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Blood Neurofilament light chain (NfL) analysis. 
 
BACKGROUND 
Neurofilament light chain (NfL) is a major component of the axonal cytoskeleton and has been identified as a sensitive 
biomarker of neuronal damage.  Recent evidence has shown utility in various conditions including multiple sclerosis (MS) 
[1-5], Alzheimer’s disease[6], Parkinson disease[7], and amyotrophic lateral sclerosis (ALS) [8,9].  The largest body of 
evidence has been generated in MS patients with its main utility in prognosis and follow-up, but of increasing importance 
in monitoring response to therapy. 
 
REGULATORY 
EORLA holds a clinical diagnostic licence to provide neurofilament light chain testing from the Ontario Ministry of Health 
and Long-term Care.    
 
SPECIMEN REQUIREMENTS 
 
Specimen: Serum (red top or SST) acceptable.  Plasma not acceptable. 
Shipping and storage:  Store and send frozen. 
Turn-around-time: Maximum 30 days (Analytical runs are done 1/month) 
 
  
For questions, please contact: 
Dr. Ronald A. Booth, FCACB, FACB 
Clinical Biochemist | Div. of Biochemistry | EORLA & The Ottawa Hospital 
Associate Professor | Dept. of Pathology & Lab. Medicine | University of Ottawa  
Tel: 613-737-8899 Ex. 79095 | rbooth@eorla.ca 

 
 
  
NfL UTILITY IN MS 
Multiple sclerosis is a chronic disease of the central nervous system characterized by loss of motor and sensory function 
resulting from immune-mediated inflammation, demyelination and subsequent axonal damage.  This disease-related 
axonal damage releases NfL into the CSF and blood proportional to the amount of axonal damage.   
 
Blood NfL concentration: 

• Can identify acute and chronic neuronal damage in early MS  
• Increasing NfL can predict disease worsening and brain & spinal cord atrophy in MS 
• Correlates with baseline load of T2-weighted MRI lesions 
• Correlates with disability as assessed by EDSS score 
• Higher baseline values are predictive of worse disease 
• Decrease in NfL correlates with positive response to treatment 

 
• It can be used to monitor patients, reducing the need for yearly MRI in stable patients and importantly select 

those in need of a more urgent MRI. 
• It may also have the potential to identify very early MS patients at risk of imminent progression and allow for 

earlier treatment, as well as identifying poor prognostic patients earlier, affording them the opportunity for more 
aggressive therapy, when it is most likely to have the greatest impact. 
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LABORATORY MEASUREMENT of NfL using SIMOA TECHNOLOGY 
• SIMOA is a high sensitivity digital ELISA, allowing measurement of protein biomarkers in the fg/mL range with 

precision acceptable for clinical use.  
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• Reaction volume = 100 ×10−6 L
• Diffusion = dilution = low sensitivity
• Millions of molecules needed to reach detection limit

Microliters (mL)

• Reaction volume = 50 ×10−15 L (2 billion times smaller)

• Diffusion defeated = single molecule resolution = ultimate sensitivity
• One molecule needed to reach detection limit
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Simoa Bead Assays: Digital vs. Analog Detection
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SELECTED MS PUBLICATIONS  
High serum neurofilament light chain normalizes after hematopoietic stem cell transplantation for MS. Thebault, et al. 
[16].  In-house study comparing CSF and serum NfL in patients that underwent bone marrow transplant (BMT) for treatment 
of MS.  Following BMT, high pretreatment NfL levels significantly reduced in serum and CSF. Baseline NfL levels were 
associated with worse pretreatment disease measures, relapses, MRI lesions. Elevated baseline NfL levels were associated 
with persistently worse indices of disease burden post-BMT 
 

 
 
  

of new/enlarging T2 lesions (p = 0.0189, r = 0.60, figure
e-1B, links.lww.com/CPJ/A114), and T1 lesion volumes (p
= 0.0247, r = 0.50 figure e-1C, links.lww.com/CPJ/A114).
There was a negative correlation between serumNfL and the
MRS marker of health tissue, NAA/Cr ratio (figure e-1C,
links.lww.com/CPJ/A114, p = 0.0111, r = −0.6614). There
was no significant correlation between baseline NfL levels
and sex, age at onset of MS, clinical subtype (relapsing-
remitting MS [RRMS] vs secondary progressive MS

[SPMS]), and baseline number and volume of Gd-
enhancing lesions.

Baseline serumNfL levels comparedwith post-
IAHSCT clinical and MRI findings
To enable a binary comparison of NfL levels, the baseline
group was divided into “high” and “low” levels using the
median to establish a cutoff (28.24 pg/mL). Baseline
samples with NfL >28.24 were considered “high” (n = 11)

Figure 1 Serum and CSF neurofilament levels following Immunoablative Autologous Haematopoietic StemCell Transplant

Baseline NfL levels (n = 23) were significantly ele-
vated relative to controls (n=33) in (A), serum (p =
0.0001, 95% CI 13.33-32.38) and (B), CSF (p = 0.0001,
95% CI 1122-2638 ). Following IAHSCT, levels signif-
icantly reduced in both compartments (serum
p=0.0023, 95% CI 6.39-26.94; CSF p = 0.0068, 95% CI
522.0-2141). Post-ASCT NfL levels (12 and 36m) in
both serum and CSF were not significantly different
from controls (p ≥ 0.05). Serum and CSF NfL levels
were c, correlated (p = 0.0001, Spearman r = 0.76).
12m: 12 months post IAHSCT. 36m: 36 months post
IAHSCT. Error bars represent the standard error of
the mean. CI = confidence interval; IAHSCT =
immunoablation followed by autologous hemato-
poietic stem cell transplantation; NfL = neurofila-
ment light chain.

Figure 2 Baseline clinical status of patients and serum NfL levels

Patients who had a baseline NfL greater than the median value
(>28.24 pgml-1, red line, n = 11) had rapidly reached EDSS score of
6 prior to IAHSCT, (A), median duration 6.91 years, compared to
patients with lower levels (≤28.24 pgml-1, blue line, n = 12). Nine
of the 23 patients had clinical relapses in the 12 months prior to
IAHSCT. On average these patients had higher baseline serum
NfL compared to the 13 patients who had not (p = 0.047). Error
bars represent the standard error of themean. EDSS = Expanded
Disability Status Scale; IAHSCT = immunoablation followed by
autologous hematopoietic stem cell transplantation; NfL = neu-
rofilament light chain.
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Identification of acute and chronic neuronal damage in early MS – Siller et al. [5] using the Simoa assay showed that 
baseline serum NfL correlated with MRI T2 lesion volume, and higher serum NfL levels positively correlated with patients that 
progressed.  Disease-modifying treatment decreased serum NfL levels. 
 

 
 
  

N Siller, J Kuhle et al.

journals.sagepub.com/home/msj 7

at the time point of diagnosis correlate significantly 
with T2 lesion volume at baseline and at any time 
point with the presence and number of Gd-enhancing 
lesions. Longitudinal investigations showed a 
decrease in sNfL after initiating disease-modifying 
therapies. Patients with higher baseline sNfL showed 
a more rapid decrease in brain volume and a more 
rapid increase in T2 lesion volume after 2 years. Acute 
inflammatory neuronal damage, illustrated by 
Gd-enhancing lesions, was clearly associated with 
sNfL levels. Strong correlation of T2 lesion volume 
and of brain atrophy rates with baseline sNfL lead to 
the question whether treatment decisions in individual 
patient care may be adjusted to neuronal damage 
already in the beginning of the disease.

Recently, a pilot study in 22 versus 20 patients from 
a phase II trial of riluzole as add-on treatment to 
weekly interferon-β (IFN-β)-1a addressed, for the 
first time, the potential of using sNfL as a biomarker 
for neuronal damage in MS. Interestingly, sNfL lev-
els correlated with EDSS score, neuropsychological 
outcome and Gd-enhancing lesions and predicted 
whole brain atrophy at 1 and 2 years, possibly reflect-
ing progressive neuronal loss and ongoing disease 
activity.13 In a larger study assessing two independent 
Swiss cohorts, these initial findings were largely con-
firmed and expanded as sNfL levels correlated with 
EDSS assessments, presence of relapses and 
Gd-enhancing lesions. Disease-modifying treatments 
reduced sNfL levels and patients with higher sNfL 
levels were at risk of future relapses and EDSS pro-
gression.8 While these findings are indeed promising, 

this study addressed mostly patients with established, 
ongoing disease (disease duration ~7 years and EDSS 
~3.0), in contrast to our investigation focusing on 
very early MS patients (disease duration ~1 month 
and EDSS ~1.0).

So far, MRI-derived metrics are most commonly used 
in clinical practice to monitor subclinical disease activ-
ity and – so far only in study cohorts – progressive 
brain atrophy. Other parameters such as NEDA (no evi-
dence of disease activity, that is, no relapse, EDSS 
worsening or new MRI lesions) have been suggested as 
novel monitoring compound parameters for treating 
MS patients.14,15 However, a recent study showed that 
clinical and MRI data included in NEDA after 2 years 
did not correlate with the long-term outcome (>90% of 
the subjects had a 10-year follow-up) in a cohort of 
actively treated MS and CIS patients (n = 517).16 The 
authors questioned both annual MRI assessments for 
monitoring in individual MS care and commonly used 
clinical and MRI features over 2 years in most rand-
omized clinical trials. Disability accumulation in 
patients despite meeting NEDA criteria was possibly 
overlooked due to a lack of spinal cord MRI and brain 
atrophy evaluation. While it is important to point out 
that in contrast to MRI, NfL levels cannot provide 
localization information about the specific site of 
axonal damage, a contribution of spinal cord damage to 
sNfL levels was recently depicted by Disanto et al.8

We found a significant reduction of sNfL in patients 
that started immunomodulatory treatment in compari-
son to patients that stayed naive. Reduction of NfL in 

Figure 4. Effect of immunomodulatory therapy on sNfL levels. (a) 14 therapy-naive patients who started an 
immunomodulatory therapy in comparison to 7 naive patients staying without therapy, each with a consecutive serum 
sample (both groups median 13 months after baseline; t0 = baseline, t1 = follow-up). Immunomodulatory therapy 
was started median 12 months before second serum sample. (b) sNfL decreases significantly after initiation of any 
immunomodulatory therapy (** p = 0.0074, obtained by Mann–Whitney U test).
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Prediction of disease worsening and brain & spinal cord atrophy in MS – Barro et al. [4] 
using the Simoa NfL assay using 259 patients showed that serum NfL was higher in patients with CIS or relapsing remitting 
multiple sclerosis as well as in patients with secondary or primary progressive multiple sclerosis than in healthy controls.  They 
also showed that patients above the 90th percentile of healthy controls was an independent predictor of disease worsening in 
the subsequent year.  Finally, they showed that blood NfL correlated with concurrent and future clinical and MRI measures of 
disease activity and severity with high serum NfL levels associated with both brain and spinal cord volume loss. 
 

 
 
  measurable) (Kuhle et al., 2017b ). We now provide for the

first time, strong evidence that sNfL concentration is a pre-
dictor of brain atrophy in multiple sclerosis at 2 and 5 years.
Notably, when included in a multivariable model, sNfL re-
mained significantly associated with future brain volume loss
while T2 lesion volume, contrast enhancing lesions and base-
line normalized brain volume did not. This suggests that
sNfL can represent a more accurate indicator of ongoing
neuro-axonal loss and a better predictor of brain atrophy
than MRI measures of acute and chronic lesional activity.

This is further reinforced by the novel finding of an asso-
ciation between sNfL and spinal cord atrophy. Noteworthy,
sNfL levels were still associated with spinal cord volume
change after 5 years of follow-up. This observation is clin-
ically relevant, given recent studies pointing at spinal cord
pathology as a key driver of long term disability accumula-
tion in multiple sclerosis (Schlaeger et al., 2014; Zecca et al.,

2016; Hagstrom et al., 2017). The fact that we were able to
confirm the association of sNfL with spinal cord volume
loss in the subgroup of progressive multiple sclerosis pa-
tients without detectable focal inflammatory MRI activity
further underlines the independent contribution of sNfL as
a prognostic marker of tissue damage.

Taken together, these observations show that multiple
sclerosis patients with higher sNfL levels are at higher risk
of experiencing accelerated brain and spinal cord volume
loss and worsening of disability scores in the long term.
A practical implication of our findings is that patients
with highest sNfL levels might be candidates for an escal-
ation to more active treatments, to better prevent the oc-
currence and accumulation of further neuronal damage.

Our study had some limitations. First, not all enrolled
patients underwent MRI scans and atrophy measurements
at 5 years. Although some patients were lost to follow-up

Figure 3 Estimated mean change in brain and spinal cord volume over 2 and 5 years against sNfL dichotomized based on age-

corrected percentile curves from healthy controls. The estimated mean percentage of brain volume change in patients with sNfL above the

respective age corrected percentiles gradually increased with increasing sNfL percentile category over 2 (A) and 5 years (B) of observation time.

The mean reduction in spinal cord volume over 2 (C) and 5 years (D) gradually increased with increasing sNfL percentile category. For example,

patients with sNfL above the 97.5th percentile had on average a 1.7% and 2.5% lower spinal cord volume at 2 (C) and 5 years (D) of follow-up as

compared to those below the same percentile, respectively. Numbers in the figure denote the number of samples above or below the respective

percentiles of healthy controls.

NfL as a predictor of disease severity in MS BRAIN 2018: 141; 2382–2391 | 2389

Downloaded from https://academic.oup.com/brain/article-abstract/141/8/2382/5025690
by University of Ottawa user
on 08 August 2018
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Monitoring MS disease activity with NfL – Novakova et al. [11] measured paired serum and CSF samples from 286 MS 
patients, 45 other neurological conditions and 42 healthy controls.  Serum NfL was measured using the Simoa assay.  In MS 
patients, the correlation between serum and CSF NfL was r = 0.62 (p<0.001). Serum concentrations were significantly higher 
in patients with relapsing-remitting MS and in patients with progressive MS than in healthy controls. Treatment significantly 
reduced median serum NfL levels (p<0.001). Patients with relapse or with radiologic activity had significantly higher serum NfL 
levels than those in remission (p<0.001) or those without new lesions on MRI (p<0.001).  
 

 
 
Correlation of NfL with brain atrophy and disability in MS – Kuhle et al. [2] compared patients enrolled in a clinical 
treatment trial and showed changes in NfL were correlated with clinical change (p=0.009) and neuropsychological outcomes.  
Brain volume decreased more rapidly in patients with high baseline NfL (p=0.05 at 12 months and p=0.008 at 24 months) 
and this relationship became stronger at 24 months (p=0.024 for interaction). Higher and increasing NfL predicted higher 
number of gadolinium- enhancing MRI lesions (p<0.001 for both).  
 
  

terminated .3 months previously (n 5 14). A third group
(n 5 20) had changed to another DMT with similar efficacy
because of adverse effects or unsatisfactory adherence.

Participants with ONDs served as controls and were divided
according to established definitions18 into those with inflamma-
tory neurologic diseases (INDCs, n 5 15), including CNS vas-
culitis (n 5 2), giant cell arteritis (n 5 1), antiphospholipid
antibody syndrome (n 5 1), systemic lupus erythematosus
(n 5 1), neuroborreliosis (n 5 1), sarcoidosis (n 5 3), chronic
lymphatic leukemia with CNS involvement (n 5 1), myelitis
(n 5 1), neuromyelitis optica spectrum disorders (n 5 1), and
unspecified demyelinating disease (n5 3); those with noninflam-
matory neurologic diseases (n 5 16), including psychosis (n 5
14), epilepsy (n5 1), and Horner syndrome (n5 1); and symp-
tomatic controls (n 5 14), including those with sensory symp-
toms (n 5 6), headache (n 5 2), dizziness (n 5 1), fatigue (n 5
2), visual disturbance (n 5 1), and unspecified neurologic symp-
toms (n 5 2).

Healthy blood donors and university students served as HCs
(n5 42). None of the HCs had any neurologic signs or history of
neurologic disease.

Clinical assessments and MRI. Patients were assessed once
(n 5 138) or were followed up prospectively and assessed twice
(n 5 148) by clinical neurologic examination performed by MS-
specialized neurologists. Disability was scored by the Expanded
Disability Status Scale (EDSS),20 and disease severity was scored
by the Multiple Sclerosis Severity Score.21 A relapse was defined as
an episode of neurologic disturbance lasting for at least 24 hours
that could not be better explained by another cause.22

A standard MRI protocol for MS with IV gadolinium (Gd) as
contrast was used. Because Gd enhancement on MRI appears in
the majority of cases during a period of up to 6 weeks (mean 3.07
weeks),17 we chose to include only MRIs performed 6 weeks
before or after lumbar puncture and peripheral blood test

(n 5 324) to investigate the influence of disease activity on
MRI. The disease activity was defined as a relapse or Gd-
enhancing lesion. Because of the absence of data for T2 lesions
on MRI, we used a modified no evidence of disease activity
(NEDA)23: absence of contrast-enhancing lesions on MRI,
absence of confirmed disability progression defined as the absence
of increased posttreatment disability by 1.0 if the EDSS score was
0 to 5.5 at baseline or by 0.5 if the EDSS score was $6.0 at
baseline, and absence of relapses.24

Blood tests and CSF sampling. Samples of peripheral blood
and CSF were obtained at the clinical assessments. The CSF sam-
ples were handled according to the consensus protocol of the
BioMS-EU network for CSF biomarker research in MS.25 In
patients with MS, the sampling period was dichotomized between
relapse and remission. The relapse period was the time between
relapse onset and 3 months later because increased concentrations
of NFL are expected within this period of time.5,16

NFL analysis. All measurements were performed by board-
certified laboratory technicians in the Clinical Neurochemistry
Laboratory at the Sahlgrenska University Hospital, i.e., by labo-
ratory technicians who are licensed to perform clinical laboratory
measurements by the National Board of Health and Welfare,
a government agency in Sweden under the Ministry of Health
and Social Affairs.

The concentration of NFL in CSF was measured with a sensitive
sandwich ELISA method (NF-light ELISA kit; UmanDiagnostics
AB, Umeå, Sweden) according to the ELISA kit instructions. The
lower limit of quantification (LLoQ) of the assay was 31 ng/L. The
intra-assay and interassay coefficients of variation were ,10%.

The concentration of NFL in serum was determined with the
NF-light assay, which was adapted for the Simoa platform with
a Homebrew Kit (Quanterix Corp, Boston, MA). The LLoQ,
which was determined by the blank mean signal at 610 SD,
was 1.95 ng/L. All samples were measured in duplicate and were
well above the LLoQ. The intra-assay and interassay coefficients
of variation were ,10%. The method is described in detail
elsewhere.26

Statistical analysis. Statistical calculations were performed with
IBM SPSS Statistics 21 software (IBM Corp, Armonk, NY).
Because of the nonnormal distribution of serum and CSF NFL
levels, the analyses were performed with nonparametric tests,
the Kruskal-Wallis test for comparison of multiple groups, and
the Mann-Whitney test for comparison of 2 groups. The results
are presented as median NFL levels and interquartile range.
Correlations between serum and CSF NFL levels were analyzed
with the Spearman rank correlation coefficient. The receiver
operating characteristic (ROC) curve estimation was performed
with the assumption of nonparametric distribution. The sensi-
tivity and specificity were calculated by the Youden index, ex-
pressed as sensitivity 1 specificity 21, to calculate optimal
cutoffs that maximize both sensitivity and specificity.

Standard protocol approvals, registrations, and patient
consents. All patients and controls participated voluntarily in the
study and provided written informed consent. The regional ethics
review boards in Uppsala and Stockholm, Sweden, approved the
study.

RESULTS Comparison of serum and CSF NFL levels in

patients with MS and controls. A total of 521 paired
CSF and serum samples were analyzed. Serum and
CSF NFL concentrations were significantly higher
in patients with MS than in HCs (p , 0.001 and

Figure 1 Serum NFL concentrations in patients with MS at baseline and follow-
up and in HCs

Serum NFL concentrations at baseline and follow-up in patients with MS who remained
untreated, in patients with MS who initiated treatment with DMTs, in patients with MS
who escalated DMT to more effective therapy, in patients with MS who changed treatment
between DMTs of similar efficacy, and in HCs. The figure showsmedian and 95%confidence
interval of serum NFL concentrations. DMT 5 disease-modifying therapy; HC 5 healthy
control; MS 5 multiple sclerosis; NFL 5 neurofilament light.

2232 Neurology 89 November 28, 2017
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Monitoring of therapy using NfL in MS patients - Piehl et al. [12] using the Simoa assay showed plasma NfL was highly 
correlated to CSF NfL.  Both CSF and plasma NfL decreased after switching to highly effective MS therapy.  They suggest 
blood NfL measurement can be considered as a biomarker for MS therapy response. 
 

 
 
  

Figure 3. Serum neurofilament light chain 
(NFL) levels in a cohort of patients (n = 243) 
switching from injectable therapies to 
fingolimod, with sampling at baseline and at 12 
and 24 months after start of therapy with 
fingolimod. At the group level, mean plasma 
NFL demonstrated a significant 34% reduction 
at 12 months compared to baseline, where 
levels remained similar at 24 months compared 
to 12 months. 



 
  
 

 
501 Smyth Road 
Ottawa, Ontario, K1H 8L6 

Eastern Ontario Regional Laboratory Association 
L’Association des laboratoires régionaux de l’Est de l’Ontario 

Blood neurofilament light chain as a biomarker of MS disease activity and treatment response – Kuhle et al [17] 
measured NfL in blood samples from 589 patients with relapsing-remitting multiple sclerosis (from phase 3 studies of 
fingolimod vs placebo, FREEDOMS and interferon [IFN]- β-1a, TRANSFORMS) and 35 healthy controls and compared NfL 
levels with clinical and MRI-related outcomes.  High vs low baseline NfL levels were associated (estimate [95% confidence 
interval]) with an increased number of new or enlarging T2 lesions (ratio of mean: 2.64 [1.51–4.60]; p = 0.0006), relapses (rate 
ratio: 2.53 [1.67–3.83]; p < 0.0001), brain volume loss (difference in means: −0.78% [−1.02 to −0.54]; p < 0.0001), and risk of 
confirmed disability worsening (hazard ratio: 1.94 [0.97–3.87]; p = 0.0605). Fingolimod significantly reduced NfL levels already 
at 6 months (vs placebo 0.73 [0.656–0.813] and IFN 0.789 [0.704–0.884]), which was sustained until the end of the studies. 
 

 
 
  

neuroaxonal damage with other clinical and imaging measures
of disease activity and severity obtained independently under
good clinical practice conditions.

The patients included in our study were typical for an RRMS
population. Although samples were only available for about
25% of all study participants, the selection criterion (patient’s
consent in the biomarker study) and the comparison of
baseline characteristics of those included in this analysis from
each of the 2 studies and the respective ITT population do not
suggest any relevant selection bias.11,12

Baseline characteristics of the 2 trials were similar except for
a higher number of Gd+ lesions and higher T2 lesion volume
in FREEDOMS than in TRANSFORMS. This difference
probably reflects that TRANSFORMS patients were permit-
ted to continue their previous disease-modifying treatment
without washout—in contrast, interferon-β or glatiramer ac-
etate therapy had to have been stopped 3 or more months
before randomization in the FREEDOMS trial. Similarly, NfL

concentrations in patients were significantly higher than
in healthy controls, confirming previous observations in
CSF14–18 and blood,4,6–9 but across the 2 trials, were lower in
TRANSFORMS than in FREEDOMS. Plasma NfL levels at
baseline were highly correlated with MRI markers of disease
activity (Gd+ lesions and T2 lesion volume) and future tissue
destruction (brain volume loss), and this close correlation was
sustained throughout the studies irrespective of treatment.

Although patients with enhancing lesions had higher NfL
levels, NfL levels in patients without Gd+ lesions were still
significantly higher than levels in healthy individuals. This
finding suggests that NfL levels also reflect ongoing neuronal
damage and loss independent of detectable inflammatory
activity, possibly occurring in normal-appearing gray and
white matter. This assumption is further supported by the
correlation between NfL levels and an objective measure of
neuroaxonal damage, brain and spinal cord volume loss in
a recent study by our group,9 and by the predictive value of
baseline NfL for brain volume loss after 2 years on study in the
FREEDOMS trial. Together, these results suggest that NfL in
blood is likely to reflect an integral measure of recent and
ongoing neuronal damage (over weeks, and possibly months).
This neuronal damage not only relates to lesions in both white
matter and gray matter regions but also the extralesional
(normal-appearing) cortical gray matter MS pathology that
manifests as reduction in density of both neurons and oligo-
dendroglia in areas outside lesions.

The high correlation of plasma NfL levels with lesional MRI
activity observed in this study is in accordance with the results
of a recent observational study6 in which patients with high
numbers of T2 or contrast-enhancing lesions in brain or spinal
cord had higher serum NfL levels. This correlation of MRI
activity with a specific marker of neuroaxonal damage adds to
our understanding of the clinical-radiologic paradox in
MS—the low correlation of MRI activity with clinical
disability.19,20 The identification of T2 lesion load and pres-
ence of Gd+ lesions as strong predictors of later brain volume
loss21 has already informed the debate about the relevance of
MRI activity but less convincingly because brain volume is
also dependent on water content and therefore confounded
by inflammatory edema and its resolution. Because of their
specificity for neurons, increased NfL levels confirm that ac-
tive inflammatory lesions are associated with neuroaxonal
damage. The reasons for their low correlation with clinical
disability must therefore primarily be sought in compensation
and repair. Neuropathologic studies showing a higher rate of
axonal damage in early/relapsing than in progressive MS
brains are also compatible with this view.22

NfL levels at baseline had a prognostic value for future on-
study disease activity and progression on a group level.
Irrespective of treatment allocation, in the FREEDOMS
study, categorization of NfL levels into high vs low signifi-
cantly increased the risk of new/enlarging T2 lesions,
relapses, and accelerated brain volume loss over 2 years.

Figure 4 Effect of fingolimod on NfL levels in blood, (A)
compared with placebo, FREEDOMS study; (B)
compared with interferon-β-1a, TRANSFORMS
study

The figure shows geometricmeans of NfLwith 95% confidence intervals and
statistical tests from mixed models for repeated measurements of post-
baseline NfL. Dotted line represents plasma NfL (pg/mL, geometric mean)
concentrations in healthy controls. ***p < 0.0001. n = number of patients
with evaluable data. NfL = neurofilament light chain.
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OTHER NEUROLOGICAL CONDITIONS 
Neurofilaments in early symptom onset amyotrophic lateral sclerosis – Feneberg et al. [13] measured serum NfL in early 
ALS and showed it was able to discriminated early ALS patients with early symptom onset from those with other neurologic 
diseases and motor neuron disease mimics with high sensitivity (88% to 100%) and specificity (90% to 92%).  It did not vary 
between clinical diagnostic categories of ALS in the early symptomatic phase group. 
 
Blood NfL in diagnosis of parkinsonian disorder – Hansson et al. [7], using >300 patients from 3 different cohorts showed 
that blood NfL could accurately distinguish Parkinson disease from atypical parkinsonian disorders (area under the curve 
[AUC] 0.91) with similar results seen in both the London cohort (AUC 0.85) and the early disease cohort (AUC 0.81).   
 
Blood NfL as a potential biomarker in Alzheimer’s disease - NfL concentrations were measured in 99 subjects with 
Alzheimer’s disease at the stage of mild cognitive impairment (MCI-AD; n = 25) or at the stage of early dementia (ADD; n = 
33), and in nondemented controls (n = 41) by Lewczuk et al. [6].  NfL was significantly higher in the MCI-AD group (38.1 ± 
15.9 pg/mL, p < 0.005) and even further elevated in the ADD group (49.1 ± 28.4 pg/mL; p < 0.001) when compared to 
controls (22.0 ± 12.4 pg/mL).   Using a cut-point of 25.7 pg/L, unconditional sensitivity, specificity, and accuracy for detection 
of Alzheimer’s disease were 0.84, 0.78, and 0.82, respectively. 
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