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Abstract

Objective: Multiple sclerosis (MS) is an autoimmune demyelinating disorder,

which is characterized by relapses and remissions. Serum neurofilament light

chain (sNfL) is an emerging biomarker of disease activity but its clinical use is

still limited. In this study, we aim to characterize the temporal association

between sNfL and new clinical relapses and new gadolinium-enhancing (Gd+)

lesions. Methods: Annual sNfL levels were measured with a single-molecule

array (SIMOA) assay in 94 patients with MS enrolled in the Comprehensive

Longitudinal Investigation of Multiple Sclerosis at the Brigham and Women’s

Hospital (CLIMB) study. We used a multivariable linear mixed-effects model to

test the temporal association of sNfL with clinical relapses and/or new Gd+

lesions. We adjusted this model for age, disease duration, sex, and disease-mod-

ifying therapies (DMTs) use. Results: In the 3 months after a Gd+ lesion, we

observed an average 35% elevation in sNfL (P < 0.0001) compared to remission

samples. We also observed an average 32.3% elevation in sNfL at the time of or

prior to a Gd+ lesion (P = 0.002) compared to remission. We observed a sig-

nificant elevation in sNfL after a clinical relapse only when associated with a

Gd+ lesion. Interpretation: Our findings support sNfL as a marker of clinical

relapses and Gd+ lesions. sNfL peaks in a 3-month window around Gd+

lesions. sNfL shows promise as a biomarker of neurological inflammation and

possibly of simultaneous Gd+ lesions during a clinical relapse.

Introduction

Multiple sclerosis (MS) is a chronic autoimmune disorder

of the central nervous system (CNS), which presents with

demyelination and axonal loss.1 MS has a chronic course,

which starts in young adulthood and results in disability

accrual over time. Most patients present with a relapsing-

remitting (RRMS) course, which is characterized by clini-

cal relapses followed by remissions. Clinical relapses may

affect different parts of the CNS, including the optic

nerve, the spinal cord, the cerebrum, the cerebellum, and

the brainstem. Clinical relapses are due to acute CNS

inflammation, which may also be detected as new

gadolinium-enhancing lesion (Gd+) on MRI scans.2,3 The

correct assessment of MS relapses is crucial since higher

relapse rates have been shown to result in a greater dis-

ability burden and overall worse prognosis.4–7

While Gd+ lesions provide a direct correlate of CNS

inflammation, the use of MRI scans is not available to all

centers and is limited by long scanning times and high

costs. Molecular biomarkers could be a cheaper and more

convenient alternative to MRI scans. Recently, the axonal
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protein neurofilament light chain (NfL) has been pro-

posed as a possible biomarker of disease activity in MS.8–

15 NfL is a class IV intermediate filament, which makes

up the scaffolding of axons and facilitates structural sta-

bility and signal conduction in neurons.16,17

NfL was first detected in the cerebrospinal fluid (CSF)

but newer assays (e.g., the single-molecule array-SIMOA)

with high sensitivity can reliably measure serum NfL

(sNfL) levels.18–24 sNfL and CSF NfL alike have been

shown to correlate with clinical relapses, MRI lesions, dis-

ability accrual (expanded disease status scale- EDSS), and

brain atrophy.21,24–28 Although these results are promis-

ing, literature has shown a high degree of heterogeneity

in terms of reported NfL levels and study methods. Fur-

thermore, the duration of sNfL elevation after disease

activity is currently unknown, as are the dynamics of

sNfL before disease activity. This information is key to

determine the reference ranges for sNfL levels in patients

with MS, as well as the time window of sNfL elevation.22

The goal of this study was to assess the relationship

between sNfL and acute inflammatory disease activity in

order to inform the use of sNfL in the clinical setting. We

are specifically interested in the temporal dynamics of

sNfL associated with clinical relapses compared to Gd+
lesions, which we assessed in separate analyses. Further-

more, we grouped the serum samples according to their

association with prior and future disease activity.

Methods

Subjects

We selected 94 MS patients enrolled in the Comprehen-

sive Longitudinal Investigation of MS at the Brigham and

Women’s Hospital (CLIMB).29 The CLIMB study is a

longitudinal study with more than 2100 patients enrolled

since 2000. The patients included in this study (1) were

enrolled in the quality of life (QOL) subgroup of the

CLIMB study; (2) had a diagnosis of MS according to the

2010 McDonald criteria at last visit30; (3) had an available

blood sample in the first 5 years of their first MS symp-

tom; (4) had at least eight annual blood draws from the

first collection to year 10; and (5) provided consent for

sample sharing. The enrolled patients had biannual clini-

cal visits and annual MRI scans according to our stan-

dardized protocol. All relevant clinical details were

entered into the relational database according to the stan-

dardized protocol of the Partners MS Center.

Clinical relapses were characterized by the treating neu-

rologist either at the time of a clinical relapse or during a

subsequent clinical visit. Clinical information on relapses

included the relapse onset date, relapse location, signs

and symptoms, and relapse severity according to NINDS-

CDE criteria (https://www.commondataelements.ninds.

nih.gov/MS.aspx#tab=Data_Standards).
Relapse severity and location were rated at the time of

the clinical relapse or retrospectively. As per the standard-

ized protocol, all relevant clinical information was then

validated by a trained fellow who reviewed patient charts

and MRI reports. All challenging cases were reviewed with

an expert neurologist (TC). We excluded all serum sam-

ples associated with clinical relapses or questionable MRI

findings.

Patient consent

Informed consent was obtained from patients in an ongo-

ing observational cohort study of MS patients at the Part-

ners MS Center (CLIMB study). Institutional Review

Board (IRB) approval was granted by the Partners

Human Research Committee, and participants provided

written informed consent for participation.

sNfL measurements

Serum samples were collected during annual clinical visits

and were stored at �80°C according to standardized pro-

cedures. The samples were shipped from Boston, Mas-

sachusetts to Basel, Switzerland where sNfL levels were

measured with a SIMOA assay.21 Quality control was

ensured during shipping; the samples were stored in a

temperature-controlled container. Additional details are

included in our previous study on the same cohort.31

Relapse groups

The primary goal of this study was to assess sNfL as a

predictive and diagnostic marker of disease activity. We

performed separate analyses for clinical relapses and Gd+
lesions. We also accounted for the time of disease activity

relative to the time of blood samples (i.e., before a blood

sample in Fig. 1A, and after a blood sample in Fig. 1B).

We grouped the samples into discrete bins by the time

from/to a clinical relapse. Figure 1 shows the time bins

for both analyses, including (1) 0–90 days from the sam-

ple (G1), (2) 91–180 days from the sample (G2), (3)

181–270 days from the sample (G3), and (4) 271–
365 days from the sample (G4). We also assessed a 0–
30 days bin and 31–90 days bin, which did not appear to

be more informative compared to a 0–90 days bin. In

additional analyses, we classified subjects into recent clini-

cal relapses/Gd+ lesions (G1 only) and remote clinical

relapses/Gd+ lesions (G2–4) (Fig. 1).
We assessed the location and severity of clinical

relapses in additional analyses. The severity profile was

ranked as mild, moderate, or severe as rated by the
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treating neurologist. The treating neurologist also

reported the location of the clinical relapse as brainstem–
cerebellum, cerebrum, optic nerve, spinal cord, or any

combination of these locations. Both analyses were strati-

fied according to the time of the clinical relapses (recent

vs. remote).

MRI groups

We studied the time dynamics of sNfL before and after

new Gd+ lesions on T1 MRI scans. We used brain MRI

acquisition protocols using 1.5 T and 3 T units. The

sequences were optimized in contrast to depict the brain–
CSF interface and white matter lesions. We used T1-

weighted imaging sequences to evaluate the presence of

Gd+ lesions in the proximity of MS lesions. The temporal

dynamics of sNfL were assessed in relation to time since

or from MRI lesions: (1) 0–90 days (G1), (2) 91–180 days

(G2), (3) 181–270 days (G3), and (4) 271–365 days (G4).

Reference groups

The reference group (remission group) comprised of sam-

ples from patients who had not experienced clinical

relapses or Gd+ lesions in the year before or after they

provided the blood sample. The time-to-disease activity

analyses (i.e., to clinical relapse or to Gd+ lesion)

included a reference group where the serum sample was

not associated with any clinical relapse or Gd+ lesions in

the 365 days after the time of sampling. Likewise, the

time-from-disease activity analyses (i.e., from clinical

relapse or from Gd+ lesions) included a reference group

where the serum sample was not associated with any clin-

ical relapse or Gd+ lesions during 365 days before the

time of sampling.

Statistical analysis

We analyzed the baseline clinical and demographic char-

acteristics of our subjects. Counts and percentages were

reported for all categorical variables. We reported median

and interquartile range (IQR) for annualized relapse rate

(ARR) for EDSS scores. For all other continuous vari-

ables, mean and standard deviation (SD) were used. We

applied a linear mixed-effects regression model with a

random intercept to assess the log-transformed sNfL

levels across different time bins. We performed separate

analyses for samples taken before and after a clinical

relapse/Gd+ lesion. We also adjusted the analysis for age,

disease duration, disease-modifying therapy, sex, and use

of DMTs and reported unadjusted and adjusted results.

We have used LOcally Estimated Scatterplot Smoothing

(LOESS) to show the trend of serum NfL over time. We

performed a subanalysis where we analyzed clinical

Figure 1. Diagram of time from/to disease activity. G1/2/3/4 = Group 1/2/3/4; N = number of samples in each time interval for clinical attack

samples.
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relapses and Gd+ lesions in conjunction. We formed nine

groups of patients according to these labels.

Then, we analyzed the association between sNfL and

the location of clinical relapses by classifying sNfL levels

according to both severity and time interval, which

resulted in seven groups (recent/mild, recent/moderate,

recent/severe, remote/mild, remote/moderate, remote/sev-

ere, no clinical relapse). We compared these groups with

linear mixed-effects model as above. In these analyses, we

included a reference group that consisted of serum sam-

ples from patients in continued remission for at least

365 days.

To assess the association between clinical relapse loca-

tion and sNfL level, we grouped our cohort according to

the time of the relapse (recent: within 0–90 days of the

relapse; remote: within 91–365 days of the relapse) and to

the location of the relapse as reported by the clinician.

sNfL measurements were thus grouped into 13 groups,

which included recent/brainstem–cerebellum, recent/cere-

brum, recent/combined location, recent/optic nerve,

recent/spinal cord, and recent/unknown location, remote/

brainstem-cerebellum, remote/cerebrum, remote/com-

bined location, remote/optic nerve, remote/spinal cord,

and remote/unknown location, no clinical relapse. The

rationale for this grouping was the same as in the severity

analysis– using a no-relapse cohort as the reference

group.

We assessed the differences among these groups using a

mixed-effects linear regression model as above. Analyses

were performed using the Statistical Analysis System

(SAS) 9.4 (Cary, NC) and R Studio 1.1.456 (R Studio

Inc.).

Results

Subjects and serum samples

Table 1 shows the baseline demographic and clinical char-

acteristics of our cohort (n = 94). The majority of

patients were female with a mean age was 37 years with

an overall disease duration of 2.3 years (Table 1). Most

patients were treated with disease-modifying therapies

(DMTs), and interferon beta-1a and glatiramer acetate

were the two most commonly used therapies (36.7% and

27.5% respectively). Annual serum samples from these

patients were characterized according to their association

with clinical relapses, Gd+ lesions, or continued remis-

sion.

sNfL levels after clinical relapse

When we investigated sNfL levels after a clinical relapse,

we observed that sNfL levels were 20.9% higher within

90 days of a clinical relapse than in remission samples

(95% CI: 7.3%–35%, P = 0.001). In all time bins of the

90-day window, there was no difference between the

remission and postclinical relapse groups. (Fig. 2A;

Table 2).

sNfL levels after Gd+ lesion

When we analyzed sNfL levels after Gd+ lesions, we

observed that sNfL levels were significantly higher within

90 days after a Gd+ lesion compared to remission sam-

ples (estimated percentage increase: 35%, 95% CI: 23.4%–
47.7%, P < 0.0001). (Fig. 2C; Table 2) After 90 days,

there was no difference between the remission and post-

Gd+ lesion groups. Recent Gd+ lesions were associated

with a significant percentage increase in sNfL irrespective

of the presence of a clinical relapse (i.e., in samples with

no associated clinical relapse in the prior 365 days, with

Table 1. Demographics of the patient population.

Characteristics MS patients (n = 94)

Sex, n (%)

Female 69 (73%)

Male 25 (27%)

Race, n (%)

White 90 (96%)

African American 1 (1%)

Unknown 2 (2%)

More than one race 1 (1%)

Age, years at baseline (mean, SD) 37.4 � 8.9

Disease duration, years at baseline

(mean, SD)

2.3 � 1.4

EDSS at baseline (median,

interquartile range)1
1.0 (0–2.0)

DMTs at the time of sample

collection2

Abatacept 1 (0.2%)

Basiliximab 1 (0.2%)

Cyclophosphamide 8 (1.3%)

Daclizumab 4 (0.7%)

Dimethyl fumarate 9 (1.5%)

Fingolimod 13 (2.1%)

Glatiramer acetate 166 (27%)

Interferon beta-1a 224 (36.4%)

Interferon beta-1b 29 (4.7%)

Methotrexate 2 (0.3%)

Mycophenolate mofetil 10 (1.6%)

Natalizumab 39 (6.3%)

No DMT 106 (17.2%)

Pegylated interferon beta-1a 1 (0.2%)

DMT, disease-modifying therapy; EDSS, expanded disability status

scale; MS, multiple sclerosis; n, patient count; SD, standard deviation.
1Patients did not have an EDSS value and were excluded.
2Patients can be counted for multiple times due to being on different

DMTs at the time when sample was collected.
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an associated recent clinical relapse, and with an associ-

ated remote clinical relapse). (Table 3).

sNfL levels before clinical relapse

When we analyzed sNfL levels before a clinical relapse,

we failed to observe any significant difference in samples

taken prior to a clinical relapse compared to remission

samples (Table 3). However, in a subanalysis (Table 3),

we found a significant increase in sNfL only in relapse

samples taken at the time of Gd+ lesion (estimated

increase = 60%, 95% CI: 29.7%–95.4%; P < 0.0001).

sNfL levels were also significantly elevated in serum

samples taken 181–270 days before a clinical relapse (es-

timated increase = 31%, 95% CI: 6.2%–61.6%,

P = 0.01). In an additional subanalysis of combined

clinical relapses and Gd+ lesions, we only found an

association between remote clinical relapses (i.e.,

between 91 and 365 days after the event) and sNfL in

the presence of Gd+ lesions (estimated percentage eleva-

tion = 180.1%; 95% CI: 99.4%–289.6%; P < 0.0001).

(Table 5).

Figure 2. Serum NfL after disease activity. gad + lesion = gadolinium-enhancing lesion; NfL = neurofilament light chain. **P ≤ 0.001, ***P ≤ 0.0001
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sNfL levels before Gd+ lesion

We assessed sNfL levels before Gd+ lesions and observed

a 32.3% increase in sNfL levels in the 0–90 days time bin

prior to a Gd+ lesion compared to remission (95% CI:

17.3%–47.7%, P < 0.0001). (Fig. 3C; Table 4) Most

serum samples in this time bin were taken a few days

prior to the Gd+ lesion. (Fig. 3D) As in the analysis of

sNfL levels after Gd+ lesions, this finding was replicated

in the combined analysis of clinical relapses and Gd+
lesions. We observed that recent Gd+ lesions were associ-

ated with a significant elevation in all groups, that is, in

the absence of clinical relapses (estimated percentage

increase = 41.9%, 95% CI: 22.1%–64.9%, P < 0.0001),

with recent clinical relapses (estimated percentage

increase = 49.2%, 95% CI: 7.2%–107.5%, P = 0.02), and

Table 2. sNfL dynamics after acute disease activity in 3-month increments.

Time bins

Clinical relapse Acute Gd+ MRI lesion (gadolinium-enhancing)

Unadjusted Adjusted1 Unadjusted Adjusted1

Delta sNfL2 P value Delta sNfL2 P value Delta sNfL2 P value Delta sNfL2 P value

No disease activity

(reference group)

(n = 403)

Ref. – Ref. – Ref. – Ref. –

0–90 days

(clinical:n = 63;

MRI:n = 93)

19.7% (7.2%

to 33.6%)

0.002* 20.9% (7.3%

to 35%)

0.001* 35% (23.4%

to 47.7%)

<0.0001* 35% (23.4%

to 47.7%)

<0.0001*

91–180 days

(clinical:n = 27;

MRI:n = 33)

–3.9% (–18.1%

to 12.7%)

0.62 –3% (–17.3%

to 12.7%)

0.66 10.5% (–5.8%

to 28.4%)

0.22 10.5% (–5.8%

to 28.4%)

0.23

181–270 days

(clinical:n = 35;

MRI:n = 49)

12.7% (–2%

to 29.7%)

0.09 13.9% (–1%

to 31%)

0.08 3% (–9.5%

to 17.4%)

0.67 2% (–10.4%

to 16.2%)

0.74

271–365 days

(clinical:n = 23;

MRI:n = 44)

–2.0% (–17.3%

to 17.4%)

0.86 0.9% (–15.6

to 19.7%)

0.92 7.3% (–6.8%

to 22.1%)

0.33 7.3% (–6.8%

to 23.4%)

0.32

n, number of samples, sNfL, serum neurofilament light chain.
1Analysis adjusted for age, disease duration, disease-modifying therapy, sex.
2Results are reported as percentage difference in sNfL, with 95% confidence interval.

*Significant P-values are reported in bold text.

Table 3. sNfL dynamics after acute disease activity as a continuous variable.

Clinical groups MRI groups Delta sNfL—unadjusted2 Delta sNfL—adjusted1,2

No clinical relapse No Gd+ lesion (n = 403) Ref. Ref.

Recent Gd+ lesion3 (n = 57) 44.8% (33.6%–64.9%) P < 0.0001* 44.8% (28.4%–64.9%) P < 0.0001*

Remote Gd+ lesion4 (n = 34) 7.3% (–7.7%–24.6%) P = 0.37 8.3% (–6.8%–25.9%) P = 0.33

Recent clinical relapse5 No Gd+ lesion (n = 37) 2% (–11.3%–18.5%) P = 0.74 2% (–11.3%–18.5%) P = 0.75

Recent Gd+ lesion3 (n = 19) 58.4% (29.7%–93.5%) P < 0.0001* 60% (29.7%–95.4%) P < 0.0001*

Remote Gd+ lesion4 (n = 7) 36.3% (–0.7%–87.8%) P = 0.06 37.7% (0.1%–89.6%) P = 0.05

Remote clinical relapse6 No Gd+ lesion (n = 70) 0.4% (–10.4%–11.6%) P = 0.95 0.6% (–9.5%–12.7%) P = 0.91

Recent Gd+ lesion3 (n = 17) 78.6% (44.8%–120.3%) P < 0.0001* 82.2% (47.7%–127%) P < 0.0001*

Remote Gd+ lesion4 (n = 15) 22.1% (–2%–52.2%) P = 0.08 25.9% (–0.1%–58.4%) P = 0.05

n = number of samples; sNfL, serum neurofilament light chain.
1Analysis adjusted for age, disease duration, disease-modifying therapy, sex.
2Results are reported as percentage difference in serum NfL, with 95% confidence interval and P-values.
3Recent Gd+ lesion = serum sample within 0–90 from Gd+ lesion.
4Remote Gd+ lesion = serum sample within 91–365 from Gd+ lesion.
5Recent clinical relapse = serum sample within 0–90 from clinical relapse.
6Remote clinical relapse = serum sample within 91–365 from clinical relapse.

*Significant P-values are reported in bold text.
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with remote clinical relapses (estimated percentage

increase = 180%, 95% CI: 99.4%–289%, P < 0.0001).

(Table 5).

sNfL association with relapse severity and
location

To analyze the association between sNfL levels and sever-

ity and location, we stratified serum samples according to

the time after/before the clinical relapse. We divided

serum samples into recent (i.e. within 90 days of sample

collection) and remote (i.e. between 91 and 365 days of

sample collection) groups. In terms of clinical relapse

severity, we observed a significant elevation in sNfL after

mild and severe relapses (mild: 24.6%, 95% CI: 4.1%–
50.7% P = 0.02; severe: 39%, 95% CI: 5%–82%,

P = 0.02). (Table S1) When we analyzed sNfL levels after

a clinical relapse by location, only recent spinal cord

relapses were associated with a significant percentage

increase in sNfL (estimated increase: 23.4%, 95% CI: 3%–
47.7%, P = 0.03); recent relapses localized to the brain-

stem and cerebellum were associated with a percentage

Figure 3. Serum NfL before disease activity. gad + lesion = gadolinium-enhancing lesion; NfL = neurofilament light chain. **P ≤ 0.001, ***P

≤ 0.0001
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increase in sNfL trending toward significance (estimated

increase: 28.4%, 95% CI: –1%–64.9%, P = 0.06). Other

localizations were not associated with a significant eleva-

tion in sNfL compared to patients in remission.

(Table S2).

We replicated this analysis in serum samples taken

before a clinical relapse, we failed to find any significant

difference in sNfL levels according to the clinical severity

before the clinical relapses. (Table S3) When we analyzed

sNfL levels by location after the clinical relapse, only

remote cerebral relapses were associated with a significant

difference in terms of sNfL levels (estimated

increase = 80.4%, 95% CI: 19.7%–171.8%, P = 0.006).

(Table S4) This group had a very small sample size (four

samples), which may affect the interpretability of this out-

come. Due to the small sample sizes, we decided not to

parse the groups according to the presence of Gd+
lesions.

Table 4. sNfL dynamics before disease activity in 3-month increments.

Time bins

Clinical relapse MRI Gd+ lesion (gadolinium-enhancing)

Unadjusted2 Adjusted1,2 Unadjusted2 Adjusted1,2

Group Delta sNfL P value* Delta sNfL P value* Delta sNfL P value* Delta sNfL P value*

No disease activity

(n = 444)

Ref. – Ref. – Ref. – Ref. –

0–90 days

(clinical: n = 26;

MRI: n = 64)

0.7%

(–14.8%–18.5%)

0.94 –0.1%

(–15.6%–18.5%)

0.99 32.3%

(18.5%–49.2%)

<0.0001 32.3%

(17.4%–47.7%)

<0.0001

91–180 days

(clinical: n = 31;

MRI: n = 32)

5.1%

(–9.5%–22.1%)

0.55 5.1%

(–10.4–22.1%)

0.56 0.5%

(–13.9%–17.4%)

0.95 –0.4%

(–14.8%–16.2%)

0.96

181–270 days

(clinical: n = 16;

MRI: n = 19)

31%

(6.2%–61.6%)

0.01 31%

(6.2%–61.6%)

0.01 –8.6%

(–24.4%–11.6%)

0.38 –8.6%

(–25.2%–10.5%)

0.36

271–365 days

(clinical: n = 34;

MRI: n = 56)

–2%

(–14.8%–13.9%)

0.83 –2%

(–15.6%–13.9%)

0.79 –2%

(–13.1%–10.5%)

0.78 –2%

(–13.1%–10.5%)

0.75

n = number of samples, sNfL = serum neurofilament light chain.
1Analysis adjusted for age, disease duration, disease-modifying therapy, sex.
2Results are reported as percentage difference in sNfL, with 95% confidence interval and P-values.

*Significant P-values are reported in bold text.

Table 5. sNfL dynamics before disease activity.

Clinical groups MRI groups Delta sNfL–unadjusted2 Delta sNfL–adjusted1,2

No clinical relapse No Gd+ lesion (n = 444) Ref. Ref.

Recent Gd+ lesion3 (n = 32) 41.9% (22.1%–64.9%) P < 0.0001* 41.9% (22.1%–64.9%) P < 0.0001*

Remote Gd+ lesion4 (n = 32) –2% (–16.5%–13.9%) P = 0.77 –3% (–17.3%–13.9%) P = 0.70

Recent clinical relapse5 No Gd+ lesion (n = 20) –8.6% (–24.4%–9.4%) P = 0.32 –9.5% (–25.2%–9.4%) P = 0.29

Recent Gd+ lesion3 (n = 6) 49.2% (7.3%–107.5%) P = 0.02 47.7% (5.1%–105.4%) P = 0.02

Remote clinical relapse6 No Gd+ lesion (n = 62) –5.8% (–24.4%–9.4%) P = 0.28 –5.8% (–16.5%–5.1%) P = 0.27

Recent Gd+ lesion3 (n = 6) 180.1% (99.4%–289.6%) P < 0.0001* 180.1% (99.4%–289.6%) P < 0.0001*

Remote Gd+ lesion4 (n = 13) 8.3% (–13.1%–36.3%) P = 0.47 7.3% (–13.9%–35%) P = 0.52

n = number of samples; sNfL, serum neurofilament light chain.
1Analysis adjusted for age, disease duration, disease-modifying therapy, sex.
2Results are reported as percentage difference in sNfL, with 95% confidence interval and P-values.
3Recent Gd+ lesion = serum sample within 0–90 before Gd+ lesion.
4Remote Gd+ lesion = serum sample within 91–365 before Gd+ lesion.
5Recent clinical relapse = serum sample within 0–90 before clinical relapse.
6Remote clinical relapse = serum sample within 91–365 before clinical relapse.

*Significant P-values are reported in bold text.
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Discussion

The main goal of this study was to assess the role of

sNfL as a biomarker of clinical relapses and Gd+ lesions.

To test this, we examined the average sNfL levels up to

1 year before and after these events and in remission.

Our results show that sNfL levels are elevated within a

3-month window after a Gd+ lesion. Also, we found sig-

nificantly elevated sNfL levels within 3 months of a clini-

cal relapse, however, this finding was only seen when

clinical relapses were associated with Gd+ lesions. In an

attempt to clarify the source of sNfL level heterogeneity

after a clinical relapse, we assessed the role of relapse

severity and location. We observed an association

between spinal cord relapses and sNfL levels, which has

important clinical implications, as spinal lesions are asso-

ciated with more severe disease outcomes. Our analyses

did not discriminate relapse location and severity

according to the presence of Gd+ lesions due to small

sample sizes. It would be interesting to include the

presence, size, and location of Gd+ lesions in future

analyses.

Our study aligns with results from previous studies

where sNfL was elevated between 1 and 4 months after

new Gd+ lesions.24,28,32 It should be noted that we did

not find an elevation in sNfL before clinical relapses. Sev-

eral prior studies showed that higher baseline sNfL levels

were associated with future disease activity in terms of

clinical relapses and/or accrual in T2 lesion load.32–34

Nonetheless, these studies differ significantly in their

design from ours—they employed long follow-up times

and looked at relapse rates or T2 lesion loads over this

time frame. On the other hand, our study addressed

whether sNfL was associated with clinical relapses during

the 3 months immediately following sample collection.

The strengths of our study include a real-world patient

cohort with a longitudinal follow-up at a tertiary-level

MS center. An additional strength is longitudinal MRI

data, which allowed us to investigate inflammatory activ-

ity, such as Gd+ lesions. This patient population is an

ideal test for the validity of a biomarker poised to enter

clinical practice.

Our study has some limitations, including the lack of

CSF NfL levels, which were previously recognized as the

gold standard for the measurement of this biomarker.

However, a large number of studies have demonstrated a

high degree of correlation between CSF and serum NfL

levels. Furthermore, serum samples would likely be the

tissue of choice for NfL measurement in a clinical set-

ting.24,35,36 A final limitation of this study relates to the

clinical characteristics of our cohort (e.g., short disease

duration and low disability burden) and the low sample

size for some Gd+ and clinical relapse time bins. As such,

the conclusions of our study may not be completely gen-

eralizable to all MS cohorts.

In conclusion, our study confirms that sNfL is associ-

ated with Gd+ lesions. Furthermore, sNfL seems to have

potential in discriminating between clinical relapses with

Gd+ lesions and clinical relapses without Gd+ lesions.

One possibility is that clinical relapses without Gd+
lesions may be pseudorelapses or unrelated physical

symptoms. Future research is needed to clarify this point.

This is a suggestive finding, which further confirms that

sNfL correlates with acute CNS inflammation and Gd+
lesions. However, sNfL levels were shown to be subject to

a great degree of interindividual and intraindividual vari-

ability, which may impair or even invalidate the clinical

applications of this biomarker. Therefore, efforts need to

be made to address all the possible confounders at play.
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