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Abstract
Objectives
Information on subclinical astrocyte damage can provide further insight into neuromyelitis
optica spectrum disorder (NMOSD) pathophysiology and disease-monitoring strategies. To
investigate whether astrocyte and neuroaxonal damage occurs during interattack periods in
individuals with NMOSD through longitudinal measurement of serum glial fibrillary acidic
protein (sGFAP) and neurofilament light chain (sNfL) at multiple time points.

Methods
sGFAP and sNfL levels were measured in 187 serum samples from 20 participants with
NMOSD treated with rituximab (median follow-up: 24 months) and 19 age-/sex-matched
healthy controls using a highly sensitive single-molecule array assay. From the NMOSD cohort
of National Cancer Center, Korea, 14 clinically stable participants were randomly selected for
focused investigation of interattack periods, and 6 participants with clinical attacks despite
treatment were enrolled for attack-related measurements.

Results
Significant elevations of sGFAP levels were observed in all clinical attacks, and 95% (19/20) of
patients showed reduction of sGFAP levels below the cutoff value (3 SDs above mean levels in
age-/sex-matched healthy controls) within 3 months of their clinical attacks. The sGFAP levels
were consistently low during interattack periods in 90% (17/19) of patients whose sGFAP
levels returned to below the cutoff value. Changes in sNfL levels were similar to but slower than
those in sGFAP levels.

Conclusions
Subclinical astrocyte damage represented by increasing sGFAP levels rarely occurred during
interattack periods in individuals with NMOSD; however, a certain degree of astrocyte damage
did occur at the time of clinical attacks without exception, but it was not evident within 3
months of the attack.
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Neuromyelitis optica spectrum disorder (NMOSD) is a pri-
mary astrocytopathy mediated by antibodies against
aquaporin-4 (AQP4), a water channel protein mainly
expressed in astrocytes.1 Glial fibrillary acidic protein (GFAP)
is a component of the astrocyte cytoskeleton, and its presence
in bodily fluids is believed to reflect the extent of astrocyte
damage.2 Having been shown the good correlation of GFAP
levels between CSF and serum, serum GFAP (sGFAP) is
considered as a potential biomarker for disease activity in
individuals with NMOSD.3

Clinical events in individuals with NMOSD can result in
significant astrocyte damage2,3; however, it is unclear whether
astrocyte damage can occur in the absence of a clinical attack.
Defining subclinical astrocyte damage may provide insights
into NMOSD pathophysiology and lead to establishment of
disease-monitoring strategies. This study addressed whether
astrocyte damage can occur during interattack periods by
longitudinally measuring sGFAP levels at multiple time
points.

Methods
A total of 187 sera were analyzed; 168 samples from 20 in-
dividuals with NMOSD and 19 samples from 19 age- and sex-
matched healthy volunteers. All individuals satisfied the 2015
diagnostic criteria for NMOSD and were positive for AQP4
antibodies tested by live cell-based assays.4,5 Twenty partici-
pants newly treated with rituximab according to Kim pro-
tocol6 and underwent at least a 24-month follow-up were
randomly selected from the NMOSD cohort of the National
Cancer Center (NCC) to minimize interindividual variability
of treatment; 14 participants without clinical attacks (stable)
during follow-up were included for focused investigation of
interattack periods, and 6 participants with clinical attacks
(unstable) were included for attack-related measurements.
Clinical attacks were defined as previously described,6 and
other clinical information including Expanded Disability
Status Scale (EDSS) scores was collected by retrospective
review of medical records.

To investigate the change of sGFAP and serum neurofilament
light chain (sNfL) levels at the time of attacks and after at-
tacks, serum samples were collected within 1 month of the
attacks and at 1-month intervals for 3 months following the
attacks. To investigate the presence of subclinical astrocyte
and neuroaxonal damage during interattack periods, serum
samples were collected every 3 months during the first year
and every 6 months during the second year of follow-up.
Pretreatment samples were collected within a median of 2

months (range 1–3 months) from prior attacks. The median
number of samples per participants was 8, and the median
follow-up period after initiation of rituximab therapy was 24
months (range 24–26 months).

sGFAP and sNfL concentrations were measured using a
single-molecule array assay (Simoa, Quanterix, MA). sGFAP
and sNfL levels were independently evaluated by a blinded
examiner in duplicate, and mean intra-assay and interassay
coefficients of variation were below 10%. Cutoff values for the
sGFAP (221.7 pg/mL) and sNfL (16.8 pg/mL) of partici-
pants with NMOSD were calculated as 3 SDs higher than
mean values of their age- and sex-matched healthy controls.

Statistical Analysis
A Fisher exact test was applied to determine the statistical
significance of the cutoff value–based positive or negative
statuses of sGFAP and sNfL levels, measured at individual
time points, were associated with clinical relapse or relapse-
free status.

Standard Protocol Approvals, Registrations,
and Patient Consents
The Institutional Review Board of the NCC approved the
study, and written informed consent was obtained from all
participants.

Data Availability
Anonymized data not published within this article will be
made available on request from any appropriately qualified
investigator.

Results
The median age at sampling and female-to-male ratio of
participants with NMOSD and healthy controls were 34 and
33 years and 9:1 and 8.5:1, respectively (table 1). All partic-
ipants were Korean. The median disease duration at baseline
was 3 years, and the median follow-up duration was 24
months. The median EDSS scores at baseline and at the last
visit were 4.0 and 3.5, respectively.

Figure 1 shows overall trends of longitudinal changes of
sGFAP and sNfL. Elevated sGFAP levels were observed at all
clinical attacks (figure e-1, links.lww.com/NXI/A441, A–C,
N, O–T). However, within 3 months of their clinical attacks,
sGFAP levels returned to below cutoff value in 95% (19/20) of
the participants (figure e-1A–S). One exception (figure e-1T)
maintained marginally higher sGFAP levels following
a clinical relapse. Sustained low sGFAP levels during

Glossary
AQP4 = aquaporin-4; EDSS = Expanded Disability Status Scale; NCC = National Cancer Center; NMOSD = neuromyelitis
optica spectrum disorder; sGFAP = serum glial fibrillary acidic protein; sNfL = serum neurofilament light chain.
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interattack periods were observed in 90% (17/19) of partic-
ipants with stabilized sGFAP levels after attacks (figure
e-1A–M, O–R). Two participants (figure e-1N, S) showed
slightly increased sGFAP levels in the absence of overt attacks.

sNfL levels also increased in all participants at the time of
clinical attacks (figure e-1A–C, N, O–T, links.lww.com/NXI/
A441) and stabilized after the attacks, but at a rate slower than
that of sGFAP levels (figure e-1B, C, O, P, S). Five partici-
pants showed higher sNfL levels but lower sGFAP levels than
the respective cutoff values in the early phase of rituximab
therapy (figure e-1D, F, H, J, L). Consistently low sNfL levels
were observed during interattack periods in all participants
except one, who showed marginally re-elevated sNfL levels
without an overt attack (figure e-1T).

Supplemental table e-1, links.lww.com/NXI/A442, shows
positive or negative status of sGFAP and sNfL using cutoff

value at the individual time points according to the clinical
relapse or clinical relapse-free status. There were statistical
significances in both sGFAP and sNfL, respectively (p <
0.001).

Discussion
Significantly increased sGFAP levels were observed at all
clinical attacks, and none of the participants experienced
clinical relapse when their sGFAP levels were below the
cutoff value. All except 1 participant with NMOSD
returned to normal sGFAP levels within 3 months of
clinical attacks. During interattack periods, low sGFAP
levels were stably maintained in 90% of participants with
stabilized sGFAP levels after attacks. These results suggest
that although astrocyte damage occurs at the time of clin-
ical attacks without exception, it mostly ceases within 3

Figure 1 Overall Trends of Longitudinal Changes of (A) sGFAP and (B) sNfL

Black = stable group; gray = unstable group; sGFAP = serum glial fibrillary acidic protein; sNfL = serum neurofilament light chain.

Table 1 Demographics

NMOSD (n = 20) Controls (n = 19)

Female to male ratio 9:1 8.5:1

Race All Korean All Korean

Median age at sampling at baseline (y, IQR) 34 (30; 38) 33 (27; 37)

Median disease duration at baseline (y, IQR) 3 (1; 10) N/A

Median follow-up duration (mo, IQR) 24 (24; 24) N/A

Median evaluated time points of sGFAP (IQR) 8 (7; 9) N/A

Median EDSS score at baseline (IQR) 4.0 (2.5; 4.5) N/A

Median EDSS score at the last visit (IQR) 3.5 (1.0; 4.0) N/A

Abbreviations: EDSS = Expanded Disability Status Scale; IQR = interquartile range; N/A = not applicable; NMOSD = neuromyelitis optica spectrum disorder;
sGFAP = serum glial fibrillary acidic protein.
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months and rarely occurs during interattack periods on
proper treatment.

Several studies using radiologic or electrophysiologic param-
eters have suggested the possibility of occult injuries in indi-
viduals with NMOSD.7,8 sGFAP level can be evaluated as a
biomarker of astrocyte damage, closely related with primary
NMOSD pathology. However, only 1 cross-sectional obser-
vational study has linked sGFAP with subclinical astrocyte
damage in some individuals with NMOSD treated with ste-
roid and/or conventional immunosuppressant.3 Based on our
longitudinal assessment of sGFAP levels, we show that sub-
clinical astrocyte damage, represented by elevated sGFAP
levels during interattack periods, is unusual in individuals with
NMOSD treated with rituximab. Current longitudinal anal-
ysis of samples from multiple time points (median 8 per
participants) could exclude interindividual variability and
enable focused investigation of postattack and interattack
periods.

One exceptional stable participant (figure e-1N, links.lww.
com/NXI/A441) showed slightly high sGFAP levels without
an overt clinical attack. It is possible that sensory paresthesia
presented at the time of high sGFAP levels might not be
accounted as a neurologic deterioration because of un-
derlying sensory sequelae caused by prior repetitive myelitis.
Two unstable participants (figure e-1S, T) showed re- or
sustained elevation of sGFAP levels marginally higher than
the cutoff value. This finding suggests that subclinical as-
trocyte damage may occur, although very rarely in individ-
uals with NMOSD on proper treatment. However, there
remains a concern regarding whether the optimal cutff value
should be determined from healthy populations or intra-
individually. In addition, whether there are any differences in
protein (sGFAP) diffusion through blood-brain barrier in
these individuals remains to be elucidated.9

Although this study focused on sGFAP because of its re-
lationship with NMOSD pathology, longitudinal changes in
sNfL levels were also evaluated. Changes in sNfL levels were
similar to but slower than those in sGFAP levels. sNfL levels
reflect neuroaxonal injury and imply inflammatory and/or
neurodegenerative changes in CNS.10 In contrast to sub-
clinical neuroaxonal damage in individuals with MS,e1 ele-
vated sNfL during interattack periods was uncommonly
observed in individuals with NMOSD. These results support a
hypothesis that NMOSD pathogenesis primarily entails
attack-related neuroinflammation, probably without inter-
attack neurodegenerative processes.

This study has some limitations. The number (n = 20) of
participants with NMOSD was relatively small. Nevertheless,
useful individualized information was obtained from 168 se-
rum samples with over a 2-year follow-up. Second, other ra-
diologic and/or electrophysiologic modalities to detect
disease activity during interattack periods beyond clinical
status were not included. Larger-scale prospective studies

investigating various parameters of disease activity are
warranted.

In conclusion, interattack astrocyte damage was rarely ob-
served in individuals with NMOSD on appropriate treatment,
whereas significant astrocyte damage was noted at the time of
clinical attacks. These findings may provide further insight
into the pathogenic mechanism of NMOSD and could be
useful in the development of personalized disease-monitoring
strategies.
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