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IMPORTANCE Blood sample-based biomarkers that are associated with clinically meaningful
outcomes for patients with multiple sclerosis (MS) have not been developed.

OBJECTIVE To evaluate the potential of serum neurofilament light chain (SNFL) measurements
as a biomarker of disease activity and progression in a longitudinal MS data set.

DESIGN, SETTING, AND PARTICIPANTS Single-center, ongoing, prospective observational
cohort study of 607 patients with MS from the longitudinal EPIC (Expression, Proteomics,
Imaging, Clinical) study at the University of California, San Francisco from July 1, 2004,
through August 31, 2017. Clinical evaluations and sample collection were performed annually
for 5 years, then at different time points for up to 12 years, with a median follow-up duration
of 10 (interquartile range, 7-11) years. Serum NFL levels were measured using a sensitive
single molecule array platform and compared with clinical and magnetic resonance imaging
variables with the use of univariable and multivariable analyses.

MAIN OUTCOMES AND MEASURES The main outcomes were disability progression defined as
clinically significant worsening on the Expanded Disability Status Scale (EDSS) score and brain
fraction atrophy.

RESULTS Mean (SD) age of the 607 study participants at study entry was 42.5 (9.8) years;
423 (69.7%) were women; and all participants were of non-Hispanic European descent. Of
3911 samples sequentially collected, 3904 passed quality control for quantification of SNFL.
Baseline sNFL levels showed significant associations with EDSS score (B, 1.080; 95% Cl,
1.047-1114; P < .001), MS subtype (8. 1.478; 95% Cl, 1.279-1.707; P < .001), and treatment
status (B, 1.120; 95% Cl, 1.007-1.245; P = .04). A significant interaction between EDSS
worsening and change in levels of SNFL over time was found (3, 1.015; 95% Cl, 1.007-1.023;
P <.001). Baseline sNFL levels alone were associated with approximately 11.6% of the
variance in brain fraction atrophy at year 10. In a multivariable analysis that considered sex,
age, and disease duration, baseline sSNFL levels were associated with 18.0% of the variance
in brain fraction atrophy at year 10. After 5 years' follow-up, active treatment was associated
with lower levels of SNFL, with high-potency treatments associated with the greater
decreases in sNFL levels compared with platform therapies (high-potency vs untreated:
B.0.946; 95% Cl, 0.915-0.976; P < .001; high-potency vs platform: 3, 0.972; 95% Cl,
0.948-0.998; P = .04).

CONCLUSIONS AND RELEVANCE This study found that statistically significant associations of
sNFL with relevant clinical and neuroimaging outcomes in MS were confirmed and extended,
supporting the potential of SNFL as an objective surrogate of ongoing MS disease activity. In
this data set of patients with MS who received early treatment, the prognostic power of SNFL
for relapse activity and long-term disability progression was limited. Further prospective
studies are necessary to assess the assay'’s utility for decision-making in individual patients.
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reatment options for multiple sclerosis (MS) have ex-

panded considerably during the past quarter century,’?

but decisions about whom to treat, the duration of treat-
ment, and when to change therapy are typically based on tol-
erability and presumptions of likely long-term efficacy. The lack
of sensitive laboratory measures of worsening, progression, and
treatment response represent an important unmet need. Few
biomarkers are validated, and fewer have been translated into
clinical practice.? In fact, only cerebrospinal fluid (CSF) oligo-
clonal bands and measurements of intrathecal IgG synthesis
(both more than a half-century old in clinical practice) can
meaningfully assist with a diagnosis of multiple sclerosis (MS).
More recently, antibody titer for the JC polyomavirus has been
associated with risk for progressive multifocal leukoencepha-
lopathy in patients treated with natalizumab,* and anti-
aquaporin 4 antibodies can help distinguish MS from neuro-
myelitis optica spectrum disorder.”

Neuronal and axonal loss, thought to be present from the
earliest stages of MS, are the primary mechanism contribut-
ing to irreversible neurologic disability.® As a result, struc-
tural cellular proteins including neurofilaments are released
into the extracellular space and can be detected in cerebro-
spinal fluid (CSF). The neurofilament light chain (NFL) and neu-
rofilament heavy chain subunits are elevated in CSF samples
from persons with MS”'° and persons with other neurologic
diseases."'®> However, the use of repeated lumbar punctures
for assessment of biomarkers is impractical. The develop-
ment of a blood-based measure would represent a substan-
tial advancement in MS management. Laboratory assays to de-
tect neurofilament levels from the peripheral blood have been
developed, and initial reports indicate that serum NFL (SNFL)
levels are closely correlated with CSF levels and are associ-
ated with clinical and imaging measures of MS disease
activity.'*® Because neurofilaments are derived primarily from
neurons, their detection in serum reflects diffusion of the mol-
ecule from the central nervous system compartment. How-
ever, long-term studies of sSNFL concentrations and associa-
tion with disease outcomes are lacking. Recently, the highly
sensitive single molecule array (Simoa; Quanterix) technol-
ogy was optimized for the detection of NFL in serum.®%17 In
this study, we leverage the sensitivity of the single molecule
array assay and access to a well-characterized cohort with up
to 12 years of annual follow-up'® to assess the value of SNFL
levels as a biomarker of disability worsening, brain tissue dam-
age, and treatment response.

Methods

The University of California, San Francisco EPIC (Expression,
Proteomics, Imaging, Clinical) data set was established in 2004
to study the natural history of MSin the treatment era and pro-
spectively collected samples and clinical outcomes from 607
participants.'® Patients were enrolled beginning July 1, 2004;
for the present study, and the data set was closed on August
31, 2017. Clinical evaluations and sample collection were per-
formed annually for 5 years, then at different time points for
up to 12 years, with a median follow-up duration of 10 (inter-
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Key Points

Question Can serum neurofilament light chain measurements
serve as a reliable biomarker of disease worsening for patients
with multiple sclerosis?

Findings In this cohort study of 607 patients with multiple
sclerosis, serum neurofilament light chain levels increased
significantly faster in those experiencing disability worsening than
in those who remained clinically stable. Serum neurofilament
light chain level was associated with brain fraction loss, whereas
this was less the case for clinical outcomes such as relapses or
EDSS worsening.

Meaning The association of serum neurofilament light chain

level with changes in relevant clinical and neuroimaging

outcomes in multiple sclerosis was confirmed, strengthening

the potential of this biomarker as a measure of disease activity

in multiple sclerosis; however, the clinically useful prognostic value
of serum neurofilament light chain level for the individual patient
was limited.

quartile range [IQR], 7-11) years (eAppendix 1 in the Supple-
ment). At baseline, all participants satisfied the following in-
clusion criteria: (1) diagnosis of clinically isolated syndrome
(CIS), relapsing-remitting MS (RRMS), primary progressive MS
(PPMS), or secondary progressive MS (SPMS) by 2001 Inter-
national Panel Diagnostic Criteria'®; (2) no relapse or treat-
ment with glucocorticoids during the 30 days before the first
visit; and (3) availability of demographic and clinical data at
the time of sample collection, including information on re-
lapses and disability scores as measured by the standardized
Expanded Disability Status Scale (EDSS). Scores on the EDSS
may range from O to 10, and higher scores are defined by im-
pairment to ambulation and eventual death due to MS. Dis-
ability worsening was defined by a clinically significant in-
crease in the EDSS score from baseline to years 4 to 6 and
confirmed at years 9 to 11. A clinically significant increase in
EDSS score was defined according to the baseline EDSS score
as previously described!: a 1.5-point or greater increase in the
EDSS score was required for participants with a baseline EDSS
score of 0, a 1.0-point or greater increase for scores between
1.0t0 5.0, and a 0.5-point or greater increase for scores greater
than 5.0. The Committee on Human Research at the Univer-
sity of California, San Francisco, approved the protocol, and
written informed consent was obtained from all participants.

sNFL Measurements

Serum samples were processed immediately after phle-
botomy procedure and stored at -80 °C. Serum NFL levels were
assessed in duplicate using a single molecule array assay.'* A
total of 3911 samples were tested, and those with values be-
low the lower limit of quantification (1.28 pg/mL) or with a co-
efficient of variation greater than 20% were excluded from the
analysis (7 samples [0.18%]). Interassay coefficients of varia-
tion were 13% for a low (mean, 8.0 pg/mL), 8% for a medium
(mean, 20.9 pg/mL), and 7% for a high (mean, 92.9 pg/mL) con-
centration quality control serum sample measured in dupli-
cates in every run. All samples were measured in duplicate in
every run. Persons performing sNFL measurements were
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Table 1. Clinical and Demographic Characteristics of the MS Cohort at Baseline and at the Last Visit

Baseline Last Visit
Variable (n =607) (n =607) P Value
Age at examination, mean (SD), y 42.5(9.8) 51.0(10.4) NA
Female, No. (%) 423(69.7) 423 (69.7) NA Abbreviations: CIS, clinically isolated
Disease course, No. (%) syndrome; EZ%SS, Expanc.led Dlsabllllty
Status Scale®; MS, multiple sclerosis;
cis 93(15.3) 32(5.3) NA, not applicable; PPMS, primary
RRMS 435 (71.7) 435 (71.7) progressive MS;
<.001 ing- itti .
SPMS 54 (8.9) 115 (19.0) RRMS, relapsing: remlttlng.MS,
SPMS, secondary progressive MS.
PPMS 25(4.1) 25 (4.1) 2 Platform treatment (interferon
Disease duration, mean (SD) 8.6 (8.7) 17.4(9.4) NA beta-1b, interferon beta-1a, and
EDSS score, mean (SD) 2.0(1.6) 3.1(1.9) <.001 glatiramer acetate, monthly pulsed
Treatment, No. (%)? dose glucocorticoids, ézathloprlne.
mycophenolate mofetil, and
Untreated 236 (38.9) 247 (40.7) teriflunomide); high-potency
Platform 352 (58.0) 209 (34.4) <.001 treatment (natalizumab, rituximab,
High-potency 19(.1) 151 (24.9) mitoxantrone, cyclophosphamide,

fingolimod, and dimethyl fumarate).

blinded to the clinical measures. The details of the method have
been previously described.!*

Magnetic Resonance Imaging

Annual brain magnetic resonance imaging with 10 years’ fol-
low-up and measurable clinical progression was available for
a subset of 372 patients with RRMS and CIS. The images were
acquired with standardized head positioning and pulse se-
quences, as previously reported® and described in eAppen-
dix 2 in the Supplement.

Statistical Analysis

In all analyses, sNFL levels were transformed using a natural
logarithm to meet normal distribution (eAppendix 3 in the
Supplement). A linear regression model was used to assess
cross-sectional association between sNFL levels and demo-
graphic and clinical variables at the first and last time point
available for each participant. Estimates were back-
transformed to the original scale and represented multiplica-
tive effects on the geometric mean of sNFL. In addition, a lin-
ear regression model was used to estimate the association
between sNFL levels and time from the last clinical exacerba-
tion (relapses). A linear mixed-effects model was used to de-
termine the pattern of SNFL levels change over time between
active and inactive participants based on the presence or ab-
sence of clinical exacerbation among patients with CIS and
RRMS from baseline to year 5 of the study, to assess the pat-
tern of sNFL levels change over time relative to disability wors-
ening (progressors vs nonprogressors), and to evaluate the ef-
fect of treatments on sNFL levels. A naive Bayes classifier model
was used to evaluate baseline sNFL levels as predictors of the
clinical outcome (presence of relapse or sustained EDSS wors-
ening) during different follow-up periods. Receiver operating
characteristic curves were used to visualize the model perfor-
mance. A generalized estimating equation model was used to
determine the association between sNFL levels and magnetic
resonance imaging markers and to determine the association
between sNFL levels and brain parenchymal fraction over time,
comparing participants with CIS and those with RRMS above
and below the established sNFL percentiles at baseline with
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covariates age, sex, and disease duration. Finally, least squares
regression model with sex, age at baseline, and disease dura-
tion was used to assess the association of baseline sNFL lev-
els with brain atrophy over different time periods. Detailed
statistical methods are presented in eAppendix 3 in the Supple-
ment. All statistical analyses were computed using code
written in R version 3.4.3 (R Foundation). In all analyses, SNFL
levels were natural logarithm-transformed to meet normal
distribution. An a = .05 was used as the cutoff for signifi-
cance. All tests were 2-sided.

.|
Results

Demographic and Clinical Features of the MS Cohort

At study baseline, the MS cohort consisted of 607 partici-
pants: 93 with CIS, 435 with RRMS, 25 with PPMS, and 54 with
SPMS. The mean (SD) age of participants at study entry was
42.5 (9.8) years; 423 (69.7%) were women; and all study par-
ticipants were of non-Hispanic European descent. Clinical and
demographic characteristics of the cohort are summarized in
Table 1. The number of samples available for each time point
isshownin eFigure 1in the Supplement. Altogether, SNFL con-
centrations were obtained for 3904 samples.

Associations Between sNFL and Demographic

and Clinical Variables

The median sNFL concentration at baseline was 25.5 pg/mL
(IQR, 17.7-38.5 pg/mL). Consistent with previous reports,*
baseline sNFL levels were positively associated with age at sam-
pling (3, 1.008; 95% CI, 1.003-1.014; P = .002), but not with sex
(eTable1in the Supplement). Baseline sNFL levels also showed
significant associations with EDSS score (f3,1.08; 95% CI, 1.047-
1.114; P < .001 [ie, 8.0% higher sNFLlevels per EDSS step]), MS
subtype (higher values in progressive vs CIS or RRMS), pres-
ence of relapse in the 90 days before sampling (3, 1.478; 95%
CI, 1.279-1.707; P < .001), and treatment status (3, 1.120; 95%
CI,1.007-1.245; P = .04) (eTable 1and eFigure 2 in the Supple-
ment). No effect of copy number of HLA-DRBI*15:01 with sSNFL
level was observed (eTable 1in the Supplement). In the mul-
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Table 2. Association of sNFL Levels With Disease Activity®

Disease Activity Baseline to Year 5 Baseline to Year 1 Years 1-2 Years 2-3 Years 3-4 Years 4-5
No. of patients
Relapse 165 97 77 42 33 37
No relapse 155 305 273 259 232 238
Intercept estimate®
Relapse 13.158 18.916 8.499 13.957 11.078 8.240
No relapse 10.924 16.151 8.820 11.953 8.256 7.360
Group, coefficient 1.205 1.171 0.964 1.168 1.342 1.120
(95% Cl) (1.085-1.336) (1.021-1.344) (0.748-1.240) (0.690-1.975) (0.737-2.442) (0.500-2.507)
Group, P value© <.001 .02 77 .56 .34 .78
Slope estimate
Relapse 0.946 0.677 1.228 0.931 0.983 1.041
No relapse 0.967 0.658 1.150 0.919 0.988 1.030
Group by time, .08 71 .39 .90 .96 91
P value®

Abbreviation: sNFL, serum neurofilament light chain.

2 Analysis of the interaction between sNFL levels and disease activity (presence
of relapse).

®Intercept estimate is the adjusted value for the mean sNFL levels in each
group.

€ Group P value is the comparison of sNFL levels at baseline between patients
with and without the outcome.

dSlope estimate is the calculated slope for each group.

€ Group by time P value is the comparison of sNFL levels change over time
between disease activity groups.

Table 3. Association of sNFL Levels With Disease Progression?

Disease Progression Baseline to Year 12

Patients with EDSS worsening, No. 159
Patients with No EDSS worsening, No. 248
Intercept estimate, baseline sNFLP
EDSS score worsening 21.758
No EDSS score worsening 21.349

Group, coefficient (95% CI) 0.981 (0.890-1.080)

Group, P value© .69
Slope estimate?
EDSS score worsening 1.017
No EDSS score worsening 1.002
Group by time, coefficient (95% Cl) 0.985 (0.977-0.993)
Group by time, P value® <.001

Abbreviations: EDSS, Expanded Disability Status Scale; SNFL, serum
neurofilament light chain.

2@ Analysis of the interaction between time and disease progression (EDSS score
worsening from baseline to years 4 to 6 and confirmed at year 9 to 11 of the
study) over time.

®Intercept estimate is the adjusted value for the mean sNFL levels in each group.

€ Group P value is the comparison of sNFL levels at baseline between patients
with and without the outcome.

dSlope estimate is the calculated slope for each group.

€ Group by time P value is the comparison of sNFL level change over time
between patients with and without the outcome.

tivariable analysis, all associations remained significant ex-
cept for disease subtypes.

Similarly, at the last visit available for each study partici-
pant, sNFL levels showed a univariable association with age
(B,1.022; 95% CI, 1.018-1.026; P < .001), EDSS score (3, 1.095;
95% CI, 1.071-1.120; P < .001), disease subtype (3, 1.469; 95%
CI, 1.331-1.621; P < .001), and treatment with high-potency
drugs (B, 0.871; 95% CI, 1.331-1.621; P = .01), but not with the
presence of relapse in the 90 days before sampling (3, 1.031;
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95% CI, 0.817-1.300 P = .80 (eTable 2 and eFigure 2 in the
Supplement). In the multivariable analysis, the association with
age, EDSS, disease subtype, and treatment with high-
potency drugs remained significant. Although at baseline,
treatment with platform therapies was associated with slightly
higher sNFL levels, at the last visit, treatment with high-
potency therapies was associated with decreased levels of
sNFL. This effect remained significant in the multivariable
analysis (data not shown).

sNFL Levels Across Time, Relapse Activity,
and Disease Worsening
Participants were classified into 2 groups, according to whether
they had experienced O (inactive) or 1 or more relapses from
baseline to year 5 of the study (active). Significantly higher lev-
els of sNFL at baseline were observed in the active partici-
pantsrelative to the inactive group (3, 2.234; P < .001) (Table 2).
However, there was no difference in the change of sNFL lev-
els over time between the 2 groups (Table 2). Similar results
were observed with the analysis restricted to 1-year periods.
Significant associations between sNFL levels and contem-
poraneous EDSS scores were found (eTables 1and 2 and eFig-
ure 2 in the Supplement). To assess the association of disease
worsening over time with sNFL levels, once again partici-
pants were classified in 2 groups: those who experienced EDSS-
defined worsening from baseline to years 4 through 6, with
worsening sustained at years 9 through 11 of the study (“pro-
gressors”) (n = 159), and those who did not experience EDSS
worsening (“nonprogressors”) (n = 248). At baseline, there was
no difference in sNFL levels between the 2 groups (3, 0.409;
P = .69; Table 3). A significant interaction between EDSS wors-
ening and change in levels of sNFL over time was found
(B, 0.015; P < .001; Table 3), indicating a steeper trajectory
of sNFL levels in progressors. This result remained signifi-
cant after correction for age, sex, and disease duration.
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Figure 1. Change Over Time of Serum Neurofilament Light Chain (sNFL) Levels in Patients

With Multiple Sclerosis (MS) in Different Treatment Groups

@ Baseline to year 3 Baseline to year 5 Treatment subgroups
3.6+ 3.6 Untreated
Platform therapy
High-potency therapy
E 3% E 34 The graphs represent the group
~ ~
2 g means of NFL over time. Levels of
o 32 o 32 sNFL show a different rate of change
i 5 over time in patients treated with
= 3.09 £ 3.0 high-potency therapies compared
with those receiving platform
2.8 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 2.8 ‘ ‘ ‘ ‘ ‘ ‘ therapy or those who were untreated
0 0.5 1.0 1.5 2.0 2.5 3.0 0 1.0 2.0 3.0 4.0 5.0  duringa period of 3and 5 years.
Follow-up, y Follow-up, y The analysis includes patients with
i . relapsing-remitting multiple sclerosis,
Group Comparison PValue Group Comparison P Value clinically isolated syndrome,
Untreated (n=103) Untreated vs platform .17 Untreated (n=93) Untreated vs platform .04

secondary progressive MS, and

Platform therapy (n=320) Untreated vs high potency <.01 Platform therapy (n=208) Untreated vs high potency <.001 primary progressive MS, analyzed as

High potency (n=100) Platform vs high potency .06 High potency (n=109)

Platform vs high potency .04 asingle group. Dashed lines
represent 95% Cls.

sNFL Level and Long-term Relapse Activity

and Disability Worsening

Two approaches were used to assess the capacity of SNFL level
measured at a specific time point to compare with disease ac-
tivity (clinical relapse) and disability worsening in the subse-
quent year. The first consisted of using a continuous measure
of sNFL level, the second was based on stratifying samples
according to extreme values of sSNFL level relative to the total
cohort.

Based on area under the curve (AUC) values, sNFL levels
atbaseline were not associated with clinical relapses in the sub-
sequent years (AUC range, 0.59-0.72; eFigure 3in the Supple-
ment). When samples where categorized according to differ-
ent percentiles of NFL levels, we observed that higher SNFL
levels were associated with a greater risk of having experi-
enced a relapse in the 60 and 360 days before sampling com-
pared with lower levels (eTable 3A and B and eTable 4A and B
in the Supplement). However, extreme levels of SNFL were not
associated with future relapses (eTables 4A and 4B in the
Supplement). Considering that potential bias caused by the re-
quirement that patients experiencing an acute relapse wait at
least 30 days before being enrolled in the study, the analysis
of factors associated with relapse was repeated after omitting
baseline samples and showed similar results (eTable 5 in the
Supplement).

Likewise, sNFL levels at different time points were not
associated with long-term disability progression (AUC
range, 0.54-0.59; eFigure 4 in the Supplement). Serum NFL
levels categorized according to extreme percentiles were also
not associated with subsequent EDSS worsening, nor were they
associated with previous EDSS worsening (eTable 3C and
eTable 4C in the Supplement).

sNFL Levels After Treatment

Given the cross-sectional association between sNFL levels and
treatment status, the association of platform and high-
potency therapies with sNFL levels over time was compared.
Participants were stratified into 3 treatment arms: untreated,
treated with platform therapies, or treated with intermediate

jamaneurology.com

or high-potency therapies during the initial 3 and 5 years of
the study, and changes in sNFL levels over time were com-
pared between groups. Clinical and demographic character-
istics of the patients included in the study are detailed in
eTable 6 in the Supplement. Participants treated with high-
potency therapies during the first 3 years of the study showed
a more significant decrease of sNFL levels over time com-
pared with those who were untreated (3, 0.922; 95% CI, 0.868-
0.980; P < .01; Figure 1). The same analysis over a period of 5
years was repeated, and a differential association of high-
potency therapies relative to no treatment or platform thera-
pies was observed, suggesting that drugs with greater effec-
tiveness produced more robust changes for sNFLlevels. After
5years’ follow-up, active treatment was associated with lower
levels of sNFL, with high-potency treatments associated with
the greater decreases in sNFL levels compared with platform
therapies (high-potency vs untreated: 3, 0.946; 95% CI, 0.915-
0.976; P < .001; high-potency vs platform: 3, 0.972; 95% CI,
0.948-0.998; P = .04). The high-potency treatment group con-
sisted of participants who initiated treatment before baseline
(19 participants for the 3-year and 15 for the 5-year follow-up
points) as well as participants who switched from platform
therapies to high-potency therapy during follow-up (81 par-
ticipants for the 3-year and 94 for the 5-year follow-up points).
Participants were subsequently stratified according to their
treatment status at baseline (eFigure 5 in the Supplement).
Clinically active participants switching to high-potency treat-
ments (ie, treat to target) showed higher levels of SNFL at base-
line, and the decrease of sSNFL over time was more pro-
nounced compared with the other treatment groups (eFigure 5
in the Supplement).

sNFL Levels and Magnetic Resonance Imaging Markers

To maximize power, we restricted the analysis to 372 study par-
ticipants who started as RRMS or CIS and completed at least 9
years of annual follow-ups including magnetic resonance
imaging. Here, T2 lesion volume was associated with sSNFLlev-
els over time (B, 3.361; 95% CI, 2.300-4.420; P = 5.8 x 107'°),
and there was an association between sNFL levels and brain
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Figure 2. Association of Serum Neurofilament Light Chain (sNFL) Level at Baseline With Percentage of Brain Fraction Change Over Time
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In a multivariable model including age, disease duration, and sex, baseline sNFL levels were significantly associated with the percentage of brain fraction change

across time.

fraction (B, 2.0 x 107%; 95% CI, 4 x 107%-0.000396; P = .02)
(eTable 7A in the Supplement). These associations remained
significant when the analyses were adjusted for covariates
(eTable 7B in the Supplement). Baseline sNFL levels were as-
sociated with brain fraction atrophy at the different time points
analyzed (Figure 2 and eTable 8 in the Supplement). Further-
more, when the data set was stratified into extreme percen-
tiles according to the levels of sNFL at baseline, we observed
an interaction between percentile of sNFL levels and time
(B = 0.00028; 95% CI, 0.00014-0.00042; P < .001; eTable 9
in the Supplement), which may mean that the change of brain
parenchymal fraction over time differs between patients with
sNFL levels above and below the threshold percentiles. Base-
line sNFL levels accounted for approximately 11.6% (univari-
able) and 18.0% (multivariable) of the variance in brain frac-
tion atrophy at year 10 (eTable 10 in the Supplement).

|
Discussion

The past few years have seen real progress in defining the
pathologic and etiologic underpinnings of MS, reflected by a
robust pipeline of disease-modifying drugs that control in-
flammation and prevent or delay the neurodegenerative phase
of the disease.!? Pairing these advances with the develop-
ment of biomarkers for disease progression to inform and in-
dividualize treatment decisions represents an important un-
met need in the field. A number of recent studies have proposed
the use of NFL level, obtained from CSF or serum, as a bio-
marker of disease activity and worsening in MS. In the pre-
sent study, sNFL levels in a well-characterized cohort of 607
patients with MS with up to 12 years’ follow-up were ana-
lyzed to assess their association with disease activity, treat-
ment, and prognostic power with respect to disability and brain
fraction atrophy. At study baseline, we found that sNFL lev-
els were associated with age, disease subtype, relapses, and
treatment status. Consistent with previously reported
studies,®!%21-2> Jevels of sNFL in this cohort were associated

JAMA Neurology Published online August 12, 2019

with EDSS scores at the time of sampling. However, in con-
trast to others, we did not detect an association with relapse
activity over time. This was an actively monitored and treated
cohort, with relatively few relapses recorded during the an-
nual follow-up visits, and the study was not designed to closely
assess relapse activity but rather to monitor the long-term be-
havior of MS in the treatment era. In this regard, we were also
unable to replicate the finding that levels of sSNFL are associ-
ated with future EDSS worsening.%2°> Possible explanations
for these discrepancies may be unidentified confounders in-
herent to each data set, the lack of a healthy control data set
in our study for calculating the sNFL percentiles, or therapeu-
tic practices that could attenuate sNFL levels as well as clini-
cal outcomes. However, we interpret our data as representa-
tive of inherent variability in the behavior of MS over time. The
fact that we did not find an association of SNFL levels with fu-
ture EDSS worsening could be due to the lag in evolution of
disability after neuronal injury.2® On the other hand, we show
for the first time, to our knowledge, that participants who ex-
perienced disability worsening as measured by a clinically sig-
nificant increase in EDSS have a different rate of SNFL change
over time compared with those not showing worsening.

It was previously shown that some disease-modifying
treatments decrease NFL levels in CSF273° and blood.!#-*1-32
At baseline, participants receiving treatment with platform
therapies showed higher levels of sNFL than those receiving
high-potency disease-modifying treatments; at the last visit,
participants treated with high-potency therapies showed de-
creased levels compared with untreated subjects. These re-
sults suggest that high-potency therapies are associated with
a greater reduction in sNFL levels over time compared with
other treatment options. These data could also represent con-
founding by indication, whereby it is possible that, at study
entry, patients with more aggressive disease were more likely
to have started disease-modifying treatments. These obser-
vations were further confirmed in the longitudinal analysis,
where we found that high-potency treatment, especially in
those participants switching from platform treatment, was
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associated with a greater reduction in sNFL levels than plat-
form therapies.> This study was not designed to assess the as-
sociation of treatment with NFL levels; however, results were
in line with recent findings from retrospective analyses from
randomized clinical trials.>* The potential of SNFL to serve as
a surveillance biomarker for treatment response should be
further defined by including sNFLlevels as an outcome in treat-
ment-specific clinical trials.

Consistent with recent reports,?*>3> sNFL levels at base-
line may be associated, albeit modestly, with future brain frac-
tion atrophy as early as 1 year after sampling. This result was
observed at the different time points analyzed. We also ob-
served a significantly different atrophy rate over time be-
tween patients with sNFL levels greater than and less than
established percentiles, further supporting the potential of
sNFL levels as biomarkers of brain damage.

Limitations

This study has limitations worth highlighting. First, samples
were acquired on an annual basis. More frequent sample ac-
quisition would be useful to provide a broader understand-
ing of the dynamics of sNFL levels, especially with respect to
changes associated with clinical relapses. Second, even though

Original Investigation Research

the number of participants and samples acquired was sub-
stantial, the study lacks power for assessment of the out-
comes of individual therapies. We grouped therapies into tiers
based on limited comparative efficacy data, and much larger
numbers of participants would be needed to achieve ad-
equate statistical power to assess the impact of individual
therapies and how switching between therapies affects SNFL
levels. Another limitation of the study was the lack of data on
NFL stability and serially sampled healthy control partici-
pants. However, the detection of NFL did not appear to be
altered by storage time; therefore, this variable should not
change the results.!#3!

. |
Conclusions

Our findings from a large observational cohort followed up for
12 years at a single center suggest that (1) SNFL levels are
associated with brain atrophy, (2) changes in sNFL levels
are associated with disability worsening, and (3) sNFL levels
may be influenced by treatment. For an individual patient, the
biomarker prognostic power of sNFL level for clinical and mag-
netic resonance imaging outcomes was limited.
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