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Objective: To analyze treatment response in Brazilian
patients with neuromyelitis optica.

Design: Retrospective review.

Setting: Neuroimmunology Clinic of the Federal Uni-
versity of São Paulo, São Paulo, Brazil.

Patients: Thirty-six patients with relapsing-remitting
optic-spinal disease; long, extending spinal cord le-
sions; and brain magnetic resonance images not meet-
ing Barkhof criteria for multiple sclerosis, thus fulfilling
the 1999 and 2006 criteria for neuromyelitis optica. Pa-
tients were followed up from 1994 to 2007.

Main Outcome Measures: Relapses and accumula-
tion of disability.

Results: Mean follow-up time was 47.2 months and mean
ageatonsetwas32.3years.Sixty-fourtreatmentswereimple-
mentedin36patients,whichincludedinterferonbeta,metho-
trexate, cyclophosphamide, prednisone, and azathioprine
solely or plus prednisone. Patients who were treated with
azathioprine or azathioprine with prednisone had a reduc-
tion in the occurrence of relapses and Expanded Disabil-
ity Severity Scale score stabilization, as opposed to patients
who received other treatments. Of the 4 patients who died,
only 1 had received azathioprine treatment.

Conclusion: Azathioprine as monotherapy or with pred-
nisone seems to have reduced the relapse frequency and
halted disability progression in the majority of patients
treated, with minor and manageable adverse effects.
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N EUROMYELITIS OPTICA

(NMO) (Devic disease) is
an inflammatory auto-
immune disease of the
central nervous system

that affects preferentially the optic nerve
andspinalcord,1 distinct frommultiplescle-
rosis (MS). Pathological study results ob-
tainedfrompatientswithNMOhaveshown
inflammation with macrophage predomi-
nance, perivascular granulocytes, eosino-
phils, immunoglobulin deposition, exten-
sive axonal loss within the spinal cord, and
optic nerve lesions.2 The recent identifica-
tion of a specific antibody targeted to the
blood-brain barrier water channel aquapo-
rin4 inpatientswithNMO(NMO-IgG)has
turned it into a central nervous system au-
toimmune chanellopathy.3,4

Treatment of patients with NMO is based
on small case series using azathioprine, cor-
ticosteroids, and other immunosuppres-
sive treatments, such as mitoxantrone, my-
cophenolate, rituximab, and intravenous
immunoglobulin5-12; it differs from MS treat-
ment because interferon beta and glat-
iramer acetate are not able to control re-
lapses and disability progression.

As with MS, most reports on NMO are
from the northern hemisphere,13,14 leav-
ing its prevalence and characteristics in
South America not clearly identified. We
recently published the clinical character-
istics of 41 Brazilian patients with NMO
followed up from 1994 to 2007 and found
that the most important prognostic fac-
tor in this group of patients was incom-
plete resolution from relapses.15 To evalu-
ate the effect of treatment in Brazilian
patients with NMO, we performed a ret-
rospective study of all drug regimens
implemented in this cohort, focusing on
the influence of treatments on relapses and
accumulation of disability.

METHODS

We retrospectively reviewed, from the Neuro-
immunology Clinic of the Federal University of
São Paulo, the files of all 63 patients followed
up for NMO from 1994 to July 2007. Patients
were selected for analysis if they had a fol-
low-up longer than 6 months, predominant op-
tic-spinal clinical course, recurrent disease (non-
monophasic NMO), brain magnetic resonance
imaging not meeting criteria for MS,16 and spi-
nal cord magnetic resonance imaging with at
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least 1 lesion longer than 3 vertebral segments (long, extending
cord lesion), thus meeting the 1999 and 2006 criteria for NMO.13,17

All patients admitted for treatment and follow-up in 2007 were
tested for the NMO-IgG antibody4 by indirect immunofluores-
cence. We did not have the test available before that date. All
patients were evaluated for rheumatologic diseases, hepatitis B
and C, syphilis, human T-lymphotropic virus 1 and 2, and hu-
man immunodeficiency virus as part of our standard investiga-
tion for demyelinating disease.

Patients were treated with 1 or a combination of immuno-
modulatory and immunosuppressive drugs. The choice of each
patient’s drug was based on clinical presentation and availability
in the Brazilian public health system. Treatment efficacy was evalu-
ated by analysis of relapse frequency and disability progression
measured by the Expanded Disability Severity Scale (EDSS)18 at
the moment a single treatment was implemented (pretreatment)
and at the end of treatment course or last evaluation, if the pa-
tient was still receiving active treatment at the time this study was
performed (posttreatment). A single treatment course had to last
at least 6 months to be included in this efficacy evaluation and
patients who were treated only at relapses were not selected for
the analysis. Annualized relapse rate (ARR) was calculated as the
number of relapses divided by time in years.

Statistical analysis was performed using GraphPad Prism ver-
sion 5.0 (GraphPad Software, La Jolla, California). An un-
paired t test or Mann-Whitney test was used when comparing
different groups and a paired t test was used when accessing
relapse frequency and EDSS score variation for each patient.
Data are presented as mean (SD) and significance was set at
P� .05. Approval by the Internal Review Board of the Federal
University of São Paulo was obtained prior to study onset.

RESULTS

Thirty-six patients met the inclusion criteria and were se-
lected for analysis, with a mean follow-up of 47.2 months
(range, 11-92 months). One patient was excluded be-

cause of monophasic disease; 2, because of diagnostic un-
certainty; 5 never received treatment apart from pulse ste-
roids during relapses; and the other 19 had a follow-up time
of less than 6 months. Clinical and demographic data at
last follow-up are shown in the Table. Sixteen (44%) of
the 36 patients evaluated were white; 10, Brazilian multi-
racial (28%); 9, African (28%); and 1, Asian (3%).

Sixty-four treatments were implemented in 36 patients,
which included interferon beta, 7.5 mg of oral methotrex-
ate once a week, cyclophosphamide (monthly intravenous
administration of 500-750 mg/m2 per dose), intravenous
immunoglobulin (2 g/kg over a 5-day period), prednisone,
and azathioprine solely or with prednisone. At the last ap-
pointment, 25 patients were taking azathioprine solely or
withprednisone,2weretakingazathioprinewith interferon
beta, 2 were taking interferon beta only, 2 had received cy-
clophosphamide, 1 was taking oral methotrexate (7.5 mg/
wk), 1 was taking prednisone only, and 1 was receiving in-
termittent intravenousimmunoglobulin.Themeanazathio-
prine dose was 2 mg/kg and prednisone use ranged from 5
to 60 mg/d, with doses at the last appointment as follows:
azathioprine, mean 125 mg/d (range, 50-150 mg/d); pred-
nisone, mean 23 mg/d (range, 5-40 mg/d) when used with
azathioprine and 33 mg/d (range, 20-40 mg/d) when used
solely.Patientsweredivided in2groupsaccording to treat-
ments that were implemented along follow-up: patients
treated with azathioprine solely or with prednisone (aza-
thioprinegroup,29treatments)andthosewhoreceivedother
treatments (“other treatment” group, 20 treatments). Be-
causesomepatients in the“other treatment”groupreceived
multiple drug regimens at different points, it was not pos-
sible to evaluate each individual treatment; thus, the EDSS
score variation and relapse rate were evaluated pooled to-
gether. Therefore, the totality of treatments implemented
along follow-up (N=64) was larger than the sum of treat-
ments analyzed (n=49). Both patients who received inter-
feron beta with azathioprine were included in the azathio-
prine group and some patients took part in both groups at
different points because treatments changed along follow-
up. Acute relapses were treated with intravenous methyl-
prednisolone (total of 3-5 g) in most patients and intrave-
nous immunoglobulin (2 g/kg over a 5-day period) in 3. By
the time this cohort was closed for analysis, patients had
been taking azathioprine or azathioprine plus prednisone
for a mean (SD) of 28 (14) months and those in the “other
treatment” group had received the other drugs for a mean
(SD) of 19 (17) months.

Patients in the azathioprine group had a statistically sig-
nificant reduction in the total number of relapses after treat-
ment implementation, from a mean (SD) of 5 (2.9) re-
lapses pretreatment (including relapses while receiving prior
treatment) to 1 (1.8) after azathioprine or azathioprine plus
prednisone treatment (P� .001) (Figure 1); moreover,
their mean (SD) EDSS score remained unchanged after treat-
ment (4.7 [2.2]; P=.76) (Figure2). Patients in the “other
treatment” group, despite also having a reduction of re-
lapses from a mean (SD) of 4.2 (1.9) pretreatment to 1.7
(1.3) during treatment (P� .001), had an increase in EDSS
score from 4.2 (1.7) pretreatment to 6.5 (2.7) posttreat-
ment (P=.003) (Figure 3). The evaluation of ARR was
as follows: mean (SD), pretreatment, 2.1 (1.9); “other treat-
ment” group, 1.5 (1.9); and azathioprine group, 0.6 (0.8).

Table. Clinical, Demographic, and Laboratory Data
of 36 Patients With NMO Selected for Treatment Analysis15

Feature
No. (%)
(N=36)

Age at onset, y, mean (SD) 32.3 (11.0)
Sex

M 1
F 3.5

Follow-up, mo, mean 47.2 (23.3)
First relapse

Myelitis 15 (42)
Optic neuritis 14 (39)
Optic neuritis plus myelitis 7 (19)

Disease duration, y, mean (SD) 7.3 (4.2)
EDSS score at first appointment, mean (SD) 4.0 (1.5)
EDSS score at last appointment, mean (SD) 5.3 (2.5)
Total relapses for all patients 218 (100)

Myelitis 120 (55)
Optic neuritis 65 (30)
Optic neuritis plus myelitis 33 (15)

Relapse ratea 1.1 (0.8)
Progression indexb 0.9 (0.7)
Positive NMO-IgG test results (17 patients tested) 7 (41)

Abbreviations: EDSS, Expanded Disability Status Scale;
NMO, neuromyelitis optica.

aTotal number of relapses divided by disease duration.
bThe EDSS score at last appointment divided by disease duration.
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Comparing ARR in the “other treatment” group with pre-
treatment was marginally significant (P=.049), whereas
comparing ARR in the azathioprine group with pretreat-
ment (pretreatment and “other treatment” group ARR
pooled together) was strongly statistically significant
(P� .001) (Figure 4).

We further compared mean EDSS score change after
treatment was implemented for each group (Figure 4).
Patients in the “other treatment” group had a mean
(SD) increase of 2.3 (2.8) in EDSS score after each treat-
ment, whereas patients in the azathioprine group had a
mean (SD) increase of 0.04 (1.6) in EDSS measures
after azathioprine or azathioprine plus prednisone treat-
ment, a statistically significant difference (P = .002)
(Figure 5) favoring EDSS score stability in the aza-
thioprine group as opposed to patients in the “other
treatment” group.

A subgroup evaluation was performed in 12 patients who
had initially been treated with other therapies (evaluated
as part of the “other treatment” group) and later were given
azathioprine with or without prednisone, ie, migrated to
the azathioprine group. They remained in the “other treat-
ment” group for a mean (SD) of 22 (15) months and had
a mean (SD) EDSS score increase of 1.8 (2.8) during that
period (75% worsened, 17% were stable, and only 8% im-

proved) before changing treatment regimen. After a mean
(SD) of 31 (13) months receiving azathioprine or azathio-
prine plus prednisone treatment, these 12 patients had a
mean (SD) EDSS score change of −0.2 (1.6), due to im-
provement in 50% and clinical stabilization in 33%. Two
patients kept having relapses even after treatment change:
1 died and the other improved after immunoglobulin pulses
every 2 months for 10 months. There was a statistically sig-
nificant difference between EDSS score changes after imple-
mentation of azathioprine treatment in these 12 patients
(P=.02). Six patients in the azathioprine group started with
azathioprine treatment solely, but relapses were only halted
when prednisone was added.

We did not observe any severe adverse events in pa-
tients receiving azathioprine. A few patients had minor and
manageable adverse effects, such as weight gain, lympho-
penia, hepatic enzyme elevations 3 times more than nor-
mal values, gastric discomfort, and minor infections.

Three patients were treated with intermittent intra-
venous immunoglobulin (2 g/kg over a 5-day period) ev-
ery 2 months, from 6 months to 2 years. One had per-
sistent relapses even taking azathioprine with prednisone,
1 had allergic reactions to azathioprine and cyclospor-
ine and had the drugs discontinued, and the other re-
ceived 3 courses of immunoglobulin at disease onset. All
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Figure 1. Relapses pretreatment and posttreatment in the azathioprine group (patients treated with azathioprine solely or plus prednisone). Each number on the
x-axis refers to 1 patient in treatment. Patients 6, 11, 12, 13, 14, 15, 19, 21, 26, 36, 37, and 40 received other treatments prior to azathioprine.
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Figure 2. Expanded Disability Severity Scale (EDSS) score pretreatment and posttreatment in the azathioprine group (patients treated with azathioprine solely or
plus prednisone). Each number on the x-axis refers to 1 patient in treatment. Patients 6, 11, 12, 13, 14, 15, 19, 21, 26, 36, 37, and 40 received other treatments
prior to azathioprine.
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3 had relapse reduction and clinical improvement evalu-
ated by the EDSS after intravenous immunoglobulin, in-
dependent of prior therapy.

By the time this cohort was closed for analysis, 4 of
the 36 patients had died of complications of cervical my-
elitis (respiratory failure) or sepsis within 8 years from
disease onset. Only 1 of the 4 deceased patients received
azathioprine plus prednisone during follow-up.

COMMENT

We retrospectively evaluated treatment efficacy for NMO
in 36 Brazilian patients and demonstrated that the use
of azathioprine solely or with prednisone was able to re-
duce relapse frequency and disability accumulation in
comparison with pretreatment and other treatments
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Figure 3. Expanded Disability Severity Scale (EDSS) score pretreatment and posttreatment in the “other treatment” group (patients who received treatment other
than azathioprine). Each number on the x-axis refers to 1 patient in treatment. Patients 6, 11, 12, 13, 14, 15, 19, 21, 26, 36, 37, and 40 received other treatments
prior to azathioprine.
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Figure 4. Neuromyelitis optica relapses before and after treatment with azathioprine. Zero on the x-axis indicates the start date of azathioprine treatment. Numbers
on the x-axis do not correspond to the same numbers in other Figures. Patients 3, 9, 13, 14, 19, 21, 22, 23, 25, 26, 28, and 29 received other treatments prior to
azathioprine. Patient 20 was last seen during a relapse when data were closed for analysis, so his date of last follow-up coincides with a relapse.
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implemented (interferon beta, methotrexate, cyclophos-
phamide, and prednisone as monotherapy).

The combination of azathioprine and prednisone has
been used for preventing relapses and disability progres-
sion in patients with NMO since Mandler et al5 published
their report on 7 patients in 1998. Immunosuppressants,
such as mitoxantrone,6 intravenous immunoglobulin,7 my-
cophenolate,12 andplasmapheresis,19,20 havealsobeenshown
to stabilize disability or halt relapses in small series. Re-
cently, efficacy has been demonstrated with the use of ri-
tuximab,10,11,21 a monoclonal antibody that binds to CD20
on B lymphocytes, but the long-term safety of this drug has
not been evaluated. Reports on patients with neoplastic dis-
eases and inflammatory disorders who were treated with
rituximab and further developed progressive multifocal leu-
koencephalopathy warrant caution on unrestrictive use of
this drug for patients with NMO.22-24

Twenty-six of our 29 patients treated in the azathio-
prine group had their relapse frequency reduced or be-
came relapse free after treatment and most had stable or
slightly reduced disability measured by the EDSS. Six pa-
tients still had relapses even with continuous azathio-
prine use and became relapse free after the addition of
prednisone, an effect previously described.8 In a series
of 25 patients, Watanabe et al8 demonstrated that there
was a tendency for relapsing when the corticosteroid dose
was reduced lower than 10 mg/d, reinforcing the impor-
tance of steroid maintenance therapy in conjunction with
other drugs in some patients with NMO. We have treated
3 patients with intravenous immunoglobulin, 1 at dis-

ease onset, 1 whose treatment with azathioprine plus pred-
nisone failed, and the other who discontinued azathio-
prine and later cyclosporine treatment because of allergic
reactions. All 3 had their disease stabilized with intrave-
nous immunoglobulin.

Patients in the “other treatment” group had a slight
ARR reduction, but their EDSS score progressed while
receiving treatment, suggesting that relapses while re-
ceiving azathioprine treatment were either less severe or
patients had a better response to pulse methylpredniso-
lone, favoring neurological recovery. Indeed, NMO re-
lapses are known to be more severe when compared with
MS and seem to be the predominant factor of disability
progression,15 since a degenerative process invariably
found in MS appears not to occur in patients with
NMO.25,26 Therefore, relapse control should be the cru-
cial goal in the management of patients with NMO.

Neuromyelitis optica is a rare disease; thus, prospec-
tive randomized controlled trials evaluating drug regi-
mens for NMO are difficult to perform. Maintenance treat-
ment remains based on small retrospective series,5-9 such
as this one, and expert opinions.27 The recommended
therapy for relapses is pulse intravenous methylpred-
nisolone and intravenous immunoglobulin or plasma-
pheresis for selected patients.27 Neuromyelitis optica IgG
has been shown to predict future relapses in patients with
a single attack of long, extending cord lesions or recur-
rent optic neuritis,28,29 and 3 series suggest that its posi-
tivity or titer are related to acute episodes,30-32 but its se-
rial use for monitoring disease status and treatment
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response is under research and validation. Because of the
retrospective nature of this study and the fact that all of
our NMO-IgG test samples came from patients seen in
2007, when treatment with azathioprine had already been
implemented in most of our patients, the relationship be-
tween NMO-IgG status and disease severity could not be
established in this analysis.

Although we evaluated a relatively large number of
patients and treatments compared with other series, a ret-
rospective study is subject to some bias. First, some re-
lapses might have been missed if patients did not recall
them during appointments; second, assessment of indi-
vidual therapies in the “other treatment” group could not
be done since they were grouped together in the analy-
sis; and third, 2 patients in the azathioprine group and 1
in the “other treatment” group received intravenous im-
munoglobulin for severe relapses. Nonetheless, the lat-
ter 3 patients count for less than 5% of all treatments evalu-
ated and hence had little influence on the overall results.
A prospectively designed study should be performed to
minimize these biases.

In summary, our study demonstrates a therapeutic ben-
efit of azathioprine and prednisone as a maintenance
therapy for patients with NMO. In this series, azathio-
prine as monotherapy or with prednisone was able to re-
duce relapse frequency and halt disability progression in
the majority of patients treated, with minor and man-
ageable adverse effects. Prospective studies focusing on
prognostic factors and treatment responses to different
and new agents, such as rituximab, other monoclonal an-
tibodies, and intravenous immunoglobulin, should be per-
formed to identify patients who should receive azathio-
prine with prednisone only or a more aggressive therapy.
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