-dementia SAD were used as the target.

It has been observed that there was significant correlation between baseline SUVR
and AAR, CDR-SB, MMSE and cognitive-composite for the whole MC cohort, however
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the association varied after controlling amyloid positivity and symptomatic status. No
correlation was observed for any two parameters in AB-negative MC, implying that
those AB-negative MC may have not deposited substantial AB in brain yet. As AB-
negative MC developed to AB-positive asymptomatic MC, significant correlation (R =
0.37, p=0.0433) was observed between AAR and cognitive-composite but not in CDR-
SB and MMSE, which may be because cognitive-composite is more sensitive to detect
early cognitive decline than other two according to its definition [92]. However, there
was no association between baseline SUVR/AAR and cognitive parameters at all in Ap-
positive symptomatic MC. These results imply that the further Ap accumulation in MC
with substantial amyloidosis may contribute to the early cognitive decline before
reaching symptomatic, the cognitive change of symptomatic stage may be more related
to other physiological parameters, such as hippocampal atrophy, glucose metabolism
and cortical thickness.

This part has two limitations. First, the number of AB-negative asymptomatic MCs
with EYO >= -15 was very small, thus the proposed FAR may need to be validated in a
dataset with a larger sample size in future. Second, the percentage of APP and PSEN2
was relatively low as compared to PSEN1, which may affect the finding of a higher

percentage of APP in AB-negative MCs than other mutation types in future.
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VI. Conclusions and Outlook

Understanding the natural course of Ap accumulation over time is important for
tracking disease progression, prediction of outcomes as well as designing stage-specific
clinical anti-amyloid drug trials. In this thesis, | investigated the spatial and temporal
pattern of Ap accumulation in subjects with preclinical and manifest SAD and ADAD.
Overall, these results provide meaningful references for planning and analyses of anti-

amyloid clinical trials with PET as biomarker.

In the first project, the spatial pattern of AAR in AB-positive patients with SAD was
studied, one pseudo-temporal method proved that longitudinal AR accumulation could
be predicted by baseline PET in individuals with dementia due to AD. This approach
may be used to search for preliminary top FARs in the beginning of anti-amyloid drug
trial, which will enable us to find out the regions those could be used as the target region
to detect longitudinal change of AP during FU, thereby shorten the trial duration and
sample size. This pseudo-temporal analysis may be applied to explore spatial patterns
of AP in other AB-related diseases, as those diseases usually have rare longitudinal data

available.

In the second project, the trajectory of AAR as a function of baseline SUVR was
explored using AB-positive CN and MCI subjects. It has been demonstrated that there
are significant variations in AB accumulation across subjects and regions at the pre-
dementia stage of SAD. They should be taken into account when designing and analyzing
anti-amyloid drug trials. Three different phases were defined based on this pseudo-
temporal trajectory of AAR at the pre-dementia stage of SAD. Fast accumulators were
identified by baseline SUVR out of the whole cohort. Furthermore, treated and placebo
groups should be matched for baseline SUVRgwm, otherwise one overestimation or
underestimation of treatment effect may be obtained.

In the third project, the spatial pattern of basesline SUVR and AAR was invetigated
in ADAD based on DIAN database. The spatial patterns of baseline SUVR and AAR of
AP accumulation in ADAD were similar as SAD except for some subcortical region. To
be more specific, the set of AD-typical regions could capture most of the cortical FARs
in APB-positive asymptomatic MCs. However, several FARs were out of the set of AD-
typical regions in AB-positive symptomatic MCs, which were within those regions found
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at phase 3 of pre-dementia stage of SAD. A higher percentage (66.67%) of APP in AB-
negative MCs was observed than other mutations (15.62%), implying that mean
mutation age of APP may be not as accurate as PSEN1 or PSEN2.

Nowadays, there are overwhelming and unpredictable challenges for researchers to
fully understand the mechanisms of AD and find out the efficient way to remove those
pathological factors that resulting in the cognitive decline and bringing fatal damage to
brain. PET imaging with amyloid PET provides one excellent method to assist the
diagnosis of AD at a very early stage. After failure in a lot of drug trials, more and more
researchers suggest that it may be necessary to conduct the drug trial for such a disease
at an early stage, such as CN or MCI of sAD, or asymptomatic MC of ADAD. Amyloid
PET has been commonly used the primary or secondary measurement in the anti-
amyloid drug trial. Those regions (FARs) with high AAR may be used as the target
region for the trials aiming to attenuate further SUVR increase, since they have fast
amyloid accumulating rate. A higher AAR could reduce the sample size and shorten the
trial duration, which will thereby reduce the cost of the drug trial. More importantly,
those individuals involved in the trials are probably at preclinical stage of AD, in other
words, they are still health. The less individuals an anti-amyloid trial needs, the less
healthy people are involved. The findings in this thesis could provide meaningful
reference for the drug trial using individuals with pre-dementia SAD or ADAD as the
target. It turns out that SAD and ADAD have similar spatial pattern of Ap accumulation,
which may support the transformation of those findings of ADAD to SAD in future.

In future, there are still many interesting topics remaining to be investigated. Firstly,
it has been suggested that using more biomarkers in the preclinical stage of AD may
gain more accurate assessment for this disease regardless of diagnosis or assessment for
a drug trial, but it is unclear whether those FARs of AB accumulation in one specific
stage of AD also work for other biomarkers, or if those FARs derived from amyloid PET
imaging correlate with the activities of other biomarkers. Secondly, there are still follow-
up studies in ADNI for those CN participants at preclinical AD and individuals with
MCI. Using as many PET scans as possible will enable us to obtain a more accurate
AAR, thereby we may establish a more reliable trajectory of AAR. With the help of this
new trajectory, more reliable cutoffs of different phases and fast/slow accumulators may
be obtained. In addition, those AB-negative asymptomatic MC with EYO < -15 will

probably have follow-up assessment. Thus they could be used to validate the proposed

84



set of FARs based on AB-negative asymptomatic MC with EYO >= -15. The last but not
the least, it has been suggested that more additional biomarker abnormalities, APOE 4
status or subtle cognitive symptoms may increase the likelihood of rapid emergence of
cognitive symptomatology and clinical decline. Consequently, we should combine
multiple medical images and other related genetic factor or cognitive parameters to
identify people without dementia but have a great risk to be AD for the target subjects

in the anti-amyloid drug trial in future.

More and more institutes and medical centers have joined into the fighting with
AD. Different databases related to AD have been established in America, Europe,
Australia and other countries, such as ADNI, DIAN, and AIBL (The Australian Imaging,
Biomarker & Lifestyle Flagship Study of Ageing) etc, which provide the opportunity
for researcher all over the world to investigate the progression of AD and learn how to
treat such a neurodegenerative disease. As far as | know, a big database (The Chinese
Familial Alzheimer's Disease Network, CFAN)[116] related to ADAD is under
recruitment in China. It is very likely that other countries in the world are also
establishing their own database for AD. Although there are unpredictable challenges for
us to fully understand the mechanism of AD and find out efficient approach to treat this
disease, we still believe that we can defeat it one day by collaborating with researcher
all over the world.
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