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ABSTRACT

Introduction: We sought insights into neu-
romyelitis optica spectrum disorder (NMOSD)
treatment practices worldwide.
Methods: Neurologists from the USA, Ger-
many, Italy, Brazil, South Korea, and China
completed an online survey, contributing

clinical records for aquaporin-4 (AQP4)
immunoglobulin G (IgG)-seropositive adults
with NMOSD, which included patient demo-
graphics, diagnosis, maintenance treatment
history, relapse occurrence, and severity. Inter-
viewed patients receiving NMOSD maintenance
therapy provided information about their
diagnosis, treatment, perceptions about relapse
severity or disease stability, and treatment
switches.
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Results: A total of 389 neurologists submitted
clinical records for 1185 patients with AQP4-
IgG-seropositive NMOSD; 33 patients with
NMOSD were interviewed. Approximately 25%
(228/910) of patients from the clinical record
review (CRR) were initially misdiagnosed; 24%
(8/33) of patients interviewed reported formal
misdiagnosis. Misdiagnosis was associated with
treatment delay and more relapses compared
with correct diagnosis (mean 3.3 vs 2.8). Main-
tenance therapy was not initiated within
2 months for 47% (221/472) of patients from
the CRR and 24% (8/33) of interviewed patients.
Oral corticosteroids/immunosuppressive thera-
pies were typically the first maintenance treat-
ment initiated, except for the USA, where
monoclonal antibodies were equally likely to be
prescribed. Relapse severity influenced the
decision to initiate/change therapy and use
monoclonal antibodies. Of interviewed
patients, 76% (25/33) did not recall having a
choice of treatment and many did not know the
rationale for treatment choice.
Conclusion: Misdiagnosis of NMOSD appears
to be common and is associated with a delay in
initiation of maintenance therapy, with deci-
sions influenced by relapse severity. Further
real-world studies assessing relapse severity in
treatment initiation/switch are required to
revise NMOSD treatment recommendations.

Keywords: Clinical practice; Medical care;
Neuromyelitis optica spectrum disorder; Optic
neuritis; Real-world evidence; Relapse;
Transverse myelitis; Treatment

Key Summary Points

Why carry out this study?

Although current NMOSD treatment
guidelines were last updated prior to the
approval of several monoclonal antibody
drugs, their availability has made
decisions around treatment initiation and
switch increasingly complex.

This study sought to develop a clearer
understanding of patient characteristics
and other drivers behind treatment
initiation, treatment choice, and switch in
clinical practice through a global clinical
record review and patient interviews.

What was learned from the study?

Misdiagnosis of NMOSD is common (25%
[228/910] of patients from the clinical
record review were initially misdiagnosed)
and was a factor associated with treatment
delay and more frequent relapses (mean
3.3 vs 2.8) compared with correct
diagnosis.

Oral corticosteroids/immunosuppressive
therapies were typically the first-line
maintenance therapy of choice for the
majority of neurologists, and relapse
severity was a key factor in treatment
decisions, including use of monoclonal
antibodies.

This research provides insights into real-
world factors driving treatment decisions
in this rare disease and highlights the
need for further real-world studies
assessing relapse severity as a factor in
treatment decisions to guide NMOSD
treatment recommendations.

INTRODUCTION

Neuromyelitis optica spectrum disorder
(NMOSD) is a rare demyelinating disorder of the
central nervous system, which is primarily
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characterized by a relapsing disease course with
episodes of optic neuritis and longitudinal
extensive transverse myelitis [1, 2]. The discov-
ery of pathogenic aquaporin-4 immunoglobu-
lin G (AQP4-IgG) autoantibodies that target
astrocyte water channels and activate the clas-
sical complement cascade leading to astrocyte
death, demyelination, and subsequent neuronal
loss helped to establish NMOSD as distinct from
multiple sclerosis (MS) [1, 3–5], leading to
revised diagnostic criteria [6].

Relapses in patients with NMOSD can be
devastating and lead to bilateral blindness,
complete motor paralysis, long-term disability,
and, in some cases, death [4, 7, 8]. Relapse pre-
vention is the primary therapeutic goal in
NMOSD [9, 10], with the first NMOSD treat-
ment being approved in 2019 [11, 12]. Off-label
immunosuppressive therapies (ISTs) and corti-
costeroids were (and in some regions continue
to be) the mainstay of treatment [10–13]. At the
time of writing, three monoclonal antibodies
have been approved for the treatment of AQP4-
IgG-seropositive NMOSD: the anti-complement
C5 antibody eculizumab, the anti-CD19 anti-
body inebilizumab, and the anti-interleukin-6
receptor antibody satralizumab [11, 12, 14–17].

The availability of additional treatment
options for NMOSD has meant that treatment
choice and decisions around treatment initia-
tion/switch have become increasingly complex.
Therefore, a global clinical record review and
patient interviews were conducted to develop a
clearer understanding of patient characteristics
and other drivers behind treatment initiation,
treatment choice, and switch in clinical
practice.

METHODS

Study Design

In this cross-sectional study, neurologists from
the USA, Germany, Italy, Brazil, South Korea,
and China participated in a 30–60-minute
online survey, during which they contributed a
minimum of 2–4 patient records relating to
adult patients with AQP4-IgG-seropositive
NMOSD. Neurologists were recruited via an

International Organization for Standardization-
certified medical research panel from a range of
hospitals (Table 1) and screened on the basis of
the following criteria: specializing in neurology
for 2–35 years; being responsible for the man-
agement and treatment of their patients with
NMOSD (not solely maintaining a therapeutic
regimen prescribed by another healthcare pro-
vider); the number of patients with NMOSD
under their care for the last 12 months (C 5 in
the USA, Brazil, and Italy; C 10 in China; C 3 in
Germany and South Korea), at least two of
whom were required to be AQP4-IgG-seroposi-
tive; some of their patients with AQP4-IgG-
seropositive NMOSD receiving maintenance
therapy; and their patients with AQP4-IgG-
seropositive NMOSD being either newly diag-
nosed or having undergone a maintenance
therapy change within the last 2 years. Data
were quality checked daily during fieldwork and
removed from the sample if quality control
measures were not met (e.g., short interview
length, nonsensical responses, repeated selec-
tion of the same responses, etc.).

A separate sample of patients with NMOSD
was also recruited to participate in 30-minute
qualitative telephone interviews to understand
their perceptions of their NMOSD and its
management. None of the patients included in
the qualitative interviews were the same
patients as those included in the clinical record
review. Patients were recruited by phone and
email from the same six countries as the par-
ticipating neurologists via physician referrals,
patient panels, and patient groups/associations.
Data were quality checked by patient engage-
ment and whether their responses during the
interview matched those during screening. Both
neurologists and patients received an honorar-
ium for their participation.

At the time of the clinical record review,
satralizumab had not been approved in any of
the six assessed countries, whereas eculizumab
had been approved in the USA and the EU
[18, 19], and inebilizumab had been approved
in the USA [15]. Satralizumab was approved by
the US Food and Drug Administration on 14
August 2020, 2–3 months prior to the patient
interviews [16].
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Study Population

Participating neurologists submitted clinical
records for patients at least 18 years old with
confirmed NMOSD who tested seropositive for
AQP4-IgG and were (1) newly diagnosed with
NMOSD within the last 2 years, but not the last
3 months; (2) diagnosed with NMOSD for at
least 2 years and had their maintenance therapy
changed within the past 2 years (treatment
switch or add-on); or (3) the most recent

patients with NMOSD seen by the neurologist.
Newly diagnosed patients were included to
understand decisions around treatment initia-
tion, drivers for choice of first maintenance
therapy, and triggers to initiate therapy.
Patients diagnosed with NMOSD at least 2 years
ago were included to understand triggers for
switching maintenance therapy. Patients most
recently seen in clinical practice were included
to represent a ‘‘random’’ patient and ensure a
representative sample for ‘‘sizing’’ of behaviors

Table 1 Geographical distribution of neurologists participating in the online survey and patients participating in telephone
interviews

USA Germany Italy Brazil South
Korea

China

Neurologists (N = 389)

Neurologists, n 100 60 51 51 50 77

Type of hospital/practice neurologists were

recruited from, n (%)

Academic hospital, n (%) 38 (38) 32 (53) 40 (78) – 19 (38) –

Non-academic hospital, n (%) 7 (7) 6 (10) 10 (20) – 7 (14) –

Group practice/office, n (%) 44 (44) 14 (23) 0 (0) – 12 (24) –

Solo practice/office, n (%) 11 (11) 8 (13) 1 (2) – 12 (24) –

Private practice (Brazil only), n (%) – – – 11 (22) – –

Public practice (Brazil only), n (%) – – – 3 (6) – –

Private and public practice (Brazil only), n (%) – – – 37 (73) – –

Tier 3A hospitala (China only), n (%) – – – – – 77 (100)

Patient clinical records, n 293 170 181 165 153 223

Patient proportion of total sample, % 25% 14% 15% 14% 13% 19%

Proportion of patients misdiagnosed

prior to NMOSD diagnosis, n (%)

45 (21) 39 (30) 40 (26) 34 (26) 6 (5) 64 (39)

Patients participating in telephone

interviews (N = 33)

Patients, n 8 5 5 5 5 5

Proportion of total sample, % 24% 15% 15% 15% 15% 15%

NMOSD, neuromyelitis optica spectrum disorder
aTier 3 hospitals in China are medical centers with comprehensive medical, teaching, and scientific research capabilities, a
bed capacity exceeding 500, and provide high-level specialist care across regions, cities, and provinces. Based on the level of
service provision, size, medical technology, medical equipment, and management and medical quality, these three grades are
further subdivided into three subsidiary levels: A, B, and C
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(i.e., how often switching occurs) or dis-
ease/patient characteristics.

Patients participating in telephone inter-
views were at least 18 years old, had a confirmed
NMOSD diagnosis, and were receiving NMOSD
maintenance therapy at the time of the inter-
view. Patients were recruited via patient panels
(USA only), patient groups or organizations,
and/or physician referrals. Eligible patients were
at least 18 years old and either (1) diagnosed
with NMOSD within the last 2 years (newly
diagnosed) or (2) diagnosed with NMOSD for at
least 2 years and had a switch in maintenance
therapy within the last 2 years. All patients
must have had at least one relapse in the past
2 years, be receiving maintenance therapy for
NMOSD, and have no work history in a health-
related, pharmaceutical industry, or market-re-
search-related field. As a result of the qualitative
nature of the patient interviews, self-reported
patient AQP4-IgG status was not always
established.

Data Collection and Assessments

The clinical record review was designed to col-
lect information on patient demographics,
diagnosis, maintenance treatment history, and
relapse severity. Time between first symptoms
and diagnosis, date of diagnosis, diagnostic cri-
teria, previous misdiagnoses, AQP4-IgG status,
and timing of AQP4-IgG testing were also
recorded, along with details of previous and
current therapies and time of prescription (in-
cluding any periods without therapy), rationale
for choice of first maintenance therapy, and
rationale behind each subsequent treatment
selection.

Relapse history and characteristics were
assessed by recording the number of relapses,
dates of most recent relapse and implications
(i.e., change in maintenance treatment and
reason for change) and additional details,
including clinical signs/symptoms, relapse
duration (i.e., time between the symptom onset
and maximum recovery), acute treatment at
relapse, duration of hospitalization (if applica-
ble), extent of relapse recovery, change in
function/disability due to relapse, and perceived

relapse severity and rationale. As no well-
established definitions of relapse severity exist,
the severity classifications applied by physicians
completing the survey were based on clinician
judgement.

Patient interviews were designed to collect
information about patient journey from diag-
nosis to treatment, perceptions about relapse
severity or disease stability, perceived barriers or
drivers to treatment switches, and other factors
that might influence treatment choice. The
online survey used in the clinical record review
and the patient interview guide are available in
the Supplementary Material.

Statistical Analysis

Sample sizes were based on the maximum fea-
sible sample of neurologists that could be
achieved in each country within the 4-week
fieldwork period. Statistical analysis involved
cross-tabulations with significance testing.
P values were calculated using SPSS software,
version 26 (IBM SPSS Statistics, IBM Corpora-
tion, Armonk, NY, USA), with a two-sided sig-
nificance level of p\0.05.

The chi-squared (v2) test was used to detect
an association between two categorical vari-
ables. Pairwise comparisons of proportions were
performed using a z-test when the test variable
was categorical, and pairwise comparisons of
means were performed using a t-test when the
variable was scale based. Bonferroni corrections
were conducted for the z- and t-tests.

For the qualitative patient interviews, ver-
batim English transcripts were first developed
from the patient interview audios and analyzed
via thematic analysis to identify common
patterns.

Ethics Statement

This was a market research study and, as such, it
was conducted in accordance with the Euro-
pean Pharmaceutical Market Research Associa-
tion’s (EphMRA) industry code of conduct.
Market research as defined in this code of con-
duct does not require clinical research ethics
committee or independent review board
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approval. All subjects provided informed con-
sent to participate in the study (in accordance
with the EphMRA code of conduct), and
research was compliant with all international
and national data protection laws. Quote
responses provided are vignettes of real answers
that have been amended to maintain anonym-
ity of respondents without altering the theme of
their statements.

RESULTS

Patient Characteristics and Geographical
Distribution

The online survey was conducted between 14
July and 15 August 2020. Initially, 1097 neu-
rologists participated in the online survey, of
whom 668 completed the screening questions
but did not qualify to participate on the basis of
their responses and the patient types they
managed (Supplementary Material). Therefore,
429 neurologists completed the survey, 40 of
whom (9%) were removed during the quality
check, resulting in a final sample of 389 neu-
rologists (Table 1). These 389 neurologists pro-
vided records for 1185 AQP4-IgG-seropositive
patients with NMOSD, comprising 472 patients
diagnosed with NMOSD within the past 2 years
(but not the last 3 months) who were either
receiving their first maintenance therapy or had
not yet been initiated on a maintenance ther-
apy; 655 patients with a maintenance therapy
change (switch or add-on) within the past
2 years; and 58 patients diagnosed over 2 years
ago who had not changed their maintenance
therapy in the past 2 years.

In the patient interviews, 53 patients were
screened, and 34 patients interviewed between
20 October and 27 November 2020 (Table 1),
with each interview lasting approximately
30 minutes. One patient was removed during
the quality check process, as she was not
receiving NMOSD maintenance therapy, leav-
ing a final sample of 33 patients. Patient
demographics are shown in the Supplementary
Material. Twenty-one patients (64%) were
newly diagnosed with NMOSD, and the

remaining 12 patients were not newly
diagnosed.

Diagnosis

Neurologist Clinical Record Review
Of patients for whom misdiagnosis information
was available (n = 910), approximately 25%
(228/910) of patients with NMOSD reported by
neurologists were initially misdiagnosed, most
commonly in China and least commonly in
South Korea (Table 1). Of the 222/228 patients
where the condition patients were previously
misdiagnosed with was known, 44% (n = 97),
10% (n = 23), 8% (n = 17), and 7% (n = 16) were
diagnosed with MS, idiopathic myelitis, optic
neuritis, and stroke/transient ischemic attack.
Other misdiagnoses occurred in less than 5% of
patients. Of 228 patients initially misdiagnosed,
72 patients (32%) were correctly diagnosed with
NMOSD within 2 months of misdiagnosis.

Misdiagnosis rates remained relatively con-
sistent over time. Approximately one-third of
patients with NMOSD diagnosed more than
36 months ago (32%; n = 59/187) were initially
misdiagnosed versus 20% (n = 45/226), 26%
(n = 75/289), and 24% (n = 49/208) of patients
who were diagnosed 25–36 months ago, 12–-
24 months ago, and less than 12 months ago,
respectively.

In those initially misdiagnosed, time
between first observation of symptoms to initi-
ation of first maintenance therapy was longer
than for patients not misdiagnosed (21.2 vs
9.9 months; p\0.05). Patients who were mis-
diagnosed experienced more relapses in total
(assessed over the course of patients’ lives up to
survey initiation) versus those not misdiag-
nosed (mean number of total relapses 3.3 vs 2.8,
respectively; p\ 0.05). A higher proportion of
patients who were misdiagnosed had a severe
attack (at their most recent relapse) versus those
who were not misdiagnosed (23% vs 10%).

Patient Interviews
Prior to their NMOSD diagnosis, 60% (20/33) of
patients were informally told that their symp-
toms were due to conditions other than
NMOSD, e.g., tiredness, stress, gastric or
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ophthalmological issues. Of those, eight
patients reported being formally misdiagnosed
before their NMOSD diagnosis, typically with
MS, but also optic neuritis or gastritis. Misdiag-
nosis led to an average 5-year delay (range 1–-
20 years) in receiving a correct NMOSD
diagnosis, with a delay of 20 years being repor-
ted in one case. During this time, patients
continued to experience relapses and disability.
On receiving a diagnosis of NMOSD (following
a misdiagnosis), three patients directly reported
feeling angry and scared:

I was scared and angry because I had only just
accepted my [wrong] diagnosis and was then
diagnosed with something else. I was aware of
what NMO was and was terrified of going
blind.

Drivers for Treatment Initiation

Neurologist Clinical Record Review
Neurologists did not initiate maintenance
therapy within 2 months of diagnosis for 47%
(221/472) of newly diagnosed patients (Fig. 1i),
with the main reasons being ‘‘stable’’ disease,
patient refusal, and cost/access restrictions
(Fig. 1ii). The proportion citing cost/access
restrictions differed by country (Fig. 1iii).

There was an association between time to
treatment initiation and initial attack severity
(p\ 0.05 for interaction). Experiencing an ini-
tial attack (i.e., the attack leading to diagnosis)
that was classed as severe was more common in
patients who were immediately initiated on
therapy than in those not initiated on mainte-
nance therapy within 2 months of diagnosis
(13% vs 5%; Fig. 2). In contrast, experiencing an
initial attack that was classed as mild was more
common in patients not initiated on mainte-
nance therapy within 2 months of diagnosis
than in those immediately initiated on therapy
(53% vs 42%; Fig. 2). Evidence suggests that a
delay between diagnosis and maintenance
therapy initiation is becoming less common.
For patients diagnosed within 12 months pre-
ceding the survey, 39% (109/276) were not ini-
tiated on maintenance therapy within

i 

ii 

iii 

47 51
62

46
38 34

0

20

40

60

80

100

US
(n=118)

Germany
(n=77)

Italy
(n=77)

Brazil
(n=65)

China
(n=85)

South Korea
(n=50)

Pr
op

or
tio

n 
of

 p
at

ie
nt

s 
(%

)

40
32

19
9

0

20

40

60

80

100

Stable disease Patient refusal Cost/access
restrictions

Other§

Pr
op

or
tio

n 
of

 p
at

ie
nt

s 
(%

)

32 29 27
14

5 3
0

20

40

60

80

100

China South Korea US Germany Brazil Italy

Pr
op

or
tio

n 
of

 p
at

ie
nt

s 
(%

)

Fig. 1 Proportion of (i) newly diagnosed patients by
country not initiating therapy within 2 months of
diagnosis, (ii) reasons for not initiating maintenance
therapy within 2 months of diagnosis, and (iii) cost/access
restrictions as a reason for newly diagnosed patients not
initiating therapy within 2 months of diagnosis by country.
§Other reasons included a need to wait until after acute
treatment and logistics, such as scheduling infusions. Data
presented in (i) are for all newly diagnosed patients who
had not been initiated on therapy within 2 months of
diagnosis by country as a proportion of all newly diagnosed
patients (N = 472). Data presented in (ii) are reasons
given for not initiating therapy within 2 months of
diagnosis as a proportion of all patients that were receiving
therapy at the time of the survey (N = 151); stable disease
(n = 60), patient refusal (n = 49), cost/access restrictions
(n = 28), other (n = 14). Data presented in (iii) are for all
newly diagnosed patients receiving treatment at the time of
the survey that mentioned cost/access restrictions as a
reason for not being initiated on therapy within 2 months
of diagnosis (N = 28); China (n = 7), South Korea
(n = 4), the USA (n = 12), Germany (n = 3), Brazil
(n = 1), Italy (n = 1)
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2 months of diagnosis, whereas 63% (155/248)
who were diagnosed over 36 months ago were
not initiated on maintenance therapy within
2 months of diagnosis (p\ 0.05).

For newly diagnosed patients with mild
symptoms, 38% (146/389) of neurologists
strongly agreed that IST alone (e.g., azathio-
prine, mycophenolate mofetil, cyclophos-
phamide, mitoxantrone) was an appropriate
treatment option, whereas for patients with
moderate-to-severe symptoms, 32% (123/389)
of neurologists said the same. Oral corticos-
teroids/ISTs were typically the first maintenance
treatment initiated in most countries, with
higher use in Brazil, China, and South Korea
than in other countries (Fig. 3i). Only in the
USA were neurologists equally as likely to pre-
scribe monoclonal antibodies as oral corticos-
teroids/ISTs.

In newly diagnosed patients with recorded
initial attack severity, who were initiated on
and were still receiving therapy at the time of
the study (n = 354), there was an association
between treatment choice (oral corticosteroids/
ISTs versus monoclonal antibodies) and initial
attack severity (p\0.05 for interaction). A
higher proportion of patients initiated on oral
corticosteroids/ISTs had an initial attack classi-
fied as mild than patients initiated on a

monoclonal antibody (52% [122/236] vs 25%
[30/118]). In contrast, a higher proportion of
patients initiated on monoclonal antibodies
had a moderate initial attack than those who
were initiated on oral corticosteroids/ISTs (65%
[77/118] vs 37% [87/236]). Of all the core clin-
ical characteristics analyzed at disease onset in
newly diagnosed patients that received therapy
with oral corticosteroids/ISTs or monoclonal
antibodies at any point (n = 400), only acute
transverse myelitis was associated with the
decision to start patients on monoclonal anti-
bodies over oral corticosteroids/ISTs (47% [61/
131] vs 29% [78/269]; p\0.05; Fig. 4).
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treatment and (ii) following a treatment change. IST,
immunosuppressive therapy. §Other treatments were
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were still receiving therapy at the time of the study
(N = 606)
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Patient Interviews
Of interviewed patients, 24% (8/33) were not
initiated on NMOSD maintenance therapy
within 2 months of diagnosis. However, in five
of these patients, this was due to logistics (e.g.,
specialist appointments, insurance, vaccina-
tions, etc.) rather than a physician decision to
use a ‘‘watch and wait’’ approach. Of the 33
patients interviewed, only one patient (3%) in
the USA appeared to describe a true ‘‘watch and
wait’’ approach, whereby her neurologist
intended to see how her disease progressed
before administering treatment.

Twenty-five patients (76%), most commonly
in China, did not recall being given a choice of
treatment and often did not know why a
specific treatment had been chosen for them.
Patients considered the decision to initiate
treatment to be driven by their neurologist’s
guidance, as they often felt overwhelmed at
diagnosis and struggled to participate in treat-
ment decisions:

I completely relied upon my doctor’s prescrip-
tion when I was diagnosed. I didn’t know
anything about the different treatments.

I did not actively contribute to choosing a
medication because I didn’t know the different
options. It was entirely my doctor’s decision.

Comments made by patients during their
interviews demonstrated a clear belief among
their neurologists that oral corticosteroids/ISTs
are sufficient for newly diagnosed patients.
Eight of the 33 interviewed patients (24%) claim
to have been initiated on a monoclonal anti-
body: 4/5 patients from Germany, 3/8 patients
from the USA, and 1/5 patients from South
Korea. Twenty-four patients (73%), including
the US patient on the ‘‘watch and wait’’
approach, were initiated on oral corticosteroid/
ISTs. The remaining patient in the USA was
initiated on long-term intravenous
immunoglobulin. The eight patients treated
with monoclonal antibodies typically had a
severe initial attack or symptoms, up to and
including paralysis (three patients were para-
lyzed by the initial attack; one is still using a
wheelchair and two are now ambulatory). Two
of the eight patients initiated on a monoclonal
antibody were already receiving a monoclonal
antibody (rituximab) prior to their formal
NMOSD diagnosis because of misdiagnosis with
MS. Cost/access restrictions were seen as a key
barrier to first-line monoclonal antibody use by
patients (n = 6), most commonly in Brazil
(n = 4) and China (n = 2).

Drivers for Treatment Switch

Neurologist Clinical Record Review
Lack of efficacy, which was primarily deter-
mined by the occurrence of a relapse (with
magnetic resonance imaging [MRI] confirma-
tion), MRI findings (with/without symptoms),
relapse severity, and insufficient recovery from
a relapse drove 54% of all treatment changes,
whereas lack of tolerability and adverse events
drove 19% and 15% of treatment changes,
respectively (Fig. 5). However, 48% of ‘‘random’’
patients (i.e., the most recent patient seen for a
routine clinical visit) who had a relapse since
diagnosis (n = 136) did not change their ther-
apy despite experiencing a relapse.

The most common reasons for not switching
treatments (in more than 10% of neurologists)
included a mild relapse (20%, n = 13), ‘‘stable’’
patient with good quality of life (QoL) (17%,
n = 11), the patient already receiving a good

2% (n=2)

8% (n=11)

18% (n=24)

28% (n=37)

47%* (n=61)

37% (n=49)

4% (n=11)

4% (n=12)

13% (n=34)

23% (n=63)

29% (n=78)

49% (n=133)

0% 20% 40% 60% 80% 100%

Symptomatic narcolepsy or acute
diencephalic syndrome

Acute brainstem syndrome

Area postrema syndrome

Bilateral optic neuritis

Acute transverse myelitis

Unilateral optic neuritis

Initiated on oral
corticosteroids/IST (n=269)

Initiated on a monoclonal
antibody (n=131)

Proportion of patients (%) 

Fig. 4 Association between core clinical characteristics at
disease onset and treatment initiation with an oral
corticosteroid/IST or a monoclonal antibody in newly
diagnosed patients who received therapy at any point
(N = 400). IST, immunosuppressive therapy. *p\ 0.05
(corrected p value via SPSS). The z-test was used for
pairwise comparisons of proportions, and the Bonferroni
correction was applied to this test
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therapy (16%, n = 10), and patient choice (11%,
n = 7).

Of the 65 patients from the clinical record
review who did not have their treatment chan-
ged after a relapse, 38 (58%) were noted as
having a mild relapse as their most recent
relapse, with 49% (n = 32) making a full recov-
ery post-relapse. Patients who did not have a
treatment change after relapse (n = 65) were
also less likely (p\0.05) to have experienced
the following symptoms, as well as residual
disability resulting from their most recent
relapse versus patients who did have a treat-
ment change after relapse (n = 71): vision
impairment, orbital pain, fatigue and neuro-
pathic pain, or a decline in daily living
activities.

Among patients who had a recent therapy
change (N = 606), those in Brazil, China, and
South Korea were more likely to remain on oral
corticosteroids/ISTs compared with the USA,
Germany, and Italy (Fig. 3ii). Escalation to mon-
oclonal antibody treatment was more likely to
occur versus escalation to another oral corticos-
teroid/IST if treatment change was driven by a
lack of efficacy (63% [274/437 switches] vs 45%
[148/332 switches]; p\0.05) than if driven by
adverse events or financial issues, etc.

There was an association between treatment
change (oral corticosteroids/ISTs vs monoclonal

antibodies) and whether an MRI was conducted
to confirm patients’ most recent relapse
(p\ 0.05 for interaction). Of patients with
available MRI data regarding their most recent
relapse who had a treatment change, a higher
proportion of patients who were escalated to a
monoclonal antibody had an MRI confirming
their most recent relapse versus patients who
had a treatment change to another oral corti-
costeroid/IST (83% [213/257] vs 67% [128/
190]). Choice of treatment change (oral corti-
costeroids/ISTs vs monoclonal antibodies) was
associated with relapse severity (p\ 0.05 for
interaction). A higher proportion of patients
who had their treatment escalated to a mono-
clonal antibody experienced a severe relapse
than those switched to a different oral corti-
costeroid/IST (19% vs 8%; Fig. 6), whereas a
higher proportion of patients who had their
treatment changed to a different oral corticos-
teroid/IST had a mild relapse than those esca-
lated to a monoclonal antibody (51% vs 29%;
Fig. 6).

Patient interviews
Six of the 21 newly diagnosed patients and
eight of the remaining 12 ‘‘ongoing’’ patients
(i.e., not newly diagnosed) reported recent/
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Fig. 5 Key triggers (named by more than 5% of
respondents) driving a change in maintenance therapy
(N = 831). N = 831 corresponds to the number of
treatment switches. A total of 606 patients had a therapy
change and were still receiving therapy at the time of the
study, but, of these, some patients had more than one
therapy switch
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Fig. 6 Severity of the most recent relapse driving a change
in treatment. IST, immunosuppressive therapy. Data
shown are for patients for whom information was collected
regarding their most recent relapse who had a treatment
change to either a monoclonal antibody or an oral
corticosteroid/IST. The v2 test was used to test for an
association between treatment change and severity of
relapse, and there was a considerable association between
these variables (p\ 0.05)
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upcoming therapy changes. Seventeen therapy
changes (either a treatment switch or an add-
on) in 14 patients were discussed in total.

Twelve of the 33 patients involved in the
interviews had not had their maintenance
therapy changed after experiencing a relapse
following their diagnosis. In this setting, the
decision not to switch treatment was perceived
by patients (10/12) as being driven by their
neurologists:

My doctor believed that my symptoms were
mild enough that I should stick with the same
medication, but if I had had a severe relapse,
like before, I would have changed medication.

I would ask for advice, but I would not ask
outright for a change in medication. It’s not
really my place to decide when I need a change
in medication; that is for my doctor.

The lack of treatment change was a source of
frustration for some patients (n = 2), but
patients who experienced a mild relapse and
were otherwise tolerating therapy generally
agreed with the decision of their neurologists
(n = 5).

Patients also reported relapse to be a key
driver of treatment switching, affecting
approximately 60% (10/17) of therapy changes.
At the time of the relapse, nine of these patients
were receiving oral corticosteroids/ISTs and one
patient was treated with a monoclonal antibody
(who then switched to another monoclonal
antibody). Although patients were typically
willing to tolerate some side effects if they felt
that their therapy was otherwise efficacious,
severe or persistent side effects (i.e., constant
nausea, vomiting, or migraines) were likely to
prompt a discussion between patients and their
neurologists about a treatment switch, and was
the reason behind 24% (4/17) of therapy chan-
ges. Awareness of alternate therapies was also a
driver behind switching treatments in 6% (1/17)
of cases, but most patients said that, although
this would prompt a discussion with their neu-
rologists (18/33), a treatment change may be
advised against if they were perceived to be
doing well on treatment (8/18).

Nineteen patients indicated that a hypo-
thetical therapy with a more convenient

administration and dosing regimen would
prompt them to ask their neurologists for a
change in therapy, although method of
administration and dosing regimen were not
drivers of treatment changes in these
interviews.

DISCUSSION

This international analysis was conducted
across six countries worldwide in patients with
AQP4-IgG-seropositive NMOSD. Collection of
data from neurologists in this manner and scale
allows for better understanding of current clin-
ical management in this rare disease; concur-
rent patient interviews also provide insight into
how the patients’ views compare with those of
the neurologists.

NMOSD diagnosis has been challenging
because of the rarity of the disease and the
overlapping clinical phenotype with MS [1, 20].
We observed high misdiagnosis rates in this
analysis, with 25% of patients with NMOSD
initially receiving a misdiagnosis of MS or other
conditions. Of those initially misdiagnosed,
32% of patients received a correct diagnosis
within 2 months, which may be due to some of
these patients testing positive for AQP4-IgG
during this timeframe. However, 68% of
patients remained misdiagnosed for at least
2 months, highlighting that misdiagnosis
remains a challenge, even with AQP4-IgG test-
ing available to aid differential diagnosis [6].

Misdiagnosis led to a delay in treatment
initiation and misdiagnosed patients experi-
enced more relapses in total versus those who
were not misdiagnosed. Relapses often occur
early in the disease, and in clusters after the
initial attack, potentially causing substantial
neurological disability [20–22]. Therefore, these
findings reinforce the need for early and accu-
rate diagnosis of NMOSD.

Encouragingly, the number of patients not
initiating maintenance therapy within
2 months of diagnosis seems to be decreasing
with time, although this approach was still
adopted in a high proportion (47%) of patients
recorded during the clinical record review.
Neurologists cited patient refusal as a reason for
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not initiating therapy in more than 30% of
newly diagnosed patients: China (50%), Italy
(38%), Germany (38%), the USA (27%), Brazil
(25%), and South Korea (14%).

Long-term disability with relapses in
NMOSD is well documented [4, 7, 9, 21], further
underlining the importance of the
patient–neurologist relationship, the need for
appropriate physician/patient education, and
active management.

A treatment initiation delay was more likely
to occur for patients whose initial attack was
classified as mild rather than severe. Where
treatment was prescribed for newly diagnosed
patients, oral corticosteroids/ISTs continued to
be the first-line therapy of choice for most
neurologists, in line with existing treatment
guidelines [10, 23–25]. However, current treat-
ment guidelines are not based on class I evi-
dence and were last updated before the approval
of the monoclonal antibodies, eculizumab,
inebilizumab, and satralizumab [11, 12, 14–17].

Initial attack severity and presence of acute
transverse myelitis at disease manifestation
were the biggest drivers for initiation of oral
corticosteroids/ISTs or monoclonal antibodies
as first-line maintenance therapy. This is con-
sistent with MRI imaging playing an important
role in NMOSD decision-making and disease
assessment [26].

Relapses did not always result in treatment
changes for the patient, with the decision typi-
cally being neurologist driven, whereas patients
had little input. Neurologists indicated that a
treatment change may not be initiated if the
patient has a relapse that was considered to be
mild or stable with good QoL. Furthermore, use
of oral corticosteroids/ISTs as first-line mainte-
nance therapy occurred in many countries,
particularly Brazil, China, and South Korea,
where cost of and/or access to monoclonal
antibodies may be a bigger issue than in other
countries. Escalation to a monoclonal antibody
was more likely when a treatment change was
driven by a lack of efficacy and if the patient
had experienced a severe relapse. The availabil-
ity of international, multicenter, randomized,
placebo-controlled trial data in NMOSD means
that it is perhaps time to revisit the current
standards of care and provide recommendations

on which therapies should be initiated/swit-
ched and when, based on the more complete
picture that we now have of treatment of the
disease [14–16, 27].

Hypothetical investigations into patient
preferences indicated that a more convenient
route of administration or dosing regimen
might prompt them to discuss the possibility of
switching treatments with their neurologists. As
more therapies are approved and the number of
treatment options increases, administration,
dosing, and efficacy may play a bigger role in
treatment decisions and may prompt patients
to be more active in the treatment decision-
making process.

This study was limited by data being col-
lected retrospectively, and the inability to con-
sistently obtain complete data for all patients
when performing a clinical record review. The
review was also restricted to three pre-specified
categories. However, requiring patients with
NMOSD to be AQP4-IgG-seropositive for the
clinical record review allowed for a homoge-
nous cohort in which patients with less well
understood mechanisms of disease were not
included (e.g., patients with double-seronega-
tive NMOSD or myelin oligodendrocyte glyco-
protein antibody-associated disease). Future
studies should explore these patient groups, as
they may have distinct disease characteristics.

With regards to the patient interviews,
AQP4-IgG status was not recorded; as such, the
patient perspectives that we describe may rep-
resent a broader population than in the clinical
record review.

There is a risk of bias associated with physi-
cian self-reporting of clinical records (e.g.,
selection bias, recall bias, and desirability bias),
and this may have skewed the population
towards including patients with more ‘‘favor-
able’’ results. Similarly, as physician referral was
one method of recruiting patients for the tele-
phone interviews, those referred were more
likely to be ‘‘satisfied’’ patients, rather than
those who viewed their management less posi-
tively. These biases should be taken into con-
sideration when interpreting the findings of this
study.

No well-established definitions of relapse
severity exist, so definitions applied by
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physicians completing the survey were subjec-
tive and based on clinician judgement. How-
ever, data from this study provide us with an
opportunity to understand real-world classifi-
cation of relapse severity [26]. Furthermore, this
study provides a snapshot of current clinical
practice, although patients were not followed
up after therapy initiation or switch, so the
effect of treatment changes could not be ascer-
tained from this analysis.

Overall, this global clinical record review, in
conjunction with patient interviews, has helped
to further understand how AQP4-IgG-seroposi-
tive NMOSD is managed in real-world clinical
practice worldwide. Misdiagnosis of NMOSD
remains a concern, indicating that greater edu-
cation is required to ensure that this rare disease
is recognized, particularly as a delay in diagnosis
may be associated with increased disability
caused by relapses and negatively affect
patients’ emotional well-being. In this analysis,
relapse severity influenced decisions about
whether to initiate treatment, what treatment
to prescribe, and whether a change in treatment
was required, and this should be further inves-
tigated with clear definitions of relapse severity
to provide revised recommendations for treat-
ment decisions in NMOSD. Furthermore, oral
corticosteroids/ISTs are still typically the first-
line maintenance treatment for many neurolo-
gists, and only after these therapies are deemed
to be ineffective are monoclonal antibodies
generally prescribed, despite their efficacy and
safety being demonstrated in randomized, pla-
cebo-controlled, phase III trials.

CONCLUSIONS

Investigating patient characteristics and other
drivers behind treatment initiation, treatment
choice, and switch in clinical practice is
important for improving knowledge of current
clinical management, as well as how the
patients’ views compare with those of neurolo-
gists. Our findings suggest that NMOSD misdi-
agnosis is high and associated with a delay in
treatment initiation. In NMOSD, relapses often
occur early in the disease, and therefore our
findings reinforce the need for early and

accurate diagnosis of NMOSD and initiation of
the correct therapy. Use of oral corticosteroids/
ISTs continues to be the mainstay of first-line
maintenance treatment in countries where the
cost of and/or access to monoclonal antibodies
may pose a bigger issue than in other countries.
Relapse severity was a factor that guided the
neurologist’s decisions on treatment initiation/
switch, and future studies using real-world evi-
dence to assess relapse severity in treatment
initiation/switch are required to improve
understanding of this disease and revise
NMOSD treatment recommendations.
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