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Abstract: Neuromyelitis optica spectrum disorders (NMOSD) is one of autoimmune inflammatory diseases and is characterized by area

postrema syndrome, brainstem syndrome, optic neuritis, and/or myelitis. Typical myelitis is longitudinally extended transverse myelitis

(LETM) which extends over three vertebral bodies. Several previous case reports have suggested association between cancer and

NMOSD. A 50-year-old woman had breast cancer and underwent mastectomy and, 10 months later, she had developed acutely

progressive dysbasia. Spine MRI showed LETM in 13 vertebrae length and blood test revealed positive anti-aquaporin 4 (anti-AQP4)

antibody based on enzyme-linked immunosorbent assay with index of over 40. She was treated by intravenous methylprednisolone,

plasma exchange, and intravenous immunoglobulin, followed by oral prednisolone. The condition had mostly recovered after the

treatment. A small population of NMOSD has the aspect of paraneoplastic neurological syndrome. The age of onset in patients with

cancer-associated NMOSD tends to be higher than that in individuals with NMOSD due to any causes of NMOSD.
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Abbreviations: anti-AQP4, anti-Aquaporin-4; APS, area postrema syndrome; BS, brainstem syndrome; CSF, cerebrospinal fluid; CT,

Computed Tomography; EDSS, Expanded Disability Status Scale of Kurtzke; ELISA, enzyme-linked immunosorbent assay; IVIg,

intravenous immunoglobulin; IVMP, intravenous methylprednisolone; LETM, longitudinally extended transverse myelitis; MRC, Medical

Research Council; MRI, Magnetic Resonance Imaging; NMOSD, Neuromyelitis Optica Spectrum Disorders; ON, optic neuritis; PE,

plasma exchange; PLS, prednisolone

Background

Neuromyelitis optica spectrum disorders (NMOSD), one of

autoimmune inflammatory diseases, is characterized by area

postrema syndrome, brainstem syndrome, optic neuritis, and/or

myelitis. Some cases of NMOSD are associated with cancer, and

our case might have a paraneoplastic neurological syndrome.

Typical myelitis is longitudinally extended transverse myelitis

(LETM) which extends over three vertebral bodies. Here we

report a case of NMOSD, LETM with 13 vertebrae length, which

was developed after breast cancer. We also conducted literature

review regarding relationships of cancer, anti-aquaporin 4

antibody, and LETM.

Case presentation

A 51-year-old woman underwent surgery for breast cancer of

p-T2N2M0 stage IIIA. After the surgery, she underwent

chemotherapy (four courses of intensive dose epirubicin plus

cyclophosphamide and four courses of intensive dose paclitaxel)

and radiation therapy (50 Gy/25 Fr). She also received daily oral

tamoxifen after surgery. In this period, she was able to work 8

hours per day without recurrence of breast cancer. Ten months

after the surgery, she developed acutely progressive dysbasia.

Six days after the onset of dysbasia, she visited her breast

surgeon in our hospital and was referred to a neurologist. She

had no other symptoms and no episodes of recent infectious
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diseases or vaccinations during the period after the breast

surgery until consultation to the neurologist. She had no other

significant past medical history. She had no family history of

neurological diseases.

On physical examination, blood pressure was 133/82 mmHg,

pulse 60/minute, respiratory rate 16/minute, temperature 36.4

degree Celsius, and pulse oximetry oxygen saturation 98% in

room air. The height was 150 cm, and the weight was 42 kg.

There was dysbasia. Neurological exam by the neurologist

revealed muscle weakness and Medical Research Council (MRC)

score was 2 over 5 in flexion of elbow joint, flexion of hip joint,

flexion of knee joint, and left ancle dorsiflexion. MRC score of

right ancle dorsiflexion was 3 over 5 (MRC score 31/60). Deep

tendon reflexes were exaggerated in left upper limb and reduced

in lower limb with dominance in right lower limb. Sensation of pain

and tactile were lost in the region below Th7 level. Sense of

vibration was reduced in right upper limb and lost in both lower

limbs. Positional sense was normal in upper limbs, decreased in

right lower limb, and lost in left lower limb. She had bladder and

bowel dysfunction. A diagnosis of myelitis was considered, and

she was hospitalized on the same day.

Blood tests showed increased erythrocyte sedimentation rate

(21 mm/hour) and mild elevation of alanine aminotransferase,

creatine kinase, and C-reactive protein (Table 1). Serum albumin,

creatinine, and sodium were slightly lower than ranges of normal

limits. HbA1c was 6.3%. Blood coagulation test results were all

normal. The relatively low serum free T3 of 1.80 pg/ml was

considered as low T3 syndrome secondary to the primary

neurological disease. In cerebrospinal fluid (CSF) test on hospital

day 1, white blood cell count was 42/mm3 (reference range, 0–

3/mm3), and protein was 94 mg/dl. Bacterial culture of CSF did

not grow organisms and CSF cytology was negative for malignant

cells. She underwent MRI, showing myelitis with increased signal

intensity lesion in the spine of C4 to Th9 levels (Fig. 1A, B).

Regarding the Functional systems (FS) scores at the time of

hospital admission, she used wheelchair with riding support

because she had paraplegia in lower limbs (FS 3 in pyramidal

function), cerebellar function was normal (FS 0 in cerebellar

function), lost all sensations in both lower limbs (FS 5 in sensory),

normal in brainstem function (FS 0 in brainstem function), lost the

function of bladder and rectum (FS 6 in sphincter function), no

disorder in visual function (FS 0 in visual function), normal mental

or cerebral function (FS 0 in mental function), and no other

neurologic findings attributed to NMOSD (FS 0 in other function).

Her Expanded Disability Status Scale of Kurtzke (EDSS) at the

time of hospital admission was 7.5.

NMOSD or spinal venous infarction were considered as most

likely diagnosis, although the 13 vertebrate length lesion is not

common in both. Since tamoxifen has side effect of thrombosis

and she had menopause by chemotherapy, from day 1 we

changed tamoxifen to anastrozole. Venous infarction of spinal

cord was also considered as one of the differential diagnosis lists,

but contrast-enhanced computed tomography (CT) and MRI

showed no evidence of infarction of spinal cord (Fig. 1C, D).

From day 1 to day 20 she was treated by intravenous

concentrated glycerin fluid. From day 2 to day 4, she received a

half of pulse dose intravenous methylprednisolone (IVMP),

500 mg/day. During the half dose IVMP use, on day 3, MRC

score of left lower limb was reduced to 0/5, and it was switched to

the full dose IVMP, 1,000 mg/day during day 6 to 8 and it was

repeated during day 13 to 15. During the period of IVMP use, her

symptoms did not improve. On day 20, serum anti-aquaporin 4

(anti-AQP4) antibody test turned around to be positive based on

enzyme-linked immunosorbent assay with index of over 40, and

diagnosis of NMOSD was made, and thus plasma exchange (PE)

was started on day 21. After the first PE, MRC score of left lower

limb improved from 0 to 1. PE was repeated on day 23, 25, 28,

and 30. MRC score of left lower limb was improved to 3/5 on day

30. From day 31 to 35, intravenous immunoglobulin (IVIg) was

administered at 400 mg/day. However, IVIg use did not improve

the muscle weakness. Thus, additional PE was conducted on day

39 and 42, but these additional PE did not improve the muscle

weakness. After the treatment for acute period, from day 43 oral

prednisolone (PLS) was started at the dose of 20 mg/day as the

maintenance therapy. During the hospitalization, serum tumor

markers were negative and contract-enhanced CT did not show

findings of tumor recurrence or metastasis.

On day 69 she was transferred to a specialized rehabilitation

hospital. At that time, her EDSS was 6.5, and she had paraplegia

in lower limbs (FS 3) and lost the function of bladder and rectum

(FS 6), although all sensory impairment in both lower limbs had

recovered (FS 2). After rehabilitation, her muscle weakness

improved, and she was discharged from the rehabilitation

hospital. She could walk alone without an aid. When she visited

our neurology clinic on day 239, MRC score was 5/5 in all

muscles. Her EDSS was 0. However, she still had defecation

disorder and also had pain in right upper limb. As her symptoms

improved, dose of PLS was reduced to 10 mg/day. Anti-AQP4

antibody turned around to be negative on day 239. MRI was

performed on day 252, showing high signal intensity from C6 to

Th9 level in the spine (Fig. 2). Length of the lesion was

remarkably improved compared to the finding of MRI on day 1.

Throughout this period, she took anastrozole daily, and our

breast surgeon had diagnosed she has no recurrence of breast

cancer.

Discussion and conclusions

This case illustrates that NMOSD could be associated with a

preceding breast cancer, although the cancer was surgically

resected and was also treated by chemotherapy. Our case has

relatively long LETM lesion, which may characterize a

paraneoplastic syndrome. We conducted a literature search of
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Fig. 2 T2 weighted MRI after treatment.

MRI sagittal T2 weighted image on day 252.

reports of NMOSD associated with cancer by Google Scholer (R)

(search words: “NMOSD” “cancer” “LETM”), and we identified 22

case reports which included the description of sex, age, type of

cancer, primary organ of cancer, treatment for NMOSD, interval

between the onset of cancer and NMOSD, length of LETM, and

outcome. Anti-AQP4 antibodies are positive in all cases in the

previous literature and in this case. We summarized the clinical

characteristics by adding our case to these case reports

(Table 2)1)–22).

Also, we examined female proportions, age of onset, death

rate, length of LETM and showed no significant difference

between cases with any causes of NMOSD23) and cancer-

associated NMOSD with LETM (Table 3). Because of the

literature review regarding only cases with various background,

we could not compare length of LETM by head-to-head.

However, there might be trend that length of LETM in cases of

cancer associated NMOSD is longer than cases with any causes

of NMOSD.

Our patient made a remarkable recovery after treatment.

Regarding factors related to outcome, candidate factors included

age of onset, sex, type of cancer, diagnostic interval between

Fig. 1 T2 weighted MRI images.

A) MRI sagittal T2 weighted image on day 1 which show LETM in C4 to Th9 levels. B) MRI axial T2 weighted image on day 1 in Th3 level.

C) CE-MRI sagittal T1 weighted image on day4. D) CTA on day 5 in spinal artery. Abbreviations: CTA; computerized tomographic

angiography, CE-MRI; contrast-enhanced magnetic resonance imaging, LETM; longitudinally extended transverse myelitis.
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onset of cancer and NMOSD (month), and length of LETM.

However, these factors showed no significant association with

outcome (Table 4).

In the previous review of patients with any causes of NMOSD,

EDSS at last follow up were summarized as 2.5 in median value,

and EDSS >6 in 22.2%, EDSS >8 in 8.7% and death in 2.3%23).

This review did not describe mean or median EDSS at onset.

Because most previous case reports do not have the description

of EDSS of onset and last follow up, we could not examine the

trend of recovery in cancer-associated NMOSD with LETM. There

have been several case reports which showed remarkable or

excellent to complete recovery from NMOSD7)12). Those cases

and our case similarly had very long LETM, which extended

beyond the average of LETM in cancer-associated NMOSD.

Since length of LETM did not show association with outcome,

length of LETM did not determine treatment responsiveness,

including prognosis.

Cancer can be typically classified as carcinoma, sarcoma, or

hematological malignancies. Although teratoma is a benign

tumor, as a cause of paraneoplastic syndrome, we considered

teratoma as a distinct type along with carcinoma, sarcoma, or

hematological malignancies. There have been previous case

reports of NMOSD with carcinoma, hematological malignancies,

and teratoma, but there was no case report of sarcoma-

associated NMOSD with LETM, although AQP4 is expressed on

the fast twitch fibers of skeletal muscle24). Some of the tumor cells

were identified to express AQP424). A previous report showed

anti-AQP4 antibody positive specimens in immunological

staining. Although breast, thyroid, duodenum, and small intestine

did not usually express AQP424), there have been case reports

with positive immunostaining with anti-AQP4 antibody, in breast

cancer13), lung cancer6)8)21), teratoma1)7) and stomach cancer19).

However, there was the case report of thyroid cancer with

positive immunostaining by anti-AQP4, although normal thyroid

tissue does not express AQP425). Although most of the previous

case reports showed single neurological event, there was a

report of recurrent NMOSD which were accompanied by

recurrence of cancer26). We could not find case reports of

NMOSD associated with hematological malignancy based on

immunostaining of its bone marrow. To assess the relationship

between type of cancer and outcome of cancer-associated

NMOSD with LETM, we may need additional case reports with

immunostaining of tumor including bone marrow (We did not

conduct immunostaining of the resected breast tumor tissue

because of its high cost).

In conclusion, we experienced a case of NMOSD with 13

Table 3 [Comparison of patients with any causes of NMOSD and those with cancer-associated NMOSD with LETM]

Length of LETM might be longer in cases of cancer-associated NMOSD.

Hu, et al. Cancer-associated NMOSD with LETM

Female, n (%)

 Whole 248 (83.2) 20 (84.6)

 EO-NMOSD 132 (80.5) 10 (100)

 LO-NMOSD 116 (86.6) 12 (75.0)

Age of onset, year, mean (%)

 Whole 46.2 ± 15.1 54.08 ± 18.7

 EO-NMOSD 35.4 ± 10.0 (55.0) 35.3 ± 9.73 (38.5)

 LO-NMOSD 59.5 ± 7.9 (45.0) 66.9 ± 11.0 (61.5)

Death, n (%)

 Whole 7 (2.7) 2 (7.7)

 EO-NMOSD 3 (1.8) 0 (0.0)

 LO-NMOSD 4 (3.0) 2 (12.5)

Length of NMOSD, median (IQR)

 Whole 5.0 (3.0–8.0) 9.0 (5.0–12.8)

 EO-NMOSD 6.0 (3.0–9.0) 6.0 (5.0–12.0)

 LO-NMOSD 5.0 (3.0–7.0) 9.0 (5.0–13.0)

NMOSD: Neuromyelitis Optica Spectrum Disorders, LETM: longitudinally extended transverse myelitis, EO-NMOSD: early-onset of
NMOSD, LO-NMOSD: late-onset NMOSD, LETM: longitudinally extended transverse myelitis.
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vertebrae length LETM which was developed after breast cancer.

This case had good response to combination therapy, including

IVMP, IVIg, PE, and PSL. We used these treatment modalities

since these were used for typical NMOSD in previous reports,

and the patients had good recovery. Our literature review was not

able to find out relationship between sex, type of cancer, and

diagnostic interval between onset of cancer and NMOSD

(month). To scrutinize the relationship between clinical factors

and outcome, we need to examine more case reports or case

series with detailed description.
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