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Introduction
Neuromyelitis optica spectrum disorders (NMOSDs) 
is a rare autoimmune inflammatory demyelinating 
disease of the central nervous system (CNS) charac-
terized by recurrent attacks of optic neuritis, trans-
verse myelitis, and occasionally encephalitic/brain 
stem presentations. Traditionally considered a variant 
of multiple sclerosis (MS), NMOSD is now recog-
nized as a distinct entity based on unique clinical 
and immunologic features.

The discovery of a disease-specific serum NMO-IgG 
(neuromyelitis optica immunoglobin G) antibody 
that selectively binds aquaporin-4 (AQP4), a water 
channel mainly expressed on foot processes of astro-
cytes in up to 80% of cases, has led to increased 
understanding of this disease and widening of its 
clinical spectrum.1

Immunosuppression with agents such as azathio-
prine, mycophenolate mofetil, rituximab, and/or  
corticosteroids is the mainstay of NMOSD treat-
ment. Disease-modifying drugs (DMDs) effective in 
MS, such as beta-interferon,2–4 natalizumab,5–7 or 
fingolimod,8,9 are not effective and might actually 
exacerbate NMOSD. No reports of the effect of the 
new DMD dimethyl fumarate on NMOSD have been 
published.

We present two NMOSD patients who experienced 
severe exacerbations after initiating treatment with 
dimethyl fumarate.

Case reports

Case 1
A 33-year-old Lebanese lady developed in March 
2015 bilateral lower extremities weakness with a 
sensory level at D10. Her brain magnetic resonance 
imaging (MRI) was normal except for one small 
non-enhancing brainstem lesion (Figure 1(a)). Her 
spine MRI showed a non-enhancing lesion extend-
ing from C1 to C4 vertebral levels and a smaller 
faintly enhancing lesion at the level of D11–D12 
(Figure 1(b)). Cerebrospinal fluid (CSF) examina-
tion revealed 20 white blood cells, no oligoclonal 
bands, and a normal IgG index. She received a 5-day 
course of high-dose intravenous (IV) methylpredni-
solone and made a good recovery. She was main-
tained on 50 mg of oral prednisone daily.

After 2 months, in May 2015, she developed left-
sided weakness, vertigo, and bilateral blurring of 
vision. Her serum anti-AQP4 antibody tested by  
indirect immunofluorescence assay was negative 
(1:<10), but her clinical and radiological picture was 
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suggestive of NMOSD, so she was started on azathio-
prine 50 mg twice daily. In October 2015, she had 
recurrence of her vertigo and blurred vision. Visual 
evoked potentials (VEP) revealed bilateral moderate 
to severe lesions of the optic pathways. Her brain 
MRI showed one new non-enhancing lesion in the 
right cerebellar peduncle but otherwise was unchanged 
and her cervical and dorsal lesions were significantly 
reduced in size. She was seen in a local hospital where 
the diagnosis of MS was entertained and she was 
shifted to dimethyl fumarate 240 mg twice daily. She 
made a good recovery within 1 month.

In December 2015, exactly 2 months after starting 
dimethyl fumarate, she had a severe relapse charac-
terized by severe quadriparesis and bilateral visual 
loss. Her brain MRI showed new subependymal 
lesions around the third ventricle, and abnormal sig-
nal intensity within optic chiasm without evidence of 
enhancement (Figure 1(c)). Her cervical spine MRI 
revealed an extensive intramedullary lesion extend-
ing from the medulla to C6 vertebral level with  
associated cord swelling and well-defined marginal 
peripheral enhancement (Figure 1(d)). Her lympho-
cyte count was 522 mm3 before initiating dimethyl 
fumarate and 1100 mm3 in January 2016 following 
her severe exacerbation. Despite treatment with 

high-dose IV methylprednisolone and plasmaphere-
sis, the patient passed away due to respiratory arrest.

Case 2
A 50-year-old Syrian lady carried the diagnosis of 
MS since 2001 when she developed her first attack of 
myelopathy which recovered on IV methylpredniso-
lone. She refused to undergo a lumbar puncture or 
receive any long-term therapy. She had another mye-
lopathy relapse in 2003 and recovered without treat-
ment. She developed a right optic neuropathy in 2006 
with complete recovery on intramuscular adrenono-
corticotropic hormone (ACTH), vertigo in 2008 with 
full recovery on IV methylprednisolone, right optic 
neuropathy in 2011 with incomplete recovery on 
intramuscular ACTH, and a cervical myelopathy with 
severe painful dysesthesia in 2011 which responded 
only partially to IV methylprednisolone. She came to 
Lebanon in 2012 where brain and spine MRI revealed 
non-specific white matter lesions in the brain and a 
demyelinating lesion in the cervical spine extending 
from C2 to C4 levels without contrast enhancement 
(Figure 2(a)). She was started on IM interferon beta-
1a once weekly in June 2012 but kept having relapses 
and was finally shifted to dimethyl fumarate 240 mg 
twice daily in November 2015. Her lymphocyte count 

Figure 1.  (a) Brain axial FLAIR sequence showing no significant lesions. (b) Spine sagittal T2WI showing a cervical 
lesion extending from the medulla to C4 and a dorsal lesion at D11–D12. (c) Brain axial FLAIR sequence showing new 
lesions in the optic chiasm and subependymal area at the level of the third ventricle. (d) Cervical spine T2WI showing an 
extensive lesion from the medulla to the level of C6 with swelling of the cord.
DMF: dimethyl fumerate.
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was 1600 mm3 before initiating the new treatment.  
In November 2015, a brain MRI revealed pencil-like 
subependymal demyelination around the right occip-
ital horn, but no changes on the spinal MRI were 
detected (Figure 2(b)). In January 2016, 3 months after 
initiation of her new treatment, she experienced a 
severe relapse characterized by complete spastic 
quadriplegia with respiratory distress. Her serum was 
positive for anti-AQP4 antibodies at a titer of 1:160 as 
tested by indirect immunofluorescence assay. Brain 
MRI was unchanged compared to the pretreatment 
study, but her spine MRI showed extensive demyeli-
nation with edema and cord swelling extending from 
the medulla down to T1 vertebral level without con-
trast enhancement. Her lymphocyte count at that point 
was 890 mm3. She was admitted to a local hospital 
and received high-dose IV methylprednisolone, but 
showed only minimal improvement, and was left with 
significant residual disability.

Discussion
We report two cases of NMOSD who were misdiag-
nosed as MS and developed catastrophic relapses fol-
lowing initiation of dimethyl fumarate. Both patients 
fulfilled the most recent NMOSD diagnostic criteria1: 
the first case as NMOSD without AQP4 antibodies 

and the second one as NMOSD with AQP4 antibod-
ies. Both patients were misdiagnosed as MS at one 
point in time and started on dimethyl fumarate due to 
lack of response to different disease-modifying thera-
pies. They both developed a severe myelitis extending 
from the cervical cord to the medulla with significant 
cord swelling, resulting in complete quadriplegia and 
respiratory difficulties, in addition to severe bilateral 
visual loss in the first patient. It is of note that both 
catastrophic relapses occurred 2 and 3 months follow-
ing initiation of dimethyl fumarate. The clinical effect 
of dimethyl fumarate is usually apparent by 3 months, 
but in the experimental autoimmune encephalomyeli-
tis (EAE) model, it was shown to induce significant 
reduction in CNS-infiltrating macrophages within 
30 days.10

Exacerbation of NMOSD and even severe relapses 
have previously been reported with interferons,2–4 
natalizumab,5–7 fingolimod,8,9 and alemtuzumab,11 
but to our knowledge, this is the first report of such 
worsening using dimethyl fumarate. It is of interest 
that in the case of natalizumab and fingolimod, exac-
erbations occurred as early as days5,7 or weeks,8 and 
within 3 months for interferon-treated patients. This 
early exacerbation of the disease was also seen in our 
two patients on dimethyl fumarate.

Figure 2.  (a) Brain axial FLAIR sequence showing non-specific white matter lesions, and spine sagittal T2WI 
showing a cervical lesion extending from C2 to C4. (b) Brain axial FLAIR sequence showing pencil-like subependymal 
demyelination area around the right occipital horn, and spine sagittal T2WI showing the same demyelinating lesion. (c) 
Cervical spine T2WI showing an extensive lesion from medulla to the level of T1 with swelling of the cord. The brain 
MRI is unchanged.
DMF: dimethyl fumarate; IFN: interferon.
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Dimethyl fumarate has an anti-inflammatory effect 
via a shift in cytokine production from Th1 pattern 
with production of tumor necrosis factor alpha and 
interferon gamma to a Th2 pattern characterized by 
production of interleukin-4 and interleukin-5. It also 
has an anti-oxidative effect through modulation of 
nuclear (erythroid-derived 2)-related factor (NRF2) 
transcription. Although the exact mechanism of exac-
erbation of NMOSD by dimethyl fumarate is not 
clear, this effect is consistent with what has been 
reported with most MS therapies.

Based on this report, dimethyl fumarate should be 
avoided in patients with recurrent CNS-demyelinating 
events, especially if involving the spinal cord and 
optic nerves, unless the possibility of NMOSD has 
been firmly ruled out.
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Unexpected exacerbations following initiation of disease-modifying 
drugs in neuromyelitis optica spectrum disorder: Which factor is 
responsible, anti-aquaporin 4 antibodies, B cells, Th1 cells, Th2 
cells, Th17 cells, or others?

Jun-ichi Kira

Abstract:  Some disease-modifying drugs for multiple sclerosis, which mainly act on T cells, are ineffec-
tive for neuromyelitis optica spectrum disorder and induce unexpected relapses. These include interferon 
beta, glatiramer acetate, fingolimod, natalizumab, and alemtuzumab. The cases reported here suggest 
that dimethyl fumarate, which reduces the number of Th1 and Th17 cells and induces IL-4-producing 
Th2 cells, is also unsuitable for neuromyelitis optica spectrum disorder, irrespective of anti-aquaporin 4 
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