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Conclusions: ELISA and SIMOA demonstrated equivalent performances in detecting cerebral amyloidosis through
plasma AB1_4/AB1_40, both with high negative predictive values, making them equally suitable non-invasive
prescreening tools for clinical trials by reducing the number of necessary PET scans for clinical trial recruitment.

Trial registration: EudraCT 2009-014475-45 (registered on 23 Sept 2009) and EudraCT 2013-004671-12 (registered on
20 May 2014, https//www clinicaltrialsregister.eu/ctr-search/trial/2013-004671-12/BE).
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Background SIMOA Amyblood assays employing identical antibody
-Amyloid (A ) and tau constitute key molecular hall- pairs. This allows a more accurate comparison of their
marks of Alzheimets disease (AD) and arise decades be<linical performances and consequently of their value in
fore cognitive symptoms. Their ensuing spread isprescreening.
associated with progressive neurodegeneration and cogni- As a primary objective, we assessed and compared the
tive decline I-3]. In order to maximise the therapeutic abilities of the platforms to accurately detect cerebral
window of slowing down neuronal loss and preventing amyloidosis by quantification of plasma A_4J/A 140 In
cognitive decline, clinical trials in AD are shifting towards light of the interconnected pathophysiological pathways
recruitment of nondemented individuals, including cogni- involving amyloid pathology and tau in AD, we addition-
tively normal participants with increased cerebral A/4]. ally analysed the plasma ratios of respectively ELISA and
To this end, surrogate biomarkers for amyloid pathology SIMOA A ;_4, with ELISA total tau (t-tau). In CSF, the
enable participant inclusion in early AD stages and pre-A ;_4Jt-tau ratio outperforms the amyloid ratio in terms
vent high screen failure rates. PET- and cerebrospinabf predicting high risk profiles for progression in the AD
fluid (CSF)-based amyloid biomarkers have proven to becontinuum [9, 16]. In addition, an earlier study by our la-
valuable in the diagnosis of AD across the entire AD con-boratory showed that, in CN subjects, CSF A J/t-tau
tinuum. However, the high costs and limited availability of detects amyloid-PET positivity with higher accuracy than
PET, and the invasive nature of both PET and CSF, rendeCSF A 1_4J/A 1_40 especially when high specificity is re-
these methods impractical for large-scale screening im-quired [17]. These findings provided the impetus for the
perative to clinical trial recruitment 7. investigation of its counterpart in plasma. Secondly, for
Alternatively, prescreening using less invasive and lessach platform, correlations between plasma ratios and
expensive blood-based assays would streamline subject restablished AD biomarkers (i.e. amyloid-PET binding and
cruitment by reducing the required number of highly ac- CSF A ;_4Jt-tau) were calculated. Finally, the agreement
curate amyloid-PET scans to verify cerebral amyloidosisof A measurements between platforms was assessed.
before entering clinical trials§]. Initially, classical ELISAs
failed to accurately detect AD, making them unsuitable Methods
for implementation in prescreeningg, 10. In response, Study population

ultrasensitive single molecule array (SIMOA) technology.l.he study population consisted of 199 nondemented

was introduce_d_, en_abling detection of c_ereb_ral amleidOSisparticipants: 161 cognitively normal (CN) participants
through quantification of plasma amyloid ratiosl{-13. and 38 patients with amnestic mild cognitive impair-

In parallel, improved ELISA formats have been devel—ment (aMCl). The two groups did not differ in agep(=
oped, with promising_clinical perfo_rmancesl@l,_ 1_5]' 0.06), sexg=0.72) or years of educatiorp(= 0.86). The
Currently, head-to-head comparison in a large clinically, CN participants stemmed from the Flemish Prevent AD
biochemically and radiologically well-characterised CO-ohort KU Leuven (F-PACK), a larger longitudinal

hl(.) rF |s| Iacrmg, and b?tvr\]/eeglilsgfy (aoglr\)ﬂagzonl Off the community-recruited study cohort of 180 CN elderly
clinical performances of the an platiorm 4 nteers L8], preregistered under EudraCT 2009-

is hampered by the dependence of various performanc%l4475_45 19. At inclusion, the F-PACK cohort was

parameters on inherent properties of the study dESign'stratified for APOE- 4 genotype such that half of the in-
Hence, no evidence to date favours one platform over

o .~ cluded individuals carried at least on&POE-4 allele
the other. This is important as SIMOA assays FequIr€ 118, 20). Among the F-PACK inclusion criteria, partici-
for example, additional investment in dedicated instru-

. h ELISAS d n thi q pants had to score within the normal range on detailed
mentation, whereas $ do not. In this study, Weneuropsychological evaluation and have a Mini-Mental

concurrer_nly quaptified A _Isoforms in plasma using State Examination (MMSE) score of27/30 and a Clin-
commercially available EURGIMMUN ELISAs as well 3Sjcal Dementia Rating (CDR) scale score of 0. At baseline,
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participants underwent {F]flutemetamol amyloid-PET prevalence of amyloid-PET positivity than CN partici-
and structural MRI. EDTA plasma samples at baselinepants, with four patients (11%) showing intermediate
sampled between 2009 and 2016, were available for 16&myloid burden (CL range 27-86.9) and nine (24%)
F-PACK participants; however, four participants were showing high amyloid burden (CL range 51-%03.1).
excluded due to technical errors in the SIMOA Amy-
blood assays (coefficient of variation (CV) > 20%), yield-Cerebrospinal fluid assays
ing a CN subgroup of 161 participants. CSF samples were available for a subset of both sub-
aMCI patients fi=38) stemmed from a consecutive groups (37 CN, 19 aMCI). In both subgroups, a lumbar
academic memory clinic recruited longitudinal observa- puncture was performed with a 22G traumatic needle
tional cohort, the Biomarker-based adaptive developmentbetween L3/L4 and L4/L5. The CSF samples of CN par-
in Alzheimers diseas€BioAdaptAD) cohort, preregistered ticipants were processed according to the F-PACK
under EudraCT 2013-004671-1219]. All aMCI patients protocol; the collected CSF was transferred to a PP tube
were recruited from the Memory Clinic of the University (Greiner Bio-One, 82050-278), followed by centrifuga-
Hospitals Leuven. Among the BioAdaptAD inclusion cri- tion at 1264 at 4 °C and aliquotation in 1.5-mL low-
teria, participants had to be clinically followed with a binding PP tubes (Kartell, 298). The CSF samples of
current clinical diagnosis of aMCI. The aMCI participants aMCIl patients were collected within the multicentre
all had unknown amyloid-PET or CSF status at the time BioAdaptAD study, which adhered to a similar protocol;
of inclusion in the BioAdaptAD study. Clinical disease the collected CSF was transferred to a PP tube (Sarstedt,
duration was on average 4.5+ 3.2years. Following th&2.610.018), followed by centrifugation for 10 min at
BioAdaptAD study protocol, aMCI participants received a 3000y at RT and aliquotation in 1.5-mL low-binding PP
[*®F]florbetaben amyloid-PET scan, a structural MRI, cryovials (Sarstedt, 72.703). The low-binding PP tubes
EDTA blood sampling between 2015 and 2016 and de-were then placed on dry ice. Finally, all samples of both

tailed neuropsychological assessment. subgroups were stored af80 °C within 2 h after sam-
pling. CSF A4, and t-tau levels were determined by
Amyloid-PET imaging means of INNOTEST ELISAs (Fujirebio, Ghent,

All participants underwent amyloid-PET on a 16-slice Belgium). In line with the International Working Group
Biograph PET/CT scanner (Siemens, Erlangen(IWG)-2 criteria, which commends combined analysis of
Germany) and structural MRI on a 3-T Achieva scanner CSF A 1_4, and p-tau or t-tau, we included CSF A_4,/
(Philips, Best, The Netherlands), with the exception oft-tau as a CSF-based AD biomarker.
one CN subject and three aMCI patients who had con-
traindications for MRI. For the latter four subjects, Plasma collection and processing
the mean MRI images calculated from amyloid-PET Blood was collected in K2EDTA-coated polyethylene
negative subjects of the respective cohorts were used foterephthalate tubes (BD Diagnostics, BD367864). Sam-
segmentation and calculation of the deformation field ples of CN participants were processed according to the
used in normalising the PET data. PET measurement$-PACK study protocol, starting with centrifugation at
were acquired in a 90- to 120-min post-injection win- 1200y for 10 min at 4 °C, followed by transfer of super-
dow, and the standardised uptake value ratio was calcunatant to polypropylene (PP) cryovials (Thermo Fisher
lated in a composite volume of interest (SUVR,,) Scientific, 363401, 500L plasma per tube) and subse-
using participant-specific cerebellar grey matter as a ref-quent storage atS20 °C for 24 h before moving them to
erence region 18]. Amyloid-PET positivity was defined S80 °C. aMCI patient samples were collected within the
as a SUVR,mp above predefined cut-offs equal to 1.38 multicentre BioAdaptAD study, which adhered to a dif-
for [*®F]flutemetamol PET 21] and 1.29 for [F]florbe- ferent protocol; samples were first centrifuged at 3GP0
taben PET. For calculation of these cut-offs, we used thdor 15 min with subsequent division of the supernatant
same methodology as the one employed in a previousnto PP cryovials (Sarstedt, 72.703) stored &i80°C
study [22]. For both tracers, SUVRmp values were con- within 2 h after sampling.
verted to Centiloid (CL) values to allow correlation be-
tween cerebral amyloid burden and plasma biomarkersAssay characteristics
across the CN and aMCI subgroups (see Appendix We quantified EDTA plasma A;_40 and A ;4> with
Intermediate amyloid burden was defined as CL valuescommercially available ELISA kits (EUROIMMUN,
between 20 and 50 and high amyloid burden as CBO Libeck, Germany), as well as with prototype SIMOA
[23]. Twenty-two (14%) CN participants showed inter- Amyblood assays (UMC Amsterdam and ADx NeuroSci-
mediate amyloid burden (CL range 22:27.8), while ences), which use the same sets of monoclonal anti-
eight (5%) showed high amyloid burden (CL rangebodies: the 3D6 antibody, which is an N-terminal
66.25-184.9). aMCI patients generally had a higherantibody that binds to residues-15 of the A peptide,
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was used as the detector antibody and the C-terminalRHD sequence located at residuesbof the A peptide
antibodies 21F12 and 2G3 were used as capture antif1l, 12]. As a result, these SIMOA assays detect amyloid
bodies to capture respectively plasma A4, and A 440 fragments of various lengths (A_s> and A 4_40) [24].
(Table 1). This differs from the singleplex and 3-Plex The Quanterix SIMOA assays use a different C-terminal
SIMOA assays (Quanterix, Lexington, MA, USA) antibody for A ,_4, (H31L21), but the same C-terminal
employing the 6E10 antibody as a capture and detectorntibody for A ,_40 as used in the SIMOA Amyblood
antibody, respectively. The 6E10 antibody does not speassays and EUROIMMUN ELISAs (Thijssen, under re-

cifically target the N-terminus, but instead binds an view [25]).

Table 1 Analytical assay characteristics

Platform ELISA colorimetric SIMOA

Analyte AB1_a2 AB1-40 t-tau AB1_a2 AB1_40
Assay Provider EUROIMMUN EUROIMMUN ADx ADx ADx

Catalogue number EQ 6521-9601 EQ 6511-9601 NA NA NA

Biofluid EDTA plasma EDTA plasma EDTA plasma EDTA plasma EDTA plasma

Status Commercial Commercial Prototype Prototype Prototype

Specificity ABi_4> ABi1_40 6 tau isoforms ABi_ar AB1_40
Dilution Pre-dilution factor® 4 4 4 4 20

Final sample dilution® 5 5 5 58 29
Calibrator Type Recombinant Recombinant Recombinant Recombinant Recombinant

No. of calibrator points 7 7 7 7 7

Range, pg/mL 1-40 1-75 1-100 1-64 1-64
Patient samples Number 199 199 199 199 199

Range, pg/mL 8.1-57.1 224-311.8 15.0-102.1 7.9-44.0 60.7-160.0

Within cal. range, % 100% 100% 100% 100% 100%
CV% Intra-assay conc 163 1.67 2.15 433 2.24

Inter-assay conc 4.82 258 13.55 8.59 5.95
Analytical sensitivity LoD, pg/mL 24 57 Not determined 046 0.77

LoQ, pg/mL 35 125 Not determined 121 1.57

S/N ratio 760 654 Not determined 11.0 240
Antibodies [26, 27] Name capture ADx102 (21F12) ADx103 (2G3) ADx203 ADx102 (21F12) ADx103 (2G3)

Epitope capture (AA) AB3as> AB3340 TaUio4-204 AB34 4> AB3340

Name detector 2G3 2G3 ADx204 2G3 2G3

Epitope detector (AA) ABi_s ABis TaUn-terminus ABi-s ABis
Assay protocol Incubation times, h 3-0.5-05 3-0.5-0.5 3-0.5-0.5 2-0.08 2-0.08

Incubation T, °C 18-25 18-25 18-25 18-25 18-25

Curve fit 4PL 4PL 4PL 4PL 4PL
QC panel, pg/mL QC1: high 305 189.2 223 137 832

QC2: intermediate 266 149.1 189 19.7 759

QC3: intermediate 220 116.8 217 134 69.7

QC4: low 20.7 107.3 23.7 10.5 333

QC5: low spiked 14.4 0.0 NA 216 21.8

QC6: high spiked 117.9 125.6 NA 173.7 181.2

C1: low kit control 233 1146 NA NA NA

C2: high kit control 45.1 186.9 NA NA NA

AA amino acid, AB B-amyloid, CV coefficient of variation, LoD limit of detection, LoQ limit of quantification, S/N ratio signal to noise ratio, QC quality control, T

temperature, t-tau total tau

2Sample pre-dilution was performed using assay diluent in polypropylene low-binding 96-well microplates
PFinal sample dilution during sample incubation step in assay protocol
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EDTA plasma t-tau was quantified with a prototype and high QC samples are all within a relatively close
ELISA designed by ADx NeuroSciences, which includedrange, presumably because they all stemmed from CN
an N-terminal detector antibody and a capture antibody volunteers. This, in addition to the substantial measure-

targeting residues 194204 of the tau protein (Tablel). ment difference in terms of values generated between
the two platforms, is thought to cause the between-
Plasma amyloid and tau measurements platform discrepancy in A;_4» concentrations within

EUROIMMUN ELISA assays were performed manuallythe QC1 and QC2 sample.
according to the manufacturés protocol, and absorb-  Within all assays, plasma samples were randomised for
ance spectra were obtained with the CLARIOstar Plusanalyses and all samples were analysed in duplicate
microplate reader (BMG Labtech, Ortenberg, Germany).within a total of four runs in four consecutive days. No
The lyophilized calibrators of multiple ELISA kits from correction for inter-assay variation was required, as
the same lot were first reconstituted and then pooled inter-assay CVs were all below 15% (mean 7.10, range
per A isoform in order to standardise the calibrator 2.58-13.55). Every vial was subjected to only one freeze/
material among the different ELISA kits used. Subse-thaw cycle. All measured concentrations exceeded the
quently, the reconstituted calibrators were aliquoted in limits of detection (LoDs) and limits of quantification
separate PP tubes (Qiagen, 19560) per ELISA plate anlLoQs) and fell within the calibration ranges of the re-
stored atS20 °C until testing. SIMOA Amyblood assays spective assays. The time interval between blood collec-
were performed as described earlied], and in-house tion and measurement of plasma biomarkers was longer
developed ready-to-use calibrators were employedfor the CN subgroup (median 6.51, IQR 5.38.78 years)
which were composed of the same recombinant proteinsthan for the aMCI subgroup (median 3.24, IQR 3.84
(rPeptide, Athens, USA) as the ELISA calibrators. 3.83years) < 0.0001), but did not differ between
The prototype ELISA for plasma t-tau included in- amyloid-PET negative (amyloid-PESve) and amyloid-
house developed ready-to-use calibrators constituted ofPET positive (amyloid-PET+ve) participants within ei-
recombinant t-tau protein (rPeptide, Athens, USA). No ther subgroup (allp > 0.74.
SIMOA-based quantification of plasma t-tau was per-
formed. Consequently, the SIMOA-based A sJ/t-tau  Statistical analyses
ratio is a combination of the SIMOA A, 4, measure Statistical analyses were performed using GraphPad
and the ELISA t-tau measure. Prism 8.4.2 (GraphPad Software Inc., La Jolla, CA, USA)
The quality control (QC) panel was identical in all as- and MedCalc 19.0.3 (MedCalc, Ostend, Belgium) soft-
says and was selected from a collection of 30 plasmavare. Normality was assessed with’Ayostino-Pearson
samples donated by CN volunteers other than those intest. Demographic continuous variables were compared
the F-PACK cohort. QC selection aimed at identifying between amyloid-PET groups with unpairetl tests or
one sample with consistently high levels of both amyloid Mann-Whitney U tests in case of two groups, depending
isoforms (QC1), two samples with intermediate levelson normality, and with Kruskall-Wallis tests in case of
(QC2/QC3) and one sample with consistently low levelsthree or more groups. Contingency tables were analysed
(QC4) of both amyloid isoforms when quantified by by means of 2 tests for categorical variables at a signifi-
means of EUROIMMUN ELISA. For amyloid immuno- cance level of 0.05. Correlations between demographic
assays, two additional QC samples were included convariables and plasma biomarkers were assessed within
sisting of an in-house prepared buffer spiked with the full nondemented cohort as well as in the CN and
respectively low (QC5) and high concentrations (QC6)aMCI subgroups. Bonferroni correction was applied to
of both recombinant A 1_40 and A 1_,4, peptides identi- adjust for multiple comparisons with two separate im-
cal to those used in the calibrators. Subsequently, almunoassay platforms (ELISA and SIMOA, Bonferroni
QCs were divided into 150-L aliquots in PP vials (Sar- correction: =0.05k compared platforms, k=2, =
stedt, 730.105) and stored &80 °C so that one vial was 0.03). In order to derive effect sizes for plasma levels de-
available for every ELISA and Amyblood run. The QCspending on amyloid status, robustl values were calcu-
provided by the EUROIMMUN ELISA kit (C%+2) were lated using the R packag¢WRSZ in R statistical
also reported (Tablel). No SIMOA-specific QC samples software, version 3.6.2 (2019-12-12) (The R Foundation
were available. It was observed that the A4, concen- for Statistical Computing, https://www.r-project.org).
tration in the intermediate control sample QC2 was Robustd values are an alternative to Coh&nstandar-
lower than in the high control sample QC1 when mea- dised mean difference effect siz29 and do not assume
sured with ELISA, while it was higher when measureda normal distribution of variables.
with the SIMOA assay. Of note, the QC panel was se- As primary outcome analysis, the performance of
lected based on ELISA data and not SIMOA data. More-plasma A 1_4,/A 1_4to detect cerebral amyloidosis was
over, the A ;_4, concentrations in the low, intermediate compared between the ELISA and SIMOA platform
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using receiver operating characteristic (ROC) analyseSIMOA measurements of plasma A_4J/A 1_s0and A 1_
for detecting amyloid-PET positivity based on binary 4Jft-tau ratios with (i) continuous Centiloid values as a
classification of SUVR,m, values in the full nonde- measure for amyloid-PET binding and (ii) CSF A 4Jt-
mented cohort as well as in the subgroups (CN andtau. The latter contained data of a subgroup of cases for
aMCI, respectively). The areas under the ROC curvewhom CSF samples were availabie=56).
(AUCs) with 95% ClIs were reported as measures of As a final objective, we examined the agreement of
performance. Sensitivities, specificities, positive preplasma amyloid measurements (commutability) be-
dictive values (PPVs) and negative predictive valuesween platforms in the entire nondemented study co-
(NPVs) were calculated for optimal cut-offs at maxi- hort (n=199) using Mann-WhitneyU tests to assess
mised Youden index. For all biomarkers and their ra- differences in median plasma A measurements,
tios, this AUC was compared to the AUC value Spearman rank correlations and Passing-Bablok re-
adjusted for age andAPOE-4 genotype. To obtain gression analyses. The diffnce between the two as-
this adjusted AUC value with 95% Cls, we first calcu-says is also shown graphically using non-parametric
lated a binary logistic regression model with amyloid- percentile Bland-Altman bias plots for which, by def-
PET positivity as binary dependent variable and theinition, the Y axis represents the difference between
plasma biomarker as well as age aWPOE-4 geno- the two immunoassay platforms and thX axis repre-
type as independent variables. In a next step, the resents the average of these measures. This allows the
sult of this binary logistic regression, i.e. predictedassessment of whether one method consistently
probabilities, was entered in a ROC analysis to obtainunder- or overestimates measurements of the same
the final adjusted AUC valueAPOE-4 genotype was variable as compared to the other method.
specified by means of a dummy variable (non-car-
rier =0, heterozygous carrier =1, homozygous carrier =Results
2). Adjusted AUCs were only reported if they signifi- Demographics and plasma biomarker data of all partici-
cantly differed from the unadjusted AUC. In addition, pants within the entire nondemented study population as
the adjusted AUCs were compared to the AUC of awell as within the CN and aMCI subgroups are shown in
basic demographic model, including only age andtotal, as well as stratified by amyloid-PET status in TaBle
APOE-4 genotype as independent variables, but noln the total group of nondemented participantsp=
plasma biomarker or plasma biomarker ratio. Pairwise0.006), but not in subgroupsp(>0.19), amyloid-PET+ve
comparisons between ROC curves were performedndividuals were generally older than amyloid-PSVe in-
with the DeLong method 80Q]. dividuals. No differences in sex distribution or education
As a second objective, the correspondence of plasmavere found between amyloid-PET groups in either sub-
biomarkers versus established AD biomarkers wasggroup (all p>0.54). The amyloid-PET+ve group had a
assessed using Spearman rank correlations for ELISA andigher proportion of APOE- 4 carriers only within the CN

Table 2 Characteristics of the study population and subgroups in total and stratified by amyloid-PET status

Study population CN subgroup aMCl subgroup

Total AB- AR+ Total AB- AB+ Total AB- AB+
Number (%) 199 161 (81) 38(19) 161 137.(85) 24 (15) 38 24 (63) 14 (37)
Mean age (SD), years 70 (6) 69 (6) 72 (5)° 69 (6) 69 (6) 71 (5) 71 () 69 (6) 74 (6)
Female, n (%) 80 (45  72(45) 17 (45) 7345 6145 12 (50) 16(42)  11(46)  5(36)
Mean education (SD), years 14 (3) 14 (3) 14 (4) 14 (3) 14 (3) 14 (4) 14 (4) 14 (4) 14 (3)
APOE-£4 carriers/lhomozygous, n (%) 92/7 (46) 70/5 (43) 22/2 (58) 82/6 (51) 65/5(47) 17/1 (71)* 10/1 (26) 5/0 21)  5/1 (36)
Median MMSE (IQR), /30 29 (2) 29 (2) 29 (2)° 29 (2) 29 (2) 29 (2) 29 (2) 29 (1) 27 (3)°
Median ELISA plasma AB1_s2/AB1_s0 0.17 0.18 0.15 0.18 0.18 0.15 0.17 0.18 0.16
(IQR) (0.03) (0.03) 0.02)¢ (0.03) (0.03) (0.02)¢ (0.02) (0.03) (0.01)°
Median ELISA plasma AB;_s./t-tau (IQR) 123 132 1.00 125 1.29 1.02 1.21 141 0.89

(0.50) (0.49) (0.29) (0.49) (0.49) (0.34)° (0.58) 0.51) 027)¢
Median SIMOA plasma AB1_s>/AB1_a0 0.26 0.26 0.21 0.26 0.26 021 0.24 0.28 0.22
(IQR) (0.06) (0.06) (0.05) (0.06) (0.05) (0.05)¢ (0.07) (0.06) (0.03)°
Median SIMOA plasma ApB;_s»/t-tau 093 0.99 073 0.94 0.99 0.74 0.92 1.14 0.70
(IQR) 041) (0.39) (0.24) (0.37) (0.38) (0.27)° (045) (0.33) 021

aMCl amnestic mild cognitive impairment, AB B-amyloid, CDR Clinical Dementia Rating, CN cognitively normal, ELISA enzyme-linked immunosorbent assay, IQR
interquartile range, MMSE Mini-Mental State Examination, SIMOA single molecule array, t-tau total tau. p values reflect comparisons between Ap-ve and AB+ve
groups: ®p< 0.05; °p< 0.01; °p< 0.001; Yp < 0.0001
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subgroup =0.03). The lower proportion ofAPOE-4 Plasma A 1_4J/t-tau yielded similar results: its discrim-
carriers in the aMCI subgroup compared to the CN sub- inative performance did not differ when plasma A_4»
group (p=0.03) is a direct consequence of the recruitmentwas measured with either ELISA or SIMOA in the total
strategy (see théMethods’ section). nondemented study cohort (Figlb) nor in the sub-

In the total cohort of nondemented individualsp=  groups (Fig. 1d, f) (all p 0.76; see supplementary
0.02), as well as in the aMCI subgroup € 0.04), amyloid- Table 1). Also sensitivities, specificities, NPVs and PPVs
PET+ve subjects had lower MMSE scores than amyloid-were similar between platforms (Tabl8).

PETSve subjects. MMSE scores did not differ between Plasma A _sJt-tau and A 1_4JA 140 had similar per-
amyloid-PET groups within the CN subgroupp(= 0.44). formances when amyloid isoforms were measured with ei-
Plasma A 1_4J/A 1_40Was lower in amyloid-PET+ve sub- ther platform and within both subgroups; however, in the

jects than in amyloid-PE®ve subjects for both the ELISA CN subgroup, plasma A._sJA 1_40 had higher specific-
(d=1.17) and SIMOA { = 1.24) platforms in the total non- ities and PPVs than plasma A_jJ/t-tau for both ELISA
demented cohort as well as in the CN (ELISA=1.25; and SIMOA. In contrast, within the aMCI subgroup, the
SIMOA d=1.03 and aMCI subgroup (ELISAd=1.097; specificities and PPVs did not differ between the two bio-
SIMOA d=1.44, allp 0.01) (see supplementary Figure marker ratios for either platform (Table3).
la). The same was true for plasma A st-tau (d> 0.73, Inclusion of plasma A _4/t-tau into a basic demo-
allp 0.0006) (see supplementary Figut). graphic model with age andAPOE-4 genotype in-
Neither plasma amyloid nor t-tau was influenced by creased discriminative performance of the basic model
sex ©>0.14) or years of education (afi>0.30) for ei- in the total nondemented cohort (ELISA:p=0.004;
ther platform. ELISA plasma A;_4 ( =0.29, SIMOA: p=0.003; see supplementary Taki. The per-
p< 0.0001), A;_4> ( =0.19,p=0.006) and t-tau (= formances of these adjusted models were identical to

0.39,p< 0.0001) as well as SIMOA plasma A4 ( = those of the unadjusted biomarker-only models (adl

0.36,p< 0.0001) and A;_4 ( =0.18,p=0.01) were 0.14; see supplementary Tab® and had similar sensi-

weakly positively correlated with age. tivities, specificities, NPVs and PPVs at highest Youden
index (see supplementary Tab®.

Comparison between the performance of ELISA and Plasma A ;_4, alone also identified amyloid-PET posi-

SIMOA biomarkers to detect cerebral amyloidosis tivity, but only within the CN subgroup p< 0.0001),

As primary outcome analysis, we compared the EURO-and within the total study population, its performance
IMMUN ELISA and SIMOA Amyblood platform with  was lower than that of the ratiosp( 0.003; see supple-
respect to their ability to determine cerebral amyloidosis mentary Figure2), regardless of the employed platform.
on PET through quantification of plasma A,_4J/A 1_40.

The discriminative performance of ELISA A_4,J/A 1_  Correlation of plasma biomarkers with amyloid imaging
40, @S indicated by ROC AUCSs, did not differ from that of and CSF AB;_s,/t-tau
the SIMOA platform in the total nondemented study As a secondary outcome analysis, we assessed the corre-
population (Fig.1a, p=0.85) nor in the CN (Fig.lc, p= lations between plasma biomarkers, on the one hand,
0.81) or the aMCI (Figle,p=0.58) subgroup (see supple- and amyloid-PET and CSF A_j)ft-tau, on the other
mentary Tablel). Furthermore, high similarity between hand, for each platform.
ELISA and SIMOA with respect to sensitivity, specificity, For both platforms, plasma A;_4,/A 1 40 decreased
PPV and NPV was observed at optimal Youden index asas amyloid-PET binding increased. Correlations between
sociated cut-offs, with the exception of plasma A4 plasma A 4/A 1 4 and amyloid-PET were also
A 1_40in the aMCI subgroup, which yielded higher speci- present within both subgroups, albeit stronger in the
ficities when measured with SIMOA. NPVs reached highaMCI subgroup (Fig.2a, b). In a subset of 56 subjects
values (all 88%) for both platforms (Tabl&). for whom CSF AD biomarkers were available, lower

Inclusion of plasma A1_4)/A 1_40 Of either platform ELISA levels of plasma A_4,/A 1_40 correlated with
into a basic demographic model with age arAPOE-4  lower CSF A 1_4J/t-tau levels in the total study popula-
genotype improved the performance of the basic modeltion, as well as in the aMCI subgroup, but not in the CN
in detecting amyloid-PET positivity (ELISAp=0.02; subgroup (Fig.2c). For SIMOA A 1_4J/A 1_40 these
SIMOA: p=0.0009; see supplementary Tab® within  correlations were also present, albeit weaker (F2d).
the total study population. The performance of this ad- Plasma A i_s)/t-tau yielded similar results: for both
justed model was identical to that of the unadjusted platforms, the ratio decreased as amyloid-PET binding
biomarker-only model in the total study population as well increased (Fig2e, f) and increased with rising CSF A
as in the subgroups (app 0.32; see supplementary Talfly  4o/t-tau (Fig. 2g, h). However, in contrast to plasma
and had similar sensitivities, specificities, NPVs and PPV& 1 _4,/A 1_40, this latter correlation was now also
at highest Youden index (see supplementary TaB)e present within the CN subgroup.
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Fig. 1 ROC curves of plasma ABy_42/AB1_40 and AB;_4o/t-tau to detect cerebral amyloidosis: ELISA versus SIMOA. ROC curves of plasma ARq_s»/
AB1_40 (left) and AB;_so/t-tau (right) are shown with amyloid-PET status as the standard-of-truth in the entire study population (n=199) (a, b) as
well as in the CN (n=161) (¢, d) and aMCl subgroup (n = 38) (e, f), when AR isoforms were measured with either ELISA (blue) or SIMOA assays
(orange). Note that the AUCs for ELISA and SIMOA are based on plasma biomarker measurements on their own, without inclusion of age or
APOE-e4 genotype in the model. Additionally, the ROC curve of the basic demographic model, including only age and APOE-¢4 genotype, is
shown (black) on each plot together with its corresponding AUC for the respective subgroups. Amyloid-PET positivity as binary input for ROC was
defined as a SUVRcom, above a predefined cut-off of 1.38 for ['®Flflutemetamol PET [21] and 1.29 for ['®Flflorbetaben PET. For calculation of these
cut-offs, we used the same methodology as the one employed in a previous study [22]. aMCl, amnestic mild cognitive impairment; AUC, area
under curve; AR, B-amyloid; Cl, confidence interval; CN, cognitively normal; ROC, receiver operating characteristic; SIMOA, single molecule array; t-
tau, total tau

With respect to individual biomarkers, plasma A_4», 4J/t-tau were observed for either platform (alp>0.05;
correlated with amyloid-PET within the aMCI subgroup see supplementary Figurgc,d,h,i).
for both platforms (ELISA:p=0.03; SIMOA:p=0.004;
see supplementary Figur8a-b) and with CSF Aj_4./t-  Correlation and amyloid value agreement (commutability)
tau when measured with ELISA in the CN subgroup between ELISA and SIMOA
(p=0.004; see supplementary Figud§. No correlations Lastly, we assessed the agreement of the plasmash-
between plasma A;_40 and amyloid-PET or CSF A,  form measurements between platforms. Median A4
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Table 3 Optimal plasma biomarker cut-offs with corresponding performance parameters for detecting amyloid-PET positivity

Plasma ratio Platform Group Cut-off Sensitivity, % Specificity, % PPV, % NPV, %
Age, APOE-¢4 Total na 84 (69-94) 46 (38-54) 27 (23-31) 93 (85-96)
CN na 7 (45-84) 5 (56-73) 25 (19-33) 92 (86-95)
aMcl na 9 (49-95) 7 (45-84) 58 (43-72) 84 (65-94)
AB1_42/AB1_420 ELISA Total <0.159 8 (62-90) 75 (68-82) 42 (34-50) 93 (88-96)
CN <0.159 8 (56-93) 81 (74-87) 41 (32-51) 96 (91-98)
aMcl <0.170 6 (57-98) 67 (45-84) 60 (45-73) 89 (68-97)
SIMOA Total <0.230 4 (57-87) 80 (72-86) 46 (37-55) 93 (88-96)
CN <0229 0 (47-87) 79 (71-86) 36 (27-46) 94 (89-97)
aMcl <0.226 9 (49-95) 8 (68-97) 79 (55-92) 88 (71-95)
ABq_go/t-tau ELISA Total <1.19 4 (68-94) 4 (56-71) 35 (30-41) 95 (89-97)
CN <1.12 8 (56-93) 9 (60-76) 30 (23-37) 96 (90-98)
aMcli <1.18 3 (66-100) 9 (58-93) 72 (54-85) 95 (74-99)
SIMOA Total <0.862 9 (63-90) 8 (60-75) 36 (30-43) 93 (88-96)
CN <0.899 3 (61-95) 3 (54-71) 27 (22-33) 96 (90-99)
aMcl <0815 79 (49-95) 88 (68-97) 79 (55-92) 88 (71-95)

aMCl amnestic mild cognitive impairment, AB -amyloid, CN cognitively normal, NPV negative predictive value, PPV positive predictive value, t-tau total tau

(Fig. 3a) and median A, 4, levels (Fig.3b) were lower plasma A ; 4, Bland-Altman plot (Fig.3f) compared to
for SIMOA than for ELISA. For both A isoforms, the the plasma A 1_4 plot (Fig. 3e).
range of plasma concentrations measured by ELISA was Furthermore, plasma ratios differed between plat-
broader than that of SIMOA. A measurements were forms: ELISA measured lower plasma A 4/A 1_40
strongly correlated between the assays, but showed pooratios and higher A, _4/t-tau ratios than SIMOA in
agreement (i.e. low commutability), especially for A4o the entire study population < 0.0001, not shown)
(Fig. 3c, d). Further statistical modelling using Passing-as well as within amyloid-PET stratified groups (see
Bablok regression revealed that SIMOA Amyblood A supplementary Figurela-b).
40 levels were proportionally lower than ELISA A 40
levels as the regression slope was lower than 1 (slopBiscussion
0.46, 95% CI 0.39 to 0.52; Figc). This large propor- The current study demonstrates that the accuracy of de-
tional difference was presumably driven by the facttermining amyloid-PET positivity in nondemented partici-
that for ELISA A ;_4 measurements below 110 pg/ pants through measurement of plasma A 4J/A 1_40was
mL, correlation with SIMOA measurements was lost, similar for ELISA and SIMOA Amyblood assays. More-
a so-called floor effect. This floor effect causes theover, we showed that inclusion of plasma A4J/A 1_40
data points to deviate from the linear Passing-Bablokin a basic demographic model including age aAd®POE-4
regression curve at low concentration values (FBg). genotype resulted in a higher discriminative performance
This observation is also evident graphically on thethan that of the basic demographic model alone. Further-
Bland-Altman plots, which showed poor commutabil- more, ELISA and SIMOA plasma A_4J/A 1_40 measure-
ity of A 1_40 measurements between assays in thisments correlated to the same extent with amyloid-PET
lower range (Fig.3e). binding within the total study population as well as within
Plasma A _4, levels also showed proportional differ- both subgroups, and correlated with CSF A 4J/t-tau in
ences between assays, be it smaller in effect than_4y the aMCI subgroup, albeit weaker for SIMOA than for
(regression slope 0.87, 95% CI 0-1898; Fig.3d). How- ELISA. The performance of plasma A _4J/t-tau and its
ever, in contrast to plasma A_40, plasma A i_4> also correlations with amyloid-PET and CSF A_,J/t-tau were
showed a constant difference 3.72 pg/mL between also similar when A_,, was measured with either ELISA
assays (intercept$3.72, 95% CIS7.14 to S1.02; or SIMOA and were comparable with what was observed
Fig. 3d). Despite smaller and more consistent averagdor plasma A 1_4J/A 1_40
differences in plasma A_4, values between platforms  When comparing our findings to other studies employ-
across the concentration range (compared to plasmang SIMOA-based amyloid assays, of note is that the novel
A 1_40), more overall variability was observed. This is SIMOA Amyblood assays used here differ from the previ-
evident as a broader data point distribution on the ously used Quanterix SIMOA assay$], 12] with respect
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