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and literature review
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Neuromyelitis optica spectrum disorder (NMOSD) is a clinical syndrome
characterized by attacks of acute optic neuritis and transverse myelitis. We report
a case with paraneoplastic NMOSD that improved after immunosuppressive therapy,
surgical resection, and chemotherapy. A 48-year-old woman initially presented with
gradual binocular visual loss over the course of one week. The patient was evaluated
using magnetic resonance imaging (MRI), computed tomography (CT), visual evoked
potential (VEP), pathological biopsy, immunohistochemistry, and autoimmune
antibody testing. The brain MRI findings were normal. The VEP revealed prolonged
P100 latencies in the right eye and an absence of significant waves in the left eye.
Positive serum AQP4-1gG antibodies were found. The patient was diagnosed as
NMOSD. Then the patient responded well to treatment with methylprednisolone. An
ovarian tumor was found in the patient using abdominal MRl and CT. The tumor was
surgically resected, and a pathological biopsy revealed that it was ovarian
dysgerminoma. The patient received four rounds of chemotherapy after surgery.
One month after the final chemotherapy treatment, a positron emission tomography
(PET) scan revealed no tumor. The vision of the patient gradually recovered and
serum AQP4 was negative. Furthermore, we summarized the characteristics of
patients diagnosed with paraneoplastic NMOSD associated with ovarian neoplasms
in previous studies. This is a characteristic case of overlapping NMOSD and ovarian
dysgerminoma, demonstrating the importance of tumor therapy in cases of
paraneoplastic NMOSD.
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1 Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is a relapsing
inflammatory nervous system disease characterized by simultaneous
or consecutive attacks of acute optic neuritis (ON) and transverse
myelitis (TM) (1). IgG autoantibodies to aquaporin 4 (AQP4-1gG),
the most abundant water channel protein in the central nervous
system (CNS) (2), are currently the serological and
pathophysiological marker of NMOSD (3). Ovarian dysgerminoma
is a rare malignant tumor that originates from ovarian primordial
germ cells, with an incidence of 0.109 per 100,000 women-years (4).
Some studies have found an association between NMOSD and
cancer, such as lung cancer, breast cancer, ovarian teratomas, etc.
(5). To our knowledge, paraneoplastic NMOSD complicated with
ovarian dysgerminoma is rare. Herein, we report a case with NMOSD
overlapping ovarian dysgerminoma with an excellent prognosis.

2 Case report

A 48-year-old Chinese woman initially visited the Department
of Ophthalmology at the Central Hospital of Shaoyang on February
15,2022, due to a one-week history of visual impairment. She had a
history of uterine fibroids and had a total hysterectomy 11 years
ago. Upon physical examination, it was noted that she had no light
perception in both eyes, and bilateral pupillary light reflexes were
absent. Other ophthalmic tests conducted by ophthalmologists
showed normal results. Consequently, the visual deterioration of
the patient was considered as optic nerve or visual cortex damage.

10.3389/fimmu.2024.1424243

Then the patient was referred to the Department of Neurology in
our hospital for neurologic evaluation. A systemic neurological
examination was conducted, revealing that muscle strength, muscle
tension, tendon reflexes, sensory nervous system, cerebellar functions,
Babinski signs, and meningeal irritation signs were all within normal
limits. She underwent visual evoked potential (VEP) test, which
showed prolonged P100 latencies in the right eye and no detectable
P100 waves in the left eye. Magnetic resonance imaging (MRI) of
eyes, optic nerves, orbits, brain, and spinal cord showed normal
findings. A lumbar puncture was performed, which revealed normal
intracranial pressure, white cell counts, glucose, and chloride levels in
the cerebrospinal fluid (CSF). Then we completed the investigation
with serum and CSF demyelinating antibodies (AQP4, MOG, GFAP,
and MBP) screening by the cell-based assay (CBA) method (Kingmed
Diagnostics Co., Ltd., which is the largest College of American
Pathologists-certified laboratory in China) (6). The AQP4-IgG
(antibody titer: 1:10, assessed by CBA method) was detected
positive in the serum (Figure 1A), while no abnormalities were
found in the CSF AQP4-IgG (Figure 1B). Additionally, we searched
for IgG-oligoclonal bands (OCBs) in the CSF and serum using
isoelectric focusing electrophoresis analysis. The patient’s serum
and CSF contained identical IgG-OCBs. (Figure 1D). Therefore,
according to IPND Criteria 2015, the patient was diagnosed as
NMOSD by the clinical feature and the positive antibody.

The patient then underwent a course of treatment of
methylprednisolone. The patient was on IVMP for 5 days (1,000
mg/day) (the dosage was decreased every 3 days), followed by oral
prednisone (60 mg/day) and mycophenolate mofetil (1 g/day). The
vision of patient gradually recovered after immunosuppressive
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FIGURE 1
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Demyelinating antibody of central nervous system. (A) AQP4 antibodies (1:10) are detected in the serum in the first test (scale bar 20um). (B) AQP4
antibodies are found negative in the CSF (scale bar 20um). (C) AQP4 antibodies are found negative in the serum in the second detect (scale bar
20um). (D) OCBs are found in both serum and CSF, and the locations are identical. AQP4, aquaporin 4; CSF, cerebrospinal fluid; OCBs,

oligoclonal bands
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therapy. She was continued on immunosuppressive treatment with
prednisone (60 mg/day) (the dosage was decreased to 10mg/day)
and mycophenolate mofetil (1 g/day) after discharge.

The patient experienced discomfort in the lower abdomen while
undergoing methylprednisolone treatment. Abdominal palpation
revealed a round, hard mass in the left lower abdomen with poor
mobility, but without any tenderness or rebound pain. Abdominal
magnetic resonance imaging (MRI) and computed tomography (CT)
showed a tumor in the left ovarian. An equal-density mass was seen on
the abdominal CT (Figure 2A). Additionally, a T2 hyperintense
(Figure 2B) and a T1 hypointense (Figure 2C) lesion in the left lower
abdomen was discovered by abdominal MRI. Moreover, the cancer
biomarkers [alpha-fetoprotein (AFP), carcinoembryonic antigen
(CEA), carbohydrate antigen 125 (CA-125), and CA-199] were
detected, but the tumor markers were negative. After undergoing a
pathologic biopsy and surgical resection, the neoplasm was diagnosed
as an ovarian dysgerminoma (Figure 3A). Immunohistochemistry of
tumor tissues showed positive results for cluster of differentiation 117
(CD117), spalt-like transcription factor 4 (SALL4), and octamer-
binding transcription factor 3/4 (OCT3/4), while negative for

FIGURE 2

10.3389/fimmu.2024.1424243

epithelial membrane antigen (EMA), CD3, CD20, CD30, pair box
gene 8 (PAX-8), human melanoma black 45 (HMB-45), anaplastic
lymphoma kinase (ALK), and placental alkaline phosphatase (PLAP)
(Figures 3B-D). The ovarian mass was confirmed as a malignant tumor
after the pathological biopsy. As a result, the patient had four rounds of
chemotherapy and stopped using immunosuppressive medication.

The patient underwent a positron emission tomography (PET)
scan one month after the final chemotherapy treatment. The PET-
CT scan, used to assess the course of treatment after the most recent
round of chemotherapy, showed no indications of the tumor
(Figure 2D). Moreover, the patient’s vision returned to normal.
We rechecked that AQP4-IgG in the serum of the patient was
negative (Figure 1C). Throughout the following two years of follow-
up, the patient remained free from any abnormal symptoms.

3 Diagnostic assessment

The initial clinical features were similar to the presentation of
ophthalmic diseases. However, ophthalmic examinations, MRI

35 cm

Abdominal CT and MRI and PET-CT findings in this case. (A) Abdominal CT shows an equal-denstiy mass pointed by the red arrowheads in the left
lower abdomen. (B) T1-weighted image shows a hypointense mass pointed by the red arrowheads in the left lower abdomen. (C) T2-weighted
image shows a hyperintense mass pointed by the red arrowheads in the left lower abdomen. (D) PET-CT shows no neoplasm indications. CT,
computer tomography; MRI, magnetic resonance imaging; PET, positron emission tomography
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FIGURE 3

Histopathologic findings of the ovarian dysgerminoma in this case. (A) Tumor cell nests are located in the ovarian parenchyma (HE) (scale bar 40um).
(B—D) Immunohistochemistry of tumor tissues show CD117 (+), SALL4 (+), and OCT3/4 (+) in this case (scale bar 40um). HE, hematoxylin and eosin.

results, and VEP findings revealed optic nerve damage without any
lesions in the eyes. Therefore, we suspected that the patient had
NMOSD. Subsequent testing found that the antibodies for NMOSD
were positive in the serum, confirming the diagnosis of NMOSD.
The patient responded well to immunosuppressive treatment. The
combination of abdominal symptoms, physical signs, and findings
from both CT and MRI scans strongly indicated the presence of a
left ovarian tumor in the patient. Then the pathologic biopsy and
immunohistochemistry of tumor tissues confirmed the diagnosis of
ovarian dysgerminoma. Thus, the patient was diagnosed as
paraneoplastic NMOSD overlapping with ovarian dysgerminoma.

4 Literature review

A literature search was performed using the PubMed and Web
of Science database. The following combinations of search terms
were used: “neurompyelitis optica spectrum disorder and ovarian
neoplasms”, and “NMOSD and ovarian neoplasms”. The search was
limited to articles in English. A review was done of the information
that was available in full-text or abstract form, along with any
relevant citations and references. We summarized the clinical
manifestations of all nine cases with paraneoplastic NMOSD
associated with ovarian neoplasms are presented in Table 1.

5 Discussion

We described a unique clinical case of NMOSD associated with
ovarian dysgerminoma for the first time. NMOSD is a rare auto-
immune disease causing multifocal central nervous system (CNS)
inflammation (13). AQP4-IgG was detected in more than 80% of
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patients with NMOSD (3). Approximately 5% of NMOSD with
malignancies (such as breast and ovarian cancer) were considered
as paraneoplastic NMOSD (14). However, the mechanisms of the
paraneoplastic NMOSD are still unclear.

Intratumorally neural tissue that expresses AQP4 may be a
mediating factor in paraneoplastic NMOSD linked to malignancy
(15). Previous studies reported that a part of patients with ovarian
teratoma expressed N-methyl-D-aspartate receptor (NMDAR) and
AQP4-IgG (12, 16). Moreover, in addition to GFAPo-IgG, the
coexistence of AQP4-IgG and/or anti-NMDAR was detected in
most of the autoimmune GFAP astrocytopathy patients with
teratomas (16). These investigations revealed a common
pathogenesis between CNS autoimmune disorders and ovarian
teratomas (12). In this case, the AQP4-IgG was detected positive
in the serum using CBA method. Furthermore, both ovarian
dysgerminoma and ovarian teratoma are malignant ovarian
tumors derived from germ cell. Therefore, we hypothesize that
ovarian dysgerminoma can develop into paraneoplastic NMOSD
induced by malignancy-associated autoimmune mechanisms,
similar ovarian teratoma. However, to our knowledge, up to now,
there is no research on the relationship between ovarian
dysgerminoma and neurologic demyelinating diseases. Thus, the
assumption of AQP4 mediating ovarian dysgerminoma needs
further study to identify.

The reports presented in Table 1 summarize on all nine patients
with NMOSD associated with ovarian neoplasms. In the presented
case, all nine female patients with positive AQP4-IgG. The age at
onset of this case of paraneoplastic NMOSD, typically around 50
years old, was consistent with the clinical characteristic of
paraneoplastic NMOSD with ovarian neoplasms. Most ovarian
tumors linked to paraneoplastic NMOSD were teratomas, with
this study uniquely reporting a singular case of NMOSD in
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TABLE 1 Characteristics of patients with overlapping NMOSD and ovarian neoplasms.

Publication Age Types NMOSD MRI findings Auto- Tumor Duration Treatment Treatment Prognosis
date (years) of phenotypes antibodies pathology of of NMOSD  of
neoplasms follow- neoplasms
up
Spina (7) 2013 43 Ovarian APS, LETM Demyelinating lesions in AQP4 (+) AQP4, CD20, 1 year IVMP + TPE Surgery Good
teratoma the brainstem CD4, CD3, +1IVIg
and CD138
Canada (8) = 2018 54 Ovarian APS Demyelinating lesions from AQP4 (+) AQP4 2 years IVMP + TPE Surgery Good
serous the medulla to spinal cord + mitoxantrone | + chemotherapy
adenocarcinoma
Ttaly (9) 2013 50 Ovarian LETM, BS Demyelinating lesions in the AQP4 (+) NA 17 months IVMP + TPE Surgery Good
teratoma pons, hypothalamus, medulla + AZA
oblongata, and cervical spine
France (10) = 2019 15 Ovarian APS, LETM Demyelinating lesions in the AQP4 (+) AQP4, CD3, 2 years IVMP Surgery Good
teratoma brainstem, and a cervical CD20, + Rituximab
spinal cord and CD8
21 Ovarian APS, LETM Demyelinating lesions in the AQP4 (+) AQP4, CD3, 9 months IVMP + TPE Surgery Important
teratoma hypothalamus, temporal lobes, CD20, + Rituximab visual
area postrema, and spinal cord and CD8 sequelae
41 Ovarian APS, LETM Demyelinating lesions in the AQP4 (+), AQP4, CD3, 2 years IVMP + MMF Surgery Mild
teratoma spinal cord GFAP (+) CD20, sensory
and CD8 abnormalities
India (11) 2019 46 Ovarian ON, LETM Demyelinating lesions in the AQP4 (+) NA 6 months IVMP + AZA Chemotherapy Limb
adenocarcinoma cervical cord + surgery weakness
Japan (12) 2021 27 Ovarian APS, LETM, ON | Demyelinating lesions in AQP4 (+) AQP4, CD8, 16 months IVMP Surgery Good
teratoma spinal cord and pons CD45, CD20, + tacrolimus
and CD138
China 2024 48 Ovarian ON Normal AQP4 (+) CD117, 2 years IVMP + MMF Surgery Good
(our case) dysgerminoma SALL4, and + chemotherapy
OCT3/4

APS, area postrema syndrome; AQP4, aquaporin 4; AZA, azathioprine; CD, cluster of differentiation; F, female; IVMP, intravenous methylprednisolone; GFAP, glial fibrillary acidic protein; IVIg, intravenous immunoglobulin; LETM, longitudinally extensive transverse
myelitis; MMF, mycophenolate mofetil; NA, not available; NMOSD, neuromyelitis optica spectrum disorder; ON, optic neuritis; TPE, therapeutic plasma exchange; BS, brainstem; (+), positive.
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conjunction with an ovarian dysgerminoma. The patient only had
the clinical symptoms of optic neuritis without myelitis or
brainstem lesion, which is inconsistent with the clinical features
of NMOSD overlapping with ovarian teratomas. Most case with
paraneoplastic NMOSD associated with ovarian neoplasms
revealed demyelinating lesions in the central nervous system.
However, the MRI of this case did not detect any demyelinating
lesions. The clinical manifestations of NMOSD overlapping with
ovarian dysgerminoma requires more studies to summarize.

Overall, patients with paraneoplastic NMOSD associated with
ovarian neoplasms had a favorable prognosis after
immunosuppressive therapy. However, no unified guideline on
the treatment of paraneoplastic NMOSD was reported in the
literature. Intravenous methylprednisolone (IVMP) is the most
commonly used treatment for paraneoplastic NMOSD and has
demonstrated excellent therapeutic efficacy (5). Regarding primary
tumor treatments, surgical resection and chemoradiotherapy may
improve neurological symptoms (10, 12). In this case, the serum
AQP4-IgG was negative after immunosuppressive therapy and
tumor surgery. Previous studies have found that the clinical
symptoms of patients with ovarian teratoma were significantly
improved after resection, and the titer of AQP4 antibody in
serum decreased or became negative (12). However, it is not clear
whether this phenomenon is caused by immunosuppressive therapy
or tumor removal. Moreover, it is unclear if patients with
paraneoplastic NMOSD require ongoing immunosuppressive
medication following surgery. On the one hand,
immunosuppressive therapy is useful in avoiding NMOSD
recurrence; on the other hand, several immunosuppressive drugs,
such as azathioprine and mitoxantrone, have been linked to cancer
recurrence and metastasis (8). In our study, the patient terminated
immunosuppressive therapy prior to tumor surgery, and after a
half-year follow-up, the tumor and NMOSD did not recur. The
result suggests that ovarian dysgerminoma may trigger
paraneoplastic NMOSD. When the primary tumor was removal,
NMOSD caused by autoimmune abnormalities also improved.

Our case report has some limitations. First, the result of AQP4
expression in this case of the ovarian dysgerminoma was missed.
Previous studies have uncovered AQP4 expression in ovarian
neoplasm tissues (7, 8, 10, 12). This evidence indicates that
ovarian neoplasms might mediate paraneoplastic NMOSD
through AQP4 expression. Regrettably, we did not check for
AQP4 expression in the tumor slices in our case, leaving the
relationship between the ovarian dysgerminoma and
paraneoplastic NMOSD unclear. Second, we did not find any
abnormal MRI findings. Enhanced MRI of the optic nerve or
optical coherence tomography (OCT) may have revealed optic
nerve damage to support the diagnosis.

In summary, we reported a case with ovarian dysgerminoma
overlapping NMOSD for the first time. It is crucial to detect ovarian
tumor for patients with NMOSD. The clinical features of patients
with ovarian dysgerminoma overlapping NMOSD requires more
studies to summarize. Moreover, our study suggests that the
treatment of primary tumors is crucial, and long-term
immunosuppressive therapy may not be necessary for
paraneoplastic NMOSD.

Frontiers in Immunology

10.3389/fimmu.2024.1424243

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author/s.

Ethics statement

The studies involving humans were approved by The Ethics
Committee and the Expert Committee of The Central Hospital of
Shaoyang. The studies were conducted in accordance with the local
legislation and institutional requirements. The participants
provided their written informed consent to participate in this
study. Written informed consent was obtained from the
individual(s) for the publication of any potentially identifiable
images or data included in this article.

Author contributions

PL: Data curation, Formal analysis, Writing - original draft,
Writing - review & editing. SW: Data curation, Writing - review &
editing. CZ: Formal analysis, Methodology, Writing — review &
editing. YL: Conceptualization, Data curation, Methodology,
Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The authors thank the patient for sample contribution.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1424243
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Liu et al.

References

1. Jarius S, Paul F, Weinshenker BG, Levy M, Kim HJ, Wildemann B. Neuromyelitis
optica. Nat Rev Dis Primers. (2020) 6:85. doi: 10.1038/s41572-020-0214-9

2. Jarius S, Wildemann B. Aquaporin-4 antibodies (NMO-IgG) as a serological
marker of neuromyelitis optica: a critical review of the literature. Brain Pathol. (2013)
23:661-83. doi: 10.1111/bpa.12084

3. Lennon VA, Wingerchuk DM, Kryzer TJ, Pittock SJ, Lucchinetti CF, Fujihara K,
et al. A serum autoantibody marker of neuromyelitis optica: distinction from multiple
sclerosis. Lancet. (2004) 364:2106-12. doi: 10.1016/S0140-6736(04)17551-X

4. Smith HO, Berwick M, Verschraegen CF, Wiggins C, Lansing L, Muller CY, et al.
Incidence and survival rates for female Malignant germ cell tumors. Obstet Gynecol.
(2006) 107:1075-85. doi: 10.1097/01.A0G.0000216004.22588.ce

5. Shahmohammadi S, Doosti R, Shahmohammadi A, Azimi A, Sahraian MA,
Fattahi MR, et al. Neuromyelitis optica spectrum disorder (NMOSD) associated with
cancer: A systematic review. Mult Scler Relat Disord. (2021) 56:103227. doi: 10.1016/
j.msard.2021.103227

6. Devanathan V. Reader response: Telemedicine in neurology: Telemedicine Work
Group of the American Academy of Neurology update. Neurology. (2020) 95:800-1.
doi: 10.1212/wnl.0000000000010838

7. Frasquet M, Bataller L, Torres-Vega E, Duran-Moreno M, Garcia-Verdugo JM,
Sevilla T, et al. Longitudinally extensive transverse myelitis with AQP4 antibodies
revealing ovarian teratoma. J Neuroimmunol. (2013) 263:145-7. doi: 10.1016/
jjneuroim.2013.07.003

8. Beauchemin P, Iorio R, Traboulsee AL, Field T, Tinker AV, Carruthers RL.
Paraneoplastic Neuromyelitis Optica Spectrum Disorder: A single center cohort
description with two cases of histological validation. Mult Scler Relat Disord. (2018)
20:37-42. doi: 10.1016/j.msard.2017.12.012

Frontiers in Immunology

07

10.3389/fimmu.2024.1424243

9. Zoccarato M, Saddi MV, Serra G, Pelizza MF, Rosellini I, Peddone L, et al.
Aquaporin-4 antibody neuromyelitis optica following anti-NMDA receptor
encephalitis. J Neurol. (2013) 260:3185-7. doi: 10.1007/s00415-013-7182-x

10. Bernard-Valnet R, Cobo-Calvo A, Siegfried A, Marasescu R, Bonnan M, Ballan
G, et al. Paraneoplastic neuromyelitis optica and ovarian teratoma: A case series. Mult
Scler Relat Disord. (2019) 31:97-100. doi: 10.1016/j.msard.2019.03.031

11. Sachdeva J, Bansal R, Takkar A, Singh R. Neuromyelitis optica spectrum
disorder and adenocarcinoma of ovary: a novel association. BMJ Case Rep. (2019)
12:e227435. doi: 10.1136/bcr-2018-227435

12. Ikeguchi R, Shimizu Y, Shimomura A, Suzuki M, Shimoji K, Motohashi T, et al.
Paraneoplastic AQP4-IgG-seropositive neuromyelitis optica spectrum disorder
associated with teratoma: A case report and literature review. Neurol Neuroimmunol
Neuroinflamm. (2021) 8:e1045. doi: 10.1212/nxi.0000000000001045

13. Wingerchuk DM, Lucchinetti CF. Neuromyelitis optica spectrum disorder. N
Engl ] Med. (2022) 387:631-9. doi: 10.1056/NEJMra1904655

14. Sepulveda M, Sola-Valls N, Escudero D, Rojc B, Baron M, Hernandez-
Echebarria L, et al. Clinical profile of patients with paraneoplastic neuromyelitis
optica spectrum disorder and aquaporin-4 antibodies. Mult Scler. (2018) 24:1753-9.
doi: 10.1177/1352458517731914

15. Sudo A, Chihara N, Takenaka Y, Nakamura T, Ueda T, Sekiguchi K, et al.
Paraneoplastic NMOSD associated with EG junction adenocarcinoma expressing
unprotected AQP4. Neurol Neuroimmunol Neuroinflamm. (2018) 5:e482.
doi: 10.1212/NXI.0000000000000482

16. Flanagan EP, Hinson SR, Lennon VA, Fang B, Aksamit AJ, Morris PP, et al. Glial
fibrillary acidic protein immunoglobulin G as biomarker of autoimmune astrocytopathy:
Analysis of 102 patients. Ann Neurol. (2017) 81:298-309. doi: 10.1002/ana.24881

frontiersin.org


https://doi.org/10.1038/s41572&ndash;020-0214&ndash;9
https://doi.org/10.1111/bpa.12084
https://doi.org/10.1016/S0140-6736(04)17551-X
https://doi.org/10.1097/01.AOG.0000216004.22588.ce
https://doi.org/10.1016/j.msard.2021.103227
https://doi.org/10.1016/j.msard.2021.103227
https://doi.org/10.1212/wnl.0000000000010838
https://doi.org/10.1016/j.jneuroim.2013.07.003
https://doi.org/10.1016/j.jneuroim.2013.07.003
https://doi.org/10.1016/j.msard.2017.12.012
https://doi.org/10.1007/s00415-013-7182-x
https://doi.org/10.1016/j.msard.2019.03.031
https://doi.org/10.1136/bcr-2018&ndash;227435
https://doi.org/10.1212/nxi.0000000000001045
https://doi.org/10.1056/NEJMra1904655
https://doi.org/10.1177/1352458517731914
https://doi.org/10.1212/NXI.0000000000000482
https://doi.org/10.1002/ana.24881
https://doi.org/10.3389/fimmu.2024.1424243
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Paraneoplastic neuromyelitis optica spectrum disorder associated with ovarian dysgerminoma: a case report and literature review
	1 Introduction
	2 Case report
	3 Diagnostic assessment
	4 Literature review
	5 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


