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ABSTRACT
Introduction Neuromyelitis optica spectrum disorders
(NMOSD) is an inflammatory and heterogeneous
astrocyte disorder of the central nervous system with the
characteristic of higher incidence in women and Asian
people. Most patients with NMOSD have a course of
recurrence and remission that is prone to cause paralysis
and blindness. Several studies have confirmed the efficacy
and promising prospect of mycophenolate mofetil (MMF)
in the treatment of NMOSD. Yet its therapeutic effect and
safety are controversial. Although there has been two
published literature that is relevant to the topic of this
study, both of them have certain defects, and they can
only provide answers about the efficacy or safety of MMF
in the treatment of NMOSD from partial perspectives or
conclusions. This research aims to perform a direct and
comprehensive systematic review and meta-analysis
to evaluate MMF’s effectiveness and safety in treating
NMOSD.
Methods and analysis This systematic review will cover
all comparative researches, from randomised controlled
trials to cohort studies, and case–control study. A relevant
literature search will be conducted in PubMed, Web of
Science, EMBASE, the Cochrane Library, China National
Knowledge Infrastructure, Wanfang Database, China
Science and Technology Journal Database and Chinese
Biomedical Literature Database from their inception to 31
June 2020. We will also search registers of clinical trials,
potential grey literature and abstracts from conferences.
There are no limits on language and publication status.
The reporting quality and risk of bias will be assessed by
two researchers independently. Expanded Disability Status
Scales and annualised relapse rate will be evaluated
as the primary outcome. The secondary outcomes will
consist of the frequency and severity of adverse events,
best-corrected visual acuity, relapse-free rate and time
to the next attack. A meta-analysis will be performed
using RevMan V.5.3 software provided by the Cochrane
Collaboration and Stata V.12.0.
Ethics and dissemination Because the data used for
this systematic review will be exclusively extracted from
published studies, ethical approval and informed consent
of patients will not be required. The systematic review
will be published in a peer-reviewed journal, presented at
conferences and will be shared on social media platforms.
PROSPERO registration number CRD42020164179.

Strengths and limitations of this study
►► This study will carry out an exhaustive literature

search to identify studies aimed at evaluating the
efficacy and safety of mycophenolate mofetil in
treating neuromyelitis optica spectrum disorders.
►► One limitation of this study is that differences in
patients, interventions and primary outcomes may
mean that meta-analysis cannot be performed and
there are plans for narrative and meta-analytical
syntheses.
►► Although we will include studies published in any
language, translation difficulties may arise, which
will result in the exclusion of these studies.
►► The analysis of various sources of heterogeneity and
the assessment of risk of bias of the included studies are a critical point for extracting and synthesising
evidence-based conclusions.

INTRODUCTION
Neuromyelitis optica (NMO), also known as
Devic disease, is generally considered to be
a rare autoimmune astrocyte disorder of the
central nervous system, induced by autoantibodies, dominated by humoral immunity
and involving numerous immune cells and
factors, with optic neuritis (ON) and acute
transverse myelitis as typical clinical manifestations.1 NMO has been known as a subtype
of multiple sclerosis (MS) for over 100 years
since it was first described and reported.2 Until
2004, the discovery and confirmation of anti-
aquaporin-4 immunoglobulin G (AQP4-IgG)
had made substantial progress in pathogenesis, diagnosis and treatment of NMO.3 4 The
notion of neuromyelitis optica spectrum
disorders (NMOSD) was first proposed based
on the wide clinical use of specific AQP4-IgG,4
which mainly referred to the minimal
AQP4-IgG positive NMO. However, the deficiencies of the diagnostic criteria of NMO in
2006 and NMOSD in 2007 became prominent
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NMOSD is urgently needed. The application of MMF in
NMOSD is still under investigation and is recommended
as second-line treatments,16 but some studies have verified MMF’s efficacy and promising potential,21–24 and
only a few AEs were published.21 22 Especially, additional
studies have also indicated that MMF was more effective
and triggered less AEs than AZA.25 26 In patients experiencing AEs or poor response to AZA, MMF is recommended as an alternative therapy.16
Although MMF is increasingly employed in NMOSD,
there is still controversy about its related harms and
benefits. At present, there are mainly two published articles that are relevant to the topic and purpose of our
research.27 28 Nevertheless, these two studies have some
imperfections in the direct evaluation of the efficacy and
safety of MMF in the treatment of patients with NMOSD.
For example, the Espiritu and Pasco paper did not quantitatively evaluate the efficacy of MMF in the treatment of
NMOSD and did not compare the AEs of MMF with other
drugs in the treatment of NMOSD. Additionally, Huang
et al’s research was a network meta-analysis and the literature related to MMF in this paper was three observational
studies that made the number of included studies and
closed loops per comparison were few, which might lower
the reliability of the findings. In our study, the database
we searched includes not only the English database but
also the Chinese database. The retrieval time is limited
to June 2020, and we will add three retrospective studies
involving 471 patients with NMOSD,29–31 which makes
the retrieval literature more comprehensive. At the same
time, the conclusions of the previously published literature about the clinical effect of MMF were inconsistent.
Poupart et al argued that RTX was clinically better tolerated than MMF.30 But Huang et al27 argued that MMF
had the best drug tolerance and was superior to RTX. We
expect our research to help solve this problem as well.

METHODS
This protocol has been registered on PROSPERO. Our
protocol will follow the Meta-analysis of Observational
Studies in Epidemiology,32 the Cochrane Handbook for
Systematic Reviews of Interventions and the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
Protocol (PRISMA-P) statement guidelines.33 34
Inclusion criteria for study selection
Types of studies
All comparative researches, from randomised controlled
trials (RCTs) to cohort studies, and case–control study,
covering at least two interventions, will be included. The
current clinical trial results will be objectively integrated,
which is conducive to the evaluation of the efficacy and
safety of MMF for NMOSD. We will exclude reviews, qualitative studies, animal trials, laboratory studies and studies
only involving one intervention.
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with the incremental improvement of the specificity of
clinical AQP4-IgG tests. In 2015, a groundbreaking international diagnostic protocol for NMOSD was put forward
by the global NMO diagnostic team.5 NMOSD consists of
NMO, ON, longitudinally extensive transverse myelitis
and other common cerebral demyelinating syndromes.5
There are so far no reliable statistics on the worldwide
incidence and prevalence of NMOSD. According to the
current epidemiological evidence of small samples, the
high incidence of this disease is among middle-aged and
young women, with the onset age varying from 32 to 41
years old, and the incidence in women is about 10 times
that of men.5 The incidence and prevalence of approximately 0.05–0.40 and 0.52–4.40/100 000 vary from
region to region.6 A populous region of Asia is the region
with a high incidence of NMOSD.7–9 Most patients with
NMOSD have a recurrence and remission including ON,
myelitis, and lesions in special parts of the brain that are
vulnerable to cause paralysis and blindness.5 NMOSD has
become one of the most common causes of non-traumatic
disability and blindness in young and middle-aged individuals, putting heavy burdens on the life, work and
study, as well as the society and economy of various countries.10 Clinical studies indicate that approximately 1/4
of patients will not be able to walk independently after
an average of 5 years of NMO, approximately 10% will
be wheelchair-dependent, and more than half of patients
will have serious vision loss in at least one eye.11 In particular, ON associated with NMO (NMO-
ON) possesses
poor recovery even after traditional therapy, which often
progresses into significant bilateral visual loss in the long
term, leaving behind varying degrees of optic atrophy,
which is different from MS.12 13
Currently, there are no standardised guidelines for the
clinical management of NMOSD. The class of NMOSD
drugs is commonly referred to as disease-
modifying
drugs,14 and the treatment is split into two stages: the
acute phase and the period of remission. The former
is based on corticosteroids to reduce the severity and
frequency of acute attacks that include intravenous
corticosteroids, plasma exchange and immunoglobulin.
Immunosuppressive agents, including mycophenolate
mofetil (MMF), azathioprine (AZA), cyclophosphamide,
methotrexate, mitoxantrone, tacrolimus, cyclosporine
and monoclonal antibodies, are frequently used during
the process of recovery to avoid recurrence and to mitigate the progression of neurological impairment.15 16
Although AZA and rituximab (RTX) are recommended
as ﬁrst-line therapies obtained from clinical trials and
expert opinion from the published guidelines for
NMOSD,16 there are still adverse events (AEs) such as
disease recurrence and myelosuppression that results in
drug withdrawal or replacement of these drugs in patients
with NMOSD.17 Other AEs for RTX have also been
reported in recent years such as infusion reactions, infection and even death,18–20 and its clinical application has
been constrained by such factors as high price.18 21 Therefore, a better immunosuppressant for the treatment of
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Types of interventions
Trials comparing MMF with placebo or any other active
substances, including AZA, cyclophosphamide, methotrexate, mitoxantrone, tacrolimus, cyclosporine and monoclonal antibodies, will be considered. Besides, the types,
dosage and frequency of MMF were not limited. Studies
that MMF with combination therapy fail to objectively evaluate the efficacy and safety of MMF will be eliminated.
Types of outcome measures
Primary outcomes
1. EDSS: disability progression was characterised as an
increase in the Kurtzke EDSS by at least 1 point above
the pretreatment score if baseline score <5.5, and by at
least half-point if baseline score >5.5. Outcome measured was the mean changes of EDSS before and after
MMF treatment.36 37
2. Annualised relapse rate (ARR): relapse is equivalent
to a neurological symptom lasting for >24 hours, which
occurs at least 30 days after the onset of a preceding
event. ARR is computed as the number of relapses divided by the time in years (days). Post-treatment ARR
was contrasted with pretreatment ARR.38
Secondary outcomes
1. The frequency and extent of AEs: during treatment
and follow-up periods, any symptomatic events which
had a possible, probable or definite causal relationship
to MMF treatment were defined as AEs.
2. Relapse-free rate: the absence of relapse during the observation period of the study reported as percentage
per study.35
3. Best-corrected visual acuity (BCVA): BCVA was measured using a standardised test, such as the Early Treatment Diabetic Retinopathy Study chart, Snellen chart
or similar method, and other visual acuity measures
would be allowed if findings could be justified as well
as validated concerning accepted relevant standard
measures. Outcome measured was the mean change of
BCVA from before and after MMF treatment.39
4. Time to the next attack.
Security index
The safety was assessed by the occurrence of AEs. Any
unexpected events that occurred during the studies will
be recorded on an AEs report form, including28:
1. General physical examination (temperature, pulse,
respiration, blood pressure).
2. Routine examination of blood, urine and stool.
3. Liver and kidney function examination.
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Table 1 Search strategy used in PubMed database
Number Search terms
#1

#2

#3

4.
5.
6.
7.
8.

(“Neuromyelitis Optica”[Mesh]) OR
(((((neuromyelitis optica spectrum disorders [Title/
Abstract]) OR Devic Neuromyelitis Optica [Title/
Abstract]) OR Devic’s Neuromyelitis Optica [Title/
Abstract]) OR Devic’s Syndrome [Title/Abstract])
OR NMO spectrum disorders [Title/Abstract])
(“Mycophenolic Acid”[Mesh]) OR
(((((Mycophenolate Mofetil [Title/Abstract]) OR
“Mofetil,Mycophenolate” [Title/Abstract]) OR
Cellcept [Title/Abstract]) OR Myfortic [Title/
Abstract]) OR RS61443 [Title/Abstract])
#1 and #2

Gastrointestinal discomfort.
Hair loss or alopecia.
Allergic or anaphylactoid reactions.
Drug discontinued due to drug-related AEs.
Possible AEs and related detection indicators.

Search methods for the identification of studies
Electronic searches
A relevant literature search by sensitive search strategies was
conducted using the following electronic databases from
their inception to 31 June 2020: PubMed, Web of Science,
EMBASE, the Cochrane Library, China National Knowledge Infrastructure, Wanfang Database, China Science
and Technology Journal Database and Chinese Biomedical
Literature Database. Search methods of Medical Subject
Headings terms with free words were applied in English
databases. The related terms are as follows: Participants
(neuromyelitis optica, neuromyelitis optica spectrum disorders, Devic Neuromyelitis Optica, Devic’s Neuromyelitis
Optica, Devic’s Syndrome, NMO spectrum disorders),
Intervention (mycophenolic acid, mycophenolate mofetil,
‘mofetil, mycophenolate’, cellcept, myfortic, RS61443).
The search strategy for PubMed is described in table 1,
which will include all search terms, and other searches will
be carried out based on those results. This will be suitably
adapted to search in the other databases. There are no
limits on language and publication status.
Searching other resources
We will also search PROSPERO, the International Clinical
Trials Registry Platform, C
 linicalTrials.gov, dissertations,
and grey literature to identify systematic reviews or clinical trials related to MMF and NMOSD. Manual searches
will be conducted for related journals and conference
processes. We will also review papers and bibliographies
included in the trials.
Data collection and analysis
Selection of studies
Two reviewers (MH and ZL) will independently browse
the titles and abstracts of all of the retrieved records to
distinguish and exclude any irrelevant articles. Studies
3
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Types of patients
Patients diagnosed as having NMOSD will be included in
this study.5 35 There will be no restrictions based on other
conditions, such as age at onset, sex, ethnicity, educational
or economic status, number of pretreatment relapses,
previous treatment, duration of illness, disease severity,
baseline Expanded Disability Status Scales (EDSS) and
AQP4-IgG serological status.

Open access

Unit of analysis issue
We will only extract the first experimental period data of
crossover trials to avoid carryover effects. In the meantime, given that there are multiple intervention groups in
trials, we will combine all analogous groups into a single
pairwise comparison to avoid a unit of analysis issue.

Figure 1 The PRISMA flow chart of the selection process.
MMF, mycophenolate mofetil; NMOSD, neuromyelitis optica
spectrum disorders; PRISMA, Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; RCT, randomised
controlled trial.

only related to human subjects are to be included. Any
discord will be resolved by discussion between the two
authors and an arbiter (MJ). The selection procedure for
the study is shown in a PRISMA flow chart (figure 1).
Data extraction and management
Based on the inclusion criteria, a standard form of data
collection will be produced prior to data extraction.
Search results will be entered into an EndNote V.X9 database and duplicate entries removed. Two authors (MH
and ZL) will extract the data of interest from the eligible
study and enter the data extraction sheet as follows:
the basic characteristics of each study (study design or
methods, author, title, source/journal, time of publication, country, hospital setting); participants’ characteristics (average age, gender, sample size, inclusion and
exclusion criteria, baseline situation); interventions (type,
duration, frequency and dosage of MMF, randomisation,
allocation concealment, blinding methods); comparators
(AZA, tacrolimus, cyclosporine, monoclonal antibodies,
placebo and so on); outcomes (measures, main outcomes,
security indexes and follow-up); if funded, it will also be
recorded. When the consensus on data extraction is not
available through discussion, the third reviewer (MJ) will
make a decision.
Assessment of risk of bias
Two authors (YangC and LN) will independently estimate
the risk and bias using the Cochrane risk of bias (ROB)
assessment tool for RCTs.40 Methodological quality evaluation of the included observational studies will be carried
out using the Newcastle–Ottawa Scale.41 The RevMan software program (V.5.3) will document the selected details
of each study.42
4

Management of missing data
Reviewers (YQ and YouC) will contact the appropriate
author of the included trials for clarification or more
details via email and telephone if necessary. The missing
data will be deleted, if there is no response from the
author. That will be addressed in the discussion in this
case. If quantitative data were not available, then the qualitative analysis should be used.
Assessment of heterogeneity and data synthesis
We will use all of the case data for the analysis data.
Heterogeneity will be tested with a standard Χ2 test.43 To
quantify the impact of the statistical heterogeneity on the
systematic review, the I2 value will be applied to calculate
and present the heterogeneity degree. If p>0.1, I2 <50%,
it is considered that there is no heterogeneity between the
trials, and the model of fixed effect will be used, otherwise,
the model of random effect will be adopted. All statistical
analyses will be performed using the RevMan V.5.3 software provided by the Cochrane Collaboration, using the
software to obtain forest plots and test the heterogeneity
between the included studies. The Grades of Recommendation, Assessment, Development and Evaluation will be
used to assess the meta-analysis findings and determine
the quality of evidence. Where meta-
analysis may not
be feasible due to lack of clinical trials or heterogeneity,
systematic narrative synthesis will be adopted.
Assessment of reporting biases
When 10 or more studies are included in a meta-analysis,
we will evaluate funnel plot asymmetry for reporting
biases and small-study effects using Egger’s method.44 For
Egger’s test, p value of greater than 0.05 was determined
as no significant publishing bias or small-study effects in
studies. As funnel plot asymmetry does not necessarily
suggest reporting bias, we will attempt to recognise potential causes for the asymmetry, including poor methodological quality and true heterogeneity of studies.
Subgroup analysis
On detection of heterogeneity, a subgroup analysis will
be carried out to judge the source of heterogeneity. The
criteria for a subgroup analysis are as follows:
1. Age.
2. Type of MMF.
3. Research type.
Han M, et al. BMJ Open 2020;10:e040371. doi:10.1136/bmjopen-2020-040371
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Measures of treatment effect
The risk ratio and 95% CI will be used to analyse dichotomous data and calculate the treatment effect. A weighted
mean difference or a standard mean difference with 95%
CIs will be used to analyse continuous outcomes.

Open access
Participation population.
Type of control interventions.
Intervention dosage, frequency and duration.
AQP4-IgG serological status.

Sensitivity analysis
The ROB tool will be used to estimate methodological
quality in the case of sufficient data from trials. Sensitivity
analysis will be performed to determine the robustness
of aggregate estimates and to detect whether any single
study accounts for a substantial proportion of heterogeneity by eliminating the included studies from the
summary review one by one. If low-quality articles are
deleted, then a second meta-analysis will be carried out.
Comparison and discussion of the results and effect size
of the two meta-analyses will be held.45
Patient and public involvement
Patients and/or the public will not participate in the
study. However, once scientific publications disseminate
our findings, they are circulated across social networks
so that our conclusions will affect the actions of neuro-
ophthalmologists and health policymakers.

a comprehensive search strategy of published literature.
The overall data used in each analysis will be evaluated
qualitatively and quantitatively. The sources of heterogeneity and different subgroups of the articles will be analysed to comprehensively evaluate the efficacy and safety
of MMF in the treatment of NMOSD, and to increase
the credibility of the article content and conclusions. We
expect that this systematic review will benefit patients
with NMOSD, physicians, healthcare administrators and
policymakers.
Contributors MH conceived and designed the protocol, and drafted the protocol
manuscript. MH developed the search strategy, with input from ZL and LN. MH
and ZL planned data extraction. MH, YangC and ZW planned the quality appraisal
of all included studies. MH, ZL, LN, YangC, HM, YouC, ZW, YQ and MJ critically
revised the manuscript for methodological and intellectual content. All authors
approved the final version. Additional contributions are as follows: MH, ZL, ZW and
MJ—conceptualisation. MH, ZL, LN and HM—data curation. MH and ZL—formal
analysis. MH—funding acquisition. MJ—investigation. MH, ZL, LN and YouC—
methodology. MJ—project administration. MH, ZL, LN and MJ—resources. MH,
ZL and LN—software. MH, ZW and MJ—supervision. HM, YangC, YQ and MJ—
validation. HM, YangC, YQ and MJ—visualisation. MH, ZL, LN and MJ—writing
(original draft). MH, ZL, LN and MJ—writing (review and editing).
Funding This study was funded by the National Natural Science Foundation of
China (No. 81574029).
Disclaimer The funders had no role in the design, execution or writing of the study.

Ethics and dissemination
Because the data used for this systematic review will be
exclusively extracted from published studies, ethical
approval and informed consent of patients will not be
required. The systematic review will be published in a
peer-reviewed journal, presented at conferences and will
be shared on social media platforms.

DISCUSSION
Pathogenesis, diagnosis and treatment of NMO are rapidly
growing areas of research as AQP4-IgG were first identified. Patients with NMOSD should receive standardised
and personalised immunotherapy as soon as possible, as
any further acute episodes may result in severe and often
irreversible disability. The challenges in discovering new
and better drugs for NMO are the rareness of the disease
and the unfavourable prognosis in many cases, which
make clinical studies with placebo groups difficult.16
Many studies have confirmed the efficacy and promising
prospect of MMF in the treatment of NMOSD,21–24 and
only a few AEs were reported.21 22 Additional studies have
also indicated that MMF was more effective and triggered
less AEs than AZA.25 26 However, its therapeutic effect and
safety remain controversial. Although there has been two
published literature that is relevant to the topic of this
study,27 28 both of them have certain defects, and they
can only provide answers about the efficacy or safety of
MMF in the treatment of NMOSD from partial perspectives or conclusions. If our paper is completed, it will be
a currently searchable protocol for a traditional meta
and systematic review that directly and synthetically evaluates the efficacy and safety of MMF in the treatment of
NMOSD. One of the strengths of this protocol will use
Han M, et al. BMJ Open 2020;10:e040371. doi:10.1136/bmjopen-2020-040371
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