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ABSTRACT

Objective To investigate relationships between serum
neurofilament light chain (sNfL), ubiquitin C-terminal
hydrolase L1 (sUCHL1), tau (sTau) and glial fibrillary
acidic protein (sGFAP) levels and disease activity/
disability in neuromyelitis optica spectrum disorder
(NMOSD), and the effects of inebilizumab on these
biomarkers in N-MOmentum.

Methods N-MOmentum randomised participants to
receive inebilizumab or placebo with a randomised
controlled period (RCP) of 28 weeks and an open-

label follow-up period of =2 years. The sNfl, SUCHLT,
sTau and sGFAP were measured using single-molecule
arrays in 1260 scheduled and attack-related samples
from N-MOmentum participants (immunoglobulin G
(IgG) autoantibodies to aquaporin-4-positive, myelin
oligodendrocyte glycoprotein-lgG-positive or double
autoantibody-negative) and two control groups (healthy
donors and patients with relapsing—remitting multiple
sclerosis).

Results The concentration of all four biomarkers
increased during NMOSD attacks. At attack, sNfL had the
strongest correlation with disability worsening during
attacks (Spearman R?=0.40; p=0.01) and prediction of
disability worsening after attacks (sNfL cut-off 32 pg/
mL; area under the curve 0.71(95% Cl 0.51 to 0.89);
p=0.02), but only SGFAP predicted upcoming attacks.
At RCP end, fewer inebilizumab-treated than placebo-
treated participants had sNfL>16 pg/mL (22% vs 45%;
OR 0.36 (95% C1 0.17 to 0.76); p=0.004).
Conclusions Compared with sGFAP, sTau and sUCHLT,
sNFL at attack was the strongest predictor of disability
worsening at attack and follow-up, suggesting a role for
identifying participants with NMOSD at risk of limited
post-relapse recovery. Treatment with inebilizumab was
associated with lower levels of sGFAP and sNfL than
placebo.

Trial registration number NCT02200770.

INTRODUCTION
Neuromyelitis optica spectrum disorder (NMOSD)
is a rare autoimmune inflammatory disease of the

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Neuromyelitis optica spectrum disorder
(NMOSD) is characterised by incremental
permanent disability; thus, availability of
biomarkers as indicators of the presence and
progression of NMOSD is highly desirable.
The aim of this study was to investigate the
potential relationship between four putative
biomarkers and disease activity/disability in
participants from the N-MOmentum study and
to assess the impact of inebilizumab treatment
on their observed concentrations.

WHAT THIS STUDY ADDS

= Serum neurofilament light chain measured
at attack was the best predictor among
biomarkers studied for disability worsening
during and after attacks but was inferior to
serum glial fibrillary acidic protein in prediction
of future attacks. Compared with placebo,
treatment with inebilizumab attenuated the
elevation of biomarkers during attacks and
reduced levels of these biomarkers over time in
the absence of adjudicated attacks.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These findings may help to inform progress
towards assessment of clinical status, prognosis
and treatment decisions for patients with
NMOSD by means of routine measurement of
biomarkers.

central nervous system (CNS) characterised by
attacks of optic neuritis, transverse myelitis and,
less commonly, brain or brainstem inflammation.’
Attacks are thought to be caused by astroglial injury
resulting in secondary demyelination and substan-
tial tissue injury.” Incremental damage occurs in
the context of acute attacks, which can be severe
and cause permanent disability due to incomplete
recovery; in contrast to multiple sclerosis (MS),
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progressive worsening of disability independent of attacks is
rare.’

Immunoglobulin G (IgG) autoantibodies to aquaporin-4
(AQP4-IgG) are pathogenic; up to 90% of patients with
NMOSD are AQP4-IgG seropositive (AQP4+).*° In the CNS,
AQP4-IgG binds to the extracellular domain of AQP4 expressed
in the astrocyte, resulting in astrocytic damage through
complement-mediated and complement-independent mecha-
nisms.® 7 Damaged astrocytes compromise trophic support for
surrounding oligodendrocytes and neurons, presumably leading
to secondary inflammation, demyelination and axonal loss.®
Experimental data also suggest that AQP4-IgG induces cytokine
production, increasing blood—brain barrier permeability.’

Identifying biomarkers as indicators of the presence and
course of disease promises to improve diagnosis and manage-
ment of neurological conditions such as NMOSD.'® Soluble
glial fibrillary acidic protein (GFAP), an abundant cytoskeletal
intermediate filament in astrocytes, is released into cerebro-
spinal fluid (CSF) and serum following astroglial injury.'* Serum
GFAP (sGFAP) was previously found to correlate strongly with
NMOSD attacks,"*™* including attack prediction."* Neurofila-
ments are structural proteins, exclusively expressed in neurons,
forming an essential part of the cytoskeletal scaffold."® Axonal
damage leads to elevated CSF and serum concentrations of
neurofilament light chain (NfL) in the CSF and serum.'® NfL was
validated as a highly sensitive biomarker of neuroaxonal damage,
regardless of cause,'” and serum NfL (sNfL) is a biomarker of
neuronal injury in various neurodegenerative diseases, as well as
in NMOSD, 121315 18 19

Ubiquitin C-terminal hydrolase L1 (UCHL1) is a highly
abundant neuron-specific protein that forms part of the ubiq-
uitin proteasome system of protein degradation.”* Tau forms
an important part of the microtubule structure in the axonal
cytoskeletion.”! Neuronal damage causes release of UCHL1
and tau into CSF and plasma, and elevated serum levels have
been observed in several neurological and neurodegenerative
diseases, including Alzheimer’s disease, epilepsy and MS." %
GFAP, NfL, tau and UCHL1 concentration detection was previ-
ously limited to CSF; however, development of highly sensi-
tive, single-molecule array (SIMOA) technology (Quanterix;
Lexington, Massachusetts, USA) has allowed for reliable serum
measurement.

N-MOmentum was a randomised, placebo-controlled,
double-blind, phase 2/3 trial assessing the efficacy and safety of
inebilizumab, an anti-CD19, B-cell-depleting antibody, in partic-
ipants with NMOSD.! #* The aim of the current study was to
investigate potential relationships between sGFAP, sNfL, serum
tau (sTau) and serum UCHL1 (sUCHL1), and disease activity
in N-MOmentum study participants and to assess the impact of
inebilizumab on concentrations of these putative biomarkers.

METHODS

Study design and participants

sGFAP, sNfL, sUCHL1 and sTau concentrations were assessed in
N-MOmentum participants,” a healthy donor reference cohort,
and patients with relapsing-remitting MS (RRMS).**

Full details of N-MOmentum have been published previ-
ously.” In brief, adults with AQP4+ or AQP4-IgG seronega-
tive (AQP4—)* NMOSD, an Expanded Disability Status Scale
(EDSS) score of 8.0 or less and a recent history of NMOSD
attack were eligible (see online supplemental methods).”

Participants were randomly assigned (3:1) to receive intrave-
nous inebilizumab 300 mg or placebo (saline) administered on

days 1 and 15 of the randomised controlled period (RCP). The
RCP lasted for 28 weeks or until adjudicated attack occurrence.
Attacks, defined by protocol-defined criteria, were adjudicated
based on neurological evaluations and MRI data (on a criteria-
dependent basis) by an independent expert committee during
the 17 days post-attack. Attack severity was graded according to
a modified version of the Opticospinal Impairment Scale (OSIS)
that characterises attacks as major or minor based on changes
in domain-specific scores for neurological function.*** Attack
recovery assessment was performed 28 days post-attack and
graded according to change in the same domain-specific scores
relative to the score at time of attack. Disability was assessed
using the EDSS and modified Rankin Scale (mRS).?® Depending
on baseline EDSS score, participants were considered to have
a worsening EDSS score if they had a worsening of =2 points
(baseline=0 points), =1 points (baseline=1-5 points) or =0.5
points (baseline=35.5 points).

Two reference cohorts of individuals without NMOSD were
used as controls: one comprising age-matched and sex-matched
healthy donors (n=85) and another comprising untreated
patients with moderate-to-severe RRMS (baseline EDSS score
>3.5; n=23) from the USA and Europe.”

Standard protocol approvals, registrations and participant
consent

Participants were screened at 99 outpatient specialty clinics or
hospitals in 25 countries. Institutional review boards or ethics
committees at study sites approved the protocol. The study is
registered with ClinicalTrials.gov (NCT02200770), and was
conducted in accordance with the provisions of the Interna-
tional Council for Harmonisation Guidelines for Good Clinical
Practice and the principles of the Declaration of Helsinki in its
currently applicable version.

Assessment of concentrations of biomarkers of CNS damage
Blood samples were collected from N-MOmentum participants
during RCP study visits on days 1 (baseline), 15, 29, 57, 85,
113, 155 and 197, and during any assessment visit for new
or worsening NMOSD symptoms. In the reference cohorts,**
participants were untreated and blood was collected at the single
baseline visit. Ten healthy donors underwent repeated longitu-
dinal sampling for serial biomarker measurements. As validated
in serum samples from patients with MS or traumatic brain
injury,?’ *° biomarker concentrations were determined using the
SIMOA assay. Quantification of sNfL, sTau and sUCHL1 was
performed using ‘Neurology 4-plex B’ kits run on the SIMOA
HD-X Analyzer, and also included sGFAP. In-depth analysis
of the N-MOmentum sGFAP data set was recently reported,
focusing on attack severity and prediction.' This data set is
also included in the current study for comparison with the other
biomarkers that focus on long-term disability. Assays for all four
biomarkers were undertaken in parallel on the same SIMOA
assay plate. Elevated serum biomarker concentrations were
defined as being more than two SDs above the healthy donor
mean (sGFAP: >170pg/mL, sNfL: >16pg/mL, sTau: >1.3 pg/
mL and sUCHL1: >52pg/mL) according to established labora-
tory procedures®'; two healthy donors were outliers (according
to the 95% trend/mean SD rule) and excluded from analyses for
all biomarkers measured.

Statistical analyses
The current analyses are exploratory and are for hypothesis
generation only (see online supplemental methods for full
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details). In brief, the utility of biomarker concentrations at base-
line and at time points during the RCP as a predictor of future
attack risk was assessed using multivariate Cox proportional
hazards regression. The Wilcoxon signed-rank test was used to
evaluate statistical significance of increases of each biomarker
from each time point to attack in paired samples.

A mixed-effects logistic regression model was used to eval-
uate statistical significance of elevated biomarker concentrations
in attack samples versus samples drawn during scheduled visits;
sensitivity analyses were conducted to assess the performance of
the model across participants in different treatment arms and
in those who did or did not experience attacks during the RCP.

Correlations between changes in EDSS scores, EDSS compo-
nent scores and biomarker concentrations from baseline to
attack were evaluated using Spearman’s Rho. Multiple linear
regression was used to assess independent correlation of each
biomarker with EDSS score change at attack and proceeding
attack after controlling for baseline EDSS score and age. The
Mann-Whitney U test was used to further evaluate statistical
significance of biomarker changes and the occurrence/absence of
protocol-defined EDSS score worsening.

The significance of changes in biomarker concentrations from
baseline to attack was evaluated in both RCP treatment groups
using the Wilcoxon signed-rank test. Fold changes from baseline
between treatment groups and in participants who did or did
not experience attacks were assessed using the Mann-Whitney
U test. Significance of changes in sNfL concentrations between
treatment groups was also assessed using a mixed linear model
including baseline sNfL, EDSS score and age as covariates and
a per-subject random intercept term. All statistical analysis was
performed in R V.4.1.3.

Data availability

Study data will be made available to others (see online supple-
mental methods). For more information, or to submit a request,
please email: medicalinformation@horizontherapeutics.com.

RESULTS

Study participants

The trial profile for N-MOmentum and full details of partic-
ipant demographics who provided biomarker samples were
reported.’** In total, 215 participants provided 1260 serial and
NMOSD attack-related samples for biomarker concentration
analysis. Most participants were women (194/215 (90.2%)) and
approximately half were white (110/215 (51.2%)). At baseline,
198 participants (92.1%) were AQP4+, 7 (3.3%) were seropos-
itive for myelin oligodendrocyte glycoprotein-immunoglobulin
G (MOG+), and 10 (4.7%) had no detectable autoantibodies for
AQP4 or myelin oligodendrocyte glycoprotein (MOG) (double-
negative participants). Demographics were similar in the inebili-
zumab (n=164) and placebo (n=51) groups."

CNS damage biomarker concentrations increase during
NMOSD attacks

Significant increases in all four biomarkers were observed in
serum samples taken from the whole cohort in the week before,
on the day of and during the week following adjudicated attacks
(figure 1); every participant had at least one EDSS assessment after
an attack therefore guarding against bias introduced by informative
censoring of participants who withdrew from the trial following
attack. Mean sGFAP and sNfL concentrations increased above the
defined elevated concentration (ie, >2 SDs from healthy donor
means) during the week following clinical attack onset, while mean

sTau and sSUCHL1 concentrations remained below elevated levels
at all time points assessed. Mean sNfL levels remained elevated in
samples taken after (>7days) attack onset, in contrast to sGFAP,
which returned to baseline levels (figure 1A-B). Locally estimated
scatterplot smoothing regression lineplots of biomarker changes in
relation to time of attack show similar results (online supplemental
efigure 1). These attack-related biomarker patterns were obvious
for AQP4+ participants, but not for MOG+ or double-negative
participants.

Among 198 AQP4+ participants with available biomarker
data, there were 32 adjudicated attacks. Twelve participants
had a more than twofold change in sNfL (3 had a more than
twofold change in sNfL but not in sGFAP), 20 had a more than
twofold increase in sGFAP (11 had a more than twofold increase
in sGFAP but not in sNfL) and 9 did not have a corresponding
increase of more than twofold in sGFAP or sNfL. Addition-
ally, outside of attacks, 4 participants had a more than twofold
change in sNfL alone, 15 in sGFAP alone and 3 in both sGFAP
and sNfL. As a sensitivity analysis, a mixed-effects model for
logistic regression was used to account for relevant variables and
recurrent measurements in one model. The results were similar,
with sGFAP, sNfL and sTau showing statistically significant asso-
ciations with attacks (online supplemental eTable 1).

Biomarkers of CNS damage are elevated in patients with
NMOSD and may be predictive of upcoming attacks

In participants with NMOSD, sGFAP concentrations were
elevated at baseline versus healthy donors and patients with
RRMS (30% of AQP4+ participants had sGFAP concentrations
>2 SDs above healthy donor means vs 14% of MOG+ patients,
10% of double-negative patients, 9% of those with RRMS and
3.5% of healthy donors) (figure 2A). Similarly, elevated sNfL
levels were observed in 37% of AQP4+ patients, 43% of MOG+
participants, 10% of double-negative patients, 26% of those with
RRMS and 3.5% of healthy donors (figure 2B). The proportions
of participants with elevated baseline sTau and sUCHL1 concen-
trations, or with increased serum GFAP:NfL ratios, were similar
in the three N-MOmentum populations (figure 2C-E).

Regression analysis performed in the AQP4+ participants
demonstrated that elevated biomarker concentrations in the
day 1 RCP sample equated to HRs for an adjudicated NMOSD
attack during the RCP of 0.78-2.56, although only the highest
value, obtained for sGFAP, was significant (figure 2F); time
between day 1 of the RCP and last attack ranged from 3 to 199
days. Similarly, the likelihood ratio test on nested Cox regression
models (sGFAP vs all four biomarkers) lacked statistical signifi-
cance (x*=5.22; p=0.16), indicating that biomarkers other than
sGFAP did not contribute added value as predictors of upcoming
attack risk (online supplemental eTable 2).

When AQP4+ participants in the two treatment arms of
N-MOmentum were stratified according to respective cut-off
values for sGFAP, sNfL, sTau and sUCHL1, those with elevated
baseline values in the inebilizumab group had a significantly
higher likelihood of experiencing an attack during the RCP than
those without elevations. In the placebo group, a similar trend
in AQP4+ participants was observed for sGFAP (p=0.067);
however, differences in the Kaplan-Meier curves for all four
biomarkers lacked statistical significance (online supplemental
efigure 2). For all AQP4+ placebo-and inebilizumab-treated
participants, broadly similar findings were observed for sNfL,
sTau and sUCHL1 in heat maps of day 1 CNS biomarker concen-
trations in the subsets of participants who experienced attacks
during the RCP (online supplemental efigure 3).
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Figure 1  Boxplots displaying (A) SGFAP, (B) sNfL, (C) sTau, (D) sSUCHL1 and

(E) serum GFAP:NfL ratio in samples drawn during the lead-up to an NMOSD

attack and in day1/RCP samples drawn >5 weeks from the attack in participants who experienced an NMOSD attack during the RCP. Horizontal dotted
lines show 2 SDs from the mean of the HD control cohort; sGFAP, 170 pg/mL; sNfL, 16 pg/mL; sTau, 1.3 pg/mL; SUCHL1, 53 pg/mL; sGFAP:sNfL ratio, 33.
Note the differing y-axis scales, particularly the logarithmic scale for sGFAP. Median (IQR) attack follow-up was at 108 (27—124) days. A p<0.10; *p<0.05;
**p<0.01; ***p<0.001, Wilcoxon signed-rank test, samples drawn at baseline versus 1week until attack. AQP4+, seropositive for immunoglobulin G
autoantibodies to aquaporin-4; AQP4—, seronegative for immunoglobulin G autoantibodies to aquaporin-4; DN, double-negative; GFAP, glial fibrillary

acidic protein; HD, healthy donor; MOG+, seropositive for myelin oligodendrocyte glycoprotein-immunoglobulin G; NfL, neurofilament light chain; NMOSD,
neuromyelitis optica spectrum disorder; RCP, randomised controlled period; sGFAP, serum glial fibrillary acidic protein; sNfL, serum neurofilament light chain;

sTau, serum tau; sSUCHL1, serum ubiquitin C-terminal hydrolase L1.

Biomarkers other than sGFAP do not add value in identifying
attacks

Assessment of biomarker concentrations in the context of attacks
and attack severity demonstrated that sNfL, sTau and sUCHL1

were not as sensitive in predicting attacks or attack severity as
was sGFAP. Notably, 37.5% of participants (3/8) without elevated
sGFAP during an attack had elevated sNfL; sTau and sUCHLI1
elevations did not occur in the absence of increased sGFAP
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Figure 2 Boxplots of day 1/RCP serum CNS damage biomarkers relative to HDs. (A) sGFAP, (B) sNfL, (C) sTau, (D) sSUCHL1 and (E) serum GFAP:NfL ratio.
Patients were determined to be ‘high’ for each cut-off based on levels being higher than two SDs from the mean of the HD cohort. Horizontal dotted line in
each case represents the threshold for 2 SDs from the HD mean; sGFAP, 170 pg/mL; sNfL, 16 pg/mL; sTau, 1.3 pg/mL; SUCHL1, 53 pg/mL; sGFAP:sNfL ratio,
33. (F) Forest plot of Cox regression coefficients from model fit using day 1/RCP CNS damage biomarker concentrations as predictors of RCP attack risk in
AQP4+ participants. Note the differing logarithmic y-axis scales, particularly the scale for SGFAP. HR for SGFAP, *p<0.05. AB, antibody; AQP4+, seropositive
for immunoglobulin G autoantibodies to aquaporin-4; CNS, central nervous system; DN, double-negative; GFAP, glial fibrillary acidic protein; HD, healthy
donor; MOG+, seropositive for myelin oligodendrocyte glycoprotein-immunoglobulin G; NfL, neurofilament light chain; NMOSD, neuromyelitis optica
spectrum disorder; RCP, randomised controlled period; RRMS, relapsing—remitting multiple sclerosis; SGFAP, serum glial fibrillary acidic protein; sNfL, serum
neurofilament light chain; sTau, serum tau; SUCHL1, serum ubiquitin C-terminal hydrolase L1.

(figure 3A). Logistic regression analysis demonstrated that the
predictive capability of the biomarkers assessed was equal to or
worse than the predictive capability of sGFAP alone in predicting
attacks in AQP4+ participants (figure 3B and C). These findings
were not observed in AQP4— participants (figure 3A).

sNfL is the strongest correlate of changes in disability
A correlation analysis between biomarker concentrations and
three measures of disability in the N-MOmentum study (EDSS,

0SI5% ?7 and mRS*®) was undertaken in AQP4+ participants.
sNfL correlated significantly with changes in ambulation
subscale scores (Spearman R=0.58 (95% CI 0.24 to 0.92)) and
pyramidal functional system scores (Spearman R=0.46 (95% CI
0.12 to 0.80)) of the EDSS during attack assessments (figure 4A).
Increased biomarker concentrations generally correlated with
OSIS scores (figure 4B). Compared with the other biomarkers,
sNfL was more sensitive for myelitis events but less sensitive for
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to NMOSD attack in placebo-treated participants (left) and inebilizumab-treated participants (right). Heatmaps ordered by sGFAP concentration. (B) Mean
ROC curves for out-of-fold predictions from 10 iterations of fivefold cross validation for mixed-effect logistic regression model fit to identify 37 attack
samples versus remaining samples drawn during the study using SGFAP alone (red) versus all four CNS markers (blue) as predictors. (C) Sensitivity analysis
displaying mean (+/— SEM) AUC from out-of-fold predictions for both models for all samples, samples drawn from the inebilizumab cohort and placebo
cohort separately, then for those samples drawn from participants who experienced attacks during the RCP. One participant had a missing attack sample.
AQP4+, seropositive for immunoglobulin G autoantibodies to aquaporin-4; AQP4—, seronegative for immunoglobulin G autoantibodies to aquaporin-4;
AUC, area under the curve; CNS, central nervous system; CV, coefficient of variation; HD, healthy donor; NMOSD, neuromyelitis optica spectrum disorder;
OSIS, Opticospinal Impairment Scale; RCP, randomised controlled period; ROC, receiver operator curve; sGFAP, serum glial fibrillary acidic protein; sNfL, serum
neurofilament light chain; sTau, serum tau; SUCHL1, serum ubiquitin C-terminal hydrolase L1.

optic neuritis events. SNfL was the only biomarker to correlate
with changes in mRS scores (figure 4C). Correlation analysis
revealed that, of the four biomarkers, sNfL was the strongest
correlate of EDSS scores (Spearman R=0.40 (95% CI 0.06 to
0.74)) (figure 4D, online supplemental eTable 3).

We explored whether elevated sNfL at attack predicted
EDSS score worsening at follow-up assessments in AQP4+
participants, because elevated sNfL during attacks correlated
with EDSS score changes during attack assessments. All partic-
ipants were followed up at week 26 of the open-label period
(OLP) (median (xIQR): 108 (27-124) days). Participants who
displayed EDSS score worsening at follow-up had elevated sNfL
(area under the curve: 0.71 (95% CI 0.51 to 0.89)). A cut-off of
sNfL 32 pg/mL at attack optimally distinguished those with EDSS
score worsening from those without at follow-up (figure 4E). We
then assessed whether sNfL concentrations at attack were indic-
ative of EDSS score worsening in the longer term. Median (IQR)
sNfL concentration was higher in placebo-treated participants
with EDSS score worsening at attack follow-up and confirmed
at 3 months (3-month confirmed disability progression (CDP);

n=35, 55.3 (34.1-62.7) pg/mL) compared with the one partic-
ipant with EDSS score worsening at attack follow-up but not
confirmed at 3 months (35.6 pg/mL) or those with no EDSS
score worsening at attack follow-up (n=11, 13.50 (10.31-
26.10) pg/mL). In inebilizumab-treated participants, only one
had EDSS score worsening with 3-month CDP. No statistical
analysis was possible owing to the low sample size. Other CNS
biomarkers were not significantly associated with EDSS score
changes during attack or follow-up after controlling for sNfL
changes in a multiple regression model. A mixed linear model
of sNfL concentration versus EDSS score at attack and at attack
follow-up was run as a sensitivity analysis and confirmed the
correlation between these two variables after controlling for age
and baseline disability score (online supplemental eTable 4).

Inebilizumab-treated participants had lower CNS damage
biomarker levels than placebo-treated participants

sNfL levels were significantly lower in inebilizumab-treated than
in placebo-treated AQP4+ participants (figure SA). At the end of
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low-up was (median (xIQR)) 108 (27—124) days. AUC, area under the curve;

CNS, central nervous system; EDSS, Expanded Disability Status Scale; GFAP, glial fibrillary acidic protein; mRS, modified Rankin Scale; OSIS, Opticospinal
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hydrolase L1.

the RCP, fewer participants receiving inebilizumab than placebo
(229% vs 45%; OR 0.36 (95% CI 0.17 to 0.76), p=0.004, Fish-
er’s exact test) had sNfL values above 16 pg/mL.

At the end of the RCP, inebilizumab-treated attack-free partic-
ipants had significantly lower sNfL levels than attack-free partic-
ipants receiving placebo (figure 5B, online supplemental file 2
eTable 5). Levels of the other three biomarkers in attack-free
participants were also numerically lower after inebilizumab
(online supplemental efigure 4).

Finally, in participants who experienced an attack during the
RCP (figure 5C), sNfL levels were lower in inebilizumab-treated
than in placebo-treated patients after the end of the RCP (week
26 OLR, p=0.03 for median fold change from baseline between
the two treatment groups). Elevated levels of the other three
biomarkers were observed at the time of attack, with sGFAP
reaching statistical significance (p=0.037 for median fold change
from baseline between the two treatment groups) (online supple-
mental efigure 5).
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Analysis using a mixed-effects linear model to assess the
impact of inebilizumab on sNfL concentrations similarly showed
significant decreases at week 28 of the RCP and during attack
assessments in inebilizumab-treated participants (online supple-
mental eTable 5).

DISCUSSION

Serum levels of CNS tissue injury biomarkers (GFAP, NfL, tau
and UCHL1) increased during NMOSD attacks, reflecting
CNS damage associated with the clinical event. Concentra-
tions of the biomarkers (especially sGFAP, sNfL and sUCHL1)

increased during the days before the attack, which is consistent
with the hypothesis that attacks are caused by accumulation
of underlying tissue damage, ultimately culminating in clinical
manifestations.

The correlation between sNfL levels and EDSS scores at attack
support a direct link between neuroaxonal loss and disability
worsening in NMOSD attacks. Assessment of sNfL during an
attack could help to inform clinicians about attack severity and
the likelihood of post-attack residual disability, and therefore
may have the potential to guide therapeutic interventions at the
time of attack.’?™%
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Follow-up studies could assess potential clinical benefits of
triaging patients with high sNfL at attack onset for immediate
plasmapheresis rather than awaiting the outcome of standard
treatment with corticosteroids alone. Determining the clinical
utility of sNfL for NMOSD attack management requires further
investigation.

sGFAP levels have been linked to attack severity, inflam-
matory damage and disability worsening in NMOSD.'* The
results presented here, however, indicate that sNfL is a stronger
biomarker of NMOSD-related disability than sGFAPR Addi-
tionally, the correlation between sNfL levels at attack and
disability worsening at follow-up may reflect attack severity,
with more severe attacks associated with higher sNfL levels and
increased risk of residual disability. Another interpretation is
that neuronal damage may not be limited solely to acute attacks
but may also occur during apparent clinical remission. Limited
data are available from the literature to support or refute this
hypothesis. Studies longitudinally assessing the visual pathway
in patients with NMOSD observed attack-independent dete-
rioration, suggesting neurodegeneration.’® ¥’ Cross-sectional
sample collection studies have demonstrated a lack of significant
reduction in sNfL levels between relapse and remission phases,?
and a slower reduction in sNfL levels during remission phases
in NMOSD versus MS." In a recent small longitudinal Korean
study (n=20), however, inter-attack sNfL elevations were not
observed in 14 patients whose disease was clinically stable for at
least 24 months following rituximab treatment.*®

The N-MOmentum data and those of other groups
contrast with other recent study results of sGFAP and sNfL in
patients with AQP4+ NMOSD. In a prospective cohort of 33
patients, median baseline sGFAP was not elevated compared
with MOG+ patientsand healthy donors, and baseline sNfL
levels did not differ substantially between groups. In contrast to
N-MOmentum findings, only elevated sGFAP, and not elevated
sNfL, predicted a future attack and was significantly associated
with worse clinical disability scores, including EDSS scores.*
These discordant findings may be explained by the time period
between the most recent clinical attack and blood sampling
(median: 26°° vs 4months"), patients with quiescent versus
active disease, and different immunotherapies included in each
study.1? 1439

Compared with placebo, participants treated with inebili-
zumab had smaller biomarker elevations during attacks, likely
reflecting overall less severe attacks, as previously described for
inebilizumab.?® At the end of the RCP, sNfL levels were signifi-
cantly lower with inebilizumab than with placebo. Furthermore,
in the absence of attack, sGFAP levels were significantly lower
with treatment. This evidence for a putative effect of inebili-
zumab on disease severity is reinforced by previous results that
showed more favourable disability outcomes with inebilizumab
than with placebo.?®

In approximately one-third of adjudicated attacks in AQP4+
inebilizumab-treated participants, no sNfL or sGFAP eleva-
tions were reported, which may be because of inebilizumab
decreasing NMOSD attack severity and therefore lowering
levels of these biomarkers. Conversely, some participants did not
experience attacks but had elevated sNfL or sGFAP levels, which
could potentially reflect subclinical disease activity previously
described with other paraclinical modalities.*® Further investi-
gations are underway to determine whether these findings have
clinical significance.

Several strengths and limitations deserve mention. N-MO-
mentum was a large, randomised, placebo-controlled trial
in which attacks were confirmed by independent expert

12 13

committees using prespecified criteria.! Availability of data from
inebilizumab-treated and placebo-treated participants provided
the potential to reveal effects of therapy on CNS damage
biomarkers. Reference cohorts of healthy donors and patients
with RRMS were also included to assess the specific utility of
biomarker elevation in participants with NMOSD, but sampling
serum and CSF from healthy controls can be challenging. Then
again, the biomarker assessment was exploratory, and N-MO-
mentum was not specifically designed to have adequate statistical
power for biomarker analysis. Moreover, although an analysis
on the relationship between sNfL concentrations at attack and
3-month CDP was performed, there was no definitive confir-
mation that sNfL concentrations predict the durability of the
EDSS score worsening, probably owing to the small sample size.
Further study focusing on EDSS scores over longer intervals in
a larger population is needed to improve understanding of the
implications of the data presented here.*’

In conclusion, sNfL, a biomarker of axonal damage, measured
atattack, is the best predictor among the CNS damage biomarkers
studied here for disability worsening during and after attacks.
However, sNfL is inferior to sGFAP in predicting future attacks,
consistent with the current concept of NMOSD being a primary
astrocytopathy. Compared with placebo, inebilizumab appears
to attenuate biomarker elevation during attacks and to reduce
biomarker levels over time in the absence of adjudicated attacks.
These findings may help to inform progress towards assessment
of clinical status, prognosis and treatment decisions for patients
with NMOSD by routinely measuring easily accessible serum
biomarkers.
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