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Abstract

Objectives: Neurofilament light chain (NfL) is a biomarker
of neuroaxonal damage in various neurological conditions,
including multiple sclerosis (MS). With new analytical plat-
forms entering the market, standardization of serum NfL
(sNfL) measurement is essential. This study compared sNfL
levels across three assays – NF-light Advantage V2/Plus
(Quanterix), Lumipulse G NfL blood (FujiRebio), and Elecsys
NfL (Roche Diagnostics) – and derived conversion formulas
for harmonization.

Methods: Serum samples from three cohorts including
healthy donors (n=303) and MS patients (n=181) were
analyzed across three platforms. Passing-Bablok regression
and correlation analyses assessed inter-platform agreement
and potential systematic differences. Assays were further
evaluated for their ability to detect MS disease activity.
Results: All platforms showed strong correlations (Pear-
son>0.98; Spearman>0.90, p<0.001). Absolute values from
Elecsys were ∼6-fold lower than the other assays. Fourteen
of 484 samples (2.90 %) showed substantial, retest-stable
deviations (>4 SD) on at least one platform. After excluding
outliers, conversion formulas were derived to transform the
values to the NF-light Advantage V2/Plus scale: NfL=6.31 ×
[Elecsys NfL] + 2.33 ng/L; NfL=0.94 × [Lumipulse G NfL] +
1.30 ng/L. In MS patients, all platforms detected significant
differences between relapse and remission (p<0.001). Age-
adjusted Z scores from converted values yielded the highest
effect sizes (Cohen’s d: 0.84 for NF-light Advantage, 1.11 for
Elecsys, 0.93 for Lumipulse).
Conclusions: The three platforms demonstrated high cor-
relation and comparable performance in sNfL quantifica-
tion. About 3 % of samples showed strong deviations,
highlighting the need for vigilance and further harmoniza-
tion. Age-adjusted Z scores may enhance clinical and
research utility.

Keywords: neurofilament light chain; cross-platform com-
parison; z scores

Introduction

Since the introduction of highly sensitive immunoassays
(such as single molecule array-based analysis, SIMOA [1])
serum neurofilament light chain (sNfL) has been established
as a blood-based biomarker for neuroaxonal damage in
neuroinflammatory and neurodegenerative diseases [2–4].
Particularly in the field of multiple sclerosis (MS), sNfL has
received widespread attention as a blood-based biomarker
for assessing disease activity and progression in conjunction
with clinical parameters and imaging [5, 6]. Elevated levels
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of sNfL are associated with disease activity, response to
treatment, and treatment efficacy, making it a candidate for
personalized patient management in MS [7–10]. However,
the widespread clinical application of sNfL measurements
remains challenging due to the limited availability of testing.
Until recently, no clinically certified testing platform was
available, and the pioneering SIMOA technology-based
platform from Quanterix was “Research-use-only.” Never-
theless, the testing landscape is undergoing a trans-
formation, with one new platform (Siemens) already
certified for routine diagnostics, and two other widely
available platforms (FujiRebio and Roche Diagnostics)
actively seeking certification. The resulting availability of
diverse parallel platforms for measuring sNfL demands
standardization to ensure consistent and reliable data for
patient care and comparable data for scientific questions.
Standardization requires defining reference limits based on
healthy controls, which for NfL must account for its age-
dependent increase [6, 11]. A leading approach is the
comprehensive NfL reference database published in 2022 [7]
with NfL Z scores and percentile values, allowing the
quantification of deviations from healthy levels while
adjusting for age and BMI. However, the application of this
dataset to sNfL measurements acquired using one of these
new platforms demands the demonstration of a high cor-
relation between platforms and of a comparable analytic
performance. This is also relevant for the adaptation and
harmonization of platform-specific cut-offs, such as the
recently published threshold for prognosticating disease
activity – defined by the development of new T2 lesions over
2 years – established during the clinical validation of the
Atellica IM NfL assay [12]. Therefore, the objective of our
multi-center study was to compare three different platforms
and assays for the measurement of sNfL concentration (NF-
light Advantage V2/Plus by Quanterix, Lumipulse G NfL
blood by FujiRebio, and the Elecsys NfL assay by Roche Di-
agnostics) to analyze analytical correlation and compara-
bility of differentiation between relapse and remission
stages in MS.

Materials and methods

Samples

Our study encompassed three cohorts of participants
(Figure 1): Healthy blood donors (n=303) were sourced from
a blood bank affiliated with the Institute of Transfusion
Medicine at the University Hospital Schleswig-Holstein,

Campus Kiel. All participants were examined before serum
sampling by physicians and certified to be without known
neurodegenerative, neoplastic, neuroinflammatory, or
neuroinfectious conditions. Demographic information,
including age and gender, was recorded, and samples were
pseudonymized immediately following the collection.

A second cohort (high to low samples) was introduced to
enrich the range of sNfL levels in the dataset beyond the
mostly low levels observed in healthy individuals and
treated MS patients. We included 35 samples from patients
with MS with known sNfL concentrations covering a broad
range of sNfL levels (1.00–232.00 ng/L on Simoa technology-
based platform, Quanterix). These were provided by the MS
Center, University Hospital Basel, Switzerland.

The third cohort of patients with relapsing remitting MS
(RRMS) was included and balanced 1:1 for relapse and
remission to compare the analytical validity of differenti-
ating between relapse and remission across different plat-
forms. For remission, a minimum of 30 days since the last
relapse was required. Samples from RRMS patients were
procured from Basel and the Department of Neurology,
Medical University of Graz, Graz, Austria. Participants were
required to have a confirmed diagnosis of RRMS, alongside
documented information regarding their current disease
status (relapse vs. remission). The Basel sample set (n=86)
consisted of paired samples from 43 patients at two time
points during relapse and remission, whereas the Graz
sample set (n=60) provided unpaired samples with a
balanced 1:1 representation of 30 patients during relapse and
30 during remission. Together, these 146 samples were
designated as the RRMS patient cohort, with a subdivision
into remission and relapse.

All samples were stored at −80 °C prior to analysis and
were measured immediately after thawing.

Standard protocol approvals, registrations,
and patient consents

The Graz samples were recruited from the study approved
by the Ethics Committee of the Medical University of Graz,
Austria (31-432 ex 18/19). Basel samples were collected within
the Swiss MS Cohort studywhichwas approved by the Ethics
Committees of all participating centers (2023-02367). All
participants gave written informed consent prior to inclu-
sion in the study. Healthy blood donors provided written
informed consent allowing the use of remainingmaterial for
research purposes. The study complied with the Word
Medical Association Declaration of Helsinki.
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Measurements

Each sample was measured in singlicate across three
analytical platforms (HD-X analyzer from Quanterix, Bill-
erica, USA; Lumipulse G 600 from FujiRebio, Tokyo, Japan
and cobas pro e800 module from Roche Diagnostics, IN,
USA), utilizing commercially available kits (NF-light Advan-
tage V2 (LOT 503862 and 503867, Limit of Quantification
(LoQ) >1.38, Range 1.38–1,440.00 ng/L) CV: 9.10 % at the low
concentration (14.39 ng/L) and 6.38 % at the high concen-
tration (648.88 ng/L)/Plus (LOT 503964, LoQ>1.24 ng/L, Range
1.24–1,800.00 ng/L, CV: 7.51 % at the low concentration
(7.93 ng/L) and 4.59 % at the high concentration (204.25 ng/L))
from Quanterix, Lumipulse G NfL blood from FujiRebio
(LoQ>3.25, Range 2.00–5,000.00 ng/L, CV: 5.66 % at the low
concentration (17.94 ng/L) and 4.56 % at the high concen-
tration (788.71 ng/L)), and Elecsys NfL from Roche Di-
agnostics (LoQ>0.50, Range 0.50–5,000.00 ng/L, CV: 6.57 % at
the low concentration (1.33 ng/L) and 2.46 % at the high
concentration (481.81 ng/L)) in accordance with the manu-
facturer’s recommendations. During each analytical run,
both low and high controls provided by the manufacturer
were measured at the initiation and conclusion of the run to
ensure the stability of the reagents throughout the analysis.
Samples from healthy blood donors and RRMS patients were
exposed to the same pre-analytical and analytical conditions.

During the analysis period, the assay kit provided by
Quanterix underwent a version change. This resulted in
healthy controls being measured with the NF-light Advan-
tage V2 kit, while samples from RRMS patients were
analyzed using the updated NF-light Advantage Plus version.
To exclude a bias introduced by this change in kits, we
analyzed n=150 samples (range 1.97–42,610.47 ng/L) using
both kits on a fully automated HD-X analyzer and compared
them to each other. A very high correlation was observed
between the two kit versions (Pearson r=0.99; p<0.001,
Spearman r=0.98; p<0.001). Passing-Bablok regression

yielded the equation: NF-Light Advantage V2=0.92×NF-Light
Advantage Plus + 0.46 ng/L (CI Slope: [0.88–0.95], CI Inter-
cept: [0.28–0.85], Supplementary Figure 1). Therefore, we
chose to combine all analyses on the Quanterix platform into
a single group, independent of the type of kit utilized.

Statistical analysis

First, we employed Passing-Bablok regression and Pear-
son/Spearman correlation analysis to compare the results
across the tested platforms in controls and RRMS patients
(all samples). Next, outliers were identified by calculating
the perpendicular distance from the Passing-Bablok
regression line, normalized by the mean of the x- and
y-values, to allow consistent detection across all tested
platforms in the absence of a gold standard for NfL
quantification (all values original, Table 2). Data points
with a perpendicular distance from the regression line
exceeding the mean distance plus four times the standard
deviation (SD) were classified as outliers. Frequency of
outliers and relative deviation (up- or down) of outliers
(Supplementary Table 1) was grouped by platform and
compared using Fisher-Exact test. After exclusion of out-
liers (all values without outliers, Table 1), formulas for
converting absolute sNfL measurements across platforms
were calculated using Passing-Bablok regression on the
combined dataset from all three cohorts. After converting
the values to the NF-light Advantage V2/Plus scale, Passing-
Bablok regression and Pearson/Spearman correlation an-
alyses were repeated to assess concordance across all
three platforms (excluding outliers; see Table 2). In addi-
tion, we used Lin’s concordance correlation coefficient to
assess the agreement between measurements across the
three platforms. Z scores were calculated using a gener-
alized additive model for location, scale and shape
(GAMLSS), validated in a cohort of 4,532 people and

Figure 1: Study cohorts. RRMS, relapsing
remitting multiple sclerosis; * paired samples
of patients in relapse and remission; **
unpaired samples balanced 1:1 in relapse and
remission.
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previously published [7]. Across assays, biomarker group
differences between RRMS patients experiencing relapse
and those in remission were evaluated using Cohen’s
d and compared using the Wilcoxon rank sum test, for
original and converted sNfL values as well as age-
adjusted sNfL Z scores. For comparisons of sNfL levels
between relapse and remission, all samples were
analyzed as unpaired. Receiver operating characteristic
(ROC) curves were constructed, and the area under the
curve (AUC) was calculated to assess the ability of sNfL
values and age-adjusted Z scores to discriminate between
relapse and remission in RRMS across all three platforms.
AUCs were compared using DeLong-Tests. All analyses
were performed in R version 4.3.3, and a p-value below
0.05 was considered statistically significant.

Results

We analyzed a total of 484 serum samples from healthy
donors (n=303), patients with RRMS (n=146), and low to high
samples (n=35) (Figure 1). Participant demographic charac-
teristics are summarized in Table 2.

Cross-platform comparison and outlier
analysis

We initially assessed the correlation among the three plat-
forms, combining all samples to ensure a representative
spectrum of sNfL values. We observed strong correlations
across all three platforms (Pearson’s r=0.71–0.91, p<0.001;
Spearman’s r=0.86–0.89, p<0.001; Figure 2A–C and Table 1).
Based on Passing-Bablok regression analysis, we identified
14/484 (2.90 %) significantly discrepant samples on at least
one platform (outliers; Figure 2D, Supplementary Table 1).
These outliers were non-systematic, as neither their direc-
tion nor the affected platform exhibited any consistent and
significant bias and accrued across all study cohorts,
including healthy donors, MS patients, and high to low
samples. A repeated measurement of these outliers on the
respective platform confirmed these findings, with a coeffi-
cient of variation below 10 % in all repeated samples. Of
note, in 13/14 of these samples, two of three platforms yielded
highly comparable results and only 1/14 samples resulted in

Table : Summary of cross-platform comparison with correlation analysis and Passing-Bablok regression.

Cohort Devices Passing-Bablok regression Spearman’s
ra

Pearson’s
ra

Lin’s ccc

After exclusion of outliers
(n=)

Elecsys NfL vs. NF-Light Adv
V (Plus)

y=.[., .]x + .[−.,−.] . . . [., .]

Lumipulse G NfL vs. Elecsys
NfL

y=.[., .]x + .[., .] . . . [., .]

Lumipulse G NfL vs. NF-Light
Adv V (Plus)

y=.[., .]x + .[−., −.] . . . [., .]

After exclusion of outliers
converted (n=)

Elecsys NfL vs. NF-Light Adv
V (Plus)

y=.[., .]x + .[., .] . . . [., .]

Lumipulse G NfL vs. Elecsys
NfL

y=.[,.]x + .[−.,−.] . . . [., .]

Lumipulse G NfL vs. NF-Light
Adv V (Plus)

y=[., .]x + .[−., .] . . . [., .]

Original values (n=) Elecsys NfL vs. NF-Light Adv
V (Plus)

y=.[., .]x + .[−., −.] . . . [., .]

Lumipulse G NfL vs. Elecsys
NfL

y=.[., .]x + .[., .] . . . [., .]

Lumipulse G NfL vs. NF-Light
Adv V (Plus)

y=.[., .]x + .[−., −.] . . . [., .]

aAll p-values <., Lin’s ccc=Lin’s concordance correlation coefficient: =perfect agreement; >.=excellent; .–.=very good; .–.=moderate;
<.=poor.

Table : Demographics of study cohorts.

All values MS-cohort

Size  

Age mean (SD) . ()  (.)
Age range (min-max) – –

Female, n (%)  (.)  (.)
Relapse/remission, n (%) / (/)
sNfL ng/L mean (SD) . (.) . (.)
sNfL ng/L range (min-max) – –

RRMS, relapsing remitting multiple sclerosis; sNfL, serum neurofilament
light chain (levels measured with NF-light Advantage V (Plus)); SD,
standard deviation.
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largely deviating results from all three platforms (Supple-
mentary Table 1). After exclusion of these outliers, an even
higher correlation was observed across all three platforms
(Figure 2E, Pearson’s r=0.98–0.99, p<0.001; Spearman’s
r=0.90–0.92, p<0.001; Table 1).

Establishment of conversion formulas
between the platforms

After exclusion of outliers, we next calculated conversion
formulas for transforming absolute sNfL measurements
between platforms. We again employed Passing-Bablok
regression (Table 1). This yielded formulas converting ab-
solute sNfL concentrations measured on any platform to
“SIMOA-concentrations” (NfL-light Advantage V2/Plus
assay): conversion formula for Elecsys NfL=6.31 × [Elecsys
NfL] + 2.33 ng/L and for Lumipulse G NfL blood=0.94 ×
[Lumipulse G NfL blood] + 1.30 ng/L, (Figure 2E). As previ-
ously known [13, 14], the Elecsys NfL assay yielded approx-
imately six-fold lower absolute sNfL concentrations
compared to the NF-Light Advantage V2/Plus and Lumipulse
G NfL blood assays, whereas measurements obtained with
the Lumipulse G NfL assay remained within a comparable
range to NF-light Advantage V2/Plus scale (Table 1).
Concordance between the three tested platforms could be
improved through the exclusion of outliers and conversion
of the values, as shown with Lin’s concordance correlation
coefficient (Table 1).

Clinical use case: evaluation of disease
activity in multiple sclerosis patients

Finally, we evaluated the clinical performance of all three
platforms in discriminating between relapse and remission
in a preselected cohort of patients with RRMS, encom-
passing equal numbers of patients with relapse and
remission status. We compared the performance of (a) raw
values obtained from all three analyzers (Supplementary
Figure 2); (b) values adjusted using our conversion for-
mulas (Figure 3A–C); and (c) age-adjusted Z scores calcu-
lated using our converted values (Figure 3D–F). Age
distribution in MS patients is additionally shown in Sup-
plementary Figure 3. Across all three platforms, significant
differences were observed between relapse and remission
MS patients. Of note, Z scores yielded larger effect sizes
compared to absolute converted values (Cohen’s d: 0.84 vs.
0.49 for NF-light Advantage V2/Plus, 1.11 vs. 0.53 for Elecsys
NfL, and 0.93 vs. 0.48 for Lumipulse G NfL blood, see
Figure 3A–F) as well as absolute original values (see Sup-
plementary Figure 2). Similarly, Z scores performed slightly
better in ROC analysis, showing higher AUCs (0.72 vs. 0.69,
0.78 vs. 0.75, and 0.73 vs. 0.71, respectively; Figure 3G and H
and Supplementary Table 2), although the differences were
not statistically significant. Of note, all three platforms
showed very comparable performance in discrimination
between relapse and remission on this cohort with a sig-
nificant – albeit small – advantage for the Elecsys platform
(Supplementary Table 2).

Figure 2: Cross-platform comparison of sNfL
values with correlation and outlier analysis.
(A–C) Correlation of sNfL values (ng/L) of
healthy and MS patients combined between
platforms. (A) NF-Light Advantage Adv V2 Plus,
Quanterix vs. Elecsys NfL, Roche Diagnostics.
(B) NF-Light Advantage Adv V2 Plus, Quanterix
vs. Lumipulse G NfL blood, FujiRebio;
(C) Lumipulse G NfL blood, FujiRebio vs.
Elecsys NfL, Roche Diagnostics. (D) Outliers
(marked red) on at least one platform
(perpendicular distance from the Passing-
Bablok regression line >4 standard
deviations). (E) Correlation of all samples
following application of conversion formulas.
Green triangles Lumipulse G NfL blood,
FujiRebio (Pearson correlation r=0.98, p<0.001
and Spearman correlation r=0.92, p<0.001)
and purple circles Elecsys NfL, Roche
Diagnostics (Pearson correlation r=0.99,
p<0.001 and Spearman correlation r=0.91,
p<0.001) vs. NF-Light Advantage Adv V2 Plus
results on the x-axis.
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Discussion

Serum neurofilament light chain (sNfL) has rapidly evolved
froma research biomarker to a candidate routine laboratory
test for monitoring neuroaxonal injury [15–27]. In this
comparative study, we evaluated three fully automated
research-use-only assays that are currently undergoing CE
certification. Across 485 samples from healthy volunteers
and patients with MS, Pearson (r>0.98) and Spearman
(r>0.90) correlation coefficients demonstrated very high
analytical concordance between the platforms, satisfying a
key prerequisite for clinical interchangeability. Passing
Bablok regression-derived conversion equations aligned the
numerical scale of the emergent platforms with the legacy
Quanterix Simoa assay, thereby permitting direct compari-
son with historical cohorts and facilitating meta-analyses
of treatment effects. When sNfL values were transformed
into age-adjusted Z scores after platform-specific normali-
zation, performance in discrimination between relapse and

remission remained comparable to raw concentrations.
However, the effect size was larger, supporting recent rec-
ommendations [7] that laboratories report age-adjusted Z
scores rather than absolute values when interpreting indi-
vidual results. In our cohort, the Elecsys platform demon-
strated a slightly better ability to distinguish between
relapse and remission compared to the other two evaluated
platforms, both when using absolute values and Z scores.
However, since this observation is based on a single cohort
and the study primarily focuses on the analytical perfor-
mance of the compared platforms, it should be interpreted
with caution and confirmed in independent studies to assess
its reliability and generalizability.

In comparison to previous studies [13, 14, 28], we also
observed a strong correlation among three different plat-
forms used for measuring blood NfL concentrations.
Notably, our cohort represents the largest dataset to date
that compares various analytical platforms for blood NfL
quantification in both healthy individuals and patients with

Figure 3: Analytical performance of all
platforms to discriminate MS patients with
relapse and remission. (A–C) Platform-
converted (using our conversion formulas)
absolute sNfL values in relapse and remission
measured with (A) NF-Light Advantage Adv V2
Plus, Quanterix. (B) Elecsys NfL, Roche
diagnostics. (C) Lumipulse G NfL blood,
FujiRebio. (D–F) sNfL Z scores based on
converted absolute values measured with (D)
NF-Light Advantage Adv V2 Plus. (E) Elecsys
NfL, Roche diagnostics. (F) Lumipulse G NfL
blood, FujiRebio. (G–H) ROC analysis for
discrimination between relapse and remission
using (G) conversion-formula transformed
absolute sNfL values and (H) Z scores based on
these converted values measured with
NF-Light Advantage Adv V2 Plus (red), Elecsys
NfL, Roche diagnostics (green), and Lumipulse
G NfL blood, FujiRebio (purple). AUC were not
statistically different in G and H.
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neurological disorders. Furthermore, this study investigates
the utility of age-adjusted Z scores as an additional approach
for harmonizing NfL measurements across different plat-
forms. In contrast, the recent French multicenter analytical
study [28] primarily utilized artificially generated samples
covering a measurement range comparable to our study,
however did not include the Elecsys NfL assay. The study
conducted by Mayo Clinic, while encompassing all three
assays evaluated in our study, was limited by a smaller data
set [13]. Despite differences in study design, the Passing-
Bablok regression lines observed in our study
(NfL=6.31 × [Elecsys NfL] + 2.33 ng/L; NfL=0.94 × [Lumipulse
G NfL blood] + 1.32 ng/L) closely align with those reported by
the Mayo Clinic (NfL=6.4 × [Elecsys NfL] − 1.30 ng/L;
NfL=0.95 × [Lumipulse G NfL blood] − 0.56 ng/L) [13], indi-
cating the robustness of Passing-Bablok regression as a basis
for converting blood NfL values across different platforms.
The referenced study also included the fourth and currently
only CE-IVDR–certified assay, the Atellica IM Neurofilament
Light Chain (NfL), for NfL quantification in MS patients. It
demonstrated high correlation across all four platforms
(r>0.95) with systematic bias, further supporting the gener-
alizability of using Passing–Bablok regression–based con-
version formulas. However, applying such cross-study
conversions remains exploratory, as differences in cohorts,
sample matrices (serum vs. plasma), and pre-analytical
conditions may introduce additional shifts. We therefore
encourage larger multicenter comparison studies that
include the Siemens Atellica IM to enable direct four-way
harmonization and the establishment of robust interna-
tional reference ranges. This could be further expanded in
the event that additional platforms seeking CE-IVDR certifi-
cation are introduced. To date, none of the previous studies
have evaluated the additional utility of age adjusted Z scores,
which, as demonstrated in our analysis, provide significant
added value in enhancing the harmonization of blood NfL
measurements across different analytical platforms and
increasing the discriminatory power by normalizing for age
effects on NfL concentrations. We found no evidence that
epitope differences between antibody pairs influenced
clinical validity. Although the targeted epitope by antibody
has previously been discussed as a potential factor influ-
encing blood NfL concentrations and its biological half-life
[29]. Correlation coefficients and relapse–remission effect
sizes in patients with RRMS were virtually identical across
all three tested platforms. This observation argues against
clinically meaningful epitope-dependent bias at least within
the concentration range typical of MS and suggests that the
same biological signal is captured irrespective of platform.

A clinically relevant challenge emerged from the iden-
tification of platform-specific outliers: in our sample set

approximately one in 35 samples deviated bymore than four
standard deviations on a single analyser yet remained
concordant on the other two. These discrepancies persisted
on repeat runs of the same platform but disappeared when
the specimen was re-analysed on a different system, point-
ing to matrix-dependent interference potentially in the
context of differences driven by epitope specificity of used
antibodies or heterophilic antibodies. A pre-analytical in-
fluence is considered an unlikely explanation for the out-
liers, as the results remained consistent in repeated runs.
The occurrence of outliers was also noted and addressed in a
previous cross-platform comparison, in which 8 out of 122
samples (6 %) – those showing more than 150 % difference
between the compared platforms – were identified as out-
liers and excluded from further analysis [13]. In the absence
of a universally accepted gold standard for blood NfL
quantification results should be interpreted within the
appropriate clinical context, as the absence of a universally
accepted gold standard for blood NfL quantification may
result in inaccurate measurements on both platforms,
potentially in either direction. Future studies incorporating
dilution linearity, spike-and-recovery experiments and
heterophilic-antibody blocking reagents are required to
elucidate the underlying mechanism and to establish
whether the problem extends to other neurological disor-
ders such as amyotrophic lateral sclerosis or hypoxic en-
cephalopathy, where sNfL concentrations are markedly
higher [26, 27].

Several limitations merit acknowledgement. First, we
did not include the Siemens ADVIA Centaur/Atellica or Pro-
teinSimple Ella assays and we therefore cannot generalize
our findings to those platforms. Second, differentiation be-
tween relapse and remission was assessed using retrospec-
tively selected, equally balanced cohorts; optimal diagnostic
thresholds for routine practice must therefore be derived
from prospectively assembled unselected cohorts. Third,
pre-analytical variables – including sample matrix, storage
conditions, and freeze–thaw cycles –were tightly controlled
in this study. Although sNfL remains stable for up to 7 days at
room temperature and across multiple freeze–thaw cycles
[30], these factors can still introduce variability in real-world
settings. Laboratories implementing sNfL measurements
should therefore incorporate these considerations into their
quality-management protocols and performe internal vali-
dation of the sample transport and storage. Beyond NfL,
several additional blood-based biomarkers – such as phos-
phorylated tau217, glial fibrillary acidic protein, and
amyloid-beta peptides – are currently under investigation
for use in routine diagnostics [31–34]. These markers exhibit
differing pre-analytical stability and varying concentrations
between serum and plasma, which requires careful
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consideration when comparing cohorts or analytical plat-
forms and when implementing these assays in routine lab-
oratory practice. Finally, our data do not replace the need for
large platform-specific reference datasets; they provide a
practical bridge for harmonization of blood NfL measure-
ments across different analytic platforms – an essential step
toward the broader implementation of this biomarker in
routine clinical practice.

In conclusion, sNfL measurements obtained with three
emerging automated immunoassays are highly concordant
and can be used interchangeably at the individual level after
applying simple conversion equations. We recommend
consistently reporting age-adjusted reference values and/or
age-adjusted Z scores, as this would also help harmonize
results across different platforms. Nevertheless, the
observed rate of platform-specific outliers underscores the
importance of cross-platform quality control, and continued
harmonization efforts – including the development of an
international calibrator and reference measurement
procedure.
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