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Abstract

The National Institute of Aging and Alzheimer’s Asgation (NIA-AA) criteria for
Alzheimer disease (AD) treat neuroimaging and aegtinal fluid (CSF) markers of
AD pathology as if they would be interchangeable Mkted this assumption in 212
cognitively normal participants who have both némaying and CSF measuresfof
amyloid (CSF ;.42 and PET imaging with Pittsburgh Compound B) angroeal
injury (CSF t-tau and p-tau and structural MRI)wibngitudinal clinical follow-up.
Participants were classified in preclinical AD Stdg@-amyloidosis) or preclinical AD
Stage 2+ [{-amyloidosis and neuronal injury) using the NIA-AAteria, or in the
normal or suspected non-Alzheimer pathophysiolagyg (SNAP; neuronal injury
without -amyloidosis) At baseline, 21% of participants had preclinical B&sed on
CSF and 28% based upon neuroimaging. Between niedaltaging was concordant
in only 47% of participants. Disagreement resuftech low concordance between
biomarkers of neuronal injury. Still, individuals $tage 2+ using either criterion had an
increased risk for clinical decline. This highlighihe heterogeneity of the definition of
neuronal injury, and has important implicationsdbnical trials utilizing biomarkers

for enrollment or as surrogate endpoint measures.
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1. Introduction

Cerebrospinal fluid (CSF), magnetic resonance inga¢MRI), and positron emission
tomography (PET) biomarkers can identify preclihnisheimer disease (AD), where
brain pathology begins to accumulate but cogniisostill unimpaired. This preclinical
period can begin decades before the onset of alisijagnptoms (Bateman et al., 2012;
Jack et al., 2013; Sutphen et al., 2015) and pesvadpromising window for clinical
trials (Aisen et al., 2013). Recently proposed Alecda allow imaging and CSF

measures to be used interchangeably to identifenyidg AD pathological processes.

In 2011, the National Institute of Aging and Alzimair's Association (NIA-AA)
working group proposed research criteria for precéil AD where Stage 1 is
characterized by the presencegedmyloidosis alone, and Stages 2 and 3 by the
presence of botf-amyloidosis and neuronal injury (Sperling et 2011). AD
pathology can be assessed by either CSF or im&goangarkers. Since the initial
introduction of the criteria additional suggestitrae been proposed to incorporate
individuals with no abnormal biomarkers (normaliuiduals or Stage 0), and those
with evidence of neuronal injury in the absencg@-aimyloidosis, so-called suspected
non-Alzheimer pathophysiology (SNAP) (Jack et20]2). Although there is a clear
utility in using a simplified staging system, CSklamaging measures may reflect
different components of AD pathophysiology or magtme abnormal at different

stages of the disease.

Prior work has shown good agreement between diftds@markers op-amyloid

(Fagan et al., 2006; Mattsson et al., 2014; Toktdal., 2015) and less agreement
between neuronal injury biomarkers (Alexopouloalet2014; Toledo et al., 2014; Jack
et al ., 2015). Previous work using the NIA-AA-defd preclinical AD framework has
examined only imaging measures (lvanoiu et al. 520#&ck et al., 2015, 2012;

Knopman et al., 2012; Mormino et al., 2014), onfyFOmeasures (Roe et al., 2013; Van



Harten et al., 2013; Vos et al., 2013), or an inglate integration, with multimodal
measure of neuronal injury (CSF tau and fludeoxsgbe PET) but ng-amyloid
(Toledo et al., 2014). Crucially, no prior work h@dsne head-to-head comparisons of
CSF and neuroimaging markers of bfthmyloidosis and neuronal injury in the same
clinical cohort. Directly evaluating these biomarken the same cohort is imperative as
markers of preclinical AD are being used in bothichl and research settings. The
aims of our study were to use a large cohort ohdogly normal elderly individuals to
directly compare the relationship between CSF arajing biomarkers di-amyloid

and neuronal injury as well as contrast the measpeformance in identifying the
prevalence of preclinical AD and predicting clidicatcome. Understanding the
similarities, and differences, in AD staging andssification across modalities is
essential for future research, clinical trials, patient care, as these are already

incorporated into clinical practice in many seting

2. Methods

2.1 Participants

212 cognitively normal volunteers (age range 458&'s) were enrolled in longitudinal
studies of memory and ageing at the Knight AlzheisnBisease Research Center
(ADRC), St. Louis, MO, USA. Details of recruitmesntd assessment have been
published elsewhere (Berg et al., 1998). Partidppanderwent clinical assessment
annually (individuals 65 years and older) or ev&@gears (individuals below 65 years).
Participants were selected from the larger ADRCocbbased on the following criteria:
baseline cognitive, CSF, and imaging assessmehinnvi? months; baseline clinical
dementia rating (CDR) score of 0; at least onddadirfollow-up assessment; and good
general health. The Human Research Protection&dfidVashington University

School of Medicine approved the ADRC studies. Wntinformed consent was



obtained from all participants. Compared to ouvpmes study (Vos et al., 2013), we
also included individuals below 65 years (33%), padicipants were required to have

both CSF and imaging data available.

2.2 Cognitive assessment

At baseline and follow-up participants underwergrative assessment, which included
CDR and CDR sum of boxes (CDR-SB) (Morris, 1993niMMental State

Examination (MMSE), and a psychometric test bat(@ohnson et al., 2008; Pizzie et
al., 2014; Hassenstab et al., 2016 (in press)elBesCDR score and diagnosis were
assigned by trained clinicians and were based @dinitive assessment closest to the
time of biomarker assessment. Individuals with @RCP0 received a symptomatic AD
diagnosis if given a CDR score of at least 0.5nfiemory and at least one other domain
and the clinician deemed the cognitive impairmémise due to AD (McKhann et al.,
1984). A cognitive composite score was createddasehe selective reminding task,
animal fluency test, and trail making test parbA these tests were available in all
participants. Scores from each test were conveotgdcores relative to overall cohort

performance and averaged to create a cognitive ositepscore.

2.3 CSF assessment

Samples (20-25 mL) were collected after overnightifg by lumbar puncture, gently
inverted to avoid possible gradient effects, byie#ntrifuged at low speed, and
aliquoted (0.5 mL) into polypropylene tubes befoeéng frozen at —84°C. Samples
were analyzed fo-amyloid (AB1-4). total tau (t-tau), and phosphorylated;tap-tau)
by ELISA (Innotest; Fujirebio formerly Innogenetj&shent, Belgium). As previously
published, CSF markers were defined as normal morafal based on cutoffs that could

best differentiate participants who had CDR 0 aeline from those in an independent



cohort who had CDR 0.5 symptomatic AD, on the babkibe Youden index (Vos et
al., 2013). Abnormality was defined a$:A4,<459 pg/mL, t-tau >339 pg/mL, and p-tau
>67 pg/mL. Cases were considered positivesfamyloid if AB;_4>,was abnormal. As
levels of t-tau and p-tau have been shown to bieyizprrelated in the literature as well
as in our own sample (rho=0.848, p<0.001) partitipavere considered positive for

neuronal injury if either t-tau or p-tau was abnakm

2.4 Imaging assessment

Hippocampal volume (HCV) was used as the imagioglarker of neuronal injury
(Carali et al., 2015; Jack et al., 2014, 2012; Kmap et al., 2012; Mormino et al.,
2014; Petersen et al., 2013). High-resolution stinat magnetic resonance imaging
(MRI) was performed at 1.5 Tesla (n=26, SiemensoviisErglangen, Germany) or 3T
(n=186, Siemens TIM Trio) using a magnetizationpaired rapid gradient echo
(MPRAGE) sequence. HCVs were obtained from Free€BFischl et al., 2004),
adjusted for total intracranial volume (Bucknerkt 2004), and summed across
hemispheres. Volumes were converted to age-adjassedres relative to a normative
cohort of 196 individuals who were biomarker negaand remained cognitively
normal for at least three years (mean age 64.8¢rdB8-90) years, 128 (65%) female,
45 (23%)APOE ¢4 carriers, 1.5T=87, 3T=109). HCV was defined asnab or
abnormal based on cutoffs that could best difféaénparticipants who had CDR 0 at
baseline from those in an independent cohort whibbGBR 0.5 symptomatic AD
(n=141), on the basis of the Youden index. Abnoityalas defined as HCV Z-score

<-0.3023.

Pittsburgh compound B (PiB) PET (Klunk et al., 2D@4s used as the imaging
biomarker fo-amyloid. Participants underwent a 60-minute dymaR&ET scan.

Structural MRIs were parcellated using FreeSudearréate a tissue mask. A regional



spread function (RSF) based technique (Roussét é088; Su et al., 2015) was then
used to correct for partial volume effects and wbtarrected regional time-activity
curves within each region. Binding potentials weakeulated using Logan graphical
analysis (Logan et al., 1990) with a cerebellay gnatter reference. Mean cortical
binding potentials (MCBP) were calculated from cew of interest known to have high
levels of deposition in AD, i.e. an average actosh left and right lateral orbitofrontal,
inferior parietal, precuneus, rostral middle fronsaiperior frontal, superior temporal,
and middle temporal regions derived from FreeSySeret al., 2015, 2013}-
amyloid-PET scans were defined as normal or abndvased on cutoffs that could best
differentiate the participants in the current saanpho had CDR 0 at baseline from
those in an independent cohort who had CDR 0.5 symgtic AD (n=59), on the basis

of the Youden index. Abnormality was defined as MRCE).2245.

2.5 NIA-AA preclinical AD classification

Figure 1 provides an overview of the classificasitmased on CSF biomarkers, imaging
biomarkers, and a combined model using CSF andiimgdgomarkers. The NIA-AA
criteria include three preclinical AD stages. We dot differentiate between Stage 2
(abnormapB-amyloid and neuronal injury) and Stage 3 (abnofirainyloid, neuronal
injury and subtle cognitive decline) as subtle coga deficits are not well defined in
the field and proposed techniques to define Stage.3ottom 10% based upon
psychometric performance (Jack et al., 2012; V@s.eR013), resulted in insufficient
sample sizes. At baseline, participants were dladsn the normal group ff-amyloid
and neuronal injury biomarkers were normal, in jaeal AD Stage 1 if3-amyloid
alone was abnormal, in preclinical AD Stage 2f-&myloid and neuronal injury
biomarkers were abnormal without regard to psychiomperformance, and in the
SNAP group if the neuronal injury biomarker was @iomal and thg-amyloid

biomarker normal (Jack et al., 2012). fxamyloid biomarkers were highly correlated



and concordant (see section 3.4), in the combinediehhwe allowed either CSFA 4,
or B-amyloid-PET to be abnormal for tBeamyloid measure while we differentiated

between neuronal injury biomarkers (Figure 1).

2.6 Satistical analyses

Baseline differences in clinical and biomarker ahles between NIA-AA
classifications determined using CSF and imagindatittes were analyzed using a
test for continuous variables agfdor logistic regression for categorical variabMée
performed Spearman’s rho correlation analyses w#lating continuous CSF and
imaging biomarkers levels of pathophysiology andh€ds KappaK) to test agreement
between classifications of abnormality.

When examining the NIA-AA criteria our primary oatoe measures were the
proportion of participants in each stage at basedimd the progression to CB®R5 at
follow-up. We used Cox proportional hazards modetszard ratio, HR) to investigate
the relative risk for a progression to CBIRS during the available follow-up period for
each preclinical stage. In these statistical moieliduals with normal biomarkers
served as a reference group, and models were thrubadjusted and adjusted for

baseline age, sex, education, &RDE genotype.

3. Results

We included 212 cognitively normal individuals whiaseline clinical, CSF and
imaging assessment collected within an averagegeifi4.4 (3.2 SD) months and a
median clinical follow-up of 3.3 years (range 1-Bable 1 lists the sample
characteristics according to NIA-AA stage and Fegglrdemonstrates how data was

used to designate preclinical stages.



3.1 CSF biomarkers

Using CSF biomarkers 127 (60%) participants wetdénormal group, 26 (12%) in
Stage 1, 19 (9%) in Stage 2+, and 40 (19%) wetikarSNAP group (Table 1). The 5-
year progression rate to CBR5 was 4% for the normal group, 5% for Stage % 46
for Stage 2+, and 21% for the SNAP group. Survarallyses adjusted for covariates
showed that individuals in Stage 2+ were more jikelprogress to CDE0.5 compared
to those in the normal group (HR=9.7, p=0.001) Stae 1 (HR=15.7, p=0.012; Table
2, Figure 2). Individuals in Stage 2+ had highargpession rates than those in the
SNAP group, although the difference was not siaéily significant (HR=2.8

p=0.087).

3.2 Imaging biomarkers

Using neuroimaging 114 (54%) participants werehmmnormal group, 42 (20%) in
Stage 1, 16 (8%) in Stage 2+, and 40 (19%) wetlearSNAP group (Table 1, Figure e-
1). The 5-year progression rate to CXBE5 was 6% for the normal group, 17% for
Stage 1, and 55% for Stage 2+, and 9% for the SttABp. Survival analyses adjusted
for covariates showed that individuals in Stagen2fe more likely to progress to
CDR=0.5 compared to those in the normal group (Tabldyre 2; HR=4.7, p=0.037).
Individuals in Stage 2+ had higher progressionsrétan those in the SNAP group,
although the difference was not significant (HR=$80.076). No difference in

progression rate was found between Stage 2+ angg $téHR=2.0, p=0.303).

3.3 Combination of CSF and imaging biomarkers
Using a combination of CSF and imaging biomarkéés(37%) participants were in the
normal group, 30 (14%) in Stage 1, 24 (11%) in 8t2g with only tau abnormal, 10

(5%) in Stage 2+ with only HCV abnormal, 6 (3%)Stage 2+ with both abnormal tau



and HCV, 23 (11%) in the SNAP group with only tdwnarmal, 34 (16%) in the SNAP
group with only HCV abnormal, and 6 (3%) in the SNgroup with both abnormal tau
and HCV (Figure e-1). Baseline characteristichete subgroups are presented in
Table e-1 in the Supplement. The 5-year progressitanto CDR0.5 was 3% for the
normal group, 0% for Stage 1, 29% for Stage 2+ wiily tau abnormal, 40% for Stage
2+ with only HCV abnormal, 76% for Stage 2+ withtbbéau and HCV abnormal, 18%
for the SNAP group with only tau abnormal, 4% foe SNAP group with only HCV
abnormal, and 35% for the SNAP group with bothaad HCV abnormal. Survival
analyses showed that individuals in all the subgsoaf Stage 2+ and individuals with
SNAP with both abnormal tau and HCV were more {ikel progress to CDBD.5
compared to those in the normal group (Table agyre 1). However, for individuals
in Stage 2+ with only abnormal HCV and Stage 2-hwibth abnormal tau and HCV
this difference was not significant anymore aft@mrection for covariates (Stage 2+ tau
HR=5.6, p=0.047; Stage 2+ HCV HR=9.6, p=0.074; &g both HR=3.4, p=0.234;
SNAP both HR=10.3, p=0.024). Individuals with SNARh only abnormal HCV had a
better prognosis than individuals with SNAP withttbabnormal tau and HCV
(HR=0.04, p=0.019), individuals in Stage 2+ witHyoabnormal tau (HR=0.07,

p=0.030), and individuals in Stage 2+ with only atmal HCV (HR=0.04, p=0.031).

3.4 Head-to-head comparison

Prevalence of preclinical AD (Stages 1 and 2+) lnigker for imaging than CSF
classifications (28 vs. 21%, p<0.001) while progres rates to CDRD.5 in individuals
with preclinical AD were similar for CSF and imagimodalities (18 vs. 17%, p=0.943;
Table 1). Table 3 presents the overlap for CSFHmaging NIA-AA classifications.
Only 99 (47%) individuals had the same CSF and intaglassification. There was a
moderate agreement in preclinical AD classifica{iigr0.528, 95% CI 0.397-0.659,

p<0.001) between both modalities. Concordance axasdt for SNAP and Stage 2+.



When we compared biomarker values regardless dflAeAA classification, we
found a moderate correlation between C$ir_Alevels and3-amyloid-PET binding
(rho=-0.425, p<0.001), with 83% concordance irssification as abnormal (Figure 3,
Table e-3). The correlation between CSF t-tau aB¥ Mas minimal (rho=0.027,

p=0.694), with 59% concordance in the total grong %7% in the preclinical AD

group.

5. Discussion

We found that CSF and imaging biomarkers could betlised to identify preclinical
AD, and for each approach, advanced preclinicalsédges were associated with an
increased risk of clinical decline. However, theAMA classifications across
modalities overlapped only partially. This resultedinly from discordance between

neuronal injury biomarkers.

Individuals in preclinical AD stages demonstratdugher rate of progression to
CDR=0.5 compared to individuals without preclinical ARith similar results for CSF
and imaging biomarkers. Only Stage 2+ showed arased progression compared to
the normal group. This suggests that individual woth3-amyloid deposition and
neuronal injury are most suitable for AD trial s#ien, although incongruences

between markers of neuronal injury suggest diskas&ogeneity.

Our combined model of CSF and imaging biomarkessyell as the single modality
analyses, demonstrated that Stage 2+ defined lgr&tSF tau or HCV led to similar
clinical outcomes. The long-term clinical prognosiss the worst for Stage 2+
individuals who had both neuronal injury biomarkabsmormal. Also within the SNAP

group, only individuals with abnormalities in badu and HCV abnormal had higher



progression rates to C2R.5 compared to those in the normal group. Althatigh
number of individuals with preclinical AD or SNARt both injury markers abnormal
was small (n=6), this suggests a potential additalae of testing two neuronal injury

measures to further refine the prognosis in thesigr

In the current analyse@;amyloid positivity using PET was slightly more comon than
B-amyloid positivity using CSF, which resulted imigher prevalence of preclinical AD
based ofs-amyloid PET (28 vs. 21%). The slightly differemthorts used to define
cutoffs, the timing when each biomarker demonssratenormality, and inherent signal-
to-noise properties of the different techniques mhaye this difference. However, the
difference could also result from independent infation provided by the amyloid
markers (Mattsson et al., 2015). As with any stdidyrotomizing continuous variables,
the choice of cutoff values is crucial. The currenalyses established biomarker cutoffs
using a Receiver Operating Characteristic (ROCyeapproach to differentiate
cognitively normal individuals from mildly dementedividuals with a clinical AD
diagnosis. While other approaches have been impitatden the field to determine
cutoffs for PET and MRI data (Cohen and Klunk, 201ack et al., 2012; Mormino et
al., 2014), this ROC approach is most common fahyaes that include CSF data (De
Meyer et al., 2010; Hulstaert et al., 1999; Jackle?2011; Kapaki et al., 2003; Mulder

et al., 2010; Vos et al., 2013).

Our findings on the prevalence and outcome of prieall AD are consistent with

earlier reports based on only imaging biomarkeran(iu et al., 2015; Jack et al., 2012;
Knopman et al., 2012; Mormino et al., 2014), onfyFbiomarkers (Roe et al., 2013;
Van Harten et al., 2013; Vos et al., 2013), or corath neuronal injury measures

(Toledo et al., 2014) in that individuals at lapeeclinical stages are more likely to



show clinical decline in the future. Despite simii@quencies and longitudinal
outcomes across the stages when using either Cigfaging biomarkers (Table 1), the
NIA-AA preclinical AD classification showed only 4@ overlap between CSF and
imaging based biomarkers. Our finding of high cadence betweep-amyloid
biomarkers (83%) and low concordance (59%) in neairmjury is in line with

previous studies that have examined the biomaseparately:® By examining the
scatterplot of continuous values (Figure 3) itlesac that the high congruency [f
amyloid data and low congruency of neuronal injmarkers is not a byproduct of the

selected cutoffs but an inherent property of thta.da

The lower concordance between neuronal injury nrarkeuld be due to several
reasons. First, both markers may reflect diffeemmtects of AD. For example CSF
levels of tau are likely sensitive to diffuse newabinjury, while by its nature HCV
measures focal changes. Further, the loss of gegiermassessed with MRI could be
due both to the loss of dendritic branching as agltell death. CSF values may instead
be more sensitive to cell death and less so togdsaim dendritic health. Second, each
neuronal injury biomarker could become abnormal different stage of the AD
process, although in our study individuals withadamormal3-amyloid biomarker and
abnormal tau did not differ in age or general ctigaiperformance from individuals

with an abnormaB-amyloid biomarker and abnormal HCV. Third, unlikeasures of
B-amyloid that are relatively selective for AD, mark of neuronal injury are sensitive
to multiple conditions. Smaller HCV is for instanaso a feature of hippocampal
sclerosis (Jack et al., 2002), TDP-43 proteinopédlritwell et al., 2010), and
argyrophilic grain disease, whereas elevated C&kstaeen in cerebrovascular disease,
Creutzfeldt-Jakob disease (Cohen et al., 2016)trandnatic brain injury (Tsitsopoulos

and Marklund, 2013). Another reason for lower cadaace between neuronal injury



markers could be the heterogeneity between ptand p-tags;, as a recent study
suggests that the latter is superior in identifyitig (Spiegel et al., 2015). The
heterogeneous nature of these neuronal injury bicensiintroduces the risk that even
in the presence of abnornfaamyloid they may not capture AD-specific pathology
The increased incidence of cognitive decline iera@rreclinical stages may be due both
to more advanced AD trajectory, but also comorlaithplogies interacting with AD.
This is a serious concern when selecting for dihidals, and a fact that is overlooked
when only one modality (e.g. imaging or CSF) isdusecharacterize pathology. In the
future, tau-PET imaging may provide a localized suea of tauopathy that could help
to better understand the neuronal injury patterAbnversus non-AD (Villemagne et

al., 2015).

Our study has several limitations. Because paditpagreed to take part in a
longitudinal biomarker study they are unlikely t® tepresentative of the general
population. However, our cohort is similar to othesearch samples of cognitively
normal older adults and people with preclinical Adrthermore, the number of
participants who progressed to CBIRS was small so our study may have been
underpowered for detecting between group differemeelinical outcomes. Results
should therefore be interpreted carefully. Everugiothe majority only had a short
time lag (mean=4 months), we allowed a time lagmfo 12 months at baseline
between clinical, CSF, and imaging assessment,hduald have influenced our
findings. However, when we performed our analysils &ymaximum time lag of 6
months between the baseline assessments, resutverg similar (data not shown).
Additionally, HCV was measured on 1.5T scans femall subgroup (n=26).
Nevertheless, when we performed analyses onlydivistluals with 3T scans, results

remained essentially the same. The major stremjitiss study are the availability of



large sample size of well-characterized cognitivedymal participants with both CSF

and imaging data and the long follow-up period pta 9 years.

Our study implies that both CSF and imaging bioraeskmay be used in research
settings and AD trials for identification of predltal AD and its associated clinical
decline. However, the disparity between CSF andjintaneuronal injury biomarkers
may lead to different NIA-AA staging classificat@rAs they reflect different
pathophysiological processes this could imply tiraups defined based on different
neuronal injury markers could have different regasnto therapeutic interventions as
well. This highlights the need for further refinemef neuronal injury assessment as
part of the NIA-AA preclinical AD criteria and thmotential utility of integrating

multiple modalities.
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Figurelegends

Figure 1. Overview of NIA-AA preclinical AD classifications.

The “-/+” refers to whether a biomarker is normabhbnormal for that stage. As they were
highly correlated and concordant, in the integrafedsifications we allowed either CSF
AP1-420r B-amyloid-PET to be abnormal for tifeamyloid measure while we differentiated
between CSF and imaging abnormality for the neuronary biomarker. Abnormal values
for biomarkers were: By_42 <459 pg/mL, t-tau >339 pg/mL, p-tau >67 pg/mL, M&BIB
>0.2245, HCV <-0.3023. p=amyloid beta; CSF=cerebrospinal fluid; HCV=hippogeal
volume; PiB=Pittsburgh compound B; SNAP=suspectadAlzheimer pathophysiology; t-

tau=total tau; p-tau=phosphorylated tau.

Figure 2. Survival plots of preclinical AD for progression to CDR=0.5 based on

different biomarkers

Graphs show the survival probability for progreasio CDR=0.5 for each preclinical AD
stage, uncorrected for covariates. The black kpeasents participants in the normal group;
blue, Stage 1; red, Stage 2+; and grey, SNAP. Givemelatively small sample sizes for the
subgroups in the combined analyses, we alloweere@isF A;1_4.0r B-amyloid-PET to be
abnormal for thgg-amyloid measure while we differentiated betweer G&u or p-tau and
HCV for the neuronal injury biomarker. CDR=Clinidaémentia Rating scale,

HCV=hippocampal volume, SNAP=Suspected Non-AlzheiRethophysiology.

Figure 3. Concordance between p-amyloid biomarkersand neuronal injury

biomarker s by outcome

Results are concordance betw@esimyloid biomarkers and neuronal injury biomarkers
presented by outcome, i.e. CDR=0, CIE5, or CDR0.5 symptomatic AD. Lines are cut-
offs used to define abnormality A 4,<459 pg/mL, t-tau >339 pg/mL, MCBP-PiB

>0.2245, HCV <-0.3023. Concordant biomarkers aesgmted in the upper left and lower



right part of each figur&K=Cohen’s kappa for agreement in biomarker clasgibo.
Ap=amyloid beta; AD=Alzheimer’s disease; CDR=clinideimentia rating scale;
CSF=cerebrospinal fluid; MCBP=mean cortical bindpagential; PiB=Pittsburgh

compound B; t-tau=total tau.



Table 1. Characteristics of the total cohort areNhA-AA classification groups based on CSF

versus imaging biomarkers

Total cohort Modality =~ Normal Stage 1 Stage 2+ SNAP
N (%) 212 (100%) CSF 127 (60%) 26 (12%) 19 (9%) 40 (19%)
Imaging 114 (54%) 42 (20%) 16 (8%) 40 (19%)
Age 66.1 (9.3) CSF 63.4 (9.0) 68.1 (9.6) 73.5 (5.6) 69.8 (7.8)"
Imaging  64.0 (9.4) 70.6 (5.9) 74.0 (6.9) 64.3 (9.6)
Female, n 132 (62%) CSF 80 (63%) 15 (58%) 9 (47%) 28 (70%)
Imaging 78 (68%) 19 (45%) 11 (69%) 24 (60%)
Education, y 15.8 (2.6) CSF 15.9 (2.5) 14.8 (3.0  16.5(2.5)°  16.0(2.4)
Imaging  16.0 (2.4) 16.4 (2.6) 14.1 (3.4) 15.5 (2.5)
MMSE 29.2 (1.2) CSF 29.3(0.9) 29.0 (1.3) 28.6 (1.7) 29.0 (1.4)
Imaging  29.3 (1.2) 29.0 (1.4) 28.9 (1.4) 29.2 (0.9)
Cognitive 0.08 (0.6) CSF 0.2 (0.6) 0.1 (0.6) -0.4 (0.6) -0.1 (0.6)
compositei Imaging 0.2 (0.6) -0.1 (0.6) -0.2 (0.5) 0.1 (0.6)
APOE-¢4, n 70 (33%) CSF 33 (26%) 15 (58%) 9 (47%) 13 (33%)
Imaging 26 (23%) 24 (57%) 8 (50%) 12 (30%)
CSF ABy.42 676.2 (272.8) CSF 720.6 (203.2) 341.4 363.6 (70.4) 901.1
(75.8) (287.4)
Imaging 736.8 (258.9) 485.0 446.8 795.7
_ (240.4) (175.7) (222.6)
CSF t-tau 278.3 (149.0) CSF 205.9 (57.0) 210.5(67.6) 503.0 _ 4455
(162.6) (145.2)
Imaging ~ 246.0 (115.0) 379.8 359.4 231.5 (99.8)
(187.1) (203.6)
CSF p-tau 53.1 (23.7) CSF 42.4 (11.0)° 43.2(9.2)° 87.4(30.0)" 77.6(23.4)
Imaging ~ 47.5 (17.8) 70.5(31.8) 62.0(26.2)  47.4(17.4)
MCBP for PiB  0.31 (0.4) CSF 0.16 (0.17)° 0.49(0.47)" 0.89(0.46)  0.35(0.51)
Imaging  0.12(0.05)  0.74(0.46) 0.91(0.55)  0.11 (0.04)
HCV, z 0.06 (0.7) CSF 0.0 (0.7) 0.1 (0.7) 0.1(0.6) 0.2 (0.7)
Imaging 0.4 (0.5) 0.4 (0.5) -0.9 (0.3) -0.7 (0.3)
Progression to 18 (9%) CSF 4 (3%) 1 (4%) 7 (37%) 6 (15%)
CDR=>0.5, n Imaging 5 (4%) 5 (12%) 5 (31%) 3 (8%)
Progression 8 (4%) CSF 1 (1%) 1 (4%) 4 (21%) 2 (5%)
to CDR=>0.5 Imaging 0 (0%) 2 (5%) 5 (31%) 1 (3%)
symptomatic
AD, n

Results are mean (SD) or number (%) for participtagsification based on CSF or imaging biomark@itse
cognitive composite is a z-score derived from #lecive reminding task, animal fluency test, anailT

Making Test part A. Scores from each test were eded toZ scores relative to overall cohort performance
and averaged to create a cognitive composite sd@reamyloid beta; AD=Alzheimer disease;

APOE=apolipoprotein E; CSF=cerebrospinal fluid; HCVatgampal volume; MCBP=mean cortical binding

potential, MMSE=Mini-Mental State Examination; PiBrtsburgh compound B; SNAP=suspected non-
Alzheimer pathophysiologyP<0.05 compared to imaging classification.



Table 2. Predictive accuracy of preclinical AD fwogression to CDR).5 based on CSF versus

imaging biomarkers

Unadjusted CSF Imaging
Comparison Hazard Ratio P Value Hazard Ratio P Value
Stage 1 Normal 1.2 (0.1-10.9) 0.857 3.2 (0.9-11.1) 0.066
Stage 2+ 0.022 0.023
SNAP 0.169 0.366
Stage 2+ Normal 14.2 (4.2-48.7) <0.001 13.6 (3.9-47.7) <0.001
SNAP 0.083 0.004
SNAP Normal 5.4 (1.5-19.3) 0.009 1.7 (0.4-6.9) 0.492
Adjusted CSF Imaging
Comparison Hazard Ratio P Value Hazard Ratio P Value
Stage 1 Normal 0.6 (0.1-5.8) 0.676 2.3 (0.6-8.8) 0.224
Stage 2+ 0.012 0.303
SNAP 0.124 0.418
Stage 2+ Normal 9.7 (2.6-37.2) 0.001 4.7 (1.1-19.7) 0.037
SNAP 0.087 0.076
SNAP Normal 3.4 (0.9-12.6) 0.061 1.2 (0.3-5.8) 0.785

Results are hazard ratios (95% ClI) for progres®dd®DR=0.5 relative to cognitively normal
individuals without any AD pathology. Analyses wgerformed both unadjusted and adjusted
for age, sex, education, aABOE genotype, based on CSF biomarkers versus imaging
biomarkers. P values are presented for comparisdhsther groups. SNAP=suspected non-
Alzheimer pathophysiology.



Table 3. Overlap in preclinical AD classificatioaded on CSF and imaging biomarkers

CSF biomarkers
Normal Stage 1 Stage 2+ SNAP
N=127 N=26 N=19 N=40
Imaging biomarkers Normal 79 (62%) 10 (39%) 2 (11%) 23 (58%)
Stage 1 9 (7%) 11 (42%) 14 (74%) 8 (20%)
Stage 2+ 5 (4%) 5 (19%) 3 (16%) 3 (8%)
SNAP 34 (27%) - - 6 (15%)

Results are number (%) of subjects in the clasdifio groups based on CSF classification.
CSF=cerebrospinal fluid; SNAP=suspected non-Alzleeipathophysiology.



CSF Biomarkers

Imaging Biomarkers

CSF and Imaging Biomarkers
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Highlights

CSF and neuroimaging AD biomarkers are often used interchangeably
Advanced preclinical AD predicts greater risk of future clinical decline
Neuronal injury markers from different modalities have low concordance
Using different neuronal injury measures impacts the preclinical AD staging

Preclinical AD staging may reflect both AD pathology and comorbidities



