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Updated diagnostic criteria for neuromyelitis
optica spectrum disorder: Similar outcomes
of previously separate cohorts

M McCreary ®, MA Mealy ®, DM Wingerchuk, M Levy, A DeSena and BM Greenberg

Abstract

Background: The specificity of the aquaporin-4 antibody to predict recurrent inflammatory central
nervous system disease has led to the design of the 2015 neuromyelitis optica spectrum disorder criteria
which capture all aquaporin-4 antibody seropositive patients.

Objective: The purpose of this study was to compare treatment outcomes in aquaporin-4 antibody
seropositive patients who met the previous 2006 clinical criteria for neuromyelitis optica with patients
who meet the 2015 neuromyelitis optica spectrum disorder criteria.

Methods: The study involved a three-center retrospective chart review of clinical outcomes among
aquaporin-4 patients diagnosed with neuromyelitis optica and neuromyelitis optica spectrum disorder.
Results: Hazard ratios of relapse during immunosuppressive therapy, relative to pre-therapy, were not
significantly different for patients who met the 2006 criteria of neuromyelitis optica versus the 2015
neuromyelitis optica spectrum disorder criteria among those treated with azathioprine (p = 0.24), myco-
phenolate mofetil (p =0.63), or rituximab (p =0.97).

Conclusion: Reductions in the hazard of relapse during treatment with immunosuppressive therapies,
relative to average pre-treatment, were not different for aquaporin-4 antibody seropositive patients
categorized using the 2006 criteria of neuromyelitis optica and the 2015 neuromyelitis optica spectrum
disorder criteria. These therapeutic findings support the design of the 2015 neuromyelitis optica spec-
trum disorder criteria which capture all aquaporin-4 antibody seropositive patients.

Keywords: Neuromyelitis optica, neuromyelitis optica spectrum disorder, annual relapse rate, diagnostic
criteria, treatment response
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Introduction

Neuromyelitis optica (NMO) is a rare inflammatory
disease that preferentially affects the optic nerves
and spinal cord and is distinct from multiple sclero-
sis (MS)."? Until recently, NMO diagnosis has been
based on application of 1999 or 2006 clinical criteria
that each require a history of both optic neuritis
(ON) and transverse myelitis (TM)."* The discovery
of the aquaporin-4 antibody (AQP4-IgG), which is
highly specific for NMO,* facilitated recognition of
a wider array of clinical and neuroimaging manifes-
tations that were described by the term neuromyelitis
optica spectrum disorder (NMOSD).? These findings

led to revision of the diagnostic criteria in 2015; the
new criteria unify the terms NMO and NMOSD and
confer the diagnosis of NMOSD in AQP4-IgG sero-
positive patients with a wider range of central ner-
vous system (CNS) localization, including the brain
and brainstem, even after a single attack.’

Based on the specificity of AQP4-IgG for prediction
of recurrent inflammatory CNS disease,®’ many
clinicians have treated seropositive patients with
limited diseases (e.g., a single attack) similarly to
those who fulfill 2006 NMO criteria. If limited
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seropositive NMOSD and historically defined sero-
positive NMO are indeed the same disease at different
clinical stages (i.e., limited NMOSD patients are des-
tined to fulfill 2006 NMO criteria via future clinical
attacks) then it would be expected that both NMO and
NMOSD seropositive patients, as previously defined,
would have similar responses to preventive therapy.
There are no approved disease-modifying therapies
(DMTs) for NMO or NMOSD, but observational
data suggest a positive effect of immunosuppressive
treatments, including azathioprine, mycophenolate
mofetil, prednisone, and rituximab.®? The goal of
the current study was to validate the clinical rele-
vance of the new diagnostic criteria by comparing
the treatment response of historically defined sero-
positive NMO and limited seropositive NMOSD
patients, as defined by the 2015 International Panel
for NMO Diagnosis (IPND) criteria.’

Patients and methods

This was an Institutional Review Board (IRB)
approved, multicenter retrospective review of
NMO and NMOSD patients treated at the
University of Texas Southwestern Medical Center
in Dallas, Texas, Johns Hopkins Hospital in
Baltimore, Maryland, and Mayo Clinic in
Scottsdale, Arizona, USA.

Restrictions

In our analysis of relapse reduction during NMO
preventive therapies, we define NMO preventive
therapies to be azathioprine, mycophenolate mofetil,
and rituximab. When analyzing relapse rate reduc-
tion during NMO preventive therapy, only the first
treatment a patient received using one of the three
NMO preventive therapies was included in the anal-
ysis. Patients were required to have been treated with
azathioprine, mycophenolate mofetil, or rituximab
for at least six months. Patients were required to
have pre-treatment data, but no minimum pre-
treatment duration restriction was implemented.
Patients who received cyclophosphamide, metho-
trexate, or mitoxantrone prior to treatment with an
NMO preventive therapy were excluded from anal-
ysis. Patients who were treated with an MS DMT
(interferon B-1a, glatiramer acetate, or natalizumab)
prior to treatment with an NMO preventive therapy
remained in the analysis. Patients receiving more
than one therapy were excluded from analysis,
with the exception of concurrent therapy of predni-
sone with azathioprine or mycophenolate mofetil.

Relapse

A relapse was defined as an acute clinical event
resulting in a change in neurological examination
persisting for more than 24 h localizing to the
spinal cord, brain, brainstem, and/or optic nerve
not attributable to a pseudoflare of previous relapse.
The annualized relapse rate (ARR) was calculated
by dividing the number of relapses experienced by
the duration of follow-up (in years).

Serological status

The serological status of each patient was deter-
mined by each center using commercially available
AQP4-1gG tests, including indirect immunofluores-
cence, enzyme-linked immunosorbent assay
(ELISA) and cell-based assays. Patients who tested
positive at any time in their disease course were
considered seropositive for the purposes of
this study.

Analysis

Analysis was performed using SAS software,
Version 9.4. Copyright, SAS Institute Inc. SAS and
all other SAS Institute Inc. product or service names
are registered trademarks or trademarks of SAS
Institute Inc., Cary, North Carolina, USA.

Preliminary Cox proportional hazards models were
used to investigate differences in the time to first
relapse after the initiation of NMO preventative ther-
apy between the NMO and NMOSD cohorts. A Cox
proportional hazards model was fitted with categor-
ical variables corresponding to treatment with aza-
thioprine, mycophenolate mofetil, and rituximab,
stratified by diagnosis, while controlling for the
squared log time (in years) to the start of treatment
after onset, the squared centered and scaled age, and
the center at which each patient was seen.

In accordance with our primary objective, an
Anderson and Gill (AG) model for recurrent event
survival data was fitted to examine reductions in the
hazard of relapse during treatment, relative to pre-
treatment, stratified by the center at which each
patient was seen.'® An additional frailty effect for
each patient was incorporated into the model to
account for additional within-subject dependence.
Time-dependent covariates corresponding to treat-
ment with azathioprine, mycophenolate mofetil, or
rituximab were included in the model to examine the
effect of each treatment on the hazard of relapse
relative to pre-treatment. Two additional time-
dependent treatment effects were included in the
model to capture the additional effect of concurrent
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treatment with prednisone and azathioprine or myco-
phenolate mofetil on the hazard ratio of relapse rel-
ative to pretreatment. Initially, the time-dependent
covariates for each treatment (i.e. azathioprine,
mycophenolate mofetil, rituximab, prednisone in addi-
tion to azathioprine, and prednisone in addition to
mycophenolate mofetil) were stratified by diagnosis
and the effect estimates were compared via contrasts
based on the asymptotic chi-squared distribution. If
the treatment effect estimates were not found to be
significantly different between the two diagnoses,
the model was refit with common time-dependent
treatment effects for the two diagnoses. Additional
covariates included in the model were the squared
centered and scaled age of patients, a time-
dependent covariate which is zero during the pretreat-
ment period and one during treatment, and the squared
log of years to treatment during the treatment period.
The functional forms of age and years to treatment
were chosen because they provided superior fit to
the observed data.

Secondary exploratory analyses were performed to
investigate demographic, clinical, radiological, and
disease history differences between seropositive
NMO and limited seropositive NMOSD patients.
Categorical characteristics were compared between
seropositive NMO and limited seropositive NMOSD
patient cohorts using Fisher’s exact test. Continuous
variables were compared between seropositive NMO
and limited seropositive NMOSD patient cohorts
using a two-sample 7-test when necessary assump-
tions were verified and the Mann-Whitney test oth-
erwise. To compare time to first relapse (in years)
between seropositive NMO and limited seropositive
NMOSD patient cohorts, survival curves stratified

by diagnosis were estimated and compared using
the log-rank test. Similarly, survival curves corre-
sponding to time to the initiation of an NMO pre-
ventive therapy (in years) stratified by diagnosis
were estimated and compared using the Wilcoxon
test due to evidence of violations of the proportional
hazards assumption. The odds ratio (OR) was calcu-
lated to determine the risk of AQP4-IgG seropositive
NMOSD to final diagnosis of NMO based on the
initiation of an NMO preventive therapy. Due to
the exploratory nature of these secondary analyses,
p-values were not adjusted for multiple testing.

The significance level was set as o= 0.05 and sig-
nificance was defined as a p-value <o. The value of
P,5 denotes the 25th percentile and P75 denotes the
75th percentile.

Results

A cohort of 152 aquaporin-4 antibody seropositive
patients were initially selected based on their final
diagnosis of NMO or NMOSD, representing all
patients between 1999-2012 who met inclusion cri-
teria. Diagnosis was reassessed using the 2006 NMO
diagnostic criteria and the 2015 IPND NMOSD cri-
teria.’>> Twenty-three additional patients were
excluded from further analysis due to incomplete
treatment, clinical event, or disease history data.
A final total of 129 patients were included in the
study, 77 (59.7%) ultimately diagnosed as NMO
and 52 (40.3%) ultimately diagnosed as limited sero-
positive NMOSD. The median follow-up time was six
years with a range from seven months to 35 years.
Eight patients initially tested AQP4-IgG seronegative
but were later confirmed to be seropositive.

Table 1. Demographic characteristics of study patients.

Final diagnosis NMO NMOSD p-Value
No. of patients () 77 52
Mean age of onset (years +std. dev.) 39.27+15.82 45.74+15.94 0.02
Female (%) 68 (88.31) 48 (92.31) 0.56
Ethnicity (%) 0.66
African American 34 (44.16) 16 (30.77)
Caucasian 32 (41.56) 28 (53.85)
Asian 4 (5.19) 3 (5.77)
Hispanic 6 (7.79) 4 (7.69)
Unknown 1 (1.30) 1(1.92)
Initial diagnosis (%) NA
NMOSD 70 (90.91) 52 (100.0)
NMO 7 (9.09) 0 (0.0)

NMO: neuromyelitis optica; NMOSD: neuromyelitis optica spectrum disorder; y: years; std. dev.: standard deviation.
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Demographics and patient characteristics of NMO
and NMOSD patients

Table 1 describes the mean age of onset, gender
distribution, ethnicity distribution, AQP4-IgG seros-
tatus, and initial diagnosis distribution of the histor-
ically defined seropositive NMO and limited
seropositive  NMOSD patients in the current
dataset. We found historical NMO and limited sero-
positive NMOSD patient populations to be similar in
their ethnicity and the percentage of female patients

in each group. The mean age of onset for NMO
patients was 39.27+15.82 years, which was lower
than that of NMOSD patients (45.74+15.94
years; p=0.02).

Table 2 describes the clinical characteristics and his-
tory of patients stratified by final diagnosis of his-
torically defined seropositive NMO or limited
seropositive NMOSD. At onset, the historically-
defined seropositive NMO patient group had similar

Table 2. Clinical characteristics of study patients by cohort.
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proportions of patients presenting with TM
(50.65%) and ON (54.55%), while the limited sero-
positive NMOSD patient group had a greater propor-
tion of patients who presented with TM (80.77%;
p=0.0005) and a lesser proportion who presented
with ON (11.54%; p <0.0001). Additionally, the
median time to initiation of an NMO preventive
therapy after onset was greater for the historically-
defined seropositive NMO patient group (3.17 years)
relative to the limited seropositive NMOSD patient
group (1.07 years; p=0.009). Similarly, seroposi-
tive NMO patients experienced greater median
number of relapses prior to the initiation of therapy
(two relapses) than the NMOSD patients (one
relapse; p = 0.0004).

Patient characteristics based on diagnosis on initial
presentation

Of the 129 patients included in the study, seven met
the diagnostic criteria for NMO with simultaneous
ON and TM on initial presentation; the other 122
were recognized as limited seropositive NMOSD.
After a median time of two years (range: one
month to 28 years), 70 (57.4%) of these patients
with initially limited seropositive NMOSD ultimate-
ly met criteria for historically-defined NMO with
both ON and TM.

Treatment decreases the odds of conversion to a
final diagnosis of NMO

Of the 122 AQP4-IgG seropositive patients who ini-
tially did not meet NMO diagnostic criteria, 62 were
treated with an NMO preventive therapy prior to
definitive NMO diagnosis, while the remaining 60
were not treated until after additional attacks con-
firmed the diagnosis of NMO or were never treated.
Of the 62 patients treated prior to satisfying diagnos-
tic criteria for NMO, 19 (30.6%) finally fulfilled
NMO diagnostic criteria via additional attacks
despite therapy, compared to 51 of the 60 (85%)
in the untreated cohort who met NMO diagnostic
criteria with subsequent relapses. Thus, the odds of
treated seropositive patients converting to NMO was
very low (OR =0.08, 95% confidence interval (CI):
0.03-0.19, p<0.0001) and the odds of untreated
patients relapsing and confirming the diagnosis of
historically defined NMO was high (OR=12.8,
95% CI: 5.26-31.26, p < 0.0001).

Similar time to first relapse after initiation of
preventative therapy

We hypothesized that after the start of an NMO pre-
ventative therapy, the survival times to first relapse
would not be different between historically defined
seropositive NMO and limited seropositive NMOSD

patient groups. Figure 1 displays the Kaplan-Meier
curves corresponding to the time to first relapse after
the initiation of therapy for azathioprine, mycophe-
nolate mofetil, and rituximab, stratified by diagnosis.
Figure 2 depicts the occurrence of relapses after the
initiation of therapy for historically defined seropos-
itive NMO and limited seropositive NMOSD
patients receiving azathioprine, mycophenolate
mofetil, and rituximab. For those patients whose
first NMO preventative therapy was azathioprine,
it was found that the difference in the survivorship
function between the two patient groups was not
statistically significant (p =0.24). Additionally, it
was found that the difference in the survivorship
function for those patients concurrently treated
with azathioprine and prednisone was not signifi-
cantly different between the historically defined
seropositive NMO group and the NMOSD group
(p=0.71). For those patients whose first NMO pre-
ventative therapy was mycophenolate mofetil, it was
again found that the difference in the survivorship
function between the two patient groups was not
statistically significant (p =0.63). We were unable
to analyze the effect of concurrent treatment of
mycophenolate mofetil with prednisone stratified
by diagnosis due to the fact that only a single
NMO patient received mycophenolate mofetil and
prednisone simultaneously. Lastly, for those patients
whose first NMO preventative therapy was rituxi-
mab, it was again found that the difference in the
survivorship function between the two patient
groups was not statistically significant (p =0.97).

Similar reductions in ARR in historical NMO and
limited seropositive NMOSD patients on

preventive treatment

We hypothesized that historically defined seroposi-
tive NMO and limited seropositive NMOSD patient
groups would experience similar reductions in the
hazard of relapse during NMO preventive therapy
relative to pretherapy. A total of 24 patients
(13 NMO, 11 NMOSD) received azathioprine as
their initial NMO preventive therapy. Of the
24 patients, 10 patients (six NMO, four NMOSD)
received both prednisone and azathioprine simulta-
neously. A total of 21 patients (11 NMO,
10 NMOSD) received mycophenolate mofetil as
their initial NMO preventive therapy. Of the
21 patients, four patients (three NMO, one
NMOSD) received both prednisone and mycopheno-
late mofetil simultaneously. A total of 26 patients
(16 NMO, 10 NMOSD) received rituximab as their
initial NMO preventive therapy.
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Figure 1. Kaplan-Meier curves for time to first relapse after the initiation of (a) azathioprine, (b) cellcept, and (c) rituximab, stratified by final
diagnosis of seropositive neuromyelitis optica (NMO) versus limited seropositive neuromyelitis optica spectrum disorder (NMOSD).

Initial analysis was performed to test differences in
the effect of the three NMO preventive therapies and
the addition of prednisone with azathioprine and
mycophenolate mofetil on the reduction of the
hazard of relapse during treatment, relative to pre-
treatment, for seropositive NMO patients versus
seropositive  NMOSD patients. Reductions in
hazard of relapse were found to not be different
between seropositive patients diagnosed as NMO
versus NMOSD during treatment with azathioprine
(p=0.23), mycophenolate mofetil (p =0.24), or rit-
uximab (p =0.71), relative to average pre-treatment
ARR. The additional effect of the addition of
prednisone on the hazard ratio of relapse relative
to pretreatment was not statistically different
between diagnoses for azathioprine (p=0.25) or
mycophenolate mofetil (p=0.94). Similarly, the
combined effect of prednisone and azathioprine or
mycophenolate was found to not be significantly dif-
ferent between the two diagnoses (p=0.66 and
p=0.94, respectively). Models were then refit with
common time-dependent treatment covariates for the

two diagnoses. The hazard ratio of relapse during
azathioprine treatment relative to pretreatment was
found to be 0.60 (95% CI: 0.30-1.22, p =0.16). The
hazard ratio of relapse during mycophenolate treat-
ment relative to pretreatment was found to be 0.67
(95% CI: 0.28-1.60, p=0.37). The hazard ratio
of relapse during rituximab treatment relative to pre-
treatment was found to be 0.26 (95% CI: 0.12-0.57,
p=0.0008). The additional reduction of the hazard
ratio of relapse due to prednisone during treatment
with azathioprine was 0.67 (95% CI: 0.26-1.70,
p=0.40). The additional reduction of the hazard
ratio of relapse due to prednisone during treatment
with mycophenolate mofetil was 0.29 (95% CI:
0.05-1.52, p=0.14). However, the hazard ratio of
relapse during combination therapy with azathio-
prine and prednisone relative to pretreatment was
found to be 0.40 (95% CIL: (0.18-0.91), p=0.03).
Lastly, the hazard ratio of relapse during combina-
tion therapy with mycophenolate mofetil and pred-
nisone relative to pretreatment was found to be 0.19
(95% CI: 0.04-1.01, p=10.05).
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Figure 2. Relapse occurrence for patients receiving (a) azathioprine, (b) cellcept, and (c) rituximab as their initial neuromyelitis optica (NMO)
preventative therapy, stratified by final diagnosis of seropositive NMO versus limited seropositive neuromyelitis optica spectrum disor-

der (NMOSD).

Discussion

With the identification of the AQP4-IgG as a spe-
cific biomarker of NMO came the realization that
NMO included a broader phenotypic spectrum than
previously appreciated.® Thus, many clinicians have
treated patients with limited seropositive NMOSD in
the same way as they would have treated historically
defined NMO patients, with immunosuppressants,
such as azathioprine, mycophenolate mofetil, pred-
nisone, and rituximab.®’ Simplification of patient
classification and the diagnostic process with the
updated 2015 clinical criteria allows for patients
with a single clinical event and positive AQP4-IgG
antibody test to be diagnosed with NMOSD and
therefore begin treatment to try to prevent a second
attack. Our multi-center, retrospective review of his-
torically defined seropositive NMO versus limited
seropositive NMOSD patients and their treatment
history found similar responses with preventive
immunotherapy. Specifically, the hazard ratio of
the addition of preventive immunotherapy, relative
to average pre-treatment ARR, was found to not be
significantly different for the two groups. This find-
ing lends evidence to the hypothesis that limited

seropositive NMO is the same disease as historically
defined NMO but detected at an earlier time point. It
also suggests that immunosuppressive treatment at
any time point is effective in reducing the odds of
conversion to 2006 NMO. These findings also sup-
port the unification of the terms NMO and NMOSD
within the 2015 IPND revised diagnostic criteria.” In
this study we found the statistically significant ben-
efit of rituximab and concurrent treatment of azathi-
oprine and prednisone while controlling for a
function of the time to the initiation of treatment
after onset and a function of age at onset.
Additionally, we found a near statistically significant
benefit of concurrent treatment of mycophenolate
mofetil and prednisone while controlling for a func-
tion of the time to the initiation of treatment after
onset and a function of age at onset.

Limitations of the current study result from the anal-
ysis of retrospective data. Specifically, the patients
in each cohort do not represent random samples.
Additionally, initiation of a particular treatment
was at the discretion of the treating physician and
not randomized. Lastly, the sample sizes of patients
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analyzed for the effect of treatment was limited due
to the availability of complete treatment data satis-
fying the designated inclusion/exclusion criteria.

Authors’ Note

A DeSena is now affiliated to Department of Neurology,
Cincinnati Children’s Hospital Medical Center, USA.

Conflict of Interests

The author(s) declared the following potential conflicts of
interest with respect to the research, authorship, and/or
publication of this article: B Greenberg has received
grant support from the Guthy Jackson Charitable
Foundation, NIH, PCORI, Medimmune, Chugai, Acorda,
and Genentech. He has received consulting fees from
Novartis, Alexion, and EMD Serono. M Levy currently
receives research support from: National Institutes of
Health, Maryland Technology Development Corporation,
Sanofi, Genzyme, Alexion, Alnylam, Shire, Acorda, and
Apopharma. He has also received personal compensation
for consultation with Alexion, Acorda, and Genzyme and
he serves on the scientific advisory boards for Alexion,
Acorda, and Quest Diagnostics. D Wingerchuk receives
research support paid to Mayo Clinic from Alexion and
TerumoBCT and has received personal compensation for
consultation  services from  Medlmmune, ONO
Pharmaceuticals, Celgene, Brainstorm Therapeutics, and
Caladrius. A DeSena, M Mealey, and M McCreary have
no conflicting interests to report.

Funding

The author(s) disclosed receipt of the following financial
support for the research, authorship, and/or publication of
this article: This study was funded by the Guthy Jackson
Charitable Foundation.

ORCID iD

M McCreary (@) http://orcid.org/0000-0002-8378-460X
MA Mealy () http://orcid.org/0000-0001-8967-6338

References

L.

10.

Wingerchuk DM, Hogancamp WF, O’Brien PC, et al.
The clinical course of neuromyelitis optica (Devic’s
syndrome). Neurology 1999; 53: 1107-1118.

. Weinshenker BG. Clinical overview of neuromyelitis

optica. Rinsho Shinkeigaku 2009; 49: 894-895.

. Wingerchuk DM, Lennon VA, Pittock SJ, et al.

Revised diagnostic criteria for neuromyelitis optica.
Neurology 2006; 66: 1485-1489.

. Lennon V, Wingerchuk D, Kryzer T, et al. A serum

autoantibody marker of neuromyelitis optica:
Distinction from multiple sclerosis. Lancet 2004;
364: 2106-2112.

. Wingerchuk DM, Banwell B, Bennett JL, et al.

International Panel for NMO Diagnosis. International
consensus diagnostic criteria for neuromyelitis optica
spectrum disorders. Neurology 2015; 85: 177-189.

. Jarius S, Franciotta D, Bergamaschi R, et al. AQP4-

IgG in the diagnosis of neuromyelitis optica.

Neurology 2007; 68: 1076-1077.

. Weinshenker BG, Wingerchuk DM, Vukusic S, et al.

Neuromyelitis optica IgG predicts relapse after longi-
tudinally extensive transverse myelitis. Ann Neurol
2006; 59: 566-569.

. Awad A and Stuve O. Idiopathic transverse myelitis

and neuromyelitis optica: Clinical profiles, pathophys-
iology and therapeutic choices. Curr Neuropharmacol
2011; 9: 417-428.

. Sepulveda M, Armangué T, Sola-Valls N, et al.

Neuromyelitis optica spectrum disorders.
Comparison according to the phenotype and serosta-
tus. Neurol Neuroimmunol Neuroinflamm 2016;
3: e225.

Andersen, PK and Richard DG. Cox’s regression
model for counting processes: A large sample study.
Ann Stat 1982: 1100-1120.

www.sagepub.com/msjetc


http://orcid.org/0000-0002-8378-460X
http://orcid.org/0000-0002-8378-460X
http://orcid.org/0000-0002-8378-460X
http://orcid.org/0000-0001-8967-6338
http://orcid.org/0000-0001-8967-6338

	table-fn1-2055217318815925
	table-fn2-2055217318815925



