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The need for better biomarkers in MS
Multiple sclerosis (MS) is known for its varied clini-
cal presentations and somewhat unpredictable clinical 
course, producing a spectrum of disease from mild or 
even benign forms of illness to the very severe, rap-
idly progressive type. There has been an expansion in 
the number of treatments available to target MS 
inflammation, and it is increasingly recognized that 
early optimal control of inflammatory disease activity 
offers the best long-term outcome.1 As a result, the 
threshold for escalation to higher efficacy therapies, 
should treatment produce a sub-optimal response, is 
reducing, and physicians are even considering higher 
efficacy treatments up front in some cases. However, 
it is still clear that some patients have a much more 
indolent course and can remain well for years on the 
safer but lower-efficacy therapies;2 in fact, some of 
these patients may not require treatment at all. In an 
era when “no evidence of disease activity” seems 
attainable for many patients, individualisation of 
treatment principally involves identifying the mini-
mum intensity treatment capable of achieving disease 
quiescence. However, despite the identification of 
reasonable diagnostic and safety biomarkers in MS 

(e.g. magnetic resonance imaging (MRI), oligoclonal 
bands, JC virus antibody titres), the development of 
objective and clinically applicable surrogates of dis-
ease outcomes has not kept pace.3 Without better, 
more accessible biomarkers such as those obtained 
from blood or other accessible body fluids, our ability 
to identify and respond to damaging disease activity 
is hampered, and timely interventions to limit irre-
versible neurological damage are delayed.

As it relates to MS, biomarkers can take various forms 
including imaging measures by MRI measures or opti-
cal coherence tomography and soluble markers. As 
surrogates underlying biology, varied roles include 
diagnosis, monitoring, prediction, and prognostica-
tion. Annual MRI scans looking for new lesions are 
currently the current gold standard of disease activity 
monitoring.4 However, annual MRI has shortcomings 
including: missing clinically silent disease activity and 
spinal cord lesions;5 variation in acquisition and analy-
sis quality; high healthcare utilization costs (the scan 
plus any dye infusion); inconvenience and labor inten-
sity; and may expose patients to the unknown effects 
of frequent gadolinium (Gd) use.6 Clinical translation 
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of a convenient and cost-effective marker which 
objectively reflects the emergence/disappearance of 
disease activity when monitored serially, as well as 
predicting future disease is highly desirable.

Serum NfL as a biomarker in MS
Neurofilaments are neuronal-specific heteropolymers 
assembled from five different intermediate filaments 
in different combinations and concentrations depend-
ing on the type of neuron, location in the axon and 
stage of development.7 In mature myelinated axons, 
neurofilaments are the single most abundant protein 
where their primary role is to support axonal struc-
ture. Physiologic turnover and/or damage to neurons 
is thought to be the origin of neurofilaments measur-
able in the cerebrospinal fluid (CSF) and eventually 
the blood. Neurofilament light chain (NfL) levels in 
serum have garnered the most interest.

While initial studies focused on CSF NfL, advance-
ments in ultrasensitive detection technologies have 
enabled reliable measurement in blood (serum/
plasma), which correlates with CSF.8 While most 
studies investigating blood-derived neurofilaments 
have focused on serum (sNfL), a minority report 
associations with closely-related plasma levels. 
Although strongly correlated, plasma levels are 
around 25% lower than paired serum levels using the 
single molecule array (SiMoA) platform and thus 
may not be directly comparable.9 In this review, we 
focus on sNfL unless explicitly stated otherwise. 
Associations between sNfL and MS can be broadly 
summarized in terms of inflammatory disease activ-
ity, disease progression, treatment response, and 
prognosis (Figure 1).

Serum NfL and inflammatory disease activity in 
MS
Firing the starting gun for sNfL associations of MS 
patients, in a seminal 2016 paper,10 Kuhle and col-
leagues found that sNfL was elevated in MS patients 
and correlated with white matter lesion volume using 
an electrochemiluminescence assay. Since then, the 
development of the higher sensitivity SiMoA digital 
immunoassay8 has allowed for multiple cross-sec-
tional studies to substantiate group-level findings that 
increase in sNfL is temporally associated with 
impending or recent clinical relapse, as well as the 
relapse rate,11 the number and volume of new T1 
Gd-enhancing lesions,11,12 and new T2 lesions.12,13 
Comparable associations have also been demon-
strated in distinct groups of MS patients including 
children14 and pregnant patients.15 In preliminary evi-
dence involving a large Swiss data set of 1336 
patients, relapse in the preceding 4 months was asso-
ciated with 22% higher log normalized sNfL com-
pared to patients who had not had a relapse.16

In an effort to individualize group-level associations of 
sNfL and inflammatory demyelinating activity, several 
groups have looked for more individualized metrics 
derived from prospective observational cohorts. In 
milder relapsing disease, in a cohort of 34 patients on 
first-line agents sampled serially over 2 years, sNfL lev-
els stayed low or dropped in stable patients who did not 
experience relapses, remaining significantly lower than 
relapsing patients.17 In more active disease, in a cohort 
of patients serially monitored after alemtuzumab treat-
ment, an sNfL increase was seen 5 months prior to new 
relapses, peaking at clinical onset, with recovery to 
baseline within 4–5 months of remission.18 In this study, 
patients meeting criteria for “no evidence of disease 

Figure 1. Associations and proposed clinical utility blood neurofilament light chain in multiple sclerosis.
EDSS: expanded disability severity score; OCT: optical coherence tomography; CIS: clinical isolated syndrome.
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activity” (NEDA-3, that is, no relapse, MRI activity or 
disease worsening as measured by the Expanded 
Disability Status Scale (EDSS)19) consistently had 
lower levels of sNfL. Here, “peak” levels of sNfL (>3 
SD above steady state levels) were associated with clin-
ical and MRI disease activity in 27 out of 34 events.18 
Concordantly, in a study of annual sNfL levels, indi-
vidual increases of approximately 30% were seen 
within a 3-month window of new Gd-enhancing 
lesions.20 While the percentage change in sNfL strongly 
associated with T1 and T2 lesion burden accumula-
tion,21 low sNfL levels (<30th percentile) helped iden-
tify patients with a very low probability of having 
experienced radiologic disease activity in the preceding 
year.22 Accordingly, there is an emerging consensus that 
the primary role of sNfL in clinical practice may be as a 
serial monitoring tool for subclinical disease activity.

Serum NfL and disease progression in MS
Insidious neuroaxonal loss is one presumptive under-
pinning of progression in MS, which we expect to be 
reflected in sNfL levels. In one of the first reports of 
sNfL in MS, levels were 52.2% higher in patients 
with progressive compared to relapsing clinical sub-
types, with the difference remaining significant after 
adjustment for age (beta coefficient = 1.205).13 sNfL 
has emerged as a leading candidate to help objectify 
progression in MS, where such a marker is sorely 
needed as an endpoint in the accelerating pace of 
treatment trials in this area.23 Of course, given the 
dynamic sNfL changes that occur with inflammatory 
activity, a particular challenge with this use of NfL is 
to tease-apart progressive and inflammatory disease 
when they happen concurrently.

As a static measure, several cross-sectional compari-
sons have reported group-level associations between 
higher sNfL levels and poorer performance on clinical 
measures of disability progression including EDSS, 
conversion to a secondary progressive phenotype, 
MRI brain volume loss, and measures of cognitive 
function.11,13,24,25 A one step higher in EDSS corre-
sponds to a 5%–10% higher sNfL.24 Concurrently, 
several groups have reported that higher sNfL levels 
associate with MRI brain volume loss13,21,25 as well as 
optical coherence tomography (OCT) measures, par-
ticularly peripapillary retinal nerve fiber thinning.26 
Studies to-date have not found associations between 
sNfL levels and fatigue.27

Serum NfL and treatment response in MS
Given the association of sNfL with inflammatory dis-
ease activity, it is not surprising that following 

immunomodulatory/immunosuppressive treatment, 
levels should decrease. In a 2017 study, treatment with 
any disease-modifying therapy was associated with 
29% lower sNfL levels compared to untreated indi-
viduals.24 Subsequently, multiple studies have reported 
longitudinal reductions in sNfL following most 
approved MS treatments including injectable thera-
pies,24 dimethyl fumarate,9 fingolimod,28 natali-
zumab,24 rituximab (plasma NfL),29 ocrelizumab,30 
ofatumumab,31 alemtuzumab,18 and hematopoietic 
stem cell transplantation.32 Interestingly, reductions in 
sNfL levels have not been convincingly reported fol-
lowing teriflunomide or glatiramer acetate, and sev-
eral groups reported no longitudinal reduction 
following high-dose vitamin D3 initiation.33,34

In real-world cohorts comparing different treatments 
in MS patients, treatment escalation, as opposed to 
similar efficacy treatment switch, resulted in reduc-
tions in sNfL levels.11,35 In a study of 1261 unselected 
Swedish patients started on one of six disease-modi-
fying therapies (alemtuzumab, dimethyl fumarate, 
fingolimod, natalizumab, rituximab, and terifluno-
mide), it was shown that the largest reductions of log-
normalized plasma NfL occurred in patients treated 
with alemtuzumab (48%), and the smallest reduction 
for teriflunomide (7%, not significant), with the other 
agents falling in the middle.36

In data presented on 1366 Swiss MS patients in an 
open-label setting, log normalized sNfL levels in 
patients on platform therapies, oral therapies, and 
monoclonal therapies were respectively, 10.4%, 
14.2%, and 19.7% lower than untreated patients.16 
While it is encouraging that post-treatment reductions 
fall in line with widely perceived treatment efficacy, a 
confounder in these studies relates to indication bias: 
patients selected for more intensive treatments have 
higher initial sNfL levels presumably due to more 
aggressive disease.24

In progressive MS, given the relative lack of other 
objective endpoints and limitations of practical MRI 
atrophy measurements, sNfL is increasingly recog-
nized as an outcome measure and has been quantified 
in several phase II and III studies. For secondary pro-
gressive disease, reductions in sNfL have been shown 
following siponimod,37 ocrelizumab,38 and natali-
zumab;39 in the latter, reductions were seen despite 
the study not reaching its primary endpoint of slowing 
EDSS progression.39 In primary progressive disease, 
reductions in levels were seen following fingolimod40 
and ocrelizumab.38 No reduction was seen following 
ibudilast, a treatment that slowed the progression of 
MRI brain atrophy but not clinical worsening.41
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Thus, in both relapsing and active progressive disease, 
there is growing excitement that sNfL could serve both 
an objective endpoint in clinical trials and also as a 
convenient clinical tool to monitor patients on treat-
ment for efficacy.

Serum NfL and prediction/prognosis in MS
Early significant burden of inflammatory disease and 
rapid rate of disease progression are key predictors of 
poor outcome in MS.42 Since NfL integrates both 
inflammation and neurodegeneration in a single met-
ric, it stands to reason that we might expect sNfL to be 
of prognostic merit at various stages of the disease.

In a rare insight into the prodromal/preclinical phase of 
MS, in a nested case–control study of routine blood 
tests obtained from US military personnel, sNfL was 
elevated 6 years prior to the clinical onset of MS.43 In 
both adult and pediatric populations diagnosed with 
clinically isolated syndrome, higher sNfL was associ-
ated with faster conversion to clinically definite MS 
independent of other prognostic factors.44 In a prospec-
tive longitudinal cohort of early MS (early relapsing or 
clinically isolated syndrome), patients who remained 
treatment naïve had lower sNfL than those who needed 
disease-modifying treatment within 4 years: subse-
quent to treatment initiation the sNfL levels reduced.35

Several other studies have shown that in patients with 
confirmed relapsing or progressive MS, baseline sNfL 
predicts short-term outcomes (up to 5 years) including 
relapses, MRI disease activity, disability worsening, 
MRI brain and spinal cord atrophy, and poorer cogni-
tive outcomes.24,45 The Swiss group have presented 
preliminary but important evidence from 1366 MS 
patients followed for a median of 5 years.16 Log-
normalized levels were converted into age-adjusted z 
scores derived from a cohort of 8865 healthy controls. 
Patients with an age-adjusted z score >1 at baseline 
(i.e. sNfL level in the top 16% of healthy control levels, 
representing 30% of MS patients) had a 41% increased 
risk of relapse or EDSS worsening and 90% increase 
risk of new/enlarging T2 lesion the following year 
compared to those with a z score of <1. sNfL z score 
was predictive of clinical events in the next year inde-
pendently of preceding EDSS change, new relapses, or 
new MRI T2/Gd lesions. Finally, they showed that in 
patients with NEDA-3, higher NfL correlated with  
an increased rate of disease activity in the next year: 
9.4% of the whole NEDA-3 group had activity within 
1 year, increasing to 25% of NEDA-3 patients with 
sNfL z score >2. Thus, sNfL seems to provide inde-
pendent value in detecting subclinical disease activity 
in NEDA-3 patients within the next year. This 

demonstrates that sNfL could be considered for inclu-
sion in NEDA to further define this evolving concept.

Baseline measurements of sNfL obtained close to dis-
ease onset could be of long-term prognostic value. In 
the longest such follow-up report to date, our group 
recently reported that sNfL sampled within the first 
5 years of MS symptom onset was shown to indepen-
dently predict worsening EDSS score and risk of 
developing progressive MS in patients followed longi-
tudinally for 15–26 years.46 Those with the baseline 
sNfL less 7.6 pg/mL were seven times less likely to 
develop progressive MS compared to those above the 
cutoff. In the Boston CLIMB cohort47 and UCSF EPIC 
cohort,48 respectively, averaged annualized and base-
line NfL levels were in multivariate models attributa-
ble for 15% and 18% of 10-year brain atrophy, 
although the prognostic power for relapse activity and 
long-term disability progression was limited.

The future of sNfL in MS
Higher sNfL is associated with more relapses, worsen-
ing EDSS, lesions on MRI scans and atrophy of both 
the brain and spinal cord. Although sNfL is already 
being used as a surrogate of MS-related disease in 
some centers and as an endpoint in clinical trials, a 
number of challenges remain before this test can be 
readily adopted as a routine measurement. Key issues 
of biological validity relate to the overlap of levels in 
MS patients and controls and the non-specific nature of 
sNfL in MS. While age is the most significant factor to 
be accounted for especially over the age of 60,49 con-
founding comorbidities include head injuries,50 vascu-
lar risk factors, renal function,51 and high body mass 
index (BMI) leading to increased volume of distribu-
tion,52 which is discussed at greater length elsewhere.53 
Associations of sNfL levels and disease metrics seems 
easily demonstrable in groups of patients; however, the 
availability of robust normative data sets which can 
adjust for age is important to bring meaning to sNfL in 
individuals. Neurologists will require education in the 
interpretation of sNfL, where careful consideration 
must be made to the clinical context . Hurdles relating 
to analytical validity relate to assay standardization, 
currently being addressed by ongoing multisite valida-
tion efforts as well as consensus guidelines.

Despite its shortcomings, sNfL is a success story of a 
blood-based biomarker on the cusp of clinical transla-
tion in MS. It integrates and objectifies both inflamma-
tory and neurodegenerative disease in a single marker 
which can be readily trended in real-time. While we 
expect that sNfL in early-stage disease will be of use in 
prognostication and initial treatment selection, the main 
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utility of sNfL will be as a serial measure to objectively 
quantify treatable subclinical inflammatory disease 
activity. We envisage that levels will be measured seri-
ally every 3–6 months and compared to either age-
adjusted normative data or compared to “baseline” 
sNfL levels from the same patient during a time of clini-
cal and MRI disease quiescence. Acting as a trigger for 
neurologists to consider expedited reassessment, this 
would be at reduced cost and increased frequency in 
comparison to the current standard of care, the annual 
MRI. While serially low levels will be reassuring to 
neurologists and patients in remission, many hope sNfL 
will provide and earlier marker in patients with subclin-
ical disease activity and poorer prognosis that is not oth-
erwise as apparent when following clinical or MRI 
activity alone. Through more individualized treatment, 
sNfL could have the power to modify the trajectory of 
disease and improve outcomes. In trials of MS treat-
ments, sNfL is already being considered as an explora-
tory endpoint. We foresee this having particular utility 
in assessing for progressive MS, where benefit of treat-
ment can be difficult to appreciate in the absence of an 
untreated comparator group.

The cost of sNfL testing will eventually reduce with 
several assay developers already vying for market 
share. Accepted assay standards will become widely 
adopted as multisite validation efforts come to frui-
tion. We believe that serial measurement of sNfL 
could supplant the need for annual MRI scans for rou-
tine monitoring of stable treated patients. This will be 
particularly important in areas where obtaining regu-
lar MRIs is burdensome on a publicly funded system 
and may be limited in terms of sheer MRI availability. 
In that way, MRI might be called upon only if there 
are substantial rises in a patient’s sNfL.

sNfL represents a “first in class” blood-derived bio-
marker reaching the threshold for clinical use. We 
think that sNfL should be considered in future defini-
tions of “no evidence of disease activity” with a sub-
stantiative basis of evidence already in circulation. 
Subsequent biomarkers will inevitably emerge and 
improve our ability to monitor and predict disease. 
Enabled by large collaborative data sets and advanced 
computational analytics, sNfL may form part of a 
composite panel of biomarkers which collectively 
help us best understand the patient in front of us. sNfL 
represents an important, incremental, and iterative 
step toward precision medicine in MS.
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