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Introduction
Neuromyelitis optica spectrum disorder (NMOSD) is an 
autoimmune central nervous system disease character-
ized by recurrent disabling attacks of optic neuritis, 
transverse myelitis, and, less commonly, brain or brain-
stem inflammation.1–3 Up to 90% of patients with 
NMOSD have pathogenic autoantibodies to the water 
channel protein aquaporin-4 (AQP4) found on astro-
cytic foot processes.1,4,5 NMOSD attacks result in 

destruction of astrocytes and surrounding tissue, are 
often severe, and recovery is frequently incomplete 
despite treatment. Attack diagnosis is imperative to 
monitor treatment response, yet well-defined, univer-
sally accepted criteria for accurate and objective diagno-
sis of NMOSD attacks are lacking.1

N-MOmentum was a randomized, placebo-controlled, 
double-blind, phase 2/3 study assessing the efficacy 
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and safety of inebilizumab, an anti-CD19, B-cell 
depleting antibody, in participants with NMOSD that 
met the primary endpoint on delaying time to attack.6 
In the absence of consensus criteria for NMOSD 
attack diagnoses at the time of study initiation, spe-
cific criteria were defined to enhance uniform diagno-
sis of attacks. Eighteen attack criteria were defined by 
the study steering committee and revised following 
the US Food and Drug Administration feedback.1

The aim of the present analysis was to assess the pro-
cess of attack diagnosis in N-MOmentum. In addition, 
adjudication committee (AC) performance was evalu-
ated in the context of the potential disease activity bio-
marker serum glial fibrillary acidic protein (sGFAP), 
an intermediate filament protein expressed by astro-
cytes that is released into the parenchymal interstitial 
fluid following astroglial injury or blood–brain barrier 
breakdown, and domain-specific MRI findings.7–11

Patients and methods

Trial design
Full details of the N-MOmentum study were previ-
ously published.6 Eligible participants were adults 
with a diagnosis of NMOSD, an Expanded Disability 
Status Scale (EDSS) score ⩽8, and a history of either 
⩾1 attack requiring rescue therapy in the year before 
screening or ⩾2 attacks requiring rescue therapy in 
the 2 years before screening. A total of 230 partici-
pants were randomized 3:1 to intravenous inebili-
zumab 300 mg or placebo on days 1 and 15; the 
randomized controlled period (RCP) was 197 days or 
until an AC-adjudicated attack occurred.

Standard protocol approvals, registrations, and 
participant consents
Participants were screened at 99 outpatient specialty 
clinics or hospitals in 25 countries. Institutional 
review boards or ethics committees at each study site 
approved the protocol. The study is registered with 
ClinicalTrials.gov (NCT02200770). The study was 
conducted in accordance with the provisions of the 
International Council for Harmonisation Guidelines 
for Good Clinical Practice and the principles of the 
Declaration of Helsinki. All participants provided 
written informed consent.

Assessment of NMOSD attack
Predefined attack criteria were used to diagnose each 
on-study attack (Supplementary Table 1). The 18 criteria 

covered optic neuritis, myelitis, and brain/brainstem 
domains.1,6

The attack assessment process has been described pre-
viously and is defined in Figure 1(a).1,6 Briefly, poten-
tial attacks were evaluated by an on-site investigator, 
who also decided whether rescue therapy was needed 
independently of the adjudication status. In addition, 
the AC independently determined whether the event 
met the definition of an NMOSD attack in all cases.

The AC comprised three physicians (two neurolo-
gists and one neuro-ophthalmologist) not involved in 
the study. For data analysis, cases in which the par-
ticipant had reported a potential attack that was eval-
uated as a non-attack by the investigator and AC 
were labeled “participant-reported symptoms.” 
Similarly, cases determined to be an attack by the 
investigator but not by the AC were labeled “investi-
gator-determined attack.” Cases determined to be 
attacks by the investigator and AC were labeled 
“AC-adjudicated attack.”

Further information has been included in the 
Supplementary methods.

MRI assessment
Participants received a full neuroaxis MRI at screen-
ing, at the end of the RCP, and at attack assessment 
visits. All MRI images were sent to the central imag-
ing vendor (NeuroRx, Montreal, QC, Canada) and 
read by two independent neuroradiologists. In the 
event of a discrepancy between the readers, a consen-
sus read was performed and reported. Of note, images 
of the optic nerve were obtained during acquisition of 
brain scans. 

During attack adjudication, the investigator and AC 
reviewed MRI data of only the relevant neuroana-
tomic region when the selected attack criteria 
required MRI review (criteria 9–11, 14–17). In addi-
tion, MRI review could be requested by AC mem-
bers when clinical data were deemed inconclusive or 
potentially inconsistent. An independent request for 
MRI review by a majority of AC members resulted 
in MRI images of the relevant domain being pro-
vided to all AC members. An MRI lesion was 
deemed domain-specific if it correlated with reported 
attack-related symptoms.

All domain-specific MRI findings were retrospec-
tively reviewed for all potential events. Further infor-
mation has been included in the Supplementary 
methods.
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Assessment of sGFAP
sGFAP levels were not used for diagnosis of NMOSD 
attacks in this study. Blood samples were collected 
from participants during study visits at baseline (day 
1) and during any attack assessment visit. sGFAP 
concentrations were determined by single-molecule 
arrays (SIMOA; Quanterix, Lexington, MA, USA). 

Elevated sGFAP was defined as ⩾2 standard devia-
tions above the healthy donor mean concentration 
(⩾170 pg/mL) according to established laboratory 
procedures.7,12 To account for variations in baseline 
levels, changes in sGFAP from baseline were also 
assessed, with elevations defined as >2-fold change 
(FC) from baseline.

Figure 1. (a) Attack evaluation and adjudication process, and breakdown of (b) attack assessment, (c) inter-member, and 
(d) intra-member AC decisions. 
MRI report/scans were reviewed only when criteria required it. Rescue therapy could be initiated at any time at the discretion of the 
principal investigator.
“Unanimous” = decisions made with the agreement of all committee members. “Majority” = decisions made with the agreement of two 
out of three committee members. 
AC: adjudication committee; EDSS: Expanded Disability Status Scale; FSS: Functional Systems Score; MRI: magnetic resonance 
imaging; NMO: neuromyelitis optica; NMOSD: neuromyelitis optica spectrum disorder; OLP: open-label period; RCP: randomized 
controlled period.
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Statistical methods
Statistical analysis of AC inter-rater reliability was 
conducted by calculation of Krippendorf’s α (rating 
of ⩾0.7 denotes good reliability, ⩾0.5 to <0.7 fair 
reliability, and <0.5 poor reliability). All other data 
were summarized descriptively.

Data availability
Access to anonymized, individual, and trial-level data 
may be granted upon reasonable request to qualified 
researchers for independent scientific research (see 
the Supplementary methods for further information).

Results

Attack diagnosis
In total, 64 potential attacks were reported by participants 
during the RCP. Attack criteria were met for 51/64 attacks 
(80%) as determined by site investigators. The AC 
reviewed all 64 potential attacks and confirmed 43/51 
investigator-determined attacks (84%) (Figure 1(b)). Of 
the 43 AC-adjudicated attacks, 20 were optic neuritis, 27 
myelitis, and one a brainstem attack. Five attacks affected 
>1 domain (Supplementary Table 2). MRI was reviewed 
by the AC in 25/64 reported events (39%): 5/13 patient-
reported symptoms (38%), 6/8 non-adjudicated attacks 
(75%), and 14/43 AC-adjudicated attacks (33%).

Reliability of attack identification and 
adjudication
There was a high degree of inter-AC-member agree-
ment. Of AC decisions, 51/64 were unanimous (80%) 
and 13/64 were by majority (20%) (Figure 1(c)). A 
high degree of intra-AC-member reliability was also 
observed (Figure 1(d)). Pre-planned re-adjudication to 
assess intra-rater agreement concurred with the initial 
decision in 34/35 (97%) of cases. In 3/35 cases re-adju-
dicated (9%), a single adjudicator’s decision was dif-
ferent in the re-review compared with the initial review; 
however, the AC majority decision was unchanged.

There was good agreement between investigator and 
AC decisions regarding all potential attacks (56/64, 
88%). Eight cases were considered to meet predefined 
attack criteria by the investigator but not by the AC; 
7/8 rejected attacks (88%) were by unanimous AC 
decision, and for 6/8 rejected attacks (75%), MRI 
scans were reviewed by all three adjudicators 
(Supplementary Table 3). No case was adjudicated as 
an attack by the AC when the site investigator deter-
mined that attack criteria were not met. Agreement 
between AC members indicated good inter-rater reli-
ability (Krippendorff’s α = 0.801), whereas agree-
ment between the AC and investigator was moderate 
(Krippendorff’s α = 0.686).

Attack incidence and MRI findings
Overall, MRI lesion correlates were found in most 
adjudicated attacks (37/41, 90%) for which MRI data 
were available, including those adjudicated without 
MRI data (23/27, 85%). Of the four adjudicated 
attacks not found to have MRI lesion correlates, two 
were adjudicated as optic neuritis and two as myelitis 
(3/4 in the inebilizumab treatment group).

For cases in which MRI lesion correlates were 
observed, gadolinium (Gd+) T1 lesions were detected 
more often than T2 lesions in AC-adjudicated events 
(Table 1). By contrast, domain-specific MRI findings 
were identified retrospectively in only 1/8 investiga-
tor-determined attacks not confirmed by the AC (a 
Gd + T1 lesion in the optic nerve from the affected 
eye in an inebilizumab-treated AQP4-seronegative 
participant). This participant presented with new 
blurred vision but had no visual acuity loss and there-
fore did not meet the attack criteria.

The investigators determined that 13 participant-
reported events were not attacks, all confirmed as 
non-attacks by the AC. A retrospective analysis found 
that six had new domain-specific MRI lesions. Four 
participants who complained of sensory symptoms, 
subjective weakness, and/or ambulatory dysfunction 

Table 1. Breakdown of Gd + T1 and T2 domain-specific MRI lesions in participants with adjudicated attacks.

Participants with 
Gd + T1 MRI lesions

Participants with new/
enlarged T2 MRI lesions

Relevant MRI lesions in AC-
adjudicated attacksa (n = 33)

 Myelitis attack 18/20 (90%) 14/20 (70%)
 Optic neuritis attack 18/19 (95%) 4/19 (21%)

AC: adjudication committee; Gd+: gadolinium; MRI: magnetic resonance imaging.
aExcluding four participants without domain-specific MRI findings.
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without sufficient findings on neurological exam 
were found to have spinal cord lesions (one Gd + T1 
only, one T2 only, and two with both Gd + T1 and T2 
lesions). Two individuals who complained of blurred 
vision without findings on ophthalmologic exam 
(high- and low-contrast visual acuity tests and assess-
ment for relative afferent pupillary defect) were found 
to have Gd + T1 lesions of the affected optic nerve 
(Figure 2). Of these six individuals with domain-spe-
cific MRI lesions, four were in the inebilizumab treat-
ment group and one was AQP4 seronegative.

Attack incidence and sGFAP concentrations
The concentration of sGFAP measured during adjudi-
cated attacks was assessed as a potential marker of attack 
events7 (Figure 3(a) and Table 2). Levels of sGFAP were 
elevated (>170 pg/mL)7 in more AC-adjudicated attacks 
(29/37, 78%) than in non-AC-adjudicated events (4/7 
(57%) investigator-determined but non-AC-adjudicated 
attacks; 6/13 (46%) participant-reported symptoms). 
sGFAP concentrations at end of RCP were elevated in 
9/26 participants (35%) on placebo and 19/117 (16%) on 
inebilizumab who did not report new NMOSD symp-
toms (Figure 3(b)). However, among AC-adjudicated 

attacks, elevated sGFAP was less common in the inebili-
zumab than in the placebo group (65% [13/20] vs 94% 
[16/17], p = 0.048).

Several participants had elevated sGFAP at baseline; 
thus, sGFAP data were also analyzed relative to baseline 
concentration (Figure 3(c)). A higher proportion of par-
ticipants with AC-adjudicated attacks had increased 
sGFAP (>2-FC from baseline) at the time of event 
(20/36, 56%) than participants with non-AC-adjudi-
cated events (1/7 [14%] investigator-determined 
attacks; 4/13 [31%] participant-reported symptoms; 
7/172 [4%] participants with no new reported symptoms; 
Figure 3(d)). When compared with participants with no 
new symptoms at end of RCP, sGFAP was significantly 
increased in participants with AC-adjudicated attacks or 
participant-reported symptoms, but not those with inves-
tigator-determined attacks (Table 3 and Figure 3(d)). 
For AC-adjudicated events, elevated sGFAP was nota-
bly less frequent with inebilizumab than with placebo: 
37% of participants on inebilizumab had sGFAP > 2-FC 
from baseline compared with 76% on placebo.7

The proportion of AC-adjudicated attacks with MRI 
lesions and sGFAP elevation is shown in Figure 4.

Figure 2. MRI lesions in selected participants with subjective symptoms with insufficient clinical exam findings to 
satisfy attack criteria. (a) and (b) Gd + T1 and T2 thoracic cord lesion in a participant experiencing abdominal numbness 
and tightness with no weakness. Exam-notable sensory findings in right trunk. (c)–(e) Participant experiencing nausea 
(48 h) and worsening of blurred vision in the right eye without change in visual acuity. Gd + T1 sagittal image of cervical 
spinal cord with partial view of the brain stem (c) and T2 axial of brain stem (d) without clear evidence of lesion. (e) 
Enhancing lesion of right optic nerve (arrow). MRI of the brain stem was reviewed at the time of adjudication, but not of 
the optic nerves.
Gd +: gadolinium.

https://journals.sagepub.com/home/msj
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Figure 3. sGFAP concentration versus stages of attack adjudication. (a) Samples drawn during different stages of attack 
adjudication. (b) Paired baseline and end-of-RCP samples in participants who did not report new NMOSD symptoms. 
(c) Paired baseline and attack assessment samples at different stages of attack adjudication process. (d) Fold change from 
baseline in sGFAP in samples drawn during different stages of attack adjudication.a
AC: adjudication committee; FC: fold change; HD: healthy donor; NMOSD: neuromyelitis optica spectrum disorder; n.s.: not 
significant; RCP: randomized controlled period; SD: standard deviation; sGFAP: serum glial fibrillary acidic protein.
asGFAP data (fold change from baseline) were available for 13/13 cases of participant-reported symptoms (no attacks as determined by 
the investigator and AC), 7/8 of investigator-determined attacks (not confirmed by the AC), and 36/43 of AC-adjudicated attacks. sGFAP 
data (pg/mL) were available for 37/43 participants with AC-adjudicated attacks.
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Of eight investigator-determined attacks rejected by 
the AC, one had a domain-specific MRI lesion, and 
one had a 2-FC elevation from baseline in sGFAP. 
None had both domain-specific MRI finding and 
sGFAP elevation. One participant had missing sGFAP 
data. Of the 13 participant-reported symptoms that 
were rejected by both the investigator and the AC, 
four had domain-specific MRI lesions and sGFAP 
elevation from baseline, two had domain-specific 
MRI findings only, and none had isolated sGFAP ele-
vations from baseline; none had missing data 
(Supplementary Appendix 1).

Discussion
When the N-MOmentum study was designed, there 
were no standardized clinical criteria for diagnosing 
NMOSD attacks.1 The need for a reproducible, for-
mal process to diagnose NMOSD attacks emerged 
during the PREVENT trial when lack of standardized 
criteria led to the formation of an AC after 88 patients 
were already enrolled.13 In contrast, the N-MOmentum 
investigators developed predefined criteria for diag-
nosing an NMOSD attack, and an AC was constituted 
to standardize assessments.1,6 To date, N-MOmentum 
remains the only pivotal phase 3 NMOSD trial to inte-
grate MRI criteria into attack assessments, allowing 
inclusion of attacks for which exam findings were 
inconclusive.

Across the three pivotal NMOSD trials, investigating 
eculizumab, satralizumab, and inebilizumab, there 
was variation in protocol definitions of NMOSD 
attack, the process of attack adjudication, inclusion 
criteria related to prior treatment, participant relapse 
history, and allowance for concomitant immunother-
apy.6,13–15 Thus, while reductions in attack risk were 
evident across all three trials, direct comparison may 
be misleading. Indeed, the differences in attack diag-
nosis across these trials highlight inherent difficulties 
in diagnosing attacks.16 The definition of NMOSD 
attack is essential for the accurate and consistent 
assessment of treatment effects, and the provision of 
detailed, predefined attack criteria helps to reduce 
this variability. In the N-MOmentum trial, the combi-
nation of predefined diagnostic criteria and the adju-
dication process proved critical in providing robust 
determination of attacks. Only 16% of investigator-
determined attacks were rejected following AC 
review, and no investigator-rejected attack decisions 
were reversed following adjudication. The high 
degree of agreement between on-site investigators 
and AC underscores the importance of detailed, pre-
defined criteria in reliably and reproducibly diagnos-
ing attacks.

Expert adjudication of on-study attacks was also 
applied in the pivotal trials of eculizumab and satral-
izumab.13–15 As with N-MOmentum, potential 

Table 2. Domain-specific MRI lesions and elevated sGFAP levels by attack status and treatment group.

Domain-specific MRI lesion Elevated sGFAP levels 
(>170 pg/mL)

Elevated sGFAP levels (>2-fold 
change from baseline)

 Placebo Inebilizumab Placebo Inebilizumab Placebo Inebilizumab

AC-adjudicated attacks 19/20 18/21 16/17 13/20 13/17 7/19

Investigator-determined attacks (not 
confirmed by AC)

0/3 1/5 2/2 2/5 0/2 1/5

Participant-reported symptoms (no attack as 
determined by investigator and AC)

2/3 4/10 1/3 5/10 1/3 3/10

AC: adjudication committee; MRI: magnetic resonance imaging; sGFAP: serum glial fibrillary acidic protein.

Table 3. Comparison of number of participants with elevated sGFAP levels by attack status.

Comparison Odds ratio 95% confidence interval p-value

AC-adjudicated attacks vs no 
new symptoms

0.02 0.0044–0.068 1.5 × 10−14

Patient-reported symptoms vs no 
new symptoms

0.06 0.087–0.35 9 × 10−9

Investigator-determined attacks 
vs no new symptoms

0.15 0.012–8.20 0.18

AC: adjudication committee; sGFAP: serum glial fibrillary acidic protein.
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attacks were adjudicated centrally according to 
objective changes in neurological examinations; 
however, attack definitions in the eculizumab study 
were not defined. In the eculizumab study, 21/45 
investigator-determined attacks (47%) (11/14 [79%] 
in the eculizumab arm and 10/31 [32%] in the pla-
cebo arm) were rejected by the AC compared with 
only 16% in N-MOmentum. Most of these investiga-
tor-determined attacks (18/21, 86%) were rejected 
by the AC owing to inconclusive exam findings. 
Sensitivity analyses demonstrated that the adjudica-
tion process significantly influenced the observed 
hazard ratio (HR) versus placebo (HR = 0.18 for 
investigator-determined attacks vs 0.06 for adjudi-
cated attacks).13 Similarly, sensitivity analysis of the 
trial of satralizumab monotherapy demonstrated that 
the adjudication process significantly influenced the 
observed HR versus placebo.14 When satralizumab 
was investigated with background immunotherapy, 
there was a considerable difference in the determina-
tion of attacks by central adjudication compared 
with initial clinical interpretation; the percentage of 
treated participants remaining attack-free at 48 weeks 
was 89% versus 69%, respectively.15 By compari-
son, in N-MOmentum, sensitivity analyses revealed 
similar HRs for inebilizumab versus placebo for 
investigator-determined attacks (0.323) and 
AC-adjudicated attacks (0.272) and the difference 
between AC adjudication and investigators in the 

determined proportion of inebilizumab-treated par-
ticipants remaining attack-free at the end of the 
N-MOmentum RCP differed by only 2.5%.6,17

The evidence of the robust and internally consistent 
nature of the attack criteria and adjudication process 
developed for N-MOmentum suggests that a set of 
unified and widely accepted criteria could promote 
consistency of attack monitoring across future stud-
ies and support clinical management. However, our 
results suggest that including MRI findings could 
potentially improve the sensitivity of attack diagno-
sis. In N-MOmentum, MRI was needed for confirma-
tion of 33% of adjudicated attacks for which clinical 
findings were inconclusive. Without MRI, these 
attacks may not have been included. However, the 
use of MRI in the setting of suggestive symptoms, 
even in the absence of objective findings, may have 
improved the sensitivity and objectivity of attack 
diagnosis further given that retrospective analysis of 
MRI findings revealed four adjudicated attacks that 
did not have lesion correlates. It would be worth-
while investigating whether instances of attacks 
without lesion correlates are associated with T2 
lesions that are identifiable on spinal cord MRI at 
subsequent time points. There was also evidence of a 
domain-specific MRI lesion in 1/8 investigator-
determined attacks rejected by the AC and 6/13 
potential attacks rejected by the investigator and AC 
for which participants had minimal symptoms with 
no or minimal changes in functional and EDSS 
scores. Concerns of regulators about the use of a non-
clinical measure limited the incorporation of MRI in 
this study to situations in which MRI was supportive 
of objective findings that were considered equivocal, 
but it was not permitted as a “standalone” indicator 
of an attack. The outcomes of the trial are designed to 
optimize specificity over sensitivity, minimizing 
false positive results. However, incorporation of MRI 
assessments might be considered for future studies 
and in clinical management of patients with new or 
worsening symptoms. Nonetheless, owing to the lim-
ited availability of MRI in worldwide clinical set-
tings,18 establishing a set of robust and specific 
clinical criteria for the diagnosis of NMOSD attacks 
could improve the sensitivity of attack adjudications 
in routine clinical care.

The results from this analysis may also support a 
potential role for sGFAP, a biomarker of astrocytic 
damage, in the evaluation of potential NMOSD 
attacks. Elevations in sGFAP correlate with attack 
risk,7 and were detected in the majority of partici-
pants with adjudicated attacks, suggesting that 

Figure 4. Proportion of investigator-reported and 
AC-adjudicated attacks with sGFAP elevation (>2-fold 
change) and MRI lesions.
AC: adjudication committee; sGFAP: serum glial fibrillary acidic 
protein.
Only participants who had data on sGFAP levels and MRI are 
included; those missing either MRI or sGFAP data are excluded. 
Among participants with AC-adjudicated attacks, seven participants 
had missing sGFAP data and two had missing MRI data.
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sGFAP concentrations correlate well with AC- 
adjudicated attacks. Among these, elevations in 
sGFAP were notably less common in the inebili-
zumab than in the placebo group. This is consistent 
with previous demonstration of a reduction in 
sGFAP with inebilizumab in participants without an 
adjudicated attack, and fewer inebilizumab-treated 
participants with raised sGFAP compared with par-
ticipants receiving placebo.7 Increased sGFAP (>2-
FC from baseline) was also observed in 1/7 
participants with investigator-determined attacks 
(non-AC-confirmed) and 4/13 participants with 
reported symptoms that were deemed not attacks by 
both investigators and AC. Given the previously doc-
umented favorable effects of inebilizumab on sGFAP 
levels and the significant reduction in risk of attack 
with inebilizumab versus placebo, it is possible that 
these observed cases in the inebilizumab group may 
be relatively mild.6,7 It should be noted that, although 
a modest but clear correlation of sGFAP level with 
age has been observed in both patients with NMOSD 
and healthy individuals,7 no age-dependent cut-off 
was applied in this study. However, the healthy donor 
reference population was age- and sex-matched. 
Overall, the evidence of elevated sGFAP in attacks 
suggests that this biomarker could potentially play a 
role in future attack assessment with the caveat that 
elevations in sGFAP were not routinely observed in 
inebilizumab-treated participants. It is clear that 
sGFAP represents a clinical signal in NMOSD, but 
its utility as a biomarker needs further exploration.

The attack criteria used in this study were novel, 
albeit based on commonly used procedures in clinical 
practice, and a formal validation had not taken place 
at the time of the study. The criteria were developed 
by a group of experts in the field, and regulatory 
authorities, participant organizations, and the 
NMOSD medical/scientific community were engaged 
in review of the study design, including the attack 
adjudication process.1 Although the relationship 
between MRI lesions and clinical events is incom-
pletely understood and validation in follow-up stud-
ies and other data sets is warranted, the current results 
suggest that incorporation of MRI lesion activity, 
together with introducing biomarker assessments 
such as sGFAP, may help to improve the sensitivity 
of attack-diagnosis criteria, but would need to be 
carefully assessed to be sure that such incorporation 
did not compromise specificity. Even so, the criteria 
applied in the N-MOmentum study appear to have 
provided relatively robust and consistent assessment 
of attacks in the hands of the study investigators and 
especially the AC.
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