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Abstract

Background The recent development of techniques to assess plasma biomarkers has changed the way

the research community envisions the future of diagnosis and management of Alzheimer's disease (AD) and other
neurodegenerative disorders. This work aims to provide real world evidence on the clinical impact of plasma
biomarkers in an academic tertiary care center.

Methods Anonymized clinical reports of patients diagnosed with AD or Frontotemporal Lobar Degeneration

with available plasma biomarkers (ABy,, AB4,/AB.g P-tauyg;, p-tau,s;, NfL, GFAP) were independently assessed

by two neurologists who expressed diagnosis and diagnostic confidence three times: (T0) at baseline based

on the information collected during the first visit, (T1) after plasma biomarkers, and (T2) after traditional biomarkers
(when available). Finally, we assessed whether clinicians'interpretation of plasma biomarkers and the consequent
clinical impact are consistent with the final diagnosis, determined after the conclusion of the diagnostic clinical

and instrumental work-up by the actual managing physicians who had complete access to all available information.

Results Clinicians assessed 122 reports, and their concordance ranged from 81 to 91% at the three time points.
At T1, the presentation of plasma biomarkers resulted in a change of diagnosis in 2% (2/122, p=1.00) of cases,
and in increased diagnostic confidence in 76% (91/120, p<0.001) of cases with confirmed diagnosis. The change
in diagnosis and the increase in diagnostic confidence after plasma biomarkers were consistent with the final
diagnosis in 100% (2/2) and 81% (74/91) of cases, respectively. At T2, the presentation of traditional biomarkers
resulted in a further change of diagnosis in 13% (12/94, p=0.149) of cases, and in increased diagnostic confidence
in 88% (72/82, p<0.001) of cases with confirmed diagnosis.

Conclusions In an academic tertiary care center, plasma biomarkers supported clinicians by increasing their
diagnostic confidence in most cases, despite a negligible impact on diagnosis. Future prospective studies are needed
to assess the full potential of plasma biomarkers on clinical grounds.
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Background

Differential diagnosis in patients with cognitive impair-
ment poses significant challenges due to the overlap in
clinical symptoms. Cognitive impairment is often caused
by neurodegenerative diseases which include Alzhei-
mer’s disease (AD) and Frontotemporal Lobar Degenera-
tion (FTLD). AD represents the most prevalent cause of
dementia, accounting for 60—80% of dementia cases [1].
AD is characterized by the abnormal deposition of amy-
loid beta (AP) and tau proteins in the brain [2] which,
together with other events such as reactive astroglio-
sis [3] and neurodegeneration, contribute to the onset
of cognitive impairment and finally dementia. FTLD is
a clinically and pathologically heterogeneous condition
that results in progressive decline in behavior (behavioral
variant of frontotemporal dementia, bvFTD) or language
(primary progressive aphasia, PPA), and is often associ-
ated with extrapyramidal symptoms such as corticobasal
syndrome (CBS) or progressive supranuclear palsy (PSP)
[4].

In this context, biomarkers provide valuable informa-
tion on the presence and burden of pathophysiologi-
cal changes in the brain, and are therefore widely used
in clinical practice (at least in academic settings) as part
of the patients’ diagnostic workup to support the clini-
cal diagnosis [5], and therefore to discriminate AD from
other neurodegenerative disorders. The use of AD bio-
markers will likely be more relevant in the next future
as disease-modifying therapies are becoming available
[6, 7]. However, the key AD biomarkers are traditionally
measured with techniques/exams that are either expen-
sive (amyloid-PET and tau-PET), invasive (cerebrospinal
fluid (CSF) AB,4,/AB, and p-tau), or poorly specific (atro-
phy on MRI and hypometabolism on FDG-PET).

The recent development of techniques allowing to
measure biomarkers of AD pathology (AB,,/AB4 [8]
and p-tau [9-11]), neurodegeneration (NfL) [12], and
astrogliosis (GFAP) [13] in plasma has changed the way
the research community envisions the future of diagno-
sis and management of patients with suspected AD or
other neurodegenerative disorders. Indeed, plasma bio-
markers feature unique advantages over traditional bio-
markers such as higher accessibility, relatively lower cost,
and higher informativeness (providing information on
several specific and non-specific AD biomarkers from a
single blood sampling). Owing to these features, plasma
biomarkers could significantly improve the efficiency
of the diagnostic pathway in memory clinics and finally
improve patient care. Their future potential applications
are various, being used as a gateway to traditional bio-
markers [14], diagnostic, monitoring of disease progres-
sion or efficacy of treatments, and even screening of the
general population [15].
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In the last five years, a number of studies have evalu-
ated the diagnostic accuracy of plasma biomarkers in
several populations, reporting an overall high accuracy
at the group level [8-13]. It is worth noting that, despite
the excellent diagnostic accuracy at the group level, their
performance in the real world might be poorer [14].
Therefore, despite consistent evidence on their diagnos-
tic accuracy, further research is needed to understand the
role and performance of plasma biomarkers in clinical
practice.

The present study aims to investigate the role of plasma
biomarkers in the diagnostic thinking of clinicians in
an academic tertiary care center. Specifically, we assess
whether the use of plasma biomarkers as a first-level
assessment impacts diagnosis and diagnostic confidence,
and whether clinicians’ interpretation of plasma bio-
markers and the consequent clinical impact are appropri-
ate (i.e., consistent with the final diagnosis determined
after the conclusion of the diagnostic work-up).

Methods

Study design

Figure 1 illustrates the study design of the present work.
Two independent raters (AA and IL, both neurologists
with 25 and 4 years of expertise in neurodegenerative
disorders, respectively) blindly assessed the anonymized
clinical reports of patients for whom plasma biomarkers
were available at three time points.

At TO (baseline), the two raters assessed the clinical
reports including all the information collected during
the first visit at our center, and were asked to indicate a
cognitive stage (i.e., mild cognitive impairment (MCI)
or dementia) and diagnosis (i.e., AD, bvFTD, PPA, CBS/
PSP), and to rate their diagnostic confidence (50—-100%)
in such diagnosis. Specifically, the first-visit clinical
reports included the patient’s demographics, past and
present comorbidities, family history, description of the
first symptoms at onset, global cognitive assessment,
associated behavioral symptoms, and structural brain
imaging in most cases. At T1, the two raters were asked
to revise the baseline diagnosis and diagnostic confi-
dence for each patient based on the plasma biomarker
results. Specifically, raters had access to and interpreted
the values of all available plasma biomarkers at the same
time, together with a panel describing values (minimum,
median and IQR, mean and SD, and maximum value
as well as the distribution; see section e2.1, eTable, and
eFigure in Supplement) of a sample of 27 cognitively
unimpaired individuals (median + IQR age: 48 + 26 years;
gender: 44% (12/27) of males) as a reference. Importantly,
we did not provide thresholds defining positivity/nega-
tivity of the plasma biomarkers (but only the raw values
to be interpreted comprehensively based on the values
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Fig. 1 Study design. Two raters assessed the clinical reports of the patients at different time points: at TO, based on the clinical first-visit reports;
at T1, based also on the plasma biomarker results; and at T2, based also on traditional biomarkers (when available). At each time point, raters were
asked to indicate diagnosis and rate their diagnostic confidence (50-100%) in such diagnosis for each patient. Traditional biomarkers included
cerebrospinal fluid analyses (CSF AB,,, p-tau, and total tau), amyloid-PET scan, and genetic assessment

of cognitively unimpaired individuals). More informa-
tion on material and preparatory activities is reported in
section e2.1 in Supplement. Finally, at T2, the two raters
were asked to revise diagnosis and diagnostic confidence
based on the results of traditional exams such as CSF
analyses, amyloid-PET scan, or genetic investigation.
When the two raters were not concordant, a third rater
(BB) was asked to assess these cases at all time points.

Finally, in order to assess whether raters’ interpretation
of plasma biomarkers and the consequent clinical impact
(i.e., changes in diagnosis and diagnostic confidence)
were appropriate, we used (as the gold standard) the final
diagnosis provided by the dementia experts who had the
patients in charge and complete access to all available
information such as the clinical and instrumental work-
up (see "Participants” section). The final diagnosis was
commonly achieved approximately 4 months after the
first visit.

Participants

The reports of 146 outpatients with cognitive impairment
evaluated at the Neurology Unit of the University of
Brescia and the ASST Spedali Civili (Brescia, Italy),
for whom plasma biomarkers were quantified, were
initially considered in the present study. Among
them, 24 have been excluded (23 were not informative
enough or inconclusive at the first visit report, and 1
was recognized by one rater despite anonymization),
for a total of 122 reports included in the analyses. Final
diagnosis was consistent with either AD, bvFTD, PPA,
CBS, or PSP, according to conventional clinical criteria
[16-23]. All included patients underwent a standardized
neuropsychological evaluation and brain magnetic
resonance imaging (MRI), as previously reported [24].
Furthermore, CSF analyses (i.e., AB,,, p-tau, and t-tau)
and amyloid PET scan were available in 57% (70/122) and
19% (23/122) of cases, respectively, to support or rule-out

AD. Proof of pathogenetic mutations was available in 18%
(22/122) of cases, supporting definitive diagnosis of FTD
(C9orf72 expansion, n=6; Granulin mutations, n=13;
Microtuble-Associated Protein Tau mutations, n=2; and
TAR DNA-binding protein 43 mutation, n=1).

The study was approved by the local Ethic Commit-
tee (NP1965), and has been conducted in accordance
with the principles of the Declaration of Helsinki and the
International Conference on Harmonization Good Clini-
cal Practice.

Outcomes

The two primary outcomes were change in diagnosis
and change in diagnostic confidence across time points
in the whole sample. The diagnoses were categorized
into three categories: (i) “AD’, including all the diagnoses
involving AD; (ii) “FTD’, including bvFTD and PPA; and
(iii) “CBS/PSP” including CBS and PSP. Diagnostic confi-
dence was rated by ticking the percentage corresponding
to their appraisal of the diagnostic confidence on a visual
numeric scale made of percentages organized spatially
from 50 to 100% with incremental 5%-intervals. Before
the beginning of the study, the study team (including
the raters) defined the following criteria to objectivize,
as much as possible, the subjective nature of diagnostic
confidence: (i) 50% corresponds to max uncertainty, (ii)
90% defines a “very high” diagnostic confidence as opera-
tionalized by previous studies [25], and consistently with
previous studies showing that the etiological diagnosis of
patients with a diagnostic confidence greater than 90%
does not change following amyloid-PET [26], and that
the maximal mean diagnostic confidence post amyloid-
PET is 86—93% [27-30], suggesting that this level of diag-
nostic confidence is a strong, achievable, and replicable
reference standard; and (iii) 100% corresponds to max
certainty. For the analyses, we considered the diagnosis
expressed in agreement by two concordant raters (i.e.,
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the first two raters or, when they were discordant, one of
them and the third one), and the average of their diag-
nostic confidence only for patients with a diagnosis con-
firmed across different time points.

Assessment of plasma biomarkers

Plasma was collected at the first visit by venipuncture,
processed and stored in aliquots at -80°C according
to standardized procedures, and analyzed in a central
laboratory. Specifically, plasma p-tau,;g; and p-tau,s;,were
analyzed using an in-house single-molecule array (Simoa)
method developed at the University of Gothenburg [9,
10]. AB,,/AB4y NfL, and GFAP were analyzed using
a commercial Simoa multiplex assay [31-33]. Plasma
samples were thawed, vortexed, and centrifuged (4000 x g
for 10 min at RT), then analyzed by a HD-X analyzer
using identical batches of reagents across the study.
Three quality control plasma samples were added in
duplicate to the test plates at the start and end of each
run, resulting in an overall coefficient of variation of 4.9%
to 12.5% across all the plasma marker measurements.

Statistical analyses

Continuous variables were described as median and
interquartile range (IQR), and categorical variables
as percentages (raw numbers). Differences among
groups in the sociodemographic and clinical features
were assessed using Kruskal-Wallis rank sum tests for
continuous variables, or tests for equality of proportions
for categorical variables. If significant, post-hoc pairwise
comparisons (Dunn’s all-pairs rank comparison test
for continuous variables, or pairwise comparisons for

Table 1 Demographic and clinical features of the sample
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categorical variables) were adjusted using Bonferroni
correction.

The inter-rater agreement between the two raters (AA
and IL) for the clustered diagnoses (AD and FTLD) at the
different time points was assessed using the unweighted
Cohen’s k coefficient, and strength of agreement clas-
sified as slight (0.00 — 0.20), fair (0.20 — 0.40), moderate
(0.40 — 0.60), good (0.60 — 0.80), and very good (>0.80),
with 95% confidence intervals (CI).

Changes in diagnosis (from AD to FTLD) after plasma
biomarkers were assessed using the McNemar’s Chi-
squared test (y’). Changes in diagnostic confidence in
patients with confirmed diagnosis across timepoints were
assessed using a linear mixed model with diagnostic con-
fidence as the dependent variable; diagnosis (AD, FTD, or
CBS/PSP), time point (T0, T1, and T2), and their interac-
tion as independent variables; and random intercepts and
slopes at the subject level.

All statistical analyses were performed with R, version
4.3.0 (The R Project for Statistical Computing, https://
www.r-project.org/).

Results

Participants’ features

A total of 122 cases were included in the analyses. Table 1
illustrates demographic and clinical features of the
patients. On average, the study participants were 64+ 13
years old, included 57% (70/122) of males, had 10+5
years of education, and MMSE was 25+ 5. Among them,
48% (58/122) were in the MCI stage. Disaggregating by
final diagnosis, 24% (29/122) were AD, 40% (49/122)
bvFTD, 25% (31/122) PPA, and 11% (13/122) CBS/PSP.

Demographic and clinical features Whole sample

By final diagnosis

n=122
AD FTLD p-value
n=29
bvFTD PPA CBS/PSP
n=49 n=31 n=13
Age, years 64 (13) 65 (12) 61 (16) 64 (10) 65 (12) 0.159
Age at symptom onset, years 61(12) 63(13) 57 (14) 63 (8) 62 (7) 0.027"
Gender, male (%) 57% (70) 55% (16) 69% (34) 39% (12) 62% (8) 0.059
Education, years 0(5) [4] [1] 8(5)[1] 13(8) [2] (5) 0.172
MMSE 25(5)[11] [2] 25 (6) [4] 26 (6) [5] ( ) 0.359
Cognitive stage, MCl (%) 48% (58) 45% (13) 45% (22) 45% (14) 69% (9) 0432

Values are medians (interquartile ranges) for continuous variables, or percentages (raw numbers) for categorical variables

Diagnoses were based on the final diagnosis determined after the conclusion of the diagnostic clinical and instrumental work-up by the actual managing physicians
who visited the patient in person. Cognitive stages were based on the consensual assessment of the study raters

AD Alzheimer's disease, bvFTD behavioral variant of frontotemporal dementia, CBS corticobasal syndrome, MC/ mild cognitive impairment, MMSE Mini-Mental State

Examination, PPA primary progressive aphasia, PSP progressive supranuclear palsy

No pairwise comparison survived the Bonferroni correction
[number in square brackets]: number of missing data
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Raters’ concordance

The inter-rater agreement on the diagnosis (AD or FTLD)
was moderate at TO (84% (103/122) concordance rate;
unweighted k=0.52, 95% CI 0.33 — 0.70) and T1 (81%
(99/122) concordance rate; unweighted k=0.46, 95% CI
0.27 — 0.65), but increased to good with traditional bio-
marker availability at T2 (91% (86/94) concordance rate;
unweighted k=0.78, 95% CI 0.64 — 0.92).

Change in diagnosis
Figure 2 illustrates the change in diagnosis across the
different time points.

TO

Clinical report

FTD

CBS/PSP

100%

T1

+ plasma biomarkers
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At T1, the presentation of plasma biomarkers resulted
in a change of diagnosis in 2% (2/122; y*=0.00, p=1.00)
of patients. Specifically, diagnostic changes occurred in
1 patient who had a TO diagnosis of AD that changed to
FTD (bvFTD) at T1, and in 1 with a TO diagnosis of FTD
(PPA) that changed to AD at T1. In both cases (100%,
2/2), changes in diagnosis were consistent with the final
diagnosis.

At T2, in a subgroup of patients (n=94), the addition
of the traditional biomarkers resulted in a further change
of diagnosis in 13% (12/94; y>*=2.08, p=0.149) of cases.
Specifically, diagnostic changes occurred in 3 patients

T2

+ traditional biomarkers

8
100%

Fig. 2 Change in diagnosis across time points. Reading example: at T0, 16% (20/122) of patients received a diagnosis of AD; among them, at T1, 5%
(1/20) of patients with a TO diagnosis of AD were reclassified as non-AD after plasma biomarkers; finally, at T2, in a sub-sample of patients for whom
traditional biomarkers were available, 19% (3/16) of patients with a T1 diagnosis of AD were reclassified as FTD. Traditional biomarkers could include
cerebrospinal fluid analyses (CSF AB,,, p-tau,g;, and total tau), amyloid-PET, or genetic assessment. AD: Alzheimer’s disease. FTD: frontotemporal
dementia. CBS: corticobasal syndrome. PSP: progressive supranuclear palsy
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who had a T1 diagnosis of AD that changed to FTD (2
to bvFTD and 1 to PPA), and in 9 with a T1 diagnosis of
FTD (5 bvFTD and 4 PPA) that changed to AD at T1. In
92% (11/12) of cases, changes in diagnosis were consist-
ent with the final diagnosis.

Diagnosis changed more frequently at T2 than at T1
(p=0.003), with a comparable consistency with the final
diagnosis at T1 and T2 (p=1.00).

Change in diagnostic confidence

Figure 3 illustrates the change in diagnostic confidence
only in patients for whom the diagnosis was confirmed
across time points (#=120 from TO to T1, and n=82
from T1 to T2).

At T1, after the presentation of plasma biomark-
ers, diagnostic confidence increased in 76% (91/120) of
cases, with a statistically significant estimated marginal
mean increase of+5% (from 78 to 83%, p <0.001); while
it remained stable in 23% (28/120), and decreased in < 1%
(1/120) of cases. The increase in diagnostic confidence
after plasma biomarkers was consistent with the final
diagnosis in 81% (74/91) of cases.

At T2, after the presentation of traditional biomark-
ers, diagnostic confidence increased in a further 88%
(72/82) of cases, with a further statistically significant
estimated marginal mean increase of+7% (from 83 to
90%, p <0.001); while it remained stable in 5% (4/82), and
decreased in 7% (6/82) of cases. The increase in diagnos-
tic confidence after traditional biomarkers was consistent
with the final diagnosis in 94% (68/72) of cases.
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The increases in diagnostic confidence observed at T1
and T2 were not statistically different (p=0.213). No dif-
ferences in change in diagnostic confidence have been
observed among different diagnoses (p =0.353).

Discussion

In the present study, we assessed the clinical impact of
plasma biomarkers in an academic tertiary care center.
Our results suggest that plasma biomarkers might sup-
port clinicians by increasing their diagnostic confidence
consistently with the final diagnosis, despite a negligi-
ble impact on diagnosis. To the best of our knowledge,
this is the first study investigating the diagnostic value of
plasma biomarkers in a population of patients with neu-
rodegenerative disorders.

Blood-based biomarkers are in the spotlight as they
might be soon brought to clinical practice and therefore
redefine and improve the diagnostic pathway of patients
with suspected neurodegenerative disorders. Moreover,
they might also be used to profile the risk of develop-
ing dementia in cognitively unimpaired individuals with
or without genetic or lifestyle risk factors [34]. A recent
review estimated that plasma biomarkers might be added
to the clinicians’ armamentarium of diagnostic tests in
memory clinics in the short term (3-5 years), and might
be used as a screening test in primary care in the inter-
mediate term (5-10 years), while screening of the general
population is a longer-term vision [15]. In order to get
ready for that, further research is needed to understand

TO-T1 T1-T2
1004
754
X 50
257
O_ : ;
decrease stable increase decrease stable increase

Change in diagnostic confidence

Consistency vs final diagnosis

[] inconsistent
] consistent

Fig. 3 Change in diagnostic confidence in patients with confirmed diagnosis across time points, and consistency with final diagnosis (i.e.,

the gold standard diagnosis). Diagnostic confidence was rated on a visual numeric scale made of percentages organized spatially from 50 to 100%
with incremental 5%-intervals at different time points (T0, based only on clinical reports; T1, based also on plasma biomarkers; and T2, based

also on traditional biomarkers). The average diagnostic confidence of concordant raters was used for the analyses
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the role and performance of plasma biomarkers in clini-
cal practice.

Our findings, although preliminary, support the future
utility of plasma biomarkers on clinical grounds: the
observed increased clinicians’ diagnostic confidence
in most cases denoted a positive attitude towards their
clinical use, and it is worth noting that such increase in
diagnostic confidence was mostly consistent with the
final diagnosis determined after the conclusion of the
diagnostic clinical and instrumental work-up. The clini-
cal use of plasma biomarkers is still not recommended
as they are not clinically validated yet. Nevertheless, evi-
dence on plasma biomarkers is building up fast and the
field of neuroscience is rapidly evolving to accommodate
their clinical implementation. The present pilot study
aimed to resemble the future clinical practice where
plasma biomarkers are available. Indeed, it is reasonable
to assume that plasma biomarkers might be considered
as a first level screening/assessment of patients with cog-
nitive complaints, and therefore precede and be used as
a gateway to traditional and more expensive or invasive
biomarkers such as amyloid-PET or CSE.

In the present study, we considered a plethora of dif-
ferent plasma biomarkers. It has been shown that both
plasma p-tau,g; and plasma p-tau,,,are specific to AD [9,
10], and distinguish AD from FTD with very high accu-
racy [9]; and that plasma NfL reflects neurodegeneration
(being elevated both in AD and in other neurodegenera-
tive diseases), and discriminate FTD from psychiatric
disorders [12]. Conversely, the clinical role of Ap and
GFAP might be more blurred: AB,,/ApB,,has poor robust-
ness and might result in misclassification [35, 36]; and
GFAP, an early biomarker of astrocytosis [13], requires a
more complex clinical interpretation which goes beyond
the definition of pathophysiological (AP and p-tau) or
neurodegeneration (NfL) biomarkers. Defining the most
clinically and technically robust assays at the individual
level may help identify which plasma biomarkers (or
combination thereof) contribute to the achievement of
the highest diagnostic confidence and avoid misclassi-
fication [37]. At the same time, it is important to define
guidelines to facilitate clinicians’ interpretation of plasma
biomarkers.

We acknowledge that the main limitation of this study
is its retrospective nature. The evaluation of clinical
reports does not allow the clinical observation of the
patient, which is a key element of the diagnostic pro-
cess. Nevertheless, our study design allowed to assess the
incremental diagnostic value of plasma biomarkers in a
structured way, which is not fully applicable in clinical
practice where the results of the exams might not be pre-
sented always in the same order (i.e., plasma before tra-
ditional biomarkers, in this case). Second, we tested the
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clinical impact of plasma biomarkers in a patient popula-
tion where AD is underrepresented, mostly consisting of
patients with dementia due to FTLD with an already clear
clinical profile at first consultation. This prevents us from
assessing the full clinical potential of plasma biomarkers
of AD, which is expected to be higher in a population of
memory clinic patients with higher prevalence of patients
at the MCI stage and with suspected AD etiology. Third,
we did not consider possible confounders, such as renal
failure, use of medications, or other comorbidities, which
might have played a role on the performance of plasma
biomarkers, thereby possibly causing misclassifications.
However, all biological samples were collected with the
same protocol at the first visit, and the analyses per-
formed in a central laboratory; this allowed us to reduce
the pre-analytical differences and inter-laboratory varia-
tions. Finally, we acknowledge that developing evidence
suggests that p-tau,;,could have slightly greater accuracy
for AD pathology [38]; however, this plasma biomarker
was not available for the present study.

To conclude, our findings suggest that plasma bio-
markers may support clinicians by increasing their
diagnostic confidence, despite a negligible impact on
diagnosis. The present study lays the groundwork for
prospective and possibly randomized controlled studies
assessing the role and full clinical potential of plasma
biomarkers in a memory clinic setting.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513195-024-01474-z.

[ Supplementary Material 1. }

Acknowledgements

We acknowledge the contribution of Andrea Castellani (Neurology Unit,
Department of Clinical and Experimental Sciences, University of Brescia,
Brescia, Italy) in the preparation of the study material and preparatory
activities.

Authors’ contributions

DA and BB drafted the structure of the present work, took care of data analysis,
drafted the first version of the work, and revised the following versions criti-
cally for important intellectual content. IL, AA, JR, AP, NJA, HZ, and KB contrib-
uted to draft the structure of the present work and revised the first version of
the work critically for important intellectual content. All authors had full access
to all the data in the study, substantially contributed to the interpretation of
data for the present work, revised the work critically for important intellectual
content, gave final approval of the version to be published, and agreed to be
accountable for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appropriately investigated
and resolved.

Funding

This study was funded by the European Union - NextGenerationEU -
Mission 4, Component 2, Investment 1.1. CUP: D53D23012130006 - PRIN
2022 (Il presente studio e stato Finanziamento dell'Unione Europea —
NextGenerationEU — Missione 4, Componente 2, Investimento 1.1. CUP
D53D23012130006 - PRIN 2022).


https://doi.org/10.1186/s13195-024-01474-z
https://doi.org/10.1186/s13195-024-01474-z

Altomare et al. Alzheimer’s Research & Therapy (2024) 16:107

Ministero
dell’'Universita
# e della Ricerca

Finanziato
dall'Unione europea
NextGenerationEU

Page 8 of 9

_ . £ UNIVERSITA
i Italiadomani DEGLI STUDI

PIANO NAZIONALE
OF RIPRESA £ RESIIENZA

DI BRESCIA

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

The study was approved by the local Ethic Committee (NP1965), and has been
conducted in accordance with the principles of the Declaration of Helsinki
and the International Conference on Harmonization Good Clinical Practice.

Consent for publication
Not applicable.

Competing interests

Daniele Altomare received funding by the Fondation Recherche Alzheimer,
and the Swiss National Science Foundation (project CRSK-3_196354/1). Nicho-
las J. Ashton serves as an editor of Alzheimer’s Research & Therapy.Henrik Zet-
terberg serves as an editor of Alzheimer's Research & Therapy.Barbara Borroni
served as a medical advisor for Alector, Denali, Wave, AviadoBio, Lilly, and UCB.
The other authors have nothing to disclose.

Author details

"Department of Clinical and Experimental Sciences, Neurology Unit, University
of Brescia, Brescia, Italy. 2Department of Continuity of Care and Frailty, Azienda
Socio Sanitaria Territoriale (ASST) Spedali Civili, Brescia, Italy. *Department

of Psychiatry and Neurochemistry, Institute of Neuroscience and Physiology,
the Sahlgrenska Academy at the University of Gothenburg, Molndal, Sweden.
“Institute of Psychiatry, Psychology and Neuroscience, King's College London,
Maurice Wohl Clinical Neuroscience Institute, London, UK. °NIHR Maudsley
Biomedical Research Centre, South London and Maudsley NHS Foundation
Trust, London, UK. ®Centre for Age-Related Medicine, Stavanger University
Hospital, Stavanger, Norway. ’Clinical Neurochemistry Laboratory, Sahlgrenska
University Hospital, MéIndal, Sweden. ®Department of Neurodegenerative
Disease, UCL Institute of Neurology, Queen Square, London, UK. °UK Dementia
Research Institute, UCL, London W1T 7NF, UK. '°Kong Center for Neurodegen-
erative Diseases, Clear Water Bay, Hong Kong, China.

Received: 29 November 2023 Accepted: 1 May 2024
Published online: 11 May 2024

References

1. Sosa-Ortiz AL, Acosta-Castillo I, Prince MJ. Epidemiology of dementias
and Alzheimer's disease. Arch Med Res. 2012:43:600-8.

2. Frisoni GB, Altomare D, Thal DR, et al. The probabilistic model of
Alzheimer disease: the amyloid hypothesis revised. Nat Rev Neurosci.
2022;23:53-66.

3. Kumar A, Fontana IC, Nordberg A. Reactive astrogliosis: A friend or foe in
the pathogenesis of Alzheimer’s disease. J Neurochem. 2023;164:309-24.

4. Rabinovici GD, Miller BL. Frontotemporal lobar degeneration:
epidemiology, pathophysiology, diagnosis and management. CNS Drugs.
2010;24:375-98.

5. Caprioglio C, Garibotto V, Jessen F, et al. The Clinical Use of Alzheimer’s
Disease Biomarkers in Patients with Mild Cognitive Impairment: A
European Alzheimer’s Disease Consortium Survey. J Alzheimers Dis.
2022;89:535-51.

6. Aducanumab (marketed as Aduhelm) Information | FDA. https://www.
fda.gov/drugs/postmarket-drug-safety-information-patients-and-provi
ders/aducanumab-marketed-aduhelm-information . Accessed 3 Jan
2023.

7.

14.

20.

21.

22.

23.

24.

25.

FDA Grants Accelerated Approval for Alzheimer’s Disease Treatment

| FDA. https://www.fda.gov/news-events/press-announcements/fda-
grants-accelerated-approval-alzheimers-disease-treatment . Accessed
10 Jan 2023.

Schindler SE, Bollinger JG, Ovod V, et al. High-precision plasma
B-amyloid 42/40 predicts current and future brain amyloidosis.
Neurology. 2019;93:E1647-59.

Karikari TK, Pascoal TA, Ashton NJ, et al. Blood phosphorylated tau 181
as a biomarker for Alzheimer’s disease: a diagnostic performance and
prediction modelling study using data from four prospective cohorts.
Lancet Neurol. 2020;19:422-33.

. Ashton NJ, Pascoal TA, Karikari TK, et al. Plasma p-tau231:a new

biomarker for incipient Alzheimer’s disease pathology. Acta
Neuropathol. 2021;141:709-24.

. Mila-Aloma M, Ashton NJ, Shekari M, et al. Plasma p-tau231 and

p-tau217 as state markers of amyloid- pathology in preclinical
Alzheimer's disease. Nat Med. 2022;28:1797-801.

. Ashton NJ, Janelidze S, Al Khleifat A, et al. A multicentre validation

study of the diagnostic value of plasma neurofilament light. Nat
Commun. 2021;12. https://doi.org/10.1038/541467-021-23620-Z.

. Pereira JB, Janelidze S, Smith R, et al. Plasma GFAP is an early marker

of amyloid-f but not tau pathology in Alzheimer’s disease. Brain.
2021;144:3505-16.

Altomare D, Stampacchia S, Ribaldi F, Tomczyk S, Chevalier C, Poulain
G, Asadi S, Bancila B, Marizzoni M, Martins M, Lathuiliere A, Scheffler M,
Ashton NJ, Zetterberg H, Blennow K, Kern |, Frias M, Garibotto V, Frisoni
GB. Plasma biomarkers for Alzheimer’s disease: a field-test in a memory
clinic. J Neurol Neurosurg Psychiatry. 2023;94(6):420-7. https://doi.org/
10.1136/jnnp-2022-330619, https://pubmed.ncbi.nlm.nih.gov/37012
066/.

. Teunissen CE, Verberk IMW, Thijssen EH, et al. Blood-based biomarkers

for Alzheimer’s disease: towards clinical implementation. Lancet Neurol.
2022;21:66-77.

. McKhann GM, Knopman DS, Chertkow H, et al. The diagnosis of dementia

due to Alzheimer’s disease: Recommendations from the National
Institute on Aging-Alzheimer’s Association workgroups on diagnostic
guidelines for Alzheimer's disease. Alzheimers Dement. 2011,7:263-9.

. Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild cognitive

impairment due to Alzheimer's disease: Recommendations from the
National Institute on Aging-Alzheimer’s Association workgroups on
diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement.
2011;7:270-9.

. Rascovsky K, Hodges JR, Knopman D, et al. Sensitivity of revised

diagnostic criteria for the behavioural variant of frontotemporal
dementia. Brain. 2011;134:2456-77.

. Gorno-Tempini ML, Hillis AE, Weintraub S, et al. Classification of primary

progressive aphasia and its variants. Neurology. 2011;76:1006-14.
Armstrong MJ, Litvan |, Lang AE, et al. Criteria for the diagnosis of
corticobasal degeneration. Neurology. 2013;80:496-503.

Hoglinger GU, Respondek G, Stamelou M, et al. Clinical diagnosis of
progressive supranuclear palsy: The movement disorder society criteria.
Mov Disord. 2017;32:853-64.

Lomen-Hoerth C, Anderson T, Miller B. The overlap of amyotrophic lateral
sclerosis and frontotemporal dementia. Neurology. 2002;59:1077-9.
Burrell JR, Kiernan MC, Vucic S, Hodges JR. Motor neuron dysfunction in
frontotemporal dementia. Brain. 2011;134:2582-94.

Benussi A, Cantoni V, Rivolta J, et al. Classification accuracy of blood-
based and neurophysiological markers in the differential diagnosis of
Alzheimer's disease and frontotemporal lobar degeneration. Alzheimers
Res Ther. 2022;14. https://doi.org/10.1186/513195-022-01094-5.
Altomare D, Barkhof F, Caprioglio C, et al. Clinical effect of early vs late
amyloid positron emission tomography in memory clinic patients: The


https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/aducanumab-marketed-aduhelm-information
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/aducanumab-marketed-aduhelm-information
https://www.fda.gov/drugs/postmarket-drug-safety-information-patients-and-providers/aducanumab-marketed-aduhelm-information
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-disease-treatment
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-alzheimers-disease-treatment
https://doi.org/10.1038/S41467-021-23620-Z
https://doi.org/10.1136/jnnp-2022-330619
https://doi.org/10.1136/jnnp-2022-330619
https://pubmed.ncbi.nlm.nih.gov/37012066/
https://pubmed.ncbi.nlm.nih.gov/37012066/
https://doi.org/10.1186/S13195-022-01094-5

Altomare et al. Alzheimer’s Research & Therapy (2024) 16:107

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

AMYPAD-DPMS randomized clinical trial. JAMA Neurol. 2023;80. https://
doi.org/10.1001/JAMANEUROL.2023.0997.

Ossenkoppele R, Prins ND, Pijnenburg YAL, et al. Impact of molecular
imaging on the diagnostic process in a memory clinic. Alzheimers
Dement. 2013;9:414-21.

Zwan MD, Bouwman FH, Konijnenberg E, et al. Diagnostic impact of [18F]
flutemetamol PET in early-onset dementia. Alzheimers Res Ther. 2017,9:2.
Pontecorvo MJ, Siderowf A, Dubois B, et al. Effectiveness of florbetapir
PET imaging in changing patient management. Dement Geriatr Cogn
Disord. 2017;44:129-43.

De Wilde A, Van Der Flier WM, Pelkmans W, et al. Association of amyloid
positron emission tomography with changes in diagnosis and patient
treatment in an unselected memory clinic cohort: The ABIDE project.
JAMA Neurol. 2018;75:1062-70.

Hattori N, Sherwin P, Farrar G. Initial physician experience with [18 F]
flutemetamol amyloid PET imaging following availability for routine
clinical use in Japan. J Alzheimers Dis Rep. 2020;4:165-74.

Benussi A, Ashton NJ, Karikari TK; et al. Serum Glial Fibrillary Acidic

Protein (GFAP) is a marker of disease severity in frontotemporal lobar
degeneration. J Alzheimers Dis. 2020;77:1129-41.

Benussi A, Karikari TK, Ashton N, et al. Diagnostic and prognostic value of
serum NfL and p-Tau181 in frontotemporal lobar degeneration. J Neurol
Neurosurg Psychiatry. 2020,91:960-7.

Simren J, Andreasson U, Gobom J, et al. Establishment of reference values
for plasma neurofilament light based on healthy individuals aged 5-90
years. Brain Commun. 2022;4. https://doi.org/10.1093/BRAINCOMMS/
FCAC174.

Altomare D, Molinuevo JL, Ritchie C, et al. Brain health services:
organization, structure, and challenges for implementation. A user
manual for Brain Health Services-part 1 of 6. Alzheimers Res Ther. 2021;13.
https://doi.org/10.1186/513195-021-00827-2.

Rabe C, Bittner T, Jethwa A, et al. Clinical performance and robustness
evaluation of plasma amyloid-342/40 prescreening. Alzheimers Dement.
2023;19. https://doi.org/10.1002/ALZ.12801.

Benedet AL, Brum WS, Hansson O, et al. The accuracy and robustness of
plasma biomarker models for amyloid PET positivity. Alzheimers Res Ther.
2022;14. https://doi.org/10.1186/513195-021-00942-0.

Ashton NJ, Puig-Pijoan A, Mila-Aloma M, et al. Plasma and CSF biomarkers
in a memory clinic: Head-to-head comparison of phosphorylated tau
immunoassays. Alzheimers Dement. 2023;19:1913-24.

Ashton NJ, Janelidze S, Mattsson-Carlgren N, et al. Differential roles of
AB42/40, p-tau231 and p-tau217 for Alzheimer’s trial selection and
disease monitoring. Nat Med. 2022;28:2555-62.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9


https://doi.org/10.1001/JAMANEUROL.2023.0997
https://doi.org/10.1001/JAMANEUROL.2023.0997
https://doi.org/10.1093/BRAINCOMMS/FCAC174
https://doi.org/10.1093/BRAINCOMMS/FCAC174
https://doi.org/10.1186/S13195-021-00827-2
https://doi.org/10.1002/ALZ.12801
https://doi.org/10.1186/S13195-021-00942-0

	Plasma biomarkers increase diagnostic confidence in patients with Alzheimer’s disease or frontotemporal lobar degeneration
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design
	Participants
	Outcomes
	Assessment of plasma biomarkers
	Statistical analyses

	Results
	Participants’ features
	Raters’ concordance
	Change in diagnosis
	Change in diagnostic confidence

	Discussion
	Acknowledgements
	References


