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Summary
Multiple sclerosis (MS) is an immune-mediated inflammatory and degenerative disorder of the central nervous system
(CNS) with heterogeneous clinical manifestations. In the last decade, the landscape of cerebrospinal fluid (CSF) and
blood biomarkers as potential key tools for MS diagnosis, prognosis and treatment monitoring has evolved considerably,
alongside magnetic resonance imaging (MRI). CSF analysis has the potential not only to provide information on the
underlying immunopathology of the disease and exclude differential diagnoses, but also to predict the risk of future
relapses and disability accrual, guide therapeutic decisions and thus improve patient outcomes.

This Series article overviews the biological framework and current applicability of fluid biomarkers for MS, exploring
their potential role in the molecular characterisation of the disease. We discuss recent advances in the field of
neurochemistry that enabled the detection of brain-derived proteins in blood, opening the door to much more
efficient longitudinal disease monitoring. Furthermore, we identify the current challenges in the application of fluid
biomarkers for MS in a real-world setting, while offering recommendations for harnessing their full potential as key
paraclinical tools to improve patient management and personalise treatment.

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
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Introduction
Multiple sclerosis (MS) is an immune-mediated in-
flammatory disorder affecting the central nervous sys-
tem (CNS), characterized by the accumulation of focal
lesions and more diffuse damage in different brain and
spinal cord areas over time.1 From a clinical perspective,
MS is thus highly heterogeneous, with symptoms
reflecting the impairment of several functional
1
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Key messages

• Fluid biomarkers play a key potential role in the clinical management of multiple
sclerosis (MS), aiding in diagnosis, prognosis, and treatment decision-making.

• Intrathecal Ig synthesis markers (IgG oligoclonal bands and κ-free light chain
index) by means of CSF analysis support the diagnosis of MS and help to
differentiate it from other conditions.

• Biomarkers of intrathecal Ig synthesis and axonal damage (neurofilament light
chain) can aid in defining disease prognosis, predicting the risk of future
relapses, and guiding treatment decisions.

• Biomarkers of astrocytic and microglial activation can help in tracking the chronic
smouldering pathology associated with the progression of disability in MS.

• Integrated biomarker approaches, combining markers reflecting different
pathophysiological mechanisms, show promise in the characterization of MS
with diagnostic, prognostic and treatment monitoring implications.

• Despite significant progress, challenges persist, including standardization,
integration into routine clinical practice, and validation of novel biomarkers.

• Future research should focus on validating novel biomarkers, enhancing
interdisciplinary collaboration, and addressing challenges to fully integrate fluid
biomarkers into MS management.
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neurological systems and a clinical phenotype that may
range from a relapsing disease with recurrent episodes
of neurological dysfunction to an insidious and irre-
versible accumulation of neurological disability (an
updated overview on the clinical features and phenotype
of MS is available in the “Multiple sclerosis: emerging
epidemiological trends and redefining the clinical
course” article in this Series2).

The diagnosis of MS relies on the combination of
different clinical and paraclinical findings, as no single
diagnostic test is available.3 To establish an MS diagnosis,
it is essential to demonstrate inflammatory immune-
mediated damage that has affected at least two distinct
regions (referred to as dissemination in space) of the
CNS at different time points (dissemination in time).
Additionally, it is crucial to exclude alternative diagnoses,
including neuromyelitis optica spectrum disorders and
other systemic inflammatory and infectious diseases.3

Magnetic resonance imaging (MRI) of the brain and
spinal cord plays a pivotal role in this diagnostic process,
as discussed in another paper in this Series on Current
and future role of MRI in the diagnosis and prognosis of
MS.4 However, while conventional MRI provides struc-
tural insights, it lacks a comprehensive pathophysiolog-
ical characterization of the disease. Although advanced
imaging techniques can address this limitation, their
widespread application remains challenging.

To complement neuroimaging and offer additional
insights in clinical practice, fluid biomarkers have been
largely investigated and some of them are already part of
the clinically useful investigations to be performed in the
suspicion of the disease. Among the various body fluids
suitable for biomarker measurement, cerebrospinal fluid
(CSF) stands out due to its close association with the
CNS. Obtaining CSF involves a lumbar puncture, a
procedure that, although invasive,5 when performed ac-
cording to appropriate protocols, it is safe and straight-
forward6 and allows for the collection of adequate
volumes of CSF with minimal side effects.7 The study of
CSF can provide clinicians with crucial information about
CNS-related events beyond sensitivity and specificity
achieved in serum. Typically, the biochemical analysis
and cell count in people with MS (pwMS) appear normal
or exhibit slight lympho-monocytic pleocytosis at most. A
cell count exceeding approximately 50 cells/μL should
raise suspicion of an alternative CNS disease, necessi-
tating further investigation.8,9 CSF analysis is therefore
relevant to rule out differential diagnoses, especially
when the clinical picture and the MRI findings are
atypical. Beyond routine biochemical analyses, several
biomarkers that are helpful in improving the diagnostic
accuracy and in the assessment of prognosis can be
measured in the CSF. CSF analysis has played an
important role in the evaluation of patients with sus-
pected MS since its incorporation in 1983 in the diag-
nostic criteria (Fig. 1).10 The last update of the diagnostic
criteria of MS in 2017 has confirmed the value of
demonstrating intrathecal immunoglobulin G (IgG)
synthesis to make an MS diagnosis,3 and markers of
other specific immunopathological processes are rapidly
emerging. Furthermore, the development of assays tar-
geting neuronal proteins, such as neurofilament light
chain (NfL), has led to a surge in studies over recent years
investigating the presence and intensity of neuro-axonal
damage in MS. Recent advancements in the field of
neurochemistry have also made it possible to detect
brain-derived proteins at remarkably low concentrations
in blood.11 This advancement has paved the way for the
exploration of blood-based biomarkers in neurological
diseases, including MS, since blood sampling is better
suited for longitudinal follow-up measurements. In this
Series article, we will summarize the pathophysiological
meaning and the role of current and upcoming CSF and
blood biomarkers in MS, discussing the unmet needs
and future perspectives (Panel 1) in this rapidly evolving
field.
Pathophysiological bases of fluid biomarkers in
multiple sclerosis
MS is a chronic neurological disease of autoimmune
origin that is driven by the recurrent invasion of T and B
cells in the brain and spinal cord, leading to a cascade of
pathophysiological processes taking place in the CNS.12

The complex interaction between these mechanisms
contributes to the diverse clinical manifestations
observed in the disease.13 In this scenario, several fluid
biomarkers have emerged as effective indicators of the
key underlying processes in MS pathophysiology
(Fig. 2).14 Especially in the earliest phases of the disease,
symptoms arise due to episodes of acute focal inflam-
mation, demyelination and axonal damage, driven by
www.thelancet.com Vol 44 September, 2024
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Fig. 1: The evolution of diagnostic criteria for multiple sclerosis. *In the 1983 Poser criteria, the inclusion of CSF IgG OCB or IgG index was
necessary to establish the definition of laboratory supported definite MS. This designation was considered a more conservative level of diagnosis
when compared to clinically definite MS. For the latter, fulfilment of the criteria required either two distinct attacks with clinical evidence of two
separate lesions or two attacks with clinical evidence of one lesion and paraclinical evidence of another separate lesion. In contrast, the former
necessitated any of the following combinations: i) two attacks with either clinical or paraclinical evidence of one lesion along with CSF OCB/IgG
index; ii) one attack with clinical evidence of two separate lesions and CSF OCB/IgG index; iii) one attack with clinical evidence of one lesion and
paraclinical evidence of another separate lesion, along with CSF OCB/IgG index. In cases where two attacks and CSF OCB or IgG index were
present, a diagnosis of laboratory-supported probable MS was permissible, even in the absence of MRI data. ** According to the 2001 and 2005
McDonald criteria, abnormalities in CSF analysis could offer supportive evidence of the immune and inflammatory nature of lesion(s). This
became particularly valuable when imaging criteria proved insufficient, lacked specificity (as in the case of older patients), or when the clinical
presentation was atypical. DIS had to be demonstrated by the presence of three of the following: i) One gadolinium-enhancing lesion or nine
T2-hyperintense lesions if no gadolinium-enhancing lesion was present; ii) At least one infratentorial lesion; iii) At least one juxtacortical lesion;
iv) At least three periventricular lesions. Alternatively, dissemination in space could also be established by two MRI lesions consistent with the
suspicion of MS and CSF IgG OCB or IgG index. *** According to the 2001 McDonald criteria, the presence of abnormalities in CSF analysis was
mandatory to diagnose MS in cases of insidious neurological progression suggestive of MS. § According to the 2005 revision of the McDonald
criteria, in cases of insidious neurological progression suggestive of MS, MS could be diagnosed if there was one year of disease progression
(retrospectively or prospectively determined) and two of the following: i) positive brain MRI (nine T2 lesions or four or more T2 lesions with
positive VEP); ii) positive spinal cord MRI (two focal T2 lesions); iii) CSF IgG OCB or IgG index. CSF was therefore not necessary for the diagnosis
of progressive MS. §§ According to the 2010 and 2017 revisions of the McDonald criteria, in cases of insidious neurological progression
suggestive of MS, MS could be diagnosed it there was one year of disease progression (retrospectively or prospectively determined) and two of
the following: i) evidence for DIS in the brain based on ≥ 1 T2 lesions in at least 1 area characteristic for MS (periventricular, juxtacortical, or
infratentorial); ii) evidence for DIS in the spinal cord based on ≥ 1 T2 lesions in the cord; iii) positive CSF (isoelectric focusing evidence of IgG
OCB and/or elevated IgG index). CSF was therefore not necessary for the diagnosis of progressive MS. # According to the 2017 revision of the
McDonald criteria, the evidence of CSF IgG OCB and/or elevated IgG index could substitute for the evidence of DIT. Abbreviations. CSF:
Cerebrospinal fluid. DIS: Dissemination in space. DIT: Dissemination in time. IgG: Immunoglobulin G. MRI: Magnetic resonance imaging. MS:
Multiple sclerosis. OCB: Oligoclonal bands. VEP: Visual evoked potentials.
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invading adaptive immune cells, which may cause
functional and structural disconnection of CNS areas.
This phenomenon can typically be detected by conven-
tional MRI, showing the appearance of new lesions in
T2-weighted and/or of gadolinium enhancing lesions in
T1-weighted sequences.4 Clinical disability due to such
acute manifestations of disease activity tends to
www.thelancet.com Vol 44 September, 2024
ameliorate or completely resolve. During this relapsing
phase of the disease, episodes of focal inflammation
spreading in time and space within the CNS recur, as a
consequence of the infiltration of peripheral immune
cells into the CNS.15 Inflammatory infiltrating cells,
including macrophages, CD8+ T cells, CD4+ T cells and
B cells release several immune mediators, such as
3

http://www.thelancet.com


Panel 1: Recommendations to facilitate implementation of fluid biomarkers for MS-related processes in clinical practice.

Standardization and reference values

- To promote consistency across methodologies, it is essential to advocate for and support standardization efforts.
- Establishing universally accepted cut-off values for biomarkers would provide clear benchmarks for clinical interpretation.
Accessibility and training

- Developing user-friendly assays would enhance accessibility, enabling a broader range of healthcare professionals to utilize these biomarkers effectively.
- Comprehensive training programs are necessary to ensure that healthcare professionals have the necessary skills to incorporate fluid biomarkers into
clinical practice.

Blood-based measurement advancements

- Further research and cross-validation studies should be encouraged to advance the understanding and reliability of blood-based measurements.
- The potential of blood-based markers in routine clinical practice should be further investigated to define their prognostic and monitoring capabilities.
Collaboration and data sharing

- Interdisciplinary collaboration should be promoted to leverage diverse expertise and perspectives in biomarker research.
- Initiatives to encourage data sharing are crucial for fostering a comprehensive understanding of fluid biomarkers and their clinical application.
Clinical integration

- Advocating for the inclusion of fluid biomarkers in clinical guidelines would formalize their role in MS management and encourage their widespread
adoption.

- Investigating the complementary nature of fluid biomarkers alongside MRI in monitoring disease activity would better define their value in
comprehensive patient care.

Monitoring treatment efficacy

- Recognizing the role of blood NfL and potentially GFAP in evaluating treatment effectiveness would underscore their importance as endpoints in
clinical trials.

- Proposing these markers as potential endpoints could facilitate more precise assessment of treatment outcomes and inform therapeutic decisions.
Addressing unmet needs

- Encouraging research to address unmet needs in fluid biomarker utilization is essential for enhancing their clinical utility.
- Exploring ways to expand biomarker portfolios would provide a more comprehensive understanding of MS pathophysiology and improve patient care
strategies.
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cytokines and chemokines, into the CNS tissue, CSF
and blood.16 Unfortunately, most of T cell-derived che-
mokines and cytokines that can be measured in bio-
fluids have not shown a strong potential as disease
biomarkers.17 In contrast, the immune pathway that
involves the activation of B cells historically provided the
most robust fluid biomarkers for MS. Activated B cells
are indeed transformed in the CNS into plasma cells
that produce intrathecal immunoglobulins, both im-
munoglobulins G (IgG) and M (IgM). These intrathe-
cally synthesized immunoglobulins appear to target
specific antigens which are currently not yet completely
known and vary between patients and studies.18 Intra-
thecal IgG and IgM can be detected, with different
methods, in the CSF. Immunoglobulins are formed by
two heavy chains, which determine their class (IgG,
IgM, IgE, IgD and IgA) and by two light chains (either
kappa or lambda). Free forms of light chains are
released and can be quantified due to the 10–40% excess
synthesis of light over heavy chains by plasma cells.
Immunoglobulin free light chains might also act as
potential biomarkers for diagnosis and prognosis in
MS.19,20

Another interesting molecule linked to B cell activity
is the chemokine (C-X-C motif) ligand 13 (CXCL13),
which is present at increased concentrations in the CSF
and in peripheral fluids of individuals with MS.21,22 It
plays a pivotal role in attracting B cells that express its
ligand CXCR5 to the CNS.23 CXCL13 protein and RNA
levels are increased in MS lesions, while levels are
barely detectable outside active inflamed lesions.24 Along
the disease course, the inadequate resolution of
inflammation is accompanied by different chronic in-
flammatory changes, one of them being the develop-
ment of ectopic germinal centers in the meninges.25

CXCL13 has been found in ectopic germinal centers
in the inflamed meninges of individuals with progres-
sive MS, mainly in follicular dendritic cells.25 The
increased levels of CXCL13 may enhance B cell accu-
mulation in the meninges,23 causing the gradual clus-
tering of lymphoid cells. The worsening of chronic
meningeal inflammation, in turn, leads to subpial
demyelination, notable neuronal loss, and a cortical cell
pathology gradient from the surface to the deeper layers
of the cortex.26

Over time, neuro-axonal damage accumulates, func-
tional reserve diminishes and neurological symptoms
persist and progressively deteriorate.12 The worsening of
disability and accumulation of neurological deficits in
MS in the absence of concurrent relapses is defined as
“progression independent of relapse activity” (PIRA).27

From a clinical point of view, PIRA characterizes the
www.thelancet.com Vol 44 September, 2024
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Fig. 2: Pathophysiological basis of fluid biomarkers in multiple sclerosis. (1) In the early stages of the disease, immune cells infiltrate the
central nervous system (CNS) through the blood–brain barrier. This includes macrophages, CD8+ T cells, CD4+ T cells, B cells, and plasma cells. T
and B cells are primed in the periphery and attracted to the CNS by chemotactic factors, like chemokine (C-X-C motif) ligand 13 (CXCL13) for B
cells. (2) Within the CNS, T cells and B cells interact closely, with B cells serving as antigen-presenting cells. (3) Activated B cells can mature into
plasma cells, secreting IgG and IgM antibodies into the intrathecal space. This process also results in the release of free light chains (FLC) due to
a mismatch between immunoglobulin light and heavy chains synthesis. (4–5) The inflammatory process leads to axonal damage, and the
release of neuronal markers like neurofilament light chain (NfL) into the interstitial space, cerebrospinal fluid (CSF), and bloodstream. (6) Focal
axonal injury induces axonal die-back or retrograde degeneration as well as Wallerian or anterograde degeneration contributing to neuronal
loss. (7–8) CNS resident immune cells such as microglia and astrocytes become activated, impacting axon and synaptic integrity and function.
Activated microglia and astrocytes release various mediators into the CSF, including soluble triggering receptor expressed on myeloid cells 2
(sTREM2), chitinase 1 (CHIT1) and chitinase-3-like protein 1 (CHI3L1). Additionally, astrocytic injury results in the release of structural proteins
like glial fibrillary acidic protein (GFAP) into both the CSF and bloodstream. (9) Failure to resolve inflammation adequately over time leads to
sustained immune response, resulting in persistent meningeal inflammation with formation of lymphoid structures. Abbreviations. CHI3L1:
chitinase-3-like protein 1. CHIT1: chitinase 1. CNS: central nervous system. CSF: cerebrospinal fluid. CXCL13: chemokine (C-X-C motif) ligand 13.
FLC: free light chain. GFAP: glial fibrillary acidic protein. NfL: neurofilament light chain. sTREM2: soluble triggering receptor expressed on
myeloid cells 2. TREM2: cell surface triggering receptor expressed on myeloid cells 2.
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progressive disease phase, but the underlying mecha-
nisms are increasingly recognized as part of a single
pathophysiological continuum with the early “relapsing”
phase and it is thought to be driven by a chronic,
“smouldering” inflammatory process that is compart-
mentalized within the CNS since disease onset and
primarily involves innate immune system cells and as-
trocytes.28 Intriguingly, recent positron emission to-
mography studies employing radioligands for assessing
innate immunity activation have revealed an unexpect-
edly high prevalence of MS lesions with a smouldering
component.29

Chronic active lesions in MS can be detected as
slowly expanding lesions that tend to gradually enlarge
over time or as paramagnetic rim lesions, usually
detected on susceptibility-based MRI sequences.
Chronic active lesions have been indeed found to ex-
press a dense network of activated iron-laden microglia/
www.thelancet.com Vol 44 September, 2024
macrophages forming a glial barrier at the lesion
boundary.30 In the chronically inflamed lesion edge, a
specific phenotype of microglial cells has been identified
and defined as “microglia inflamed in MS”, showing a
transcriptomic profile similar to that of microglia in
neurodegenerative diseases.31 Microglia inflamed in MS
may hinder neuronal remyelination by oligodendro-
cytes,30 and lead to neuronal dysfunction, damage and
loss.32 Among CSF biomarkers of such chronic inflam-
matory processes, chitinase-3-like protein 1 (CHI3L1),
which is expressed by different cells, including micro-
glia, astrocytes, and also cells in the brain vasculature,33

indicates microglial activation and chronic tissue dam-
age.34,35 Another microglial marker is chitinase 1
(CHIT1), also known as chitotriosidase, which is more
cell-specific than CHI3L1,36 and can be measured in
the CSF. Different microglial functions, including
the phagocytosis of damaged axons and myelin, and the
5
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resolution of inflammation, are regulated by the cell
surface triggering receptor expressed on myeloid cells 2
(TREM2). Its soluble form (sTREM2) can be measured
in the CSF and arises after shedding of the external
domain of the receptor.37 In the chronic immunological
processes characterizing MS, transcriptomics and
neuropathological data not only point to microglial cells,
but also to “astrocytes inflamed in MS”. These reactive
astrocytes can be found in demyelinating lesions and
adjacent normal appearing white matter. Glial fibrillary
acidic protein (GFAP), the main intermediate filament
in human astrocytes, serves as a biomarker for astrocytic
dysfunction, activation, and damage. In response to
brain injury, GFAP is released into the interstitial/
extracellular fluid, CSF, and the bloodstream.38,39

As introduced above, many of the described patho-
physiological events taking place in the MS brain and
spinal cord along the disease course (recurrent focal
inflammation, diffuse activation of glial cells, formation
of meningeal infiltrates and slowly expanding lesions)
lead since the early disease phases to axonal injury,
neuronal loss and CNS network failure that drive
disability progression.40 Accordingly, the demonstration,
quantification and monitoring of acute and chronic
neuro-axonal injury could represent relevant informa-
tion for the MS specialist. Such demonstration can be
achieved by measuring structural proteins of neurons.
One of the major components of the axonal cytoskeleton
is neurofilament, a 10-nm filament that confers tensile
strength to dendrites and axons. Neurofilaments are
composed of three major polypeptides with molecular
masses of 200, 150 and 68 kDa (kD), respectively, with
the latter being NfL.41 NfL is released in the interstitial
space of CNS upon axonal injury and it can be measured
in both CSF and blood, using a range of immunoas-
says.42 Since NfL is highly sensitive to large caliber
axonal damage, it has shown to accurately reflect the
axonal damage within the white matter occurring in MS,
thus becoming one of the most promising markers
among those emerging.
Toolbox of fluid biomarkers for multiple
sclerosis
In the past decade, the landscape of biomarkers in MS
has undergone a remarkable evolution, with a concen-
trated effort in studies aimed at unravelling molecules
that can offer insights into the pathogenic processes of
the disease, alongside notable advancements in assay
technologies. Among the hallmarks of adaptive immu-
nity, markers reflecting B cell activity stand out as pro-
totypical, encompassing IgM and IgG oligoclonal bands
(OCB), immunoglobulin free light chains, and CXCL13.
These markers capture only a fraction of the intricate
immunopathology of MS. At the same time, biomarkers
associated with innate immunity and glial cells,
although not as extensively explored as those for B cell
activity, represent a promising frontier for future ad-
vancements. Particularly noteworthy are emerging data
on biomarkers indicative of astrocyte and microglial
activation, with notable attention directed towards
GFAP, CHI3L1, CHIT1, and sTREM2. Further, the
ability to measure and quantify axonal damage through
NfL provides a clear depiction of the status of axonal
injury and disease intensity.

In the following sections, we describe each of these
markers individually. It is worth noting that while IgG
OCB and immunoglobulin free light chains are used in
the specific context of diagnosing MS, the remaining
markers lack specificity for MS and thus are not diag-
nostically useful in isolation. Further, none of the dis-
cussed biomarkers can serve as differential diagnostic
tool to discriminate between MS and other immune-
mediated disease of the CNS, such as neuromyelitis
optica spectrum disorder (NMOSD), myelin oligoden-
drocyte glycoprotein antibody-associated disease, acute
disseminated encephalomyelitis, or autoimmune en-
cephalitis more in general. Consequently, our focus is
the exploration of their potential role in molecular
characterization and monitoring of the disease.

IgG index and cerebrospinal fluid IgG oligoclonal
bands
Over 90% of pwMS have an increase in intrathecal IgG
production, which can be quantitatively measured
through heightened local IgG synthesis, and/or qualita-
tively detected by the presence of IgG OCB.43 The local
production of IgG in the CNS is calculated using
different formulas that distinguish the component pro-
duced within the CNS from that derived from the serum.
The most commonly used measure is the Tibbling and
Link index (i.e., IgG index), obtained by dividing the CSF
IgG/serum IgG by the CSF albumin/serum albumin.44

The CSF albumin/serum albumin is an established
marker of the blood–CSF–barrier function and the CSF
IgG/serum IgG corrects for the absolute serum IgG
concentration. A value above 0⋅7 indicates the existence
of increased intrathecal IgG synthesis and it is considered
to be pathological.45 The IgG index was incorporated in
earlier versions of the McDonald MS diagnostic criteria,
but its use as a diagnostic tool is limited due to low
sensitivity. While an association between IgG index and
future disability worsening has been documented,46 its
correlation with the severity of MS remains inconclu-
sive.47 Consequently, its utility as a prognostic indicator is
somewhat limited.

An alternative method for evaluating intrathecal Ig
synthesis involves the utilization of Reibergrams. These
graphical representations typically depict the concen-
tration of CSF IgG, IgA and IgM plotted against its
corresponding concentration in serum, accounting for
blood-CSF barrier dysfunction. Reibergrams present
various ranges, from normal to intrathecal Ig synthesis
with or without blood-CSF barrier dysfunction.48
www.thelancet.com Vol 44 September, 2024
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The qualitative determination of intrathecal IgG
synthesis is based on the identification of IgG OCB,
whereby isoelectrofocusing is the most appropriate
method of detection, with subsequent immunospecific
staining for IgG molecules.49 Any protein found in the
CSF that is absent in the serum is assumed to be pro-
duced in the CNS. Isoelectrofocusing followed by IgG
staining showing IgG bands in the CSF and not in
serum implies an intrathecal synthesis of IgG. An oli-
goclonal pattern can be identified for specific bands.
When there are two or more IgG bands present in the
CSF that are not found in the serum, it is regarded as
suggestive of intrathecal IgG synthesis. The OCB
pattern remains constant in the same individual and is
unaffected by treatment with corticosteroids.50 The
presence of OCB displays high sensitivity, and its
absence shows a high negative predictive value for MS.51

The identification of IgG OCB at the first clinical
episode of MS, i.e., the clinically isolated syndrome has
been linked to a higher likelihood (odds ratio of 9⋅88) of
future conversion to MS and an increased probability
(odds ratio of 1⋅96) of reaching disability outcomes.52

Due to this clear prognostic effect, the presence of
intrathecal IgG synthesis documented by OCB offers an
alternative to the evidence of dissemination in time in
the current 2017 diagnostic criteria of MS.3,53

The primary limitations of OCB include their lack of
specificity since they may also present in other inflam-
matory or infectious neurological disorders, their qual-
itative nature, and their time-consuming determination
process. Furthermore, correct interpretation relies on
the rater, which restricts their use to specialised
centres.54

Cerebrospinal fluid immunoglobulin free light
chains
Determination of the intrathecal kappa free light chain
(κ-FLC) fraction in the CSF can overcome some of the
limitations of the IgG index and IgG OCB. κ-FLC can be
easily measured by nephelometry or turbidimetry,
which are automated, less costly, and less time-
consuming methods compared to CSF OCB detection,
and the read-out is quantitative and not operator-
dependent. Of all reported methods to capture an
intrathecal release of κ-FLC, the κ-FLC index holds
strongest evidence. κ-FLC index is calculated by dividing
the CSF κ-FLC/serum κ-FLC by the CSF albumin/
serum albumin.55 A recent systematic review and meta-
analysis indicated that an elevated κ-FLC index has a
diagnostic sensitivity and specificity of around 90% to
differentiate pwMS from those with other neurological
diseases, similar to OCB.19 Furthermore, κ-FLC index
yields a numerical result within a range of approxi-
mately 1–500, diverging from the binary nature of OCB
status, which merely indicates a positive or negative
outcome.55 Due to this favourable profile, a panel of
experts in CSF diagnostics and MS recommended
www.thelancet.com Vol 44 September, 2024
adding the detection of intrathecal κ-FLC synthesis in
the MS diagnostic process and considering it in further
editions of the McDonald criteria.56

When κ-FLC index is used as marker for intrathecal
inflammation instead of OCB, certain principal differ-
ences must still be considered. OCB solely indicate
intrathecal IgG synthesis, while κ-FLC index is also
elevated in cases of intrathecal IgA and/or IgM synthe-
sis.20 Several studies have demonstrated a prognostic
value of κ-FLC index in early stages of MS. Multivariable
analyses including patients with a first typical CNS
demyelinating event demonstrated that a high κ-FLC
index can predict early relapse independently of other
known risk factors such as baseline MRI lesion
load.54,57–59 Although OCB can also have some prognostic
value as mentioned above,60 the determination of κ-FLC
index offers distinct advantages. Therefore, κ-FLC index
enables a further stratification of MS disease activity risk
in OCB positive patients.58

Cerebrospinal fluid IgM oligoclonal bands
Intrathecal IgM synthesis can be detected using semi-
quantitative and qualitative methods. While semi-
quantitative methods like the IgM index or non-linear
formulae (e.g. Reiber, or Auer & Hegen formula) have
low sensitivity, qualitative methods such as the explo-
ration of IgM OCB are more accurate.61–65 There is less
data on the value of IgM OCB compared with IgG OCB
in MS diagnostics, mainly due to technical issues, since
the high molecular weight of IgM pentamers made their
isoelectric focusing difficult. The issue can be resolved
by agarose electrophoresis with immunoblotting or (and
maybe preferably) by breaking down IgM pentamers
into their monomeric form and examining the IgM
pattern with isoelectric focusing and immunode-
tection.66 The existence of intrathecal IgM synthesis—
indicated by IgM OCB present in CSF but not in
matched serum samples–is observed in over 40% of
pwMS and is predictive of a highly inflammatory dis-
ease.67 PwMS with CSF IgM OCB exhibit a shorter time
to a subsequent relapse and a higher relapse rate.68

Moreover, they associate with a higher risk of
disability progression, of developing a secondary pro-
gressive disease,61 and of cognitive impairment.62 These
findings were confirmed in some studies, which showed
that the detection of IgM OCB can be a dependable
prognostic marker in MS.63,69,70 An association between
IgM OCB and increased CSF levels of CHI3L1, a marker
of glial cells activation has been demonstrated.71 Intra-
thecal IgM antibodies also associate with a more
aggressive course of primary progressive MS.72 CSF IgM
in pwMS shows a high degree of somatic hyper-
mutations primarily located in the complementarity
determining regions of the IgM, which indicates
antigen-driven affinity maturation.73 In most cases,
these antibodies identify lipids that are considerably
present in the CNS, mainly phosphatidylcholine. Anti-
7
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lipid IgM antibodies are more strongly associated with
aggressive MS than total IgM bands.68 It has been
observed that anti-lipid IgM antibodies may decrease in
pwMS who have an optimal response to disease-
modifying therapies like natalizumab.74

Cerebrospinal fluid CXCL13
CSF CXCL13 concentration is elevated in MS, with
median levels up to 4 times higher than controls, similar
to other cytokines such as IFN-gamma and TNF-alpha.25

The greatest increases in CSF CXCL13 levels are
observed in early active disease, but levels are also
elevated in progressive MS.75 CSF CXCL13 concentra-
tion correlates with the number of gadolinium
enhancing lesions, B cell counts, intrathecal IgG con-
centrations, κ-FLC index, relapse rate and disease ac-
tivity, supporting a role in active inflammatory
disease.75–79 Levels are generally undetectable in CSF
from controls with non-inflammatory diseases. CSF
levels of this marker, alone or as a CXCL13 index (CSF/
serum or plasma concentration), have prognostic
value,80 such as for conversion from clinically isolated
syndrome to MS in several independent studies.80–82 A
value for monitoring is suggested by the decrease early
after (<3 weeks) corticosteroid infusion, but also after
the use of disease-modifying therapies in MS.75,83 In
addition, a similar treatment response, i.e., reaching
undetectable levels after one year of treatment, has been
observed after autologous haematopoietic stem cell
transplantation.84

Despite it has been suggested to calculate a CXCL13
index to quantify intrathecally synthesized amounts and
accommodate for blood–brain barrier dysfunction,
recent evidence indicates that CXCL13 likely does not
enter the CSF from the bloodstream, even in the pres-
ence of blood–brain barrier alterations, despite its small
molecular weight.85 Therefore, elevated CXCL13 levels
in CSF may be derived from the CNS only, and indic-
ative of neuroinflammatory processes. On the other
side, serum CXCL13 levels are elevated in various sys-
temic autoimmune, inflammatory, infectious, and
neoplastic diseases, thereby limiting its utility as a
biomarker of intrathecal immune activity when
measured in serum.85

Microglia and astrocytes activation markers
CHI3L1
CHI3L1, or YKL40, has been consistently proposed as a
potential biomarker for MS in CSF, while replication of
results in blood has so far been difficult.86 In a meta-
analysis in CSF, CHI3L1 levels were increased in
pwMS versus healthy controls and, to a lesser extent, in
individuals with clinically isolated syndrome.87 In those
individuals who convert from clinically isolated syn-
drome to MS, CHI3L1 levels were higher,88 similar to
increases observed in people with primary progressive
MS compared with people with relapsing and secondary
progressive MS.87 CHI3L1 levels were lower during
acute relapses compared to the remission phase and
showed no association with gadolinium-enhancing le-
sions on MRI.87 The combined evidence therefore in-
dicates that CSF CHI3L1 is a promising marker in the
progressive MS phases. CHI3L1 levels were not associ-
ated with GFAP levels,89 even though both markers are
expressed by astrocytes, suggesting that CHI3L1 cap-
tures a distinct pathological process. On the other hand,
serum levels of CHI3L1 are in general not significantly
different between MS and healthy controls,90 suggesting
a lack of correlation between CSF and serum mea-
sures.87 This might be attributed to the extensive
expression of the protein beyond the CNS, including
chondrocytes, vascular smooth muscle cells, mesothelial
cells, alveolar cells, and basal respiratory cells.91

CHIT1
Compared with CHI3L1, CHIT1 is more specific for
microglial cells.92 In pwMS, CSF CHIT1 levels at diag-
nosis have been demonstrated to correlate with markers
of neuronal injury, such as NfL, and with disease activity
measures at follow-up up to 6 years later independently
from other disease severity measures.92 Of interest, the
levels of CHIT1 RNA are increased in the white matter
of post-mortem brain tissue from pwMS.92 Specifically,
CHIT1 is upregulated (up to 10-fold) in the rim of
chronic active lesions versus the rim of chronic inactive
lesions.92 CHIT1 RNA expression discriminated well
between chronic active lesions and chronic inactive le-
sions, the latter not different from control white matter
tissue.92 Taken together, this evidence supports the
rationale for studying CSF CHIT1 as a marker of
chronic active lesions in MS.

sTREM2
Despite the evidence of a role of TREM2 in animal
models for demyelination and its elevation in foamy
macrophages in MS lesions,93–95 only few studies have
investigated sTREM2 as biomarker for relevant contexts
of use (diagnosis, prognosis, monitoring or treatment
response) in MS. Increased CSF concentration of
sTREM2 in MS, as well as increased expression on CSF
monocytes, have been described in all MS subtypes,
compared with noninflammatory neuronal controls, in a
study in which the soluble form was described for the
first time.95 CSF sTREM2 levels did not correlate with
EDSS scores, or IgG index,96 while another study
showed a moderate correlation with EDSS and the
Multiple Sclerosis Severity Score.97 The levels in patients
with other inflammatory neurological conditions were
highest. Levels normalised upon treatment with natali-
zumab and decreased partly after treatment with
mitoxantrone.98 However, the lack of correlation with
clinical and biological outcomes suggests limited clin-
ical value of this marker in MS and claims for further
studies. Unfortunately, although sTREM2 concentration
www.thelancet.com Vol 44 September, 2024
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can be readily measured in serum and plasma, there is
no correlation with CSF, TREM2 genetic variation or
diagnosis in neurodegenerative dementias, speaking
against its usefulness as a blood biomarker for micro-
glial activation.99

GFAP
Among astrocyte-specific markers, GFAP is the most
promising, and could be instrumental in delineating the
intricate involvement of astrocytes in neuro-
inflammation and neurodegeneration. GFAP in CSF
has been associated with disease progression in MS
since decades, but its potential as biomarker of pro-
gression in MS strongly evolved over the last years, with
the emergence of technologies that allowed accurate
detection of GFAP in blood. Early studies showed that
CSF GFAP levels correlated with increased neurological
disability, were higher in progressive patients, and
associated less with the acute clinical phase of the dis-
ease.100,101 Also, higher serum and CSF GFAP levels
were found to prognosticate worse outcomes of pro-
gression as well as brain atrophy, especially in the grey
matter and independent of serum NfL, which further
support a role in the pathophysiology of MS disease
progression.102,103 Interestingly, GFAP is labile in CSF
and very sensitive to freeze-thawing, whilst the protein
is stable in blood.104

It is noteworthy that GFAP has also been studied in
NMOSD, a neuroinflammatory condition that is clin-
ically relevant as a differential diagnosis of MS.105

NMOSD is characterized by antibody-mediated astro-
cytopathy within the CNS, wherein GFAP levels have
been observed to elevate in both CSF and serum
during acute exacerbations. Notably, during remission
phases, elevated serum GFAP levels have demon-
strated predictive value for future disease activity in
NMOSD, suggesting its potential as a prognostic
marker.106

In MS, GFAP appears to reflect a composite of tissue
damage caused by inflammation, potentially explaining
its correlation with NfL levels (as discussed below), as
well as disease progression likely stemming from
structural effects such as astrogliosis, glial scar forma-
tion, or astrocytic damage. Specifically, serum GFAP
levels tend to rise during relapses in relapsing-remitting
MS compared to periods of remission.107 However, it is
noteworthy that serum GFAP has demonstrated the
ability to predict confirmed disability progression even
in non-active MS cases, indicating an association with
MS pathophysiological mechanisms beyond acute focal
inflammation.108

To assess the independent value of serum GFAP,
studies endeavoured to isolate these factors, for example
by investigating progression in pwMS under highly
effective disease modifying therapies. In a study which
monitored 88 pwMS commencing natalizumab treat-
ment, a notable decrease in serum GFAP after
www.thelancet.com Vol 44 September, 2024
treatment initiation was observed, thus implying an
association between GFAP levels and inflammatory ac-
tivity of MS.109 Further, serum GFAP levels did not in-
crease in pwMS who experienced progression compared
to those who remained stable twelve months after
treatment initiation.109 In contrast, another study found
increased serum GFAP levels in progressing versus
stable patients and in individuals receiving B cell
depleting treatment and identified a connection between
increased GFAP levels (taken one year after starting
treatment) were significantly prognostic of time to dis-
ease progression.103 Age is associated with serum GFAP
concentrations, potentially influencing the variance in
biomarker levels when comparing individuals with
progressive and relapsing phases of MS.110 Notably, the
association between GFAP serum levels and the risk of
disability progression in non-active pwMS has persisted
even in age-adjusted models.108 These promising find-
ings underline the need for cross-validation and large,
longitudinal studies examining different aspects of
GFAP levels, such as baseline levels, effects of age and
sex, longitudinal change after different treatments in
different settings.

Cerebrospinal fluid and blood NfL
In 1987, fractions of neurofilaments from bovine
brain were isolated,111 forming the foundation for
developing polyclonal rabbit antisera targeting specific
NF polypeptides.112 This lead to the development of the
first enzyme-linked immunosorbent assay (ELISA) for
NfL.113 Rosengren et al. (1996) demonstrated elevated
levels of NfL in the CSF of various neurodegenerative
disorders,113 indicating its potential as a biomarker of
neuro-axonal injury. Subsequently, monoclonal anti-
bodies were developed against NfL,114 and a new NfL
ELISA was established.115 This assay was used in most
studies on CSF NfL in MS during the following
decade. There are now several commercially available
assays for the marker, including those compatible with
fully automated random access clinical chemistry
instruments.

As NfL exhibits high expression in large-calibre
myelinated axons, research into MS quickly followed.
In 1998, research indicated a significant increase in CSF
NfL concentration among subjects with relapsing-
remitting MS during active inflammatory bouts of the
disease, compared to healthy controls.116 This finding
highlighted the potential value of CSF NfL as a
biomarker to monitor disease activity. Over time, several
studies have confirmed that CSF NfL increases in both
relapsing-remitting and primary progressive MS. CSF
NfL concentration indicates ongoing axonal injury and
reflects its intensity. In pwMS, following clinically
effective treatment, the concentration of CSF NfL nor-
malizes within 6–12 months.117 Thus, CSF NfL holds
promise as a biomarker for disease intensity, progres-
sion, and response to treatment.118
9
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The development of high-throughput ultrasensitive
immunoassay technologies (Single-molecule array
(Simoa), Ella® microfluidics,119,120 Meso Scale Discov-
ery electrochemiluminescence,121 and fully automated
enzyme-linked immunosorbent assays Lumipulse®,122

Elecsys® and Atellica®123) has led to a leap in our un-
derstanding of NfL as a biomarker in MS by allowing
its accurate quantification in the pg/ml range in blood
(both serum and plasma).124 Serum NfL levels are
elevated in pwMS already before the onset of clinical
symptoms,125 which suggests a potential future clinical
use in monitoring individuals at high risk of devel-
oping the disease. Higher NfL levels are predictive of
worse outcomes, such as a higher risk of conversion
from clinically isolated syndrome to MS,59,126 (more)
future relapses, lesion activity, EDSS worsening and
brain atrophy.127–130 Highly effective disease modifying
therapies normalise serum NfL levels to those of
healthy controls, while dose-dependent smaller re-
ductions are observed with oral and platform com-
pounds.131,132 In pwMS without active inflammation,
such as progressive MS or relapsing remitting MS on
highly effective therapies, retrospective analyses of
phase 2/3 clinical trials showed evidence of increased
serum NfL levels predictive of whole brain and
thalamic atrophy, expansion of slowly expanding le-
sions and clinical progression.103,133–135 In a combined
analysis of two large observational MS cohorts, serum
NfL concentrations were significantly elevated 1–2
years before, but not at the time of, disease progres-
sion, compared with stable MS cases, and proved to be
highly predictive of future progression independent of
relapse activity events when taking this time lag into
account.136

The evaluation of serum or plasma NfL as a response
biomarker for early clinical trials in progressive MS has
received a letter of support from the US Food and Drug
Administration in 2021 (https://www.fda.gov/media/
149608/download). For paediatric cases, serum NfL
has received support from the European Medicines
Agency in 2022 as a biomarker to monitor disease ac-
tivity related to axonal damage and to assess treatment
response (https://www.ema.europa.eu/en/documents/
other/letter-support-neurofilament-light-childhood-neur
ological-diseases_en.pdf).137 One of the limitations of
serum NfL is that it is specific for pathology (i.e.,
neuronal damage) but not for a specific disease. Elevated
levels have been reported in acute conditions such as
traumatic brain injury or stroke, and in chronic neuro-
degenerative diseases such as Alzheimer’s disease and
frontotemporal dementia. Therefore, individual values
can only be interpreted within the clinical context. In
contrast, the physiological variation of serum NfL levels
with age and body weight has been successfully
addressed by the establishment of normative values for
both adults and children.138–141 These tools facilitate the
interpretation of serum NfL levels in clinical practice,
providing solutions as age-dependent reference ranges,
either as percentiles or as Z-scores, which allow to
quantify the deviation of pwMS serum NfL concentra-
tion compared to that observed in a control person with
similar age and weight and relative to other MS
subtypes.

Altogether, serum or plasma NfL is about to become
an essential tool for personalised medicine in MS clinical
practice and may as well be an endpoint to accelerate
successful drug development in clinical trials. Pressing
open clinical questions to be addressed in prospective
studies include the definition of threshold values to
indicate ‘successful treatment’ or ‘reactivation of disease’.
Moving from current clinical applications to
future perspectives
In the clinical management of MS, fluid biomarkers can
play distinct roles across various stages of the disease
(Fig. 3). During the initial diagnostic evaluation, CSF
analysis emerges as a recommended tool, facilitating a
more precise differentiation from MS mimics.8 If stan-
dard CSF analysis yields normal results or only reveals
mild lymphocytic pleocytosis alongside intrathecal IgG
synthesis, the need for additional tests can be dimin-
ished. Conversely, when both the clinical-MRI presen-
tation and CSF analysis appear atypical, it should raise
suspicion of alternative diagnoses, prompting further
detailed investigations.

The assessment of intrathecal IgG synthesis is an
integral component of the standard CSF examination
during the diagnostic work-up of MS.53 While the IgG
index calculation is straightforward, it lacks optimal
sensitivity and specificity. To address this limitation,
documenting IgG OCB or measuring κ-FLC index
proved to be superior. Illustratively, in the context of
discriminating between MS and white matter lesions
associated with migraine and vascular lesions, the
absence of intrathecal Ig synthesis stands out as the
most robust independent predictor of a non-MS diag-
nosis (odds ratio 18⋅1 for IgG OCB).142 However, it must
be kept in mind that the informativeness of intrathecal
Ig synthesis in distinguishing MS from other autoim-
mune and infectious disorders of the CNS might be
comparatively limited.143

In capturing intrathecal Ig synthesis, the agreement
between OCB and k-FLC index is high (approximately
90%).144 It is noteworthy that the determination of CSF
IgG OCB demands time and specialized personnel,
while FLC measurements are performed through auto-
mated processes, saving time.20 Consequently, in the
future, centers with comprehensive capabilities may
adopt both analyses to achieve optimal accuracy
encompassing qualitative and quantitative assessments.
In centers with limited resources, κ-FLC index could
serve as an initial screening tool, with CSF IgG OCB
reserved as a confirmatory test.20
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Fig. 3: Applications of fluid biomarkers in the clinical management of multiple sclerosis. Upper Panel: schematic representation of the
multiple sclerosis (MS) clinical course and underlying events. The vertical axis depicts the level of clinical disability, while the horizontal axis
represents time. The “sea level” corresponds to the threshold of clinical detection. Green lines represent episodes of acute focal inflammation in
the central nervous system (CNS). Acute inflammation can manifest as asymptomatic (below the clinical threshold) or symptomatic (above the
clinical threshold). During the preclinical phase of the disease, asymptomatic acute inflammations occur. The first episode of acute inflammation
crossing the clinical threshold represents the clinical onset of the disease. Over time, clinical relapses may be followed by incomplete recovery. In
parallel with recurring events of acute focal inflammation in the CNS, since the early phase of the disease a “smouldering” pathological process
of persistent low-grade inflammation occur (red line), eventually leading to clinically detectable continuous worsening of disability. Lower Panel:
MS biomarkers and their potential role in different disease phases. Biomarkers within bars with a solid black frame are those currently used on a
large scale in clinical practice. Abbreviations. CHI3L1: chitinase-3-like protein 1. CHIT1: chitinase 1. CIS: clinically isolated syndrome. CNS: central
nervous system. CSF: cerebrospinal fluid. CXCL13: chemokine (C-X-C motif) ligand 13. DMT: disease-modifying treatment. FLC: free light chain.
GFAP: glial fibrillary acidic protein. NfL: neurofilament light chain. sTREM2: soluble triggering receptor expressed on myeloid cells 2.
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Both CSF IgG OCB and κ-FLC index can aid clini-
cians also in defining disease prognosis, particularly in
relapsing forms of MS, by predicting the risk of future
relapses.52,55 Notably, CSF IgG OCB has gained recog-
nition as a marker substituting clinical and MRI evi-
dence of dissemination in time in the latest MS
diagnostic criteria,3 allowing to diagnose MS after the
first clinical manifestation, even in the absence of a
positive history of previous relapses or non-
simultaneous CNS lesions on MRI. As CSF proves
highly informative in the diagnostic work-up, its sam-
pling can facilitate the measurement of additional bio-
markers, with the aim to provide a better biological
characterization of the disease, to define its prognosis
and to guide treatment decisions. CSF IgM OCB,68

Reiber IgM index61–63 and CXCL13 might offers addi-
tional information but their determination is currently
limited to research purposes. Beyond such markers of B
cell activity, research on other molecules deserve to be
www.thelancet.com Vol 44 September, 2024
implemented to define and quantify the other facets of
MS immunopathology at disease onset and follow-up. In
this scenario, particular relevance is assumed by
markers of microglial and astrocytes activation. CHI3L1,
CHIT1 and GFAP may indeed offer insights into dis-
ease progression and its underlying pathogenesis.92

Elevated levels of CHI3L1, CHIT1 and GFAP could
for instance in the future influence the choice of ther-
apies directly targeting microglia and astrocytes.

This comprehensive panel of markers, when
measured during the diagnostic process, would sub-
stantially benefit from the inclusion of CSF NfL as a
robust prognostic marker, complementing established
clinical and MRI measures.42 Its sensitivity in quanti-
fying ongoing axonal injury resulting from inflam-
matory focal lesions in MS holds significant
implications for predicting the future risk of disease
inflammatory activity. However, it is important to note
that CSF NfL should not be employed for diagnostic
11
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“Diagnostic Criteria”, “Differential Diagnosis”, “GFAP”,
“Guidelines”, “IgG index”, “kappa index”, “McDonald
criteria”, “Multiple Sclerosis”, “NfL”, “oligoclonal bands”,
“Plasma”, “Prognosis”, “Primary Progressive”, “Progressive”,
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published in English were reviewed. The final reference list
was generated with the consensus of all co-authors of this
Series article based on originality and relevance to the broad
scope of this Series article, with a focus on articles published
during the past five years.
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purposes due to its lack of specificity across various
neurological diseases.42

The potential of these biomarkers to offer comple-
mentary insights has led to the exploration of an inte-
grated biomarker approach, similarly to strategies
employed in other neurological disorders. In Alz-
heimer’s disease, for instance, the integration of bio-
markers reflecting diverse pathophysiological
mechanisms has demonstrated to be very useful.145

Likewise, in MS, integrated scoring systems have been
proposed, notably the “Glia score”.146 This score, derived
from the calculation of the ratio of glial to axonal
markers (CHI3L1*GFAP/NfL), has been found higher
in the CSF of individuals with MS in the progressive
phase compared to those in the relapsing phase.146

These findings underscore the potential utility of these
integrated biomarker profiles for distinguishing be-
tween MS subtypes. Whether this combination might
also predict and correlate with PIRA still deserves to be
demonstrated.

This enriched CSF characterization should also align
with blood-based measures, particularly for NfL and
GFAP. The measurement of these markers in plasma or
serum samples is already feasible through fully auto-
mated analytical platforms, marking a significant
advancement for widespread utilization. Monitoring
these markers provides clinicians with a combined
measure of neuro-axonal damage in the CNS (NfL) and
astrocytosis/astrocytic damage potentially more associ-
ated with MS disease progression (GFAP). The “Glia
score” mentioned above, when assessed in serum, has
demonstrated a correlation with disability levels, thereby
showing its potential utility in monitoring disease pro-
gression in MS.146

These integrated measures hold relevance in evalu-
ating the effectiveness of current and future disease
modifying therapies aiming to tackle the different facets
of MS pathology. Several therapies now exist to mitigate
the risk of new lesions and clinical relapses in MS.
Monitoring the efficacy of these treatments heavily re-
lies on repetitive brain and spinal cord MRI scans,
which pose financial burdens on healthcare systems and
MRI services. Moreover, concerns arise regarding the
safety of monitoring through repeated MRI scans with
gadolinium injection to detect recent lesions.147 While
fluid biomarkers will not entirely replace MRI-based
monitoring, they might offer a complementary
approach in the future. For example, frequent blood NfL
measurements could motivate an MRI request in the
event of pathologically increased NfL concentrations
(despite a lack of new clinical symptoms). Additionally,
blood NfL may aid in discerning whether a neurological
symptom stems from ongoing neuro-axonal injury or
potentially a transient functional network dysfunction,
as it occurs in MS pseudo-relapses.

Furthermore, as treatments that slow disability pro-
gression become available and more are coming,
assessing treatment efficacy based solely on clinical data
becomes challenging. Many treated individuals with
MS, even when benefiting, still experience disability
progression. Conventional MRI measures have limited
utility in monitoring the underlying progression phe-
nomena, and advanced MRI measures face limitations
in large-scale applicability. Therefore, having an objec-
tive marker of the pathogenic events contributing to
disease progression, such as potentially GFAP, could
significantly impact treatment response evaluation and
the periodic assessment of the benefit-risk ratio of
continuing a drug, aligning with emerging experiences
in other neurodegenerative diseases and disease-
modifying therapies.
Toward a biomarker-based approach to
multiple sclerosis: unmet needs
In the ongoing use and exploration of fluid biomarkers
in the context of MS, several unmet needs for clinical
implementation come into focus (Panel 1). Many of the
discussed markers, particularly those associated with
microglia and astrocyte activation, have demonstrated
promising outcomes in group-level studies. However,
their significance at the individual level remains to be
investigated. Only CSF IgG OCB are currently and
diffusely tested across different countries during the
processes of MS diagnosis and prognostication. While
significant progresses in identifying potential bio-
markers have been made, challenges indeed persist.
One challenge is the need for standardization and
harmonization across laboratories and clinical settings.
For certain biomarkers, such as κ-FLC index, GFAP and
NfL, the absence of universally accepted cut-off values
and various technologies leading to variation in absolute
concentrations complicate interpretation and hinder
consistent clinical decision-making. The standardization
www.thelancet.com Vol 44 September, 2024
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of methodologies and the establishment of robust
reference standards are essential steps to ensure the
reliability and comparability of measures. Another crit-
ical aspect is the integration of these biomarkers into
routine clinical practice. Currently, the utilization of
many of them is primarily limited to specialized centers.
Bridging this gap necessitates the development of user-
friendly assays and comprehensive training programs
for healthcare professionals. The aim is to make these
biomarkers more widely accessible, regardless of
geographical location or institutional resources. Ad-
vancements in blood-based measurements, facilitated by
fully automated analytical platforms, offer convenience
and real-time monitoring capabilities. Markers like NfL
and GFAP, when assessed in plasma or serum samples,
might indeed provide a dynamic measure of disease
activity and progression. However, there is a need for
large, longitudinal, cross-validation studies examining
different aspects of these markers, such as baseline
levels, longitudinal changes, and modifications after
disease modifying therapies. Furthermore, it is imper-
ative to elucidate the comparative relevance of each
biomarker in relation to other clinical and MRI metrics,
alongside exploring the synergistic benefits of inte-
grating diverse biomarker measurements within diag-
nostic and prognostic frameworks. For instance, recent
studies have underscored the capacity of fluid bio-
markers like blood NfL to mirror the spectrum of MS-
related global and regional brain dysconnectivity, as
evidenced by advanced high-field brain MRI-derived
disconnectome mapping.148 This highlights the poten-
tial of integrating fluid biomarkers with structural as-
sessments, such as retinal optical coherence
tomography measures, to potentially amplify the prog-
nostic efficacy beyond that achievable by fluid bio-
markers alone.149 This prompts a critical inquiry into
whether the advantages conferred by such integrated
multimodal biomarker approaches outweigh the
inherent sustainability challenges.

In the effort of enhancing our understanding and
management of MS, several promising biomarkers are
emerging. Neuronal markers such as parvalbumin
shows promise in reflecting cortical neurodegeneration
and atrophy in MS.150 Extracellular vesicles, microscopic
particles released by cells, could serve as windows into
the CNS from peripheral fluids, potentially reflecting
MS-related pathophysiology.151 Lastly, immune pheno-
typing using flow cytometry offers a sophisticated
approach to dissecting the intricate immune system
dysregulation characteristic of MS, allowing to distin-
guish the disease from other immune-mediated disor-
ders affecting the CNS.152 Future studies must focus on
validating the utility of these novel biomarkers in large-
scale investigations, ultimately paving the way for their
translation into clinical use.

The road to full integration of fluid biomarkers into
clinical practice is complex (Panel 1). It requires
www.thelancet.com Vol 44 September, 2024
interdisciplinary collaboration, standardization initia-
tives, data sharing, and validation efforts. Fluid bio-
markers in MS represent a promising frontier with
ongoing challenges. Addressing standardization, acces-
sibility, and expanding biomarker portfolios is essential.
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