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ABSTRACT

BACKGROUND: Phosphorylated tau (p-tau) is a specific blood biomarker for Alzheimer’s
disease (AD) pathology. Multiple p-tau biomarkers on several analytical platforms are poised
for clinical use. The Alzheimer’s Association Global Biomarker Standardisation Consortium
plasma phospho-tau Round Robin study engaged assay developers in a blinded case-control
study on plasma p-tau, aiming to learn which assays provide the largest fold-changes in AD
compared to non-AD, have the strongest relationship between plasma and cerebrospinal fluid
(CSF), and show the most consistent relationships between methods (commutability) in

measuring both patient samples and candidate reference materials (CRM).

METHODS: Thirty-three different p-tau biomarker assays, built on eight different analytical
platforms, were used to quantify paired plasma and CSF samples from 40 participants. AD
biomarker status was categorised as “AD pathology” (n=25) and “non-AD pathology” (n=15)
by CSF AB42/AB40 (US-FDA; CE-IVDR) and p-taul81 (CE-IVDR) methods. The

commutability of four CRM, at three concentrations, was assessed across assays.

FINDINGS: Plasma p-tau217 consistently demonstrated higher fold-changes between AD
and non-AD pathology groups, compared to other p-tau epitopes. Fujirebio LUMIPULSE G,
UGOT IPMS, and Lilly MSD p-tau217 assays provided the highest median fold-changes. In
CSF, p-tau217 assays also performed best, and exhibited substantially larger fold-changes
than their plasma counterparts, despite similar diagnostic performance. P-tau217 showed the
strongest correlations between plasma assays (rho=0.81 to 0.97). Plasma p-tau levels were
weakly-to-moderately correlated with CSF p-tau, and correlations were non-significant

within the AD group alone. The evaluated CRM were not commutable across assays.

INTERPRETATION: Plasma p-tau217 measures had larger fold-changes and discriminative
accuracies for detecting AD pathology, and better agreement across platforms than other
plasma p-tau variants. Plasma and CSF markers of p-tau, measured by immunoassays, are not
substantially correlated, questioning the interchangeability of their continuous relationship.
Further work is warranted to understand the pathophysiology underlying this dissociation,

and to develop suitable reference materials facilitating cross-assay standardisation.

FUNDING: Alzheimer’s Association (#ADSF-24-1284328-C)
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RESEARCH IN CONTEXT

Evidence before this study

Phosphorylated tau (p-tau) in cerebrospinal fluid is an established biomarker of Alzheimer’s
disease (AD), and several studies of plasma phosphorylated tau (p-tau) biomarkers now show
evidence for its diagnostic accuracy in AD. We reviewed the literature on plasma p-tau in AD
by searching without language restrictions in PubMed for articles from 1* January 2014 to 1
March 2024  wusing the terms  ((("Alzheimer  Disease"[Mesh] ) OR
((Alzheimer[Title/Abstract]) OR (Alzheimer's [Title/Abstract))) AND ((("Blood"[Mesh]) OR
("Plasma”[Mesh])) OR (plasma[Title/Abstract]))) AND ((phospho tau[Title/Abstract]) OR
(phosphorylated tau[Title/Abstract]) OR (p-tau[Title/Abstract]) OR (P-tau[Title/Abstract])
OR (pTau[Title/Abstract])), filtering for studies in humans. Several studies examined plasma
p-taul81, p-tau217 and p-tau231 in well-characterised research cohorts including cognitively
impaired and unimpaired individuals, demonstrating high diagnostic accuracy when utilising
CSF or amyloid PET imaging “gold standard” biomarkers, and in relation to post-mortem
amyloid and tau pathology. Most studies utilised single-method assays to measure biomarkers
of interest, including immunoprecipitation-mass spectrometry and a variety of
immunochemical methods including single molecule array, enzyme-linked immunosorbent
assays, electrochemiluminescence, and immunomagnetic reduction. Some later studies have
performed cross-method and cross-phospho-form comparisons (p-taul81, p-tau217 and p-
tau231), including six single molecular array assays in the Amsterdam Dementia Cohort, nine
assays in the BIODEGMAR memory clinic-based cohort from Spain, ten assays in
individuals with mild cognitive impairment in the Skane University memory clinic cohort
from Sweden, and have generally reported the various individual methods for p-tau217 to
have the highest diagnostic accuracy for the presence of cerebral f-amyloid deposition. No
study to date has compared assays for p-tau217 on semi- and fully automated platforms,
described comparisons with p-tau212 and p-tau205 in plasma, or assessed commutability of

candidate reference materials between assays in comparison to patient samples.

Added value of this study

Our study included the largest number of methods for assaying plasma p-tau to date, with
engagement from 12 assay developers, allowing for blinded cross-assay comparisons of 33
plasma assays (for p-taul81, p-tau205, p-tau212, p-tau217, and p-tau231). Among these were
included several semi-automated and fully automated methods that have potential for

widespread clinical application. This is also the first study, to our knowledge, in which the
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commutability of candidate reference materials was assessed for plasma p-tau, as a first step
in efforts to standardise between assays. The study design capitalised on a large volume of
paired CSF and plasma drawn from well-characterised attenders to a specialist cognitive
disorders service, allowing for 26 intra-method comparisons between CSF and plasma
measurements within the same individuals. We found that CSF p-tau217 assays consistently
outperformed other CSF p-tau assays in terms of fold-change between individuals with and
without Alzheimer’s pathology, and the top ten assays in terms of fold change in plasma were
also p-tau217 assays. This high discriminative value of plasma p-tau217 contrasted with
overall only moderate correlations between CSF and plasma within individuals, which did
not persist within the AD group alone. We also did not observe commutability of the four

types of candidate reference materials we investigated, for any of the assay pairs.

I mplications of all the available evidence

Our study adds to the growing evidence for plasma p-tau217 as a candidate biomarker for
translation into clinical practice by virtue of its superior discriminative ability between AD vs
non-AD in symptomatic individuals, when compared head-to-head with other phosphorylated
tau forms. The observed high and clinically interpretable fold-changes are pivotal for this
biomarker’s possible future success. Further studies should examine whether blood
biomarker-supported diagnosis will extend access to disease-specific (and potentially disease-
modifying) treatments and impact patient-relevant outcomes such as quality of life,
particularly in diverse and resource-limited settings. Standardization between different assays
will also be important for real-world applications, and this will require further concerted

efforts in developing reference materials.
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INTRODUCTION

The neuropathological confirmation of amyloid-p (Ap) plaques and tau neurofibrillary
tangles (NFT) remains the gold standard for a definitive diagnosis of Alzheimer’s disease
(AD). However, the clinical assessment of AD is being increasingly supported by validated
positron emission tomography (PET) imaging and cerebrospinal fluid (CSF) biomarkers
accurately reflecting Ap “A”, tau “T”, and neurodegeneration “N” pathologies, which have
improved the accuracy in diagnosing AD during life, and provided evidence for a biological
classification of the disease (AT(N)).! Yet, such biomarkers are considered to be specialised
and have significant constraints (eg, invasiveness and skill for CSF sampling, and cost for
PET imaging) hindering their use as general tools for diagnosing and managing dementia in

health systems across the globe.

Blood biomarkers capable of detecting core AD pathologies have demonstrated huge
potential for clinical practice use, and in determining eligibility for, and response to, novel
treatments. 23 Plasma amyloid-B peptides (AR42/AB40),*° neurofilament light (NfL)"® and
glial fibrillary acidic protein (GFAP)*'® have all been shown to associate with certain AD
features, but none can demonstrate the high disease-specificity of plasma phosphorylated tau
(p-tau). Increased p-tau is initially associated with AP deposition in asymptomatic
individuals; further increases are seen in the symptomatic phases of AD, when overt NFT

pathology is present in the brain and driving cognitive symptoms.

Tau is present and detectable in blood in various phosphorylated forms, including (but not
limited to) p-taul81, p-tau205, p-tau212, p-tau217, and p-tau231. Non-phosphorylated tau is
also detectable in blood, either as “total-tau”,™* “brain-derived” tau,'* “N-terminal tau [NTA]”
tau,™® or as non-phosphorylated peptide forms.** Despite significant changes in symptomatic
disease, non-phosphorylated tau species have limited utility in AD diagnostics but have
possible application in acute neurological conditions™ or more advanced disease stages.*® For
the most part, p-tau epitopes in blood exhibit a similar pattern of increase as AD pathology
develops. However, distinctions have been reported between p-tau forms in terms of

diagnostic accuracy in symptomatic individuals,*®*

19,20 21,22

relationships with in vivo and post-

mortem pathology, preclinical detection, physiological fluctuations,?® and longitudinal
change.?! These findings suggest that constructing disease staging based on biofluid measures

of tau may be feasible.?*
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In addition to any possible pathophysiological differences between phospho-forms, different
quantification methods may also differentially influence results. Since the initial studies
piloting p-tau detection in blood,”>?° several variations of antibody-based technologies have
been developed for quantification at femtomolar concentrations (eg, Single molecule array

27,28

Simoa], immunomagnetic reduction [IMR],?® electrochemiluminescence [eg, MesoScale
g g

Discovery;® Elecsys®, Roche Diagnostics International Ltd, Rotkreuz, Switzerland],*" and

immunoprecipitation mass spectrometry [IPMS]***?

). As recently approved anti-Af} therapies
for AD approach clinical implementation, use of numerous validated measures of blood p-tau
will likely guide timely treatment decisions. Several studies have already compared different
p-tau immunoassay platforms to detect a binary categorisation of AD pathology.'®!"**% Yet,
it is also important to understand the translatability of different plasma p-tau results across

multiple platforms.

In this Alzheimer’s Association Global Biomarker Standardisation Consortium plasma p-tau
Round Robin study, we performed a comprehensive and blinded comparison of 33 different
p-tau assays, including seven different p-tau epitopes, or p-tau/t-tau ratios, utilising eight
immunological platforms, in plasma and CSF from symptomatic individuals categorised as
having AD or non-AD pathology. Our main aim was to compare all assays regarding their
ability to detect AD pathology (focusing on fold-change between AD and non-AD groups),
correlations between plasma biomarkers and assays, and relationships with CSF p-tau. A
secondary aim was to test the commutability of four candidate reference materials (CRM), ie,
the consistency of relationships between assays in measuring the CRM compared with the

participant samples.

METHODS

Participants, ethics, and study design

Individual deT identified EDTA plasma and CSF samples were from the prospective Wolfson
CSF study 12/0344 (PI Schott; NRES London Queen Square August 2013) at the University
College London Dementia Research Centre. All individuals were being investigated by
lumbar puncture for cognitive concerns after having been assessed in the specialist cognitive
disorders service at the National Hospital for Neurology and Neurosurgery, University
College London Hospitals NHS Trust, London, UK. Participants gave informed written
consent to opportunistic research sample donation at the same time as sampling of their CSF

and paired venous plasma for diagnostic purposes. Participant samples were collected serially
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over the period December 2020 to June 2022, and selected based on known CSF AB42/AB40
and spanning a range of p-taul81 (LUMIPULSE G) concentrations previously measured in
clinical routine, and availability of sufficient bio-banked CSF (total 4 mL) and plasma (total 7
mL). These total volumes determined after surveying all prospective participating labs to
ascertain their minimal and ideal volumes of CSF and plasma required to carry out their
respective assays. A participant was considered to have “AD pathology” if the CSF results
were AB42/AB40 <0-065 and p-taul81 >57 pg/mL. Plasma and CSF aliquots of 1mL were
sent on dry ice to the University of Gothenburg for sub-aliquoting and distribution to

participating laboratories/assay developers, blinded to participant information.

CSF and plasma collection

Participants were not instructed to fast, and CSF sampling was performed between 0800 and
1200 hours. After local anesthesia with lignocaine, a 22-gauge atraumatic spinal needle was
used to collect up to 20 mL of CSF, without active withdrawal, into 2 x 10 mL polypropylene
screw top containers (Sarstedt 62:610-018), which were transported at ambient temperature
within 30 minutes to the laboratory. CSF was centrifuged at 1750 g for 5 minutes at 4°C and
the supernatant placed in 1 mL aliquots into polypropylene screw top cryovials. Peripheral
venous blood was sampled using a tourniquet and 21-gauge or 23-gauge butterfly needle with
a BD Vacutainer collecting system, into 6 mL K3-EDTA plasma tubes, which were
transported and centrifuged at ambient temperature, at 1800 g for 5 mins, within 30 mins of
sampling. Plasma supernatant aliquots of 1 mL were stored in polypropylene screw-top

cryovials. Both CSF and plasma were stored at —80°C within 60 minutes of sampling.

Phosphorylated tau assays

Eleven participating centres received plasma and CSF aliquots. In total, 31 single p-tau
measurements (eleven p-taul81, one p-tau205, one p-tau212, thirteen p-tau217, and five p-
tau231) across eight immunological platforms were compared. In addition, we also included
two p-tau/tau ratios derived from mass spectrometric measurements : p-tau205/tau205 (ie, p-
tau205/tau195-209) and p-tau217/tau2l7 (ie, p-tau217/tau212-221). All measurements were
made in duplicate, except for those undertaken on the fully automated instruments
(LUMIPULSE G, Fujrebio Europe N.V., Ghent, Belgium and Cobas® e 801 analyzer, Roche
Diagnostics International Ltd, Rotkreuz, Switzerland) and NULISA™. Each assay was
performed in plasma and CSF except for the Elecsys pTau2l7 prototype immunoassay

(Elecsys p-tau217; Roche Diagnostics International Ltd, Rotkreuz, Switzerland) and the
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UGOT IPMS, which were not available for CSF. An overview of the immunological
platforms is shown in Table 1 (Supplementary Table 1, appendix p18, if assay procedures
differ for CSF). Methods have previously been described for ADx Simoa p-tau181,*
ALZpath p-tau217,* Janssen Simoa p-tau217,**" Fujirebio Lumipulse G pTaul81l
(Plasma),"” MSD Lilly p-tau181 and p-tau217,%*%*** MagQu p-tau181,%° Meso Scale S-PLEX
p-tau181 “° and p-tau217*, Quanterix Simoa p-taul81 v2.1,* Roche Elecsys p-taul8l
(Roche Diagnostics International Ltd, Rotkreuz, Switzerland),** UGOT p-tau181,%"* UGOT
p-tau212,* UGOT p-tau217,” UGOT p-tau231,**" and UGOT IPMS.* Method descriptions
for Abbvie Erenna p-tau217 and p-tau231, ADx Lumipulse G p-tau217, ADx Simoa p-
tau217, Alamar Biosciences NULISA p-taul81, p-tau217 and p-tau231, Fujirebio Lumipulse
G pTau217 Plasma RUO, Meso Scale S-PLEX p-tau231, and Roche Elecsys p-tau217 are
detailed in the Supplementary Methods (appendix p3-4). All assay measures were performed
by assay vendors. CSF and plasma ALZpath p-tau217 were measured at the Department of
Neurochemistry, University of Gothenburg. CSF and plasma MSD Lilly p-tau217 and p-
taul81 were measured at the Clinical Memory Research Unit, Lund University. Analytical
performance of the assays in terms of repeatability, intermediate precision, and sample

performance is shown in Supplementary Table 2 (appendix p19).

Candidate certified reference materials (CRM)

Each plasma assay also assessed candidate CRM created for this project. Briefly, twelve
candidate CRMs (four CRMs [A-D] each at three different concentrations), were assessed
(Supplementary Table 3, appendix p22). Candidate CRMs were either full-length
recombinant taul-441 phosphorylated in vitro by glycogen synthase kinase 3p (TO8-50FN;
SignalChem, Vancouver, BC, Canada) in two buffers: Tau 2-0 Sample Diluent (Quanterix,
#103847; A), phosphate-buffered saline + 0-05% Tween (B), or pooled EDTA plasma
samples spiked with recombinant full-length tau (C) or human CSF (D). Concentrations of
each candidate CRM were determined by the UGOT Simoa p-taul81 assay. Each analytical
laboratory in the study was instructed to measure the candidate CRM in duplicate and to treat

them as unknown plasma samples.

Statistical analysis
Demographic information was summarised using descriptive statistics. To evaluate the
magnitude of biomarker increases in the AD vs non-AD groups, mean and median fold

change were computed for each plasma and CSF biomarker assays, with forest plots showing
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the associated standard errors. The discriminative ability of a given plasma or CSF biomarker
to detect confirmed AD pathology (using an AD CSF profile as the reference standard) was
evaluated by computing the area under the receiver operating characteristics curve (AUC)
and visualized with forest plots alongside 95% confidence intervals. To evaluate the
associations between different assays for a given p-tau biomarker (eg, correlations between
different p-tau217 assays), we generated scatterplots alongside the between-assay Spearman
correlation coefficient and the Passing-Bablok equation. For assays with available results in
both plasma and CSF, we evaluated the cross-matrix associations with Spearman correlation,
calculated both in all patients and in the AD group. A two-sided alpha of 0-05 was considered
statistically significant. No multiple comparison adjustments were made, and the findings
were interpreted accordingly. No CSF quantification of any participant sample fell below the
limit of detection (LOD) for any assay. In plasma, measurements below the LOD were
observed only for the Lilly p-tau2l7 assay (n=7). They were handled as previously
described,*® by setting them to the LOD for this assay. In line with previous work with this
assay, all (n=7; 100%) of the observations occurred within the non-AD CSF profile group.
Where values returned as unable to be quantified, these individual sample results were
omitted from the correlation analyses involving that assay alone. For candidate CRMs for
plasma p-tau217, the same approach of setting observations eventually falling below the
LOD to the LOD value was followed. Several p-tau217 assays presented values below the
LOD for candidate CRMs as follows: ADx Lumipulse (A: n=1, B: n=2), ADx Simoa (B:
n=2), Janssen Simoa (A: n=1, B: n=4), Lilly MSD (A: n=1, B: n=2), MSD S-Plex (B: n=2),
and Roche Elecsys (A: n=1, B: n=2, C: n=1, D: n=1).The 95% prediction interval (PI) of the
Passing-Bablok regression was calculated to conclude whether the assessed CRM were
commutable with the clinical individual samples based on the positions of their values with

respect to the PI. All statistical analyses were performed in R v-4-2-1 (www.r-project.org).

Role of the funding source
The funder of the study had no role in study design, data collection, analysis, interpretation,

or report writing.

RESULTS
Participant characteristics
Out of 75 possible participant samples, 40 were selected as having enough CSF and plasma

volume available, with a wide range of clinical routine CSF p-taul81 concentrations (20 to

10
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295 pg/mL). Among these 40 participants (mean [SD] age, 63-8 [5:9] years; n [%] 17 females
[42:5%]) (Table 2), 25 were categorized as having AD pathology and 15 as non-AD
pathology.

Group-wise differences of plasma and CSF p-tau assays.

All CSF assays returned results above their respective LLOQ for all participant samples. In
the case of plasma assays the following assays had missing results due to values below the
LLOQ (number of samples): ADx Simoa p-taul81 (1), ADx Simoa p-tau2l7 (5), Janssen
Simoa p-tau217 (3), ALZpath Simoa p-tau217 (1), UGOT Simoa p-tau217 (1), and UGOT
Simoa p-tau212 (1). Figure 1 shows the median fold-change of p-tau biomarkers in
participants with AD pathology compared to those without AD pathology. For plasma (Figure
1A), the largest median fold-changes were observed for assays targeting p-tau217. UGOT
IPMS (median fold-change [SE], 5.80 [2.70]), Fujirebio Lumipulse G (5-69 [3:05]), and Lilly
MSD (5-49 [2-81]) all had median fold-increases > 5, while all other p-tau217 assays had
median fold-increases ranging between 2-56 and 4-56 (Supplementary Table 4, appendix
p23). In general, assays targeting other p-tau epitopes had median fold-changes <3
(Supplementary Table 5, appendix p24), with the exceptions being Lilly MSD p-tau181 (3:43
[1-27]), ADx Simoa p-taul81 (3-26 [1-47]) and UGOT IPMS p-tau205 (3-04 [1-34]). Plasma
p-tau ratios (p-tau217/tau217 and p-tau205/tau205) did not increase the fold-changes of the p-
tau assays alone. The individual boxplots for each plasma biomarker assay are shown in
Supplementary Figure 1 (p-tau217), Supplementary Figure 2 (p-taul81), and Supplementary
Figure 3 (p-tau231, p-tau212, and p-tau205), appendix p5-7. In CSF (Figure 1B), the highest
median fold-changes were demonstrated by assays targeting p-tau217 (fold-change range
6-98 to 9-76) but also p-tau212 (8-31 [4-35]) compared to p-tau231 (median fold-change
range, 4-85-5-76) and p-taul81 (fold-change range 2-43 to 4-91, excluding MagQu). In CSF,
the median fold-changes were larger than in plasma for all assays (Supplementary Figure 6,
appendix p10). Nevertheless, the difference between plasma and CSF was more pronounced
for p-taul81, p-tau212, and p-tau231 whereas median fold-changes for plasma and CSF p-
tau217 were more comparable. The Supplement displays results by mean fold-change
(Supplementary Figure 4, appendix p8; Supplementary Table 7; appendix p11) and area under
the curve ROC analysis (Supplementary Figure 5, appendix p9; Supplementary Table 8 and
Supplementary Table 9, appendix p27-28).

Correlations between plasma assays

11


https://doi.org/10.1101/2024.08.22.24312244
http://creativecommons.org/licenses/by-nd/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2024.08.22.24312244; this version posted August 22, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-ND 4.0 International license .

We examined the correlations between blood p-tau biomarker assays, grouped by
phosphorylation site (Figures 2-4). A stronger overall linear relationship was observed
between p-tau217 assays (mean rho=0-90; rho range 0-79 to 0-97; Figure 2), compared to p-
taul81 (mean rho=0-74; rho range 0-38 to 0-91, excluding MagQu; Figure 3) and p-tau231
(mean rho=0-75; rho range 0-51 to 0-89; Figure 4).

Correlation between plasma and CSF

Next, we examined the correlation between plasma and CSF for the same p-tau assay. The
strongest overall correspondence between plasma and CSF were observed for p-tau2l7
assays (Figure 5), which had a rho range of 0-61 to 0-81 (all, p<0-001) depending on the
assay. However, when examining the AD pathology group alone, weaker, and non-significant
associations where observed (rho=—0-042 to 0-36, p>0-05; Figure 5). The only exception was
the Fujirebio Lumipulse G p-tau217 method where CSF and plasma measures were
significantly correlated in the AD group (rho=0-4, p=0-048). Similar findings were observed
for p-taul81 (Supplementary Figure 6, appendix pl0), p-tau231 (Supplementary Figure 7,
appendix p11), and p-tau212 (Supplementary Figure 8, appendix p12) with weaker and non-
significant correlations in the AD pathology group. Finally, we compared our plasma
biomarker assays to the CSF p-tau reference of this study (FDA-approved Lumipulse G
pTaul8l in CSF (Supplementary Figure 9, appendix p13). In the whole group, 31 of 33
plasma assays significantly correlated with Lumipulse G CSF p-taul81 (Supplementary
Figure 9A), however, in the AD pathology group alone, no assay significantly correlated with

the reference CSF p-taul81 biomarker (Supplementary Figure 9B).

Candidate certified reference materials (CRM)

A total of 25 plasma assays completed the measurement of the candidate CRM. Given the
clear superiority of plasma p-tau2l7 in the literature and this study, we report the
commutability of the candidate CRMs for only those 10 p-tau217 assays that completed
CRM measurement (Supplementary Figures 10 and 11, appendix pl4-15). In general, all
candidate CRMs were not commutable (eg, falling outside the 95% PI) for almost all method
comparisons. No commutability was shown for p-taul81 or p-tau231 plasma assays (data not

shown).

DISCUSSION
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The specificity of plasma p-tau to the pathologies underpinning AD* offers great potential
for its use as means of establishing a molecular diagnosis. Importantly, an accurate and
scalable tool for determining aetiology will aid in improving clinical management by
enhancing the differential diagnosis process and will reduce the need more expensive and/or
invasive position emission tomography (PET) scans or lumbar punctures. In this context, it is
crucial to assess the performance of different p-tau epitopes and compare different assays not

only to each other but also to validated cerebrospinal fluid (CSF) markers of AD.

In this study, we performed a blinded comparison and commutability study of an
unprecedented number (n=33) of different plasma p-tau measurements, including seven
different p-tau epitopes or p-tau occupancy sites utilising eight antibody-based platforms.
While the areas under the curve (AUCs) for all p-tau217 assays were 0-94-1, another
important metric for clinical use is the median fold-change between two relevant groups (eg,
distinguishing AD from non-AD pathology). Our findings clearly show that plasma p-tau217,
regardless of analytical method, had larger fold-changes for determining the presence of AD
pathology than p-taul81, p-tau205, p-tau212 and p-tau231. There was, however, variability in
the median fold-change across p-tau2l17 assays. The UGOT IPMS p-tau217, which
simultaneously quantifies multiple p-tau isoforms,** Fujirebio Lumipulse G p-tau217, a fully-
automated chemiluminescent method, and the Lilly MSD p-tau217,® a manual
electrochemiluminescence method each provided >5-fold median increase in the AD
pathology group. This was closely followed by the MSD S-plex p-tau217, ADx Simoa p-
tau217, Alamar NULISA™ p-tau217, a nucleic acid linked immunoassay, and Roche Elecsys
p-tau217, a fully automated electrochemiluminescence method, which showed a median >4-
fold increase. The immunocapture diversity of these high-performing methods demonstrates
that the analytical method is not a critical factor in determining diagnostically accurate
plasma p-tau measures. In addition, for the first time, two fully automated random-access
immunoassays for p-tau217 (Fujirebio Lumipulse G and Roche Elecsys), with shorter
incubation times for higher analytical throughput, also produced top-tier results in this study.
Again, this points towards the importance of the composition and specificity of the assay
design rather than the sensitivity of the ultra-sensitive analytical platforms. This difference in
fold-increase between p-tau2l7 tests is potentially important, given the Alzheimer's

Association guidelines for blood biomarkers *°

and the recent proposal for a two-step
workflow for the clinical implementation of blood biomarkers.>* This proposal acknowledges

that a binary cut-off for AD plasma biomarkers would likely obtain sub-optimal results and
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unacceptable numbers of false positives and false negatives.>® In a two-step method, which
identifies high-risk and low-risk individuals based on a risk model centred around p-tau217, a
biomarker with a larger fold-change will make interpretation easier and likely reduce
numbers in an “intermediate” group who would need confirmatory testing with CSF or PET
imaging. An assay with a larger fold-change will also be less suspectable to confounding

factors® impacting on its diagnostic value.

We also used the same plasma biomarker assays to measure their CSF p-tau counterparts.
Previous studies have reported equivalence of diagnostic accuracy between CSF and plasma
p-tau assays.'®*" Here, AUCs for AD pathology were also similar between plasma and CSF
assays. Nevertheless, plasma p-tau showed substantially lower fold-changes for all
biomarkers compared to their fold-changes in CSF, which is expected given the proximity to
the diseased organ. This stresses the need for considering aspects beyond AUC values when
evaluating biomarker performance and diagnostic accuracy or when choosing a biomarker for
local clinical implementation. In CSF, p-tau217 and p-tau212 showed larger fold-changes
compared to the other moieties. However, there was a narrower difference between plasma
and CSF fold-changes for p-tau217 compared to those seen for p-taul81l, p-tau212 and p-
tau231, suggesting that plasma p-tau217 may more accurately reflect its CSF counterpart than

other p-tau markers, and thus, brain pathology.

The strong linear correlations between blood p-tau217 assays, spanning multiple analytical
platforms and assays designs, are notable and provide the potential to transition between
assays, merge clinical datasets, and standardize the assays to each other using a CRM.
However, in the AD pathology group alone, the associations were relatively poor, where
correlations were non-significant (except for one assay) and showed, at best, a Spearman’s
correlation coefficient of 0-4. Of note, it is important to bear in mind the limitations of a small
sample size (n=25 in the AD group). This was also observed when correlating all plasma
biomarker assay measures to the reference standard CSF assay for p-taul81 in this study. The
apparent disconnect between plasma and CSF, for all assays, typically arose from higher-
than-expected levels of plasma p-tau in relation to the quantified CSF measurement and
suggests that alternative mechanisms (eg, blood-brain barrier impairment) may allow p-tau to
enter the bloodstream in an advanced disease stage that is independent of the amyloid and tau
brain burden. Therefore, caution must be taken not to over interpret the meaning of absolute

values of plasma p-tau. Peripheral factors may also come into play in increased plasma p-tau
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levels, and unexpectedly high plasma p-tau values can also be observed in a single timepoint
in healthy individuals followed over several weeks % and in N-terminal assay designs. Other
more brain-specific tau biomarkers such as brain-derived tau (BD-tau)'? or assays that are

more reflective of tau pathology™°**°

may provide further information in this context.

This study is not free from limitations. We fully acknowledge that the sample size is not
sufficient to draw clear conclusions on diagnostic superiority (particularly amongst p-tau217
assays), which was not a main aim of the study. We did not select patients based on disease
severity, nor did our participants undergo tau-PET quantification, precluding us from
examining whether some p-tau biomarkers or assay designs are more associated with
advancing disease severity or neurofibrillary tangle pathology.”® Finally, the commutability
aspect of the study was preliminary and designed prior to the inclusion of several different
technologies in this rapidly developing field. Nonetheless, the lack of commutability of the
candidate CRMs prepared here suggests that greater attention must be given to the details
when developing and evaluating candidate CRMs, which will likely need to be phospho-
form-specific. The strong correlations between the different p-tau217 assays suggest that

further standardization work should focus on this marker and is likely to be successful.

The Alzheimer’s community can now call upon several plasma biomarker assays that can
detect p-tau forms in blood which strongly indicate the presence of AD pathology. This study,
of the largest number of p-tau assays to date, provides more evidence that assays targeting p-
tau217 using several different methodologies show good agreement with one another, and
consistently demonstrate greater fold change in AD vs non-AD groups than those targeting
other p-tau forms. These results show that this is not fundamentally predicated on a single
analytical platform, nor on assay design. These findings confirm that plasma p-tau217 may
have clinical utility in determining the presence or absence of AD pathology in symptomatic

individuals, which is relevant in the era of disease-modifying therapies.
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FIGURE LEGENDS

Figure 1. Median fold-change of plasma and CSF p-tau biomarkers in AD vs non-AD
group.

Forest plots indicate the median fold-change of plasma (A) and cerebrospinal fluid (CSF; B)
p-tau variants in the AD pathology group compared with the non-AD pathology group. Bars
correspond to standard error. Supplementary Table 4 and Supplementary Table 5 numerically

describe this plot.

Figure 2. Correlations between all plasma p-tau217 assays.

Scatterplots represent the continuous associations between all plasma p-tau217 assays. The
dots indicate biomarker concentration and solid black line indicate the mean regression line.
In each panel, text indicates the computed Passing-Bablok equation for each assay pair and
the Spearman’s rho (p) alongside its level of statistical significance in brackets. ns= not
significant, *=p<0.05, **=p<0.01, ***=p<0.0001

Figure 3. Correlations between all plasma p-taul81 assays.

Scatterplots represent the continuous associations between all plasma p-taul81 assays. The
dots indicate biomarker concentration and solid black line indicate the mean regression line.
In each panel, text indicates the computed Passing-Bablok equation for each assay pair and
the Spearman’s rho (p) alongside its associated level of statistical significance in brackets.
ns= not significant, *=p<0.05, **=p<0.01, ***=p<0.0001

Figure 4. Correlations between all plasma p-tau231 assays.

Scatterplots represent the continuous associations between all plasma p-tau231 assays. The
dots indicate biomarker concentration and solid black line indicate the mean regression line.
In each panel, text indicates the computed Passing-Bablok equation for each assay pair and
the Spearman’s rho (p) alongside its level of statistical significance in brackets. ns= not
significant, *=p<0.05, **=p<0.01, ***=p<0.0001

Figure5. Intra-assay correlations between plasma and CSF p-tau217 biomarkers.
Scatterplots represent the associations between biomarker measurements performed with the
same assay in plasma (y-axis) and cerebrospinal fluid (CSF; x-axis), alongside the mean

regression line with 95% confidence intervals, computed based on data from all the
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participants in the cohort. Red dots indicate participants from the AD group and blue dots
indicate participants from the non-AD group, as defined per clinical evaluation and CSF
AB42/AB40 status. In each panel, the text in black indicates the Spearman’s correlation
coefficient for the entire cohort and associated p-value, with red text indicating the

Spearman’s correlation coefficient and associated p-value for the AD group only.
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Table 1. Plasma assays characteristics
LLOQ=lower limit of quantification; LOD=limit of detection; n.a.=not applicable

Sample

Sample
R . . volume for . ;
Participating Target Analytical Functional LoD duplicate dilution Calibrator Calibrator Capture Det_ector Other assay details/ Reference
centre platform LLOQ (dead (sample range antibody antibody
volume) diluent)
Full-length tau
20l (3 Xslgngsar’vclic adlexpressed & | qg g ?bzi?g 127 Taul2 (N-
Abbvie p-tau217 Erenna 0-15pg/mL | 0-05 pg/mL L)“ Diluent phosphorylated /mL ip EOI' lated terminal aa Method in supplement
H ! invivo by Sf9 PY phosphory 6-18)
Merck) at T217)
cels
Full-length tau
20pL (3 gfnfjsarwtlic Adlexpressed & | o g 40 ?2&?3354 Taul2 (N-
Abbvie p-tau231 Erenna 0-15pg/mL | 0-:05 pg/mL L Diluent phosphorylated g/mL hosphorvlated terminal aa Method in supplement
H ! invivo by Sf9 P phospnory 6-18)
Merck) at T231)
cels
x5 .
200 pL Synthetic ADx252
: Homebrew - . ; ADx204 (N-
ADx g ' . ] ! prediluted ( peptide covering | 0—50 (epitope . 2-step HD-X set-up (80-14c). 50%
NeuroSciences | P tau18l SimoaHD-X 39 pg/mi. 0-7 pg/ml. sample (30 g?mz:: epitopesof used | pg/mL phosphorylated ge_rlr‘g;nal a hel per beads
pL) ADX) ' antibodies at T181)
x3 .
200 pL Synthetic . ; )
ADX . 0036 0.008 preciluted | (HOMEOreW 1 ot covering | 0-50 RD-84 (epitope | ADX204 (N- | 5 g iy oot up (80-70). 50%
. p-tau217 SimoaHD-X Sample ; phosphorylated | termina aa
NeuroSciences pg/mL pg/mL sample (30 Diluent epitopes of used | pg/mL aT217) 6-18) helper beads
pL) ADX) ’ antibodies
Neat (with
addition of Synthetic ]
ADX LUMIPULSE | 0020 0-008 200uLneat | o000 nosay | peptidecovering | 0-256 | Ro-So (epitope | ADX204(N- | e 5 gren Lumipuise G set-up
. p-tau217 sample - H phosphorylated | termind aa -
NeuroSciences G pg/mL pg/mL Specific epitopes of used | pg/mL (10-10-5 min.)
(200 pL) at T217) 6-18)
Diluent - antibodies
ASD)
Full-length T
. Fully automated, NUcleic acid Linked
Alamar NL.JLISA gPCR Neat sample recomblnmt tau Immuno- Sandwich Assay
L (Singleplex) 0-015 71uL . 441 with site- 0-920 . .
Biosciences, p-taul8l NULISA 0-25 pg/mL JmL (31 L) with x5 ific g/mL Proprietary Proprietary
Inc AS Pg H onboard Spec ’ P Method in supplement
(Multiplex) phosphorylation
a T181
Full-length
Alamar NULISA gPCR Neat sample recombinant tau Fully automated, NUcleic acid Linked
Biosciences, p-tau217 ﬁl&ungllgilex) 0-25 pg/mL O-(;lQL 711H|—L with x5 a4l \.’}I.Ith site- 0 _/ 9I2_0 Proprietary Proprietary Immuno-Sandwich Assay
Inc SRS pg/m (Blut) onboard speatic . pg/m .
(Multiplex) phosphorylation Method in supplement
a 1217
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Neat sample | Full-length Fully automated, NUcleic acid Linked
NULISA gPCR with x5 recombinant tau Immuno-Sandwich Assay
Alamar g (Singleplex) 0:25pg/mL | 0-015pg/mL | 71pL (singleplex) 441 with site- 0-920 . .
Biosciences p-tau23l NULISAseq (Singleplex) | (Singleplex) | (31 L) or 10x specific pg/mL Proprietary Proprietary Method in supplement
(Multiplex) (multiplex) phosphorylation
onboard at T231
x3 for EDTA Srlaﬁggigry Ab Mouse 2-step HD-X setup (35-5). 75%
ALZpath, Inc p-tau217 Simoa HD-X 0-060 0-0074 100 puL (30 | plasmaand Synt_hetlc 0-012-50 (Rabbit monoclonal helper beads
pg/mL pg/mL pL) serum 10 to peptide pg/mL monoclonal 1gG N-
30 x for CSF . terminus Ashton et al., 2023
1gG epitope)
. pT3 (epitope =
SVHEZZUC 210-220,
?j%kD o = phosphorylated | |0 o 3-step HD-X setup (35-5-5). 75%
! 0-036 0-002 172 pL (30 : . 0-10 at T217, with . helper beads. 25 uL RGP
Janssen R&D p-tau217 SimoaHD-X X2 (custom) epitope of terminal aa
pg/mL pg/mL pL) ture Ab- pg/mL enhanced 7-20)
SPéI‘EpG4—epitope binding with Triana-Baltzer et al., 2021
of detection Ab phosphorylation
at T212)
Tau 181 AT270 (epitope | BT2 (epitope
Fliirebio taulsl LUMIPULSE 0-275 0023 260 pL Neat P thetic 0-60 176- 182 194-198) and P
! p G pg/mL pg/mL (100 pL) %ﬂ de (75AA) pg/mL phosphorylated | HT7 (epitope P
at T181) 159-163)
Neat (with
addition of ] :
RD-85 (epitope | BT2 (epitope . )
0, - -
Fuirehio gty | LUMIPULSE | 0035 0018 200 L. 0% v prau 217 0-10 phosphorylated | 194-198) and (?(’]_ef'(f}'g 2 ﬁ‘])ep Lumipulse G set-tup
! P G pg/mL pg/mL (100 pL) Sy syntt pg/mL at T217) HT7 (epitope
Specific peptide
Solution - 159-163)
ASS)
) . Synthetic p- Biotinyl ated- SULFO-
b‘:}?\‘jer st p-tau2l7 | MSD Lilly o18pgmL | © 1/ﬁ1Lb 63)“L (s ;jfg)ocw st | 217 peotide O&lrg(i IBA493 (anti-p- | TAG-4G10-
Y Pg H P ta217) E2 (Anti-taLl)
. . Biotinyl ated- SULFO-
gy P | WUl | osepom | S, | US| dzovst omep |0 | iy | TG
Y P9 H pep P tau181) E2 (Anti-taLi)
Phospho-Tau
g 0- 0196 0- 0196 120 pL (15 Synthetic p-Tau | 0- 0196- (Thr181)
MagQu ptaulsl MR pg/ml pg/mL uL) Neat 181peptide 100 pg/mL NIA Monoclonal
Antibody
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Meso Scale
Diagnostics,
LLC. (MSD)

p-taul8l

MSD S-PLEX

0-46 pg/mL

0-078
pg/mL

50 uL (10
L)

Neat

Recombinant
phosphorylated
tau expressed in

ahuman cell

lineand
confirmed by
mass
spectrometry to
display
phosphorylation
at T181

0-2110
pg/mL

Human Tau
(pT181) MSD
Generation A
Antibody Pair

Tau (total)
MSD
Generation A

Electrochemiluminescence (ECL) S
PLEX assay

Meso Scale
Diagnostics,
LLC. (MSD)

p-tau217

MSD S-PLEX

1-81 pg/mL

0-29 pg/mL

50 L (10
L)

Nea

Recombinant
phosphorylated
tau expressed in

ahuman cell

lineand
confirmed by
mass
spectrometry to
display
phosphorylation
a 1217

0-3880
pg/mL

Human Tau
(pT217) MSD
Generation A
Antibody Pair

Tau (total)
MSD
Generation A

Electrochemiluminescence (ECL) S
PLEX assay

Meso Scale
Diagnostics,
LLC. (MSD)

p-tau231

MSD S-PLEX

15 pg/mL

0-94 pg/mL

50 uL (10
L)

Neat

Recombinant
phosphorylated
tau expressed in

ahuman cell

lineand
confirmed by
mass
spectrometry to
display
phosphorylation
at T231

0-40000
pg/mL

Human Tau
(pT231) MSD
Generation A
Antibody Pair

Tau (total)
MSD
Generation A

Electrochemiluminescence (ECL) S
PLEX assay

Quanterix
Simoa

p-taul8l

Simoa HD-X

8 pg/mL

0-62 pg/mL

80 L (30
L)

X4(Sample
Diluent)

Antigenin
buffer with
protein
stabilizers

0-404
pg/mL**

Proprietary

Proprietary

2-step HD-X set-up (35-5).

Roche
Diagnostics
International
Ltd

p-taul8l

Cobase
(Elecsys)

0-300
py/mL

<0-300
pg/mL

30 pL
(approx.
100 pL)
singlicate

No dilution
required

Proprietary

0-300-10-0
pg/mL

Proprietary

Proprietary

Electrochemiluminescence sandwich
immunoassay, 18 min total incubation
time

Palmqvist et a., 2023
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Roche 60 pL I .

) . - 0-0750- Electrochemil uminescence sandwich
Diagnostics g Cobase 0:075 <0-075 (approx. No dilution . ) ) . . . . .
International p-tau217 (Elecsys) pg/mL pg/mL 100 uL) required Proprietary 5.00 Proprietary Proprietary immunoassay, 18_m| n total incubation

o pg/mL time
Ltd singlicate
Full-length
R X2 recombi nant tau AT 270 (epitope . 3-step HD-X set-up (40-7-7). 0%
University of . 100 L (30 | (Advantage 441 0-128 176- 182 Taul2 (N helper beads.
Gothenburg p-taul8l Simoa HD-X 1 pg/mL 0-25 pg/mL L dil hosohorylated /mL hosohorylated terminal aa
(UGOT) uL) iluent, phosphorylated | pg/m phosphorylated | ¢ g L
Quanterix) invitro by at T181) Karikari et a., 2020
GSK3p
Full-length
recombinant tau
University of 0073 sdopL o | L2 (T 441 ol | PTARI27B3 | Taui2 (N- E'Step HD-X set-up (47-7). 0% helper
Gothenburg p-tau212 Simoa HD-X gmL 0-01 pg/mL 0 H 2.0, phosphorylated L (epitope p- terminal aa
(UGOT) p H Quanterix) invitro by P9 Tau212) 6-18) Kac et al. 2023
DYRK1A N
(Abcam269022)
Full-length Bioventix
University of lsouL(s0 | XL5(Ta0 recomgl{‘lam il pTaRl7-FG | Taul2 (N- ﬁ'ie" HD-X set-up (47-7). 0% hel per
Gothenburg p-tau217 | SimoaHD-X 0-4 pg/mL 0-08 pg/mL H diluent, (epitope terminal aa
(UGOT) uL) Quanterix) | Phosphorylated | pg/mL phosphorylated | 6-18)
invitro by a T217) Gonzadez-Ortiz et d., 2023
GSK3B
Full-length
. ADx253
N X2 recombi nant tau : ) 3-step HD-X set-up (40-7-7). 0%
University of . 100uL (30 | (Advantage a1 0-128 (epitope224- | Taul3 (N hel per beads.
Gothenburg p-tau231 Simoa HD-X 1 pg/mL 0-25 pg/mL L dil hosohorylated /mL 240 terminal aa
(UGOT) ML) Iluent, phosphorylated | pg/m phosphorylated | 2-18)
Quanterix) invitro by a T231) Ashton et al., 2021
GSK3p
p-taul8l,
Kiﬁ%” Taul2 (a2 6- UGOT PlasmaTau IP-MS
University of ! 18), Imunnoprecipitation followed by LC-
Gothenburg ptau23l, | Mass unknown unknown 1000 WL (0 No dilution Heavy I_ab dlled 0-1-1 fmol HT7 (aa 159- n.a MS. Targeted PRM MS method.
tau195- Spectrometry pL) peptides
(UGOT) 209 163), BT2 (aa
tau212- 194-198) Montoliu-Gaya et a., 2023
221
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Table 2. Participant characteristics

All (n =40) CSF AD pathology (n = 25) CSF non-AD pathology (n = 15)
Mean age (sd), years | 63-8 (5-8) 64-6 (6-1) 63-8 (54)
Female, n (%) 17 (42.5) 12 (48:0) 5(33-3)
Mean symptom 53-2 (30-4) 44.0 (22-4) 686 (36-3)
duration (sd),
months
Median CSFAB42 | 315 (229, 433) 246 (224, 316) 507 (392, 613)
(IQR), pg/mL
Median CSFAB40, | 6583 (5189, 7752) 6584 (5292, 8906) 6581 (5107, 7403)
(IQR), pg/mL
Median CSF 0-045 (0037, 0:079) | 0:035 (0-038, 0-045) 0-083 (0-078, 0-088)
AB42/40 (IQR)
Median p-tau181 103 (41, 137) 124 (104, 165) 38 (29, 42)
(IQR), pg/mL

Most recent clinical
diagnosis

Amnestic AD Dementia (n=20), mild cognitive
impairment (n=1), posterior cortical atrophy
(n=2), primary progressive aphasia (n=2)

Subjective cognitive decline (n=5),
frontotemporal dementia not otherwise
specified (n=2), semantic variant primary
progressive aphasia (n=2), non-fluent variant
primary progressive aphasia (n=1),
meningioma and epilepsy (n=1), alcohol-
related cognitive impairment (n=1), Lewy body
disease (n=1), functional cognitive syndrome
(n=1), autoimmune encephalitis (n=1)

CSF biomarker values used for participant selection were obtained using the LUMIPULSE G1200 platform in clinical routine testing.
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