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1Department of Neurology, Istanbul Faculty of Medicine, Istanbul University, Istanbul, Turkey, 2Department of
Neuroscience, Institute for Experimental Medicine, Istanbul University, Istanbul, Turkey, 3Department of Medical
Oncology, Istanbul Bilim University, School of Medicine, Istanbul, Turkey, 4Department of Neurology, Cerrahpaşa
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Context: Long extensive transverse myelitis (LETM) seldom develops in patients with breast cancer who
are aquaporin-4 antibody (Aqp-4 Ab)-positive. Whether this association is coincidental is not well
understood.
Findings: A 62-year-old woman presented with treatment-resistant LETM and Aqp-4 Ab. Two months later, a
stage 3 invasive ductal carcinoma was detected in her right breast. Following tumor resection and
chemotherapy, her neurologic symptoms and magnetic resonance imaging findings significantly improved
and serum Aqp-4 Ab disappeared. The breast tumor samples of this patient and neurologically normal
patients showed inflammatory infiltrates and Aqp-4 expressing cells.
Conclusion/Clinical Relevance: The temporal association between tumor treatment, amelioration of clinical
findings, and seroreversion suggest that coexistence of cancer and LETM is not coincidental. Cancer
screening should be considered at least in treatment-resistant LETM cases.
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Introduction
Neuromyelitis optica and long extensive transverse mye-
litis (LETM) occasionally develop in patients with
cancer in relation to aquaporin-4 antibody (Aqp-4
Ab).1,2 Whether this is a coincidental relationship is
unclear, partially because the temporal associations
between clinical symptoms, serological findings, tumor
occurrence, and treatment response are not well known.

Case report
A 62-year-old woman with no history of cancer or prior
neurological disease presented with severe fatigue and
nausea-vomiting episodes. Gastrointestinal evaluation
was normal. Within 1 month band-like left-sided chest
tightness appeared, extending to the left armpit together
with weakness and numbness in both legs and urinary

retention. Neurological examination revealed flaccid
tone and severe weakness (2/5 at Medical Research
Council scale) in both legs and a sensory level at D4.
The patient also showed decreased proprioception in
both feet, was areflexic, and had extensor plantar
responses. Cerebrospinal fluid (CSF) examination was
acellular, with a protein level of 78 mg/dl, and a
normal glucose level; CSF IgG index was slightly elev-
ated (0.72), and oligoclonal bands were negative.
While her brain magnetic resonance imaging (MRI)
was unremarkable, the spinal MRI revealed a hyperin-
tense T2 lesion extending from C2 to C6 (Fig. 1A),
with patchy contrast enhancement. Routine blood
tests and a comprehensive panel for autoimmune
diseases (anti-nuclear, anti-double-stranded DNA,
anti-neutrophil cytoplasmic, cardiolipin antibodies,
and extractable nuclear antigen antibody (ENA) screen-
ing) were negative. Serum Aqp-4 Ab was detected with a
cell-based assay using Aqp-4-transfected HEK-293 cells
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(Euroimmun, Lübeck, Germany). Her visual evoked
potential examination was normal. The patient responded
suboptimally to a 10-day treatment of 1 g/day intrave-
nous methylprednisolone, which was followed by oral
steroid and azathioprine with little improvement.
Bilateral lower-extremity muscle strength increased to
3/5, and slight spasticity developed, so that she could
stand and make a few steps with bilateral assistance.
Two months later, a non-tender mass was palpated in

her right breast. Following mammography, whole-body
computed tomography scan, and biopsy, a stage 3 inva-
sive ductal carcinoma was diagnosed. She was seronega-
tive for paraneoplastic antibodies (Hu, Ri, Yo, Ma2,
CV2, and amphiphysin; Euroimmun) but was seroposi-
tive for Aqp-4 Ab. Shortly after radical mastectomy
with axillary clearance and introduction of chemother-
apy (5-fluorouracil, epirubicin, and cyclophosphamide),
her symptoms started improving. Two months later, she
had only mild left leg weakness (4/5), whereas the motor
strength of her right leg was normal. She had no sensory
symptoms, markedly improved vibration sense, and no
sphincter disturbance. Brain and spinal MRIs were
normal. At that time, in two different assays, her new

sera failed to show Aqp-4 Ab, while her archived old
sera were Aqp-4 Ab-positive.

Histology findings
Immunohistochemistry of paraffin-embedded tumor
sections of our patient and three additional neurologi-
cally normal patients with invasive ductal breast carci-
noma using rabbit anti-human CD3-, CD20-, and
CD68-antibodies (all 1:200, Novocastra, UK)3 exhib-
ited extensive perivascular and parenchymal infiltrates
of all three lymphocyte subtypes (Fig. 1B). Moreover,
tumor sections were incubated overnight at 4°C with
rabbit anti-human Aqp-4 Ab (1:200, Santa Cruz,
Santa Cruz, CA, USA) and appropriate secondary
Alexa-Fluor 594-conjugated antibody (1:1000,
Invitrogen, Grand Island, NY, USA). All four tumor
samples displayed cells expressing Aqp-4 in the mem-
branes (Fig. 1C), as described previously.4 Control sec-
tions incubated only with the secondary antibody did
not yield any staining. Aqp-4 expression could not be
verified with western blotting and reverse transcrip-
tion-polymerase chain reaction due to the unavailability
of frozen tumor samples.

Figure 1 Sagittal T2-weighted MRI showing long extensive spinal cord lesion at C2–C6 (A) breast tumor section exhibiting CD20+
B cells (avidin–biotin–peroxidase techniquewithmild hematoxylin counterstaining) (B) aquaporin-4 expressing cells (C, red). B and C
panels, original magnification ×100 and ×400, respectively.
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Discussion/conclusion
This patient adds to the growing list of cases of possibly
paraneoplastic LETM.1,5 Moreover, immunotherapy-
resistance before tumor detection and amelioration of
symptoms and seroreversion after tumor treatment
suggest that coexistence of cancer and LETM is not
coincidental. A similar chemotherapy-responsive
LETM case with a history of breast cancer has been
reported.5 This case and previously reported ones
show that LETM might also precede and act as a har-
binger of a forthcoming cancer.1 Cancer screening
should therefore be considered at least in immunothe-
rapy-resistant LETM cases. Presence of inflammatory
cells and Aqp-4 expression at the patient’s tumor
tissue supports the notion that Aqp-4 Ab-positive
LETM might develop by autoimmune mechanisms.
However, Aqp-4 is also expressed in neurologically

normal patients’ tumors, suggesting that additional
factors are required for myelitis induction in patients
with cancer.
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