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Longitudinal treatment responsiveness 
on plasma neurofilament light chain and 
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Abstract
Background: Neurofilament light chain (NfL) and glial fibrilliary acidic protein (GFAP) have 
been suggested to be biomarkers of the pathophysiological process of neuromyelitis optica 
spectrum disorders (NMOSD), but the relationship between the plasma levels of these 
molecules with disease activity and treatment is incompletely understood.
Objective:
To investigate the treatment effects of disease-modifying drugs on plasma neurofilament light 
chain (pNfL) and plasma glial fibrillary acidic protein (pGFAP) and explore the predictive value 
of pNfL and pGFAP in the activity of NMOSD.
Methods: pNfL and pGFAP levels were measured using single-molecule arrays in 72 
patients with NMOSD and 38 healthy controls (HCs). Patients with NMOSD received 
tocilizumab (n = 29), rituximab (n = 23), oral prednisone (n = 16), and oral azathioprine or 
mycophenolate mofetil (n = 4).
Results: NMOSD patients had significantly higher pNfL and pGFAP levels than HCs (pNfL, 
18.3 (11.2–39.3) versus 11.5 (7.0–23.3) pg/mL; p = 0.001; pGFAP, 149.7 (88.6–406.5) versus 
68.7 (59.4–80.8) pg/mL; p < 0.001). Multivariable regression analyses indicated that baseline 
pNfL concentration was associated with age (p = 0.017), Expanded Disability Status Scale 
(EDSS) score (p = 0.002), and recent relapses (p < 0.001). Baseline pGFAP concentration 
was also associated with EDSS (p < 0.001) and recent relapses (p < 0.001). Compared with 
prednisone, tocilizumab and rituximab significantly reduced pNfL [tocilizumab, exp(β), 0.65; 
95% confidence interval (CI), 0.56–0.75; p < 0.001; rituximab, exp(β), 0.79; 95% CI = 0.68–
0.93; p = 0.005] and pGFAP levels [tocilizumab, exp(β), 0.64; 95% CI, 0.51–0.80; p < 0.001; 
rituximab, exp(β), 0.77; 95% CI, 0.61–0.98; p = 0.041] at the end of the study. The pNfL levels 
in the tocilizumab and rituximab groups were reduced to those of HCs [tocilizumab, 8.5 (7.06–
17.90) pg/mL; p = 0.426; rituximab, 14.0 (9.94–21.80) pg/mL; p = 0.216]. However, the pGFAP 
levels did not decrease to those of HCs in NMOSD patients at the end of study [tocilizumab, 
88.9 (63.4–131.8) pg/mL; p = 0.012; rituximab, 141.7 (90.8–192.7) pg/mL; p < 0.001].
Conclusion: pNfL and pGFAP may serve as biomarkers for NMOSD disease activity and 
treatment effects.
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Introduction
Neuromyelitis optica spectrum disorder (NMOSD),  
a devastating autoimmune disease of the central 
nervous system, is characterized by recurrent 
inflammation of the optic nerve and spinal cord. 
It is frequently associated with a pathogenic 
autoantibody against water channel aquaporin-4 
(AQP4-IgG) on the perivascular astrocyte end-
feet, resulting in astrocyte destruction with sec-
ondary neuronal damage.1,2

Glial fibrillary acidic protein (GFAP) is an inter-
mediate filament protein that forms the astrocyte 
cytoskeleton and could leak into the cerebrospinal 
fluid (CSF) after astrocyte injury. GFAP was sig-
nificantly increased during acute NMOSD 
relapses and may reflect astrocytic injury3,4 
Neurofilament light chain (NfL), a structural ele-
ment of the neuron, could also be released into the 
CSF and peripheral blood after neuroaxonal dam-
age.5 Recently, single-molecule array (SIMOA) 
has provided highly sensitive measurements of 
GFAP and NfL levels in the blood and has been in 
use in various neurological diseases.6–8 Serum NfL 
and GFAP detected by SIMOA were strongly cor-
related with NfL and GFAP in the CSF of patients 
with NMOSD. Increased NfL and GFAP levels 
were found to correlate with NMOSD disease 
activity and worsening disability.9

However, the dynamic changes under different 
disease-modifying treatments in NMOSD have 
been rarely reported. We therefore assessed 
plasma NfL (pNfL) and plasma GFAP (pGFAP) 
as potential biomarkers to monitor treatment 
response in NMOSD. Our aim was to assess the 
treatment effects of disease-modifying drugs on 
pNfL and pGFAP and investigate the predictive 
roles of pNfL and pGFAP in NMOSD disease 
activity.

Methods

Participants
In this prospective study, we enrolled 72 patients 
with NMOSD who had received different disease-
modifying drugs in the Department of Neurology, 
Tianjin Medical University General Hospital. 
Twenty-nine patients were enrolled from the 
TANGO clinical trial (ClinicalTrial.gov, NCT 
03350633) and received regular tocilizumab infu-
sion at a dose of 8 mg/kg every 4 weeks. Sixteen 
patients were treated with oral prednisone (10 mg/

day) and four patients were treated with conven-
tional immunosuppressants (azathioprine or 
mycophenolate mofetil). In addition, 23 patients 
receiving low-dose rituximab treatment were 
enrolled in our analysis, and the doses of rituxi-
mab administered to the patients were according 
to the peripheral blood CD19+ B-cell counts, 
which were determined by flow cytometry.10,11 We 
also collected blood samples from 38 age- and 
sex-matched healthy controls (HCs).

Blood samples were centrifuged at 3000 rpm for 
10 min at room temperature and then stored at 
−80°C within 4 h after collection. All samples were 
collected between September 2017 and November 
2020. All patients with NMOSD were diagnosed 
according to the 2015 International Consensus 
Diagnostic criteria.12 Clinical records of partici-
pants were collected at baseline and follow-ups, 
including sex, age at sampling, disease duration 
since the first onset, relapses in the past 60 days 
(yes/no), prior treatment before sample collection, 
Expanded Disability Status Scale (EDSS) score.

Measurement of NfL and GFAP
To measure pNfL and pGFAP concentrations in 
plasma, we used a similar methodology described 
previously.13 In brief, a SIMOA HD-1 Analyzer 
and a SIMOA Neurology 2-Plex assay reagent kit 
(103520; both from Quanterix, Billerica, MA, 
USA) were used according to the protocol pro-
vided by the manufacturer. The limits of detec-
tion were 0.065 pg/mL for pNfL and 0.475 pg/
mL for pGFAP. The intra- and inter-assay coef-
ficients of variations for duplicate measurements 
were both within 10%. The laboratory investiga-
tors were blinded to clinical data and treatments 
of the patients.

Statistical analysies
Categorical variables were described by counts 
and percentages, and continuous and ordinal var-
iables were described by median and interquartile 
ranges (IQRs). Demographic features of partici-
pants at baseline were compared using the Fisher 
exact test or the Mann–Whitney U test. Before 
further analysis, the pNfL and pGFAP levels were 
log-transformed to better meet the normal 
assumption. For clarity, figures were visualized 
with the original biomarker levels. In the HCs, 
the associations of age and sex with log-pNfL or 
log-pGFAP were tested with linear regression 
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model, and regression coefficients are denoted 
with β. The differences in log-NfL and log-GFAP 
between NMOSD and HCs were determined 
using a mixed-effect model, which included age 
and sex as covariables. To clarify the association 
between baseline plasma biomarkers and clinical 
variables in NMOSD, a multiple linear regression 
analysis of log-pNfL or log-pGFAP was con-
ducted, which included eight clinical variables: 
age, sex, disease duration since the first onset, 
recent relapses (<60 days) before the collection 
of samples (yes/no), numbers of relapse event, 
annualized relapse rates at baseline, EDSS score 
at baseline, treatment at baseline (no treatment/
treated). Back-transformed regression coeffi-
cients (exp(β)) are reported with 95% confidence 
intervals (CIs) and p values.

To clarify the treatment response in NMOSD, we 
used a mixed-effects model for repeated measure-
ments with log-NfL or log-GFAP as the depend-
ent variable and with or without adjustments for 
sex, age, recent relapses (<60 days) at baseline, 
treatment at baseline, EDSS score at baseline, 
and log (baseline NfL or GFAP). Four patients 
treated with conventional immunosuppressants 
at follow-up were excluded due to the small sam-
ple size, and five patients who provided only base-
line samples were also excluded in subsequent 
analysis. Thus, 63 patients who were regularly 
treated with disease-modifying drugs were 
included in a subcohort. According to our previ-
ous study protocol, patients in the tocilizumab 
and rituximab groups who were previously treated 
with concomitant corticosteroids could be 
included without prior washout and were allowed 
to continue previous treatment in the first 3 
months.10,14 Two patients who switched from 
tocilizumab to rituximab had stopped their treat-
ment 6 months prior to baseline. Most patients 
provided three blood samples (at baseline, month 
6, and month 12). The treatment effects in 
NMOSD were visualized as line plots using origi-
nal, untransformed data with geometric means, 
and the 95% CIs and p values were obtained from 
mixed-effect models. High pNfL and pGFAP 
concentrations were defined as concentrations 
that were approximately twice as high as the geo-
metric means in HCs from our dataset (NfL ⩾ 26 
pg/mL, GFAP ⩾ 140 pg/mL), according to a 
previous report.15 At the end of the follow-up, we 
also compared the proportion of patients with 
high pNfL or pGFAP levels but without clinical 
attack in different treatment groups.

The pGFAP, pNfL, and their ratio (pGFAP/
pNfL) were used to distinguish NMOSD from 
HCs using novel machine learning algorithms, 
including logistic regression, random forest, and 
neural network (R packages: e1071 for SVM, 
nnet for NNET, random Forest for Random 
Forest, xgboost for XGBoost, stats for logistic 
regression). Models included sex, age, and other 
clinical variables as covariates. Receiver operating 
characteristic (ROC) curves via different method-
ologies were generated to estimate the predictive 
accuracy of biomarkers. The mean decrease in 
Gini score obtained from random forest was 
defined as the relative importance score, and a 
higher mean decrease in Gini score indicates 
greater predictor variable in predicting outcomes. 
Violin plots represent ranking distributions gen-
erated by rerunning the model 50 times.

All analyses were performed via SPSS version 
23.0 (IBM Corp., Armonk, NY, USA) or R ver-
sion 4.0.3 (The R Project, Vienna, Austria). 
Figures were generated with GraphPad Prism 
version 8.4.2 (GraphPad Software Inc, San 
Diego, CA, USA) and R version 4.0.3 (The R 
Project). The significance level was set at 
p < 0.05, two-tailed.

Results

Demographic features and biomarker levels in 
different groups
The baseline characteristics of the participants 
are presented in Table 1. The median ages were 
49.0 (IQR, 33.3–59.0) years in patients with 
NMOSD and 41.0 (IQR, 29.8–55.3) years in 
HCs. Most participants were women (NMOSD, 
64/72, 88.9%; HCs, 32/38, 84.2%). For patients 
with NMOSD, the median EDSS scores were 3.3 
(IQR, 2.0–7.0), and the median disease duration 
since first onset was 2.7 (IQR, 1.8–7.2) years. 
Most (64/72, 88.9%) patients were seropositive 
with AQP4-IgG.

The median pNfL and pGFAP levels were 11.5 
(IQR, 7.0–23.3) and 68.7 (IQR, 59.4–80.8) pg/
mL in the HCs, and both were positively associ-
ated with age (n = 38; log-pNfL, β = 1.001; 
p < 0.001; log-pGFAP, β = 1.004; p < 0.001) 
but did not differ between sexes. In patients with 
NMOSD, the median pNfL levels were 18.3 
(IQR, 11.2–39.3) pg/mL, and the median pGFAP 
levels were 149.7 (IQR, 88.6–406.5) pg/mL. Both 
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the pNfL and pGFAP levels were significantly 
higher in patients with NMOSD than in the HCs 
[p = 0.001 and p < 0.001, respectively; Figure 
1(a) and (b)]. We then compared the pNfL and 
pGFAP levels during NMOSD relapse and remis-
sion. We found that both pNfL and pGFAP levels 
during relapses were significantly higher than 
those in remission [NfL: relapse, 55.4 (IQR, 
32.8–101.4) pg/mL; remission, 15.5 (IQR, 9.4–
21.9) pg/mL; p < 0.001; GFAP: relapse, 2691.3 

(IQR, 867.7–7362.0) pg/mL; remission, 114.0 
(IQR, 78.6–168.2) pg/mL; p < 0.001; Figure 
1(c) and (d)]. The pNfL levels showed no differ-
ence in NMOSD remission compared with HCs 
(p = 0.123). However, the pGFAP levels during 
NMOSD remission remained significantly higher 
than those in HCs (p < 0.001). Both the pNfL 
and pGFAP levels significantly decreased over 
time after relapses in patients with NMOSD (both 
p < 0.001; Supplemental material Figure S1).

Table 1. Demographic features of all participants at baseline. 

HCs (n = 38) NMOSD (n = 72) p value

Female, n (%) 32 (84.2) 64 (88.9) 0.552

Age at baseline, median (IQR) 41.0 (29.8–55.3) 49.0 (33.3–59.0) 0.407

Age at onset, median (IQR) — 43.5 (28.3–56.0)  

Disease duration(y), median (IQR) — 2.71 (1.81–7.24)  

Recent relapse (<2 month, n %) — 42 (58.3)  

Number of relapse event, median (IQR) — 2.0 (1.0–4.0)  

ARR at baseline, median (IQR) — 0.46 (0.00–0.78)  

EDSS score, median (IQR) — 3.3 (2.0–7.0)  

AQP4-ab positive, n (%) — 64 (88.9)  

Prior treatment at baseline, n (%)  

aNo treatment 23 (31.9)  

 Prednisone 21 (29.2)  

 Azathioprine 2 (2.8)  

 Prednisone + Azathioprine 1 (1.4)  

 Mycophenolate mofetil 3 (4.3)  

 Prednisone + Mycophenolate mofetil 1 (1.4)  

 Rituximab 8 (11.1)  

 Tocilizumab 13 (18.1)  

NfL values, median (IQR) 11.5 (7.0–23.3) 18.3 (11.2–39.3) 0.001

GFAP values, median (IQR) 68.7 (59.44–80.79) 149.7 (88.56–406.46) <0.001

Values indicate median (interquartile range) or number (percent). ARR, Annualized relapse rates; DMD, Disease-Modifying 
Drug; EDSS, Expanded Disability Status Scale; GFAP, glial fibrillary acidic protein; HC, healthy control; IQR, interquartile 
range; NMOSD, neuromyelitis optica spectrum disorders.
aNo treatment was defined as patients who first diagnosed, or at relapse stage did not receive any prior treatment, 
including high dose intravenous steroids, plasma exchange (PE), intravenous immunoglobulin (IVIG), or any DMD 
treatment at baseline.
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Association of the biomarker levels with 
demographic features of NMOSD at baseline
Univariate analysis showed that the baseline log-
pNfL levels were positively associated with age at 
baseline (p < 0.001), EDSS score (p < 0.001), 
and recent relapses (p < 0.001) and negatively 
associated with treatment status (p < 0.001) in 
patients with NMOSD (Table 2). Multivariable 
analysis showed that higher baseline log-pNfL 
levels were independently associated with age 
(p = 0.017), EDSS score (p = 0.002), and recent 
relapses (p < 0.001; Table 2). However, the 
association of treatment intervention with 

baseline log-pNfL levels did not remain under the 
multivariate analysis (p = 0.253).

The univariate model also revealed that baseline 
log-pGFAP levels in patients with NMOSD 
were significantly associated with age 
(p = 0.002), EDSS score (p < 0.001), recent 
relapse (p < 0.001), and treatment intervention 
(p < 0.001). The multivariable model revealed 
that log-pGFAP levels were independently asso-
ciated with the EDSS score (p < 0.001) and 
recent relapses (p < 0.001). Treatment inter-
vention tended to be an independent factor 

Figure 1. pNfL and pGFAP levels in NMOSD and healthy controls. The box represents the median and the 
interquartile range with the original data, in panel a and b, plasma NfL levels and plasma GFAP levels were 
compared between patients with NMOSD and HCs, in panel c and d, NMOSD disease group were subdivided 
into relapse and remission states, and compared to HCs; p values were obtained from analysis of mixed effect 
model for log-NfL and log-GFAP, which were adjusted for age and sex; GFAP, glial fibrillary acidic protein; 
HCs, healthy controls; NfL, neurofilament light chain; NMOSD, neuromyelitis optica spectrum disorders.
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(p = 0.054) that affected pGFAP levels in our 
analysis (Table 3).

Treatment response of log-pNfL and log-pGFAP 
levels in NMOSD
We next assessed the change rate of each marker 
treated with different drugs in NMOSD. The 
subcohort included 32 samples from 14 (22.2%) 
patients with oral prednisone, 57 samples from 21 
(33.3%) patients with low-dose rituximab, and 
81 samples from 28 (44.4%) patients with tocili-
zumab. The median follow-up in these 63 patients 
with repeated plasma samples was 371 (IQR, 
343–406) days. Detailed baseline demographics 
and clinical characteristics are shown in 
Supplemental material Table S1.

Compared with prednisone, both rituximab and 
tocilizumab had significantly lower pNfL 

concentrations at the end of study (Table 4 and 
Figure 2(a)). The reductions in pNfL were 35% 
[exp(β), 0.65; 95% CI, 0.56–0.75; p < 0.001] in 
the tocilizumab group and 21% [exp(β), 0.79; 
95% CI, 0.68–0.93; p = 0.005] in the rituximab 
group relative to those in the prednisone group. 
In the analysis of log-pGFAP (Table 5 and Figure 
2(b)), the concentrations of pGFAP decreased by 
36% [exp(β): 0.64; 95% CI, 0.51–0.80; 
p < 0.001] in the tocilizumab group and by 23% 
[exp(β), 0.77; 95% CI, 0.61–0.98; p = 0.041] in 
the rituximab group. During the follow-up period, 
one patient treated with tocilizumab, two patients 
treated with rituximab, and two patients treated 
with prednisone experienced relapses. The pNfL 
and pGFAP concentrations increased rapidly in 
these patients during the relapse phase. The 
median pNfL and pGFAP levels were 92.9 (IQR, 
38.0–132.3) and 2138.9 (867.7–14,013.5) pg/
mL, respectively.

Table 2. The associations between blood NfL levels and clinical variables in NMOSD patients at baseline.

Variable Univariate analysis Multivariate analysis

 exp(β) value 95% CI p value exp(β) value 95% CI p value

Age at baseline 1.01 0.74–1.40 <0.001 1.01 1.00–1.01 0.017

Sex (Ref = female) 1.26 0.91–1.74 0.162 Not included

EDSS 1.11 1.08–1.15 <0.001 1.06 1.02–1.09 0.002

ARR 0.94 0.80–1.11 0.470 Not included

Number of relapse 
event

1.00 0.96–1.04 0.888 Not included

Disease duration 1.00 0.98–1.02 0.983 Not included

Recent relapse (<60d)

 No Ref

 Yes 1.73 1.47–2.04 <0.001 1.37 1.14–1.63 <0.001

Treatment at baseline

 No treatmenta Ref

 Treated 0.62 0.51–0.75 <0.001 0.90 0.75–1.08 0.253

ARR, Annualized relapse rates; CI, confidence interval; DMD, Disease-Modifying Drug; EDSS, Expanded Disability Status 
Scale; NfL, neurofilament light chain; NMOSD, neuromyelitis optica spectrum disorders; pNfL, plasma neurofilament light 
chain; Ref, reference.
aNo treatment was defined as patients who first diagnosed, or at relapse stage did not receive any prior treatment, 
including high dose intravenous steroids, plasma exchange (PE), intravenous immunoglobulin (IVIG), or any DMD 
treatment at baseline; Univariable estimates are given for all tested variables, multivariable estimates are only provided 
for the variables used in the final multiple lineal model; the estimates β were back transformed (exp(β)) because 
dependent variable pNfL was log-transformed.
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At the end of study, the NfL levels in the tocili-
zumab and rituximab groups were comparable to 
those of HCs [tocilizumab, 8.5 (IQR, 7.1–17.9) pg/
mL; p = 0.426; rituximab, 14.0 (IQR, 9.9–21.8) 
pg/mL; p = 0.216; prednisone, 25.6 (IQR, 

15.4–63.3) pg/mL; p < 0.001]. In patients who did 
not experience clinical relapses, 4 (28.6%) of 14 
patients in the prednisone group had high NfL con-
centrations, compared with 1 (4.8%) of 21 patients 
in the rituximab group and 2 (7.1%) of 28 patients 

Table 3. The associations between blood GFAP levels and clinical variables in NMOSD patients at baseline. .

Variable Univariate analysis Multivariate analysis

 exp (β) value 95% CI p value exp (β) value 95% CI p value

Age at baseline 1.02 1.01–1.03 0.002 1.00 0.99–1.01 0.687

Sex (Ref = female) 1.18 0.62–2.25 0.607 Not included

EDSS 1.23 1.15–1.32 <0.001 1.12 1.06–1.18 <0.001

ARR 1.04 0.76–1.43 0.800 Not included

Number of relapse event 1.02 0.94–1.10 0.689 Not included

Disease duration 1.00 0.96–1.04 0.910 Not included

Recent relapse (<60d)

 No Ref

 Yes 3.84 2.95–5.00 <0.001 2.62 1.95–3.52 <0.001

Treatment at baseline

 No treatmenta Ref

 Treated 0.33 0.23–0.47 <0.001 0.74 0.54–1.00 0.054

ARR, Annualized relapse rates; CI, confidence interval; DMD, Disease-Modifying Drug; EDSS, Expanded Disability Status 
Scale; GFAP, glial fibrillary acidic protein; NMOSD, neuromyelitis optica spectrum disorders; pGFAP, plasma glial fibrillary 
acidic protein; Ref, reference.
aNo treatment was defined as patients who first diagnosed, or at relapse stage did not receive any prior treatment, 
including high dose intravenous steroids, plasma exchange (PE), intravenous immunoglobulin (IVIG), or any DMD 
treatment at baseline; Univariable estimates are given for all tested variables, multivariable estimates are only provided 
for the variables used in the final multiple lineal model; the estimates β were back transformed [exp(β)] because 
dependent variable pGFAP was log-transformed.

Table 4. Mean changes in log-neurofilament light in plasma (pNfL) values between baseline and on-treatment 
measures using unadjusted and adjusted analysis.

Changes in log-pNfL values without 
adjustment analysis; exp(β) (95% CI)

p value Changes in log-pNfL values with 
adjustment variables; exp(β) (95% CI)

p value

PRE Ref Ref

RTX 0.74 (0.60–0.91) 0.008 0.79 (0.68–0.93) 0.005

TCZ 0.65 (0.53–0.79) <0.001 0.65 (0.56–0.75) <0.001

All estimates were calculated with a mixed effect model for repeated measurements with three different treatment group 
as the main explanatory variable, adjusted with or without baseline clinical variable: age, EDSS score, recent relapse(yes/
no), prior treatment, and baseline pNfL levels; The estimates have been back transformed to the original scale. CI, 
confidence interval; EDSS, Expanded Disability Status Scale; pNfL, plasma neurofilament light chain; PRE, prednisone; 
Ref, reference; RTX, Rituximab; TCZ, tocilizumab.
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in the tocilizumab group. However, the pGFAP 
concentrations remained even higher than those of 
HCs in all treatment groups [tocilizumab, 88.9 

(IQR, 63.4–131.8) pg/mL; p = 0.012; rituximab, 
136.9 (IQR, 86.8–163.6) pg/mL; p < 0.001; pred-
nisone, 193.7 (IQR, 162.4–590.7) pg/mL; 
p < 0.001]. Using a similar method to define high 
pGFAP concentrations (GFAP ⩾ 140 pg/mL), 8 
(57.1%) of 14 patients in the prednisone group had 
high pGFAP levels; the corresponding proportions 
in the rituximab group and tocilizumab group were 
33.3% and 21.4%, respectively.

The predictive value of biomarker levels in 
NMOSD
Finally, we used the two biomarkers (pGFAP and 
pNfL) and their ratio to differentiate NMOSD 
patients from HCs and to determine the relapse 
status versus remission in NMOSD. We con-
ducted different statistical models to test the cat-
egorizing power of the biomarkers and ROC 
analyses for plasma biomarkers. Overall, multiple 
models showed greater areas under the curve in 
differentiating NMOSD from HCs (range, 
93.79%–97.40%) and in distinguishing relapse 
versus remission in NMOSD (range, 94.05%–
100%; Figure 3(a)–(d)). We then used random 
forest analysis to directly illustrate the relative pre-
dictive ability of these biomarkers and found that 
pGFAP ranked as a stronger predictor to discrimi-
nate NMOSD from HCs (Figure 3(e)). Similar 
results were obtained for the discriminating factor 
of relapse in NMOSD (Figure 3(f)).

Discussion
In this study, we used SIMOA to measure pNfL 
and pGFAP concentrations in patients with 
NMOSD and compared their responsiveness to 
different disease-modifying drugs. Our results 
revealed that baseline pNfL and pGFAP levels 

Figure 2. Treatment effects on pNfL and pGFAP levels in follow-up. On 
treatment effects of tocilizumab and rituximab on pNfL and pGFAP levels 
were compared to Prednisone, the figures show the original, untransformed 
data with geometric means of NfL with 95% confidence intervals, p values 
were from mixed models for repeated measurements of log-NfL and log-
GFAP. Dotted line represents plasma NfL (geometric means) concentrations 
in healthy controls; GFAP, glial fibrillary acidic protein; n, number of 
evaluable samples; NfL, neurofilament light chain.

Table 5. Mean changes in log–Glial fibrillary acidic protein (pGFAP) values between baseline and on-treatment 
measures provided by unadjusted and adjusted analysis.

Changes in log-pGFAP values without 
adjustment analysis; exp(β) (95% CI)

p value Changes in log-pGFAP values with 
adjustment variables; exp(β) (95% CI)

p value

PRE Ref Ref

RTX 0.67 (0.52–0.88) 0.005 0.77 (0.61–0.98) 0.041

TCZ 0.55 (0.43–0.71) <0.001 0.64 (0.51–0.80) <0.001

All estimates were calculated with a mixed effect model for repeated measurements with 3 different treatment group as 
the main explanatory variable, adjusted with or without baseline clinical variable: age, EDSS score, recent relapse(yes/no), 
prior treatment and baseline pGFAP levels; The estimates have been back transformed to the original scale. CI, confidence 
interval; pGFAP, plasma glial fibrillary acidic protein; Ref, reference; PRE, prednisone; RTX, Rituximab; TCZ, tocilizumab.
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in patients with NMOSD were independently 
associated with age, EDSS score, and the pres-
ence of relapse stage and that pGFAP levels 
tended to be affected by treatments. Further 
analysis showed that both tocilizumab and ritux-
imab significantly reduced the pNfL and pGFAP 
levels at the end of follow-up compared with 
corticosteroid. Our research indicated that the 
pNfL and pGFAP concentrations appear to be 
feasible biomarkers in monitoring treatment 
response in NMOSD.

Several studies have revealed that blood NfL may 
be a good biomarker of treatment response in ret-
rospective cohorts in multiple sclerosis (MS). 
Serum NfL levels have been shown to predict the 
course and response to treatment of MS from both 
relapsing and progressive cohorts. Longitudinal 
NfL dynamic changes have been reported with 
disease-modifying drugs for relapsing MS, includ-
ing dimethyl fumarate,16 IFN-β1a,15 fingoli-
mod,15,17 rituximab,18 and alemtuzumab.19 Blood 
NfL levels respond consistently within 3–6 months 

Figure 3. Discriminatory ability of GFAP and NfL for disease state. ROC curves with AUC indicating the discriminatory ability of 
blood biomarkers and clinical variables as predictors to distinguish (a) between HCs and NMOSD and (b) between NMOSD relapse 
and remission stage via different machine learning algorithms. Distributions were generated from rerunning each model 100 
times, containing 70% of the samples as the Training set, and 30% samples as the test set (randomly selected). The boxes (c and 
d) represent with the median and 25% and 75% percentiles, dots are values under and above the adjacent values outliers. In panel 
E and F, relative importance scores were defined as the mean decrease in Gini score obtained from random forest models. Higher 
relative importance score indicates a greater relative importance of the variable in predicting value HCs versus NMOSD, and NMOSD 
relapse versus remission stage. Violin plots represent ranking distributions generated by rerunning the model 50 times. AUC, area 
under the curve; HCs, healthy controls; ROC, receiver-operating characteristic.
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of the start of these therapies. The reductions in 
NfL appeared to be associated with clinical and 
imaging outcomes, and the response to NfL is also 
in line with the treatment efficacies of these drugs.20 
Recently, a Swedish cohort study included more 
than 1000 patients with relapsing MS receiving six 
different treatments, and the largest reductions in 
pNfL concentration were found in patients treated 
with alemtuzumab (48%) and the smallest reduc-
tions were in patients treated with teriflunomide 
(7%).21 In ASCLEPIOS I and II, serum NfL was 
used to compare efficacy and safety between ofatu-
mumab and teriflunomide for relapsing MS. In 
ASCLEPIOS I, the serum NfL levels were lower in 
the ofatumumab group than in the teriflunomide 
group by 7% at month 3, by 27% at month 12, and 
by 23% at month 24. Corresponding differences in 
ASCLEPIOS II were 11%, 26%, and 24%, respec-
tively.22 In progressive MS, treatment was associ-
ated with lower NfL concentrations in phase III 
trials.23 In the ORATORIO trial (a phase III rand-
omized trial of ocrelizumab in primary progressive 
MS), serum NfL was 15.7% lower with ocreli-
zumab versus 0.2% lower with placebo. In progres-
sive MS trials, targeting disease progression may 
be confounded by intercurrent disease activity, 
which restricts the application of measurement 
and requires the integration of more clinical, bio-
logical, and imaging outcomes in the future.23 We 
postulated that NfL may also indicate treatment 
responses in NMOSD. Previous studies have 
reported no significant change in serum NfL levels 
between different treatment status in NMOSD 
patients.9,24 However, these studies included only 
patients treated with corticosteroid or conventional 
oral immunosuppressants but not with newly 
emerging molecular targeted drugs. A recent 
Korean study reported that serum NfL levels in 
NMOSD patients treated with rituximab remained 
stable in the 2-year follow-up period.25 In our anal-
ysis, tocilizumab reduced plasma NfL levels by 
35% compared with prednisone by the end of 
study, and the corresponding reductions were 21% 
in the rituximab group. Meanwhile, the median 
pNfL levels during NMOSD remission were com-
parable to the levels in the HCs in our cohort at the 
end of follow-up, both in the tocilizumab and 
rituximab groups. Therefore, our results suggest 
that the treatment effects of these molecular-tar-
geted drugs on the reduction of blood NfL levels 
were greater than those of corticosteroid and might 
better reflect results in the real world. Taken 
together, blood NfL could be a feasible biofluid 
marker of treatment response and could be a 

potential key endpoint that reveals treatment effect 
in future clinical trial of NMOSD.

Previous studies showed that increased GFAP 
levels during NMOSD relapse is consistent with 
primary astrocytopathy, which is mediated by 
AQP4-IgG.26,27 An earlier study reported that 
NMO-related optic neuritis can be reflected by 
increased serum GFAP levels.28 With the 
improvement of detection assay sensitivity, 
increasing evidence has shown that increased 
blood GFAP levels in patients with NMOSD 
were strongly associated with disease activity by 
SIMOA assay.9,29,30 Our results support previous 
reports that blood GFAP is a sensitive biomarker 
of disability and disease activity in NMOSD. Of 
interest, our results indicated that the pGFAP 
levels also tended to be affected by treatment sta-
tus. In the N-Momentum clinical trial, a double-
masked, placebo-controlled clinical trial of 
inebilizumab, the serum GFAP levels of patients 
who did not experience NMOSD attack during 
follow-up started to decrease with inebilizumab 
treatment after week 4. In contrast, patients who 
were administered with placebo have shown 
greater proportions of increased serum GFAP 
concentration.31 The reductions in pGFAP in the 
tocilizumab and rituximab groups were both 
greater than that in the prednisone group in our 
analysis, which was consistent with treatment 
response. In addition, the blood GFAP concen-
trations in some patients with NMOSD in the 
remission stage remained higher than those of 
HCs. One possible explanation is that patients 
with NMOSD have continued astrocytic damage 
even during clinical remission. This was also sup-
ported by the observation that patients with high 
serum GFAP levels tended to experience relapse 
more frequently in future follow-up.9,31 These 
results indicate that subclinical disease activity 
occurs during the disease progression of NMOSD, 
independent of classical attacks, which were con-
sistent with previous research in the cervical spi-
nal cord atrophy, white matter demyelination, 
and retinal thinning.32–34 Furthermore, lower 
GFAP levels in the tocilizumab and rituximab 
group might reflect the treatment effects of these 
drugs in other aspects.

Previous studies showed that GFAP and NfL 
could classify MS patients with different disease 
courses.35,36 The serum GFAP/NfL quotient dur-
ing relapse could be a useful biomarker for dif-
ferentiating NMOSD from MS,9 and the serum 
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tau levels may discriminate patients with myelin 
oligodendrocyte glycoprotein antibody–associ-
ated disease from AQP4-IgG–seropositive 
patients with NMOSD.30 Our analysis explored 
how the two blood biomarkers, GFAP and NfL, 
and their ratio could discriminate NMOSD 
patients from those with different disease courses 
within our study cohort. With novel machine 
learning algorithms, the relative importance 
scores in our diagnostic model indicate that 
GFAP is a more precise and sensitive event in 
predicting the current disease course of NMOSD. 
Our results provide a different perspective on 
these biomarkers and thus have future diagnostic 
value.

This study has several limitations. First, the 
patients were from a single center, and only those 
with Chinese ethnicity were included. Second, 
the number of patients in each group was small; 
thus, the results should be interpreted cautiously. 
Only a few patients were treated with azathio-
prine or mycophenolate mofetil; hence, the effects 
of these drugs on pNfL and pGFAP could not be 
compared. Third, as the patients were unable to 
get access to other Food and Drug Administration–
approved drugs, including inebilizumab, eculi-
zumab, and satralizumab, we could not compare 
the efficacy of drugs with different mechanisms 
on the longitudinal dynamics of pNfL and 
pGFAP. Larger longitudinal prospective real-
world studies are warranted.

Conclusion
We demonstrated in this study that blood GFAP 
and NfL are markedly increased in NMOSD 
patients compared with HCs. Simultaneous 
measurement of pNfL and pGFAP would be 
potentially useful for the evaluation of markers 
of disease activity and disease progression and 
possibly as predictors of different disease courses. 
It is also feasible to measure the pNfL and 
pGFAP levels longitudinally as indicators of 
treatment response in the real world. The 
dynamics of pNfL and pGFAP may help decide 
adjustments of disease-modifying drugs in indi-
vidualized treatments.
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