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Abstract

Objective—Deposition of Ap-containing plaques as evidenced by amyloid imaging and CSF
AB42 is an early indicator of preclinical Alzheimer disease (AD). To better understand their
relationship during the earliest preclinical stages, we investigated baseline CSF markers in
cognitively normal individuals at different stages of amyloid deposition defined by longitudinal
amyloid imaging with Pittsburgh Compound B (PIB): 1) PIB-negative at baseline and follow-up
(PIB-, normal); 2) PIB- at baseline but PIB-positive at follow-up (PIB converters, early
preclinical AD); and 3) PIB-positive at baseline and follow-up (P1B+, preclinical AD).

Methods—Cognitively normal individuals (n=164) who had undergone baseline PIB scan and
CSF collection within one year of each other and at least one additional PIB follow-up were
included. Amyloid status was defined dichotomously using an a priori mean cortical cut-off.

Results—PIB converters (n=20) at baseline exhibited significantly lower CSF Ap42 compared to
those who remained PIB- (n=123), but higher compared to PIB+ group (n=21). A robust negative
correlation (r=—0.879, p=0.0001) between CSF AB42 and absolute (but sub-threshold) PIB
binding was observed during this early preclinical stage. The negative correlation was not as
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strong once individuals were PIB+ (r=—0.456, p=0.038), and there was no correlation in the stable
PIB- group (p=0.905) or in the group (n=10) with early symptomatic AD (p=0.537).

Interpretation—CSF Ab42 levels are tightly coupled with cortical amyloid load in the earliest
stages of preclinical AD, and began to decrease dramatically prior to the point when an abnormal
threshold of cortical accumulation is detected with amyloid imaging.

INTRODUCTION

Alzheimer disease (AD), the most common cause of dementia in the elderly and the third
leading cause of death in the US?, is characterized by a long (~10 to 20 years) preclinical
period during which pathology accumulates in the absence of overt clinical symptoms2. The
deposition of p-amyloid (amyloid) plaques in the brain is one of the earliest measurable
pathological changes in AD3 4 and can be successfully monitored during this preclinical
period using positron emission tomography (PET) with amyloid tracers such as Pittsburgh
Compound B (PIB)>7. Studies of cerebrospinal fluid (CSF) in similar cohorts have reported
low levels of amyloid-p1-42 (Ap42) in individuals who are considered amyloid-positive by
global PET thresholds®-11, thus supporting the use of CSF AB42 levels as a proxy for
underlying amyloid. What remains to be determined is the relationship between CSF Ap42
(and CSF biomarkers of tau-related neuronal injury) and amyloid burden in cognitively
normal (CN) individuals prior to, during, and after the transition from amyloid-negative to
amyloid-positive defined by global thresholds for cortical amyloid PET positivity.
Elucidating these relationships will aid in our understanding of the temporal dynamics of
amyloid accumulation during the earliest pathologic stage(s) of AD, as well as inform the
design and interpretation of clinical trials aimed at preventing the development of cognitive
symptoms in individuals who are in this early preclinical stage.

As a first step in achieving this goal, we used data from longitudinal PIB scans from
research participants in studies of aging and dementia at the Knight Alzheimer’s Disease
Research Center (ADRC) to select CN individuals (who had associated baseline CSF)
considered to be: 1) PIB- at baseline and remained PIB- at follow-up (PIB-, normal); 2)
PIB- at baseline but several years later became PIB-positive (PIB converters, early
preclinical AD); and 3) PIB+ at baseline and remained PI1B+ at follow-up (P1B+, preclinical
AD). All individuals remained CN through follow-up. We then evaluated the relationship
between concentrations of CSF biomarkers and amount of cortical PIB retention at baseline
in these three groups and compared them to those in PIB+ individuals who were diagnosed
with very mild to moderate AD (symptomatic AD).

Materials and Methods

Participants

Participants were community dwelling volunteers enrolled in studies of normal aging and
dementia at the Knight Alzheimer’s Disease Research Center (ADRC) at Washington
University in St. Louis. Participants were 45-84 years of age at baseline and had no
neurological, psychiatric or systemic medical illness that might compromise longitudinal
study participation, nor medical contraindication to lumbar puncture (LP) for CSF collection

Ann Neurol. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Vlassenko et al.

Page 3

or PIB PET. All participants underwent cognitive assessments, neurological evaluations and
clinical assessments at each visit that included the Clinical Dementia Rating (CDR)12. A
CDR score of 0 indicates cognitive normality, whereas a CDR of 0.5, 1 or 2 indicates very
mild, mild or moderate dementia, respectively.

Cognitive Measures

All participants completed a battery of standard cognitive measures typically within 2 weeks
of the clinical evaluation. Knight ADRC cognitive batteries have been described in detail in
prior publications3 14, Two cognitive outcomes with good psychometric characteristics and
sensitivity to preclinical AD and that were available for all participants in the study were
included in this study: the free recall score from the Free and Cued Selective Reminding Test
(FCSRT5), a measure of episodic memory, and the total correct score from the Animal
Naming test16, a verbal fluency measure associated with semantic memory.

To be included in the present analysis, participants had to have baseline clinical assessment,
LP and PIB PET within 12 months of each other and at least one subsequent follow-up PIB
PET. The mean interval between baseline CSF and PIB measurements in this cohort was 0.2
+ 0.7 years (n=174). The scan could be before or after the LP. Three groups of CN
individuals were selected based on their longitudinal pattern of PIB positivity defined by a
previously determined mean cortical thresholdl’ (Fig. 1). One hundred twenty-three
individuals were CN (CDR 0) and PIB- at both baseline and follow-up (PIB-); 20
individuals were CDR 0 and PIB- at baseline but PIB+ at follow-up (PIB converters); and
21 individuals were CDR 0 and PIB+ at both baseline and follow-up (PIB+). All of these
participants remained CN (CDR 0) throughout the follow-up period. For comparison
purposes, a fourth group was included comprised of 10 PIB+ CDR+ participants diagnosed
with mild to moderate AD dementia (symptomatic AD, sAD)18. All procedures were
approved by the Washington University Human Research Protection Office, and written
informed consent was obtained from each participant.

CSF collection, processing and analysis

CSF (20-30ml) was collected at ~8:00am after overnight fasting as previously described®.
Samples were gently inverted to avoid possible gradient effects, briefly centrifuged at low
speed to pellet any cellular debris and aliquoted into polypropylene tubes prior to freezing at
-84°C. CSF samples were analyzed for Ap42, total tau (tau), and phospho-taul81 (ptaul81)
by enzyme-linked immunosorbant assay (ELISA) (INNOTEST, Fujirebio, Ghent, Belgium).
For all biomarker measures, samples were continuously kept on ice, and assays were
performed on sample aliquots after a single thaw following initial freezing.

Imaging Assessment

High resolution T1-weighted structural MRI was performed at 1.5 Tesla (n=63, Siemens
Vision, Erlangen, Germany) or 3T (n=111, Siemens TIM Trio) using a magnetization-
prepared rapid gradient echo (MPRAGE) sequence as previously described!® 20, Pittsburgh
compound B (P1B) PETZ was used as the imaging biomarker for -amyloid. Participants
underwent a 60-minute dynamic PET scan following injection of ~10 mCi PIB%2, The PIB
PET imaging has been described in detaill”: 22 and was conducted with a Siemens 962 HR+
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ECAT PET scanner (Siemens/CTI, Knoxville KY) or on a Siemens Biograph 40 scanner.
Structural MRIs were parcellated using FreeSurfer?3 (Martinos Center, Boston, MA) and,
within each region, partial volume correction was applied?4. Standard uptake value ratios
(SUVR) were calculated from regions of interest (ROI), with PIB-positivity defined as the
mean cortical SUVR (from prefrontal, parietal and temporal ROIs) >1.42, a value
commensurate with a mean cortical binding potential of 0.18 defined previously for a similar
cohortl”: 22, Cerebellar cortex, a region negative for amyloid in AD, was used as the
reference region. Since the difference in spatial resolution between the two scanners used in
this study is small (~0.01 SUVR unit), the same PIB cut-off was used for the entire dataset.

Statistical analysis

Results

Baseline demographics were summarized as mean £ SD or percent and compared with
ANOVA for continuous variables or logistic regression for dichotomous variables. Specific
group differences were evaluated post hoc with Student’s t-tests. Group differences in CSF
biomarkers and PIB deposition were assessed with ANOVA or ANCOVA adjusting for
baseline age, gender, education, time of PIB follow up and presence of at least one APOE 4
allele (APOEA4). Post-hoc comparisons using Student’s t-tests were conducted only after an
omnibus test indicated joint significance in the participant groups. The assumption of
homogeneity of variance in these models was evaluated with a likelihood ratio test and,
where appropriate, the variance was estimated separately for different groups. Akaike
information criterion25 was used to decide if fewer variables could be used to fit the data.
Pearson’s correlation coefficient was used to assess the association between CSF biomarkers
and PIB deposition, both unadjusted and adjusted for age, gender, education, time of PIB
follow-up and APOEA4. In order to assess differences in these associations among the
participant groups, we used linear regression models to regress PIB deposition on each CSF
biomarker, participant group, as well as their interaction, both unadjusted and adjusted for
covariates. All analyses were performed using SAS version 9.4 (SAS Institute, Inc, Cary,
NC). P-values <0.05 indicated statistical significance.

Participant demographics and baseline PIB and CSF biomarker results are shown in Table 1.
Roughly two-thirds of individuals in all groups were female. Those in the SAD and PIB+
groups were significantly older at baseline compared to the PIB— and PIB converter groups
(p<0.0001). There was a main effect of group on the prevalence of a family history of AD
(p=0.002) and APOE4-positivity (p<0.0001) with the PIB- having the lowest prevalence
and the sAD having the highest, with PIB converters and PIB+ groups falling intermediately.
As expected, the SAD group exhibited significantly lower scores on the MMSE (p<0.02),
FCSRT (p<0.0001) and Animal Naming (p<0.04) than the PIB—, PIB converter and PIB+
groups. Performance on FCSRT trended lower in the stable PIB+ compared to the PIB-
group (p=0.0519).

Baseline amyloid imaging and CSF biomarkers

Highly significant overall group differences (p<0.0001) were observed in mean cortical and
regional AP deposition by PIB PET and CSF Ap42, tau, p-taul81 (and the ratios of tau(s)/
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AP42) at the time of the baseline scan (Table 1, Fig. 2). As expected based on the study
design, baseline mean cortical PIB binding was significantly higher in the sAD and CN PIB
+ groups compared to the PIB- and PIB converter groups (all p<0.0001) (Fig. 2A). Levels
of cortical PIB deposition in CN individuals who converted from PIB- to PIB+ at follow-up
(early preclinical AD) was also higher at baseline than in those who remained PIB-
(p=0.0001) (Fig. 2B), and they were higher in SAD than in preclinical (CN PIB+)
individuals (p=0.0104). Overall statistical results were highly similar when analyses were
adjusted for covariates including age, gender, APOE4, time of PIB follow-up and education
(data not shown).

Group differences were also observed in levels of CSF biomarkers at the time of baseline
PIB scans (Table 1, Fig. 2). Although post-hoc analyses demonstrated no differences
between CN stable PIB+ and sAD groups in levels of CSF Ap42 (p=0.3562), the differences
were observed in tau in unadjusted analyses (p=0.0266), but not when adjusted for
covariates (p=0.147), and ptaul81lin adjusted (p=0.0213) but not unadjusted (p=0.2021)
analyses. The differences observed among the CN groups were a function of where they fell
in the amyloid trajectory as defined by their longitudinal PIB patterns. Individuals who
converted from PIB- to PIB+ (PIB converters) exhibited significantly lower levels of CSF
AB42 at the time of their initial negative baseline scan compared to CN PIB- individuals
who remained PIB- (p=0.0041) (Fig. 2B), but significantly higher Ap42 levels compared to
those who were already PIB+ at baseline (p=0.0005). Even when controlling for baseline
PIB, converters exhibited lower levels of CSF Ap42 at the time of their baseline scan
compared to PIB- individuals (p=0.0056 when adjusting only for baseline PIB and
p=0.0225 when adjusting for all covariates including baseline PIB). As expected, the PIB+
group had lower Ap42 levels than those who started and remained PI1B— (p<0.0001). Also,
differences were observed between PIB converters and stable PIB- individuals in levels of
tau (p=0.0336) (Fig. 2C) but not p-tau181 (p=0.1087) (Fig. 2D). However, concentrations of
CSF tau and ptaul81 were higher in CN individuals who were stably PIB+ compared to
those who were stably PIB— (p<0.0001 and p=0.0004, respectively), as well as in those who
converted from PIB- to PIB+ (p=0.0022 and p=0.0109, respectively). CSF tau/Ap42 (Figure
2E) and p-taul81/AB42 (Figure 2F) were significantly higher in CN stable PIB+ and SAD
groups compared to stable PIB- and PIB converters (p<0.001, Table 1). Results were
virtually identical after adjusting for covariates. No difference was observed in CSF
ptaul81/AR42 between CN stable PIB+ and SAD groups (p=0.1652), while tau/AB42 was
higher in SAD (p=0.0179), although this difference was not significant after adjusting for
covariates (p=0.8786). Converters demonstrated higher ptau181/Ap42 (p=0.00114) and
similar trend for tau/Ap42 (p=0.0016) compared to CN stable PIB- individuals. These
differences remained significant after adjusting for covariates.

Correlation between CSF biomarkers and PIB deposition at the baseline scan

In order to elucidate the patterns of CSF biomarkers during the early stages of amyloid
deposition, associations between individual markers and PIB binding in the different groups
were evaluated. No significant correlations were observed between baseline levels of CSF
AB42 and mean cortical PIB binding in individuals with SAD (p=0.5373) or in CN
individuals who started and remained PIB- (p=0.905) (Fig. 3A). A negative correlation was
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observed in the stable PIB+ group (r=-0.456, p=0.038), but was no longer statistically
significant after adjusting for covariates (p=0.060). In contrast to the other groups, a highly
significant negative correlation was observed between baseline CSF Ap42 and cortical PIB
SUVR in PIB-negative individuals who then went on to become PIB-positive (as defined by
the cortical threshold) (PIB converter) (r=—0.879, p<0.0001). Although CSF AB42 levels in
the PIB converter group are more strongly correlated with PIB SUVR relative to the PIB+
group (r=—0.879 vs. —0.456, respectively), the slope estimate in the converter group (PIB
SUVR regressed on CSF Ap42 levels) is much smaller (by ~77%) than that of the PIB+
group (r=—0.00054 vs —0.00234). In other words, equivalent changes in CSF Ap42 levels
were associated with substantially smaller changes in mean cortical PIB in the PIB converter
group relative to the PIB+ group.

Despite apparent positive relationships between CSF tau and ptaul81 and the amount of
cortical PIB binding in individuals who were PIB+ at baseline (SAD and CN PIB+ groups),
these correlations did not reach statistical significance (all p>0.05) (Fig. 3B and C).
Relationships between amyloid imaging and the CSF tau/Ap42 ratio (Fig. 3D) were virtually
identical to those of Ap42 alone (no significant correlation with PIB SUVR in the stable PIB
—and sAD groups, p>0.05; positive correlations in the PIB+ [r=0.667, p=0.0009] and PIB
converter [r=0.780, p<0.0001] groups). Similar results were observed for the ptaul81/Ap42
ratio (data not shown), and all results were virtually identical after adjusting for covariates.

Discussion

Evaluation of CSF in CN individuals who have undergone longitudinal amyloid imaging
allowed us to characterize the CSF biomarker patterns during the earliest stages of
preclinical amyloidosis defined by categorical PIB cut-offs: stable PIB— (normal), stable PIB
+ (preclinical AD) and during the conversion from PIB-to PIB+ (early preclinical AD).
Consistent with previous studies in similar cohorts in early disease stages®: 11, the low CSF
AP42 levels observed in the preclinical (PIB+) cases were not different from symptomatic
individuals who had already received a diagnosis of very mild or mild AD dementia. The
observation that PIB-negative individuals in the converter group already exhibited
significantly lower levels of CSF Ap42 at baseline compared to those who remained PIB—
suggests that CSF AB42 levels begin to drop prior to cortical amyloid reaching the
categorical cut-off defined by PIB PET, a conclusion consistent with a recent study using
data from the Alzheimer’s Disease Neuroimaging Initiative (ADNI)26. The robust
correlation (r=—0.879) observed between concentrations of CSF Ap42 and absolute (but still
sub-threshold) levels of PIB binding in the converter group indicates that these biomarker
measures are tightly associated during this earliest process of Ap aggregation and
deposition; however, this association is less strong at later stages (preclinical and SAD,
respectively). This suggests that the progressive lowering of CSF AB42 during this
timeframe reflects active deposition into AP aggregates such as oligomers and fibrils present
in amyloid plaques, a finding that is supported by both 7 vitro and in vivo data® 2730,
Together these data not only support the use of CSF Ap42 and amyloid imaging measures as
indicators of amyloidosis in early AD, but suggests their potential utility when used as
continuous variables (as opposed to historically higher dichotomous variables defined by
specific cut-offs) for defining the very earliest pathologic changes.

Ann Neurol. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Vlassenko et al.

Page 7

We observed a robust negative correlation between CSF Ap42 and the amount of cortical
PIB retention in CN individuals several years before they met the criteria for PIB-positivity
(PIB converters in the early preclinical stage), a less strong but still negative correlation in
individuals who were already PI1B—positive for several years (PIB+, preclinical AD), and no
correlation in individuals PIB-negative on both baseline and follow-up scans (PIB—, normal),
or in symptomatic (CDR >0) participants diagnosed with AD. Interestingly, not only were
the strengths of the associations between CSF Ap42 and mean cortical PIB SUVR different
among the early stage groups as a function of where they fell along the trajectory of
progressive amyloid aggregation and deposition, but the groups demonstrated different
patterns of association as evidenced by the slopes. Notably, there was a substantially larger
reduction in the CSF Ap42 level per unit change in PIB retention in the early preclinical
(PIB converter) group compared to those in the later stage preclinical (PIB+). These findings
support a scenario in which CSF AB42 levels drop progressively in the very earliest stage of
early preclinical AD pathology, likely reflecting its sequestration into oligomeric forms or
amyloid plaques that initially remain below the level of detection with PIB PET imaging.
This timing is consistent with within-person decreases in CSF Ap42 levels starting in early
middle-age (45-54 years) that were recently reported in a larger cohort of CN participants,
with PIB-positivity only observed in older individuals (55-74 years)3L. Our data further
suggest that in later stages of preclinical AD, levels of CSF AB42 continue to decrease, but
to a smaller degree and eventually leveling out, while fibrillar amyloid plaques progressively
form and continue to accumulate. Interestingly, in a few cases, low levels of CSF Ap42 were
not associated with appreciable PIB retention during similar follow-up, suggesting that this
process of conversion to PIB positivity may take longer in some people, perhaps related to
more efficient clearance of amyloid or additional mechanisms influencing plaque formation.
Low CSF Ap42 levels in these stable PIB- individuals may also reflect lower overall
production of AR species. Longer amyloid imaging and clinical follow-up of these
individuals will be informative.

In addition, a subset of individuals who were amyloid-positive by PIB at both baseline and
follow-up (P1B+) exhibited higher baseline CSF Ap42 levels than those who were initially
amyloid-negative but then converted to PIB-positive (PIB converters). However, perhaps
these apparently higher baseline levels observed in these individuals actually represent a
decrease from earlier levels. Direct comparison of longitudinal changes in CSF and amyloid
imaging within individuals will be required to better understand the temporal dynamics of
these AB-related changes during the early preclinical period. Such dynamics could
conceivably have an impact on clinical trial design, notably those that use CSF and/or
amyloid imaging as enrollment and/or outcome measures in secondary prevention and/or
early stage symptomatic trials (http://www.nia.nih.gov/alzheimers/clinical-trials/). The
current data suggest it may be possible to even better refine trial design in terms of patient
enrollment and biomarker outcomes (to confirm target engagement and assess pathologic
disease progression and response to treatment) by utilizing appropriate CSF and/or amyloid
imaging variables. It is conceivable that the presence of cortical fibrillar amyloid defined by
conservative PET imaging cut-offs may still be considered too late in the disease process to
exact a meaningful response to therapy. A better understanding of the temporal relationship
between changes in soluble Ap species (as measured in the CSF) and its aggregation into
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insoluble amyloid in the brain (as measured by amyloid PET) may also impact the selection
of biomarker outcomes for therapies targeting the different forms of A (soluble vs
oligomeric vs aggregated/fibrillar).

In conclusion, we observed coupled changes in CSF ApB42 and cortical PIB retention
throughout the earliest stages of AD pathology, prior to reaching the global cortical
threshold defining preclinical AD. Further investigation is needed to determine exactly when
these changes develop in middle-aged individuals destined to develop AD pathology, the
relationship of these pathologic markers within individuals over time, and what factors
influence their progression. Limitations of our study include the cross-sectional nature of the
CSF analyses, use of different PET scanners as well as the relatively modest imaging follow-
up (~5 years in the PIB- and PIB converter groups). In this study, we used a cutoff for PIB-
positivity (SUVR of 1.42) that can be considered conservative compared to what is currently
used by some other groups32-36, However, it should be noted that our PIB SUVR
measurement is obtained with partial volume correction and, therefore, is greater than what
would be obtained by groups that do not employ this correction. Also, ROIs used to
calculate an average mean cortical SUVR across lab groups in the field partially, but not
completely, overlap. In future studies it will also be important to evaluate the specific
topography of fibrillar amyloid accumulation in the very initial stages of preclinical AD and
their associations with CSF biomarkers and eventual cognitive decline.
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46 T+

PIB PET ( Mean Cortical SUVR)

Age, years

Figure 1.
Brain amyloid deposition as measured by mean cortical standardized uptake value ratio

(SUVR) using repeated PIB PET scans in cognitively normal individuals, plotted by the age
of the participants at the time of their scan. One hundred twenty-three individuals were PIB
negative on the baseline and follow-up scans (PIB—, gray circles); 20 were PIB-negative on
the baseline scan and PIB-positive on the follow-up scan (PIB converter, square); 21 were
P1B-positive on baseline and follow-up scans (PIB-, open circles); 10 were diagnosed with
very mild to moderate AD dementia (symptomatic AD) (open triangles). Horizontal line
indicates dichotomous cortical threshold for PIB positivity (SUVR>1.42).
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Page 12

Individual baseline values of (A) mean cortical PIB SUVR, CSF (B) Ap42, (C) tau, (D) p-
taul81, (E) tau/Ap42 and (F) ptaul81/AB42 in PIB- (gray circles), PIB converter (square),
PIB+ (open circles), and symptomatic AD (open triangles) groups.lstatistically different
from PIB-; Zstatistically different from PIB converter; 3statistically different from PIB

+; 4statistically different from sSAD.
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Figure 3.
Cross-sectional associations between mean cortical PIB SUVR and CSF (A) AB42, (B) tau,

(C) ptaul81 and (D) tau/Ap42 in PIB- (gray circles), PIB converter (square), PIB+ (open
circles), and symptomatic AD (open triangles) groups. Regression lines are shown for
illustration purposes.

Ann Neurol. Author manuscript; available in PMC 2017 September 01.

4.2

4.2



Page 14

Vlassenko et al.

Author Manuscript

"0lje) anjeA axeldn plepuels ‘“YANS (21095 10a418d © 8 UM ‘Gy—0 WoJy aBues Ued $3109S) 18] Buipulway aA199]9S
pan) pue 93l ‘||eaay 98i4-14SD4 ‘v dnewordwAs 0<yaD ‘avs ‘dn-mojjo) pue auljaseq 1e aaisod-gid 0 ¥aD ‘+did ‘dn-mojjoy pue auljaseq 1e aanebau-gid 0 ¥aD ‘—gdid ‘(21095 108pad € 0E YIM
‘0£—0 WoJy abues ued $8109S) UOIRUIWLEXT 31R1S [RIUBIA-IUA ‘ISINIA ‘dn-mojjo) 1e sanisod-g|d 1ng auljaseq 1e aanebau-gid 0 a0 ‘18usAuod gid ‘3 utsjoidodijode ‘Fo4t ‘plojAwe-¢g ‘dy :SUONBIASIGAY

1000°0 Z79E0FEIT  Hy¥EOFIVT  ,plTOFICT el OFOTT [endiooo
100005  £27SVOFVIT  5prlS0T08T  ,5p7600F 90T 4pz800F L60 jesodwia
100005  £77T90F28C prrlS0FIZT  4pp9TO0FOTT  4pz60070°T jersLreg
10000>  £77600F 967 57 7690F €T HprlTOTETT 428007 560 jeuolsald
10000>  £27990F 96T 577090 F V2T  HorCTOFETT 4oz 00T 260 (8911107 UBSIA
dANS aulfeseq ‘gld
1000°0> 77L00FSZ0  z70T0F0Z0 4p7SO0FOT0 €00 F L00 zpdv/T8Tne)-d
100005  £z7,S0F 8T 577090 F¥2T  ,Hpy820F 950 4pzET0F 20 zpdy/ner
1000'0> Z7LTF 18 Z7LeFTL 59T 725 pc6TFOY \w/Bd ‘TgTNE1-d
100005  £77V6TF009 577691 F YTy L7001 F 182 40T ¥ 122 jw/Bd ‘ney
1000°0> ZIVBFBEE  SrLTIFELE  LoVBTFO0LS  ppp¥6T T8TL jw/bd ‘zpdy
4s0
10000>  £779LF6C0 FESTTTL P8V TS 5 qTSFTTW pBuILrEN [PWILY
10000> £27 9€STELT $8STY6L pESFETE  ,8SFTTE |[299Y 9844-14S D4
100005  £776SFTEL SSTTE8C S60T €62 SOTTE6E IS
7000°0> VN r0c* L0 gll+es g1+ SJA ‘[enta)ul Ueds gld
T000°0> 7006 rves r0'ss rgoee % ‘aniyisod ‘v 30dv
02000 £700T pres roeL »£805 o4 ‘qv yo Auoisiy Ajiureq
15v0°0 ezl TFGET HETTTIL SYTTIST SYTT 09T s1A ‘uoneonp3
vOv6°0 008 T8¢ 00 0'se % ‘I “48pusD
1000°0> Z719F 6L 796 T 569 pTITEGY  HpVEFTEY s14 ‘abe auljsseq
ot 12 0z gzt 'ON
eanfeAd avs +dld  J8118AU00 g1d -dld ansiigRIRYD
“elep Jayewolq pue saiydesbowsqg
T 3lgqel

Author Manuscript

Author Manuscript

Author Manuscript

Ann Neurol. Author manuscript; available in PMC 2017 September 01.



Page 15

Vlassenko et al.

“gouewIIoIad J81I8g JO 8AIRIIPUI 8B BuleN [eWIUy UO $8100S :Em__.mQ

mucu

Ter=u

¢ q
"Qwv's 01 patedwod Go'0>d ooc.ywoav
‘+41d 01 paredwod g0'0>d uoc.umoam

“1a113AU09 g1d 01 paredwod §0'0>d ooc.HmOQN

‘~gld 01 paredwod §0'0>d ooc.ymoaw

*$O11S1I8]10BIRYD SNOWO]0YDIP 10} UoIssalfal onsiBo| 19exa/onsIBo] pue sonsLIglorI_Yd SNONUIU0D J0) WAONY UO Paseq saoualajiip dnoub |[eiano Jo 1s8) snauwo,

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Ann Neurol. Author manuscript; available in PMC 2017 September 01.



	Abstract
	INTRODUCTION
	Materials and Methods
	Participants
	Cognitive Measures
	CSF collection, processing and analysis
	Imaging Assessment
	Statistical analysis

	Results
	Baseline amyloid imaging and CSF biomarkers
	Correlation between CSF biomarkers and PIB deposition at the baseline scan

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1

