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Introduction

Myasthenia gravis (MG) is an autoimmune disease with an
annual incidence of 1.7 to 21.3 per million.1 It is characterized
by functional abnormalities causedbyautoantibodiesattacking
components of the neuromuscular junction,2 a highly special-
ized synapse between a motor axon and a muscle fiber that
contains specific protein complexes necessary for maximum
efficacyonthestimulus transmission.Dueto its complexityand
lack of blood barrier, this structure is vulnerable to genetic
disorders3,4 and immunologic attack.2,5

The clinical hallmark of MG is fatigability and fluctuating
muscleweakness,most often affecting ocularmuscles,with or
without other muscles. However, clinical features are highly
variable, evenbetweenpatients expressing the sameantibody,

which can make diagnosis difficult6,7 Antibodies most com-
monly target the acetylcholine receptor (AChR), but in�50% of
patients with ocular MG, and 10 to 15% with generalized
disease, tests detecting anti-AChR antibodies are negative.2

These seronegative cases are often associated with antibodies
against muscle-specific receptor tyrosine kinase or low-den-
sity lipoprotein receptor-related protein 4,2 but a fewcases are
seronegative for all three antibodies (sometimes called triple
seronegative MG).

The origin of autoimmunity can be related to thymic
abnormalities, defects in immune regulation and hormones,
with a combination of predisposing factors (genetic suscepti-
bility, dysregulationofmicroRNAs, impact of sex hormones on
immune cells) and environmental factors (such as drugs and
pathogens).2 Of the thymic abnormalities, the relationship
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Abstract Myasthenia gravis and thymoma are often presented in association with �10% of
myasthenic cases having concomitant thymoma. Thymic carcinoma is one of the
rarest/aggressive human epithelial tumors and has no correlation with myasthenia
gravis hitherto. Here is provided a clinical case and review of literature on a very rare
association of thymic carcinoma (with no sign of thymoma) and myasthenia gravis
(antiacetylcholine receptor antibody positive). Two years after thymectomy, clinical
evolution was satisfactory. This clinical case elicits hypothesis that thymic carcinoma
may be related withmyasthenia gravis, whatmay have good prognostic from oncologic
and neurologic perspectives.
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betweenthymomaandanti-AChRMGiswell known.Although
the role of autoimmunity in thymoma is not totally clear, it is
known that thymic cells exported to the periphery may
include undeleted autoreactive T cells with deficient molecu-
lar components important for tolerance.5

Thymic carcinoma (TC), however, is a malignant epithelial
tumor with cytologic atypia, without any thymus-like fea-
tures; this is one reason why it is not, in theory, expected to
accompany MG.8 TC is among the rarest human neoplasms
(constituting only 5% of all thymic neoplasms9), and is charac-
terized by its aggressiveness and poor prognosis (5-year
survival rate, 15–65%10), due to its invasiveness and metasta-
sizing potential. Histological features of this tumor are ana-
plasia, cell atypia, paucity of lymphocytes and increased
proliferation, enlarged nuclei, coarse chromatin, discrete mac-
ronucleoli and a moderate amount of cytoplasm.9

A large retrospective Japanese analysis estimated a rate of
MGof1% inpatientswithTC.11Generally, in such cases, at least
some thymoma is observedwithin the carcinoma.12However,
we observed a case of MG related to a circumscribed TC, with
no thymoma cells; after thymectomy, clinical evaluation was
good. Here,wedescribe this casewith the aimofexploring and
illustrating the relationship between MG and TC, and we
discuss the possible links between the two entities.

Materials and Methods

The patient’s informationwas obtained under signed consent,
from the Ambulatory of Neuromuscular Disease of Santa
Marcelina Hospital, São Paulo, Brazil, according to current
ethical standards. The histological material was reviewed at
the University of São Paulo, Department of Pathology.

Case Report

A 59-year-old Brazilian man, native and coming from São
Paulo-SP,with a history of alcohol abuse and smoking, sought

medical care in 2015 for progressive weakness, which had
started 5months previously. He presentedwith fatigable left
eyelid ptosis, cervical and superior limb weakness, dyspha-
gia, dyspnea, and dysarthria. He initially sought another
hospital where he remained hospitalized to investigate and
treat symptoms.With clinical suspicion ofMG, hewas put on
prednisone and pyridostigmine, with partial improvement
in symptoms. Later referred to our neurology medical out-
patient clinic, patient was submitted to electroneuromyog-
raphy, which depicted a decrement pattern at low rates of
repetitive nerve stimulation. Blood test was positive for anti-
AChR antibodies. Thymic mass screening with chest com-
puted tomography disclosed a small anterior mediastinal
tumor, 26� 14mm in diameter (►Fig. 1). Then patient was
referred to thoracic surgery department, and video-assisted
thymectomywas performed,�1 year after symptom presen-
tation. Pathological examination revealed squamous cell
carcinoma of the thymus, G1 grade, with a lobular growth
pattern and lymphocytes with a mature appearance
(►Fig. 2). Resectionmargins were completely free of neopla-
sia. The tumor was stage I according to theMasaoka system13

(capsulated tumor with no microscopic capsular invasion)
and TNM classification (T1 N0M0), with no lymph node or
hematogenous metastasis. There was also no evidence of
residual tumor after resection.

Since diagnosis, patient has been treated with pyridos-
tigmine, oral steroids, and azathioprine, remaining in
follow-up with oncology and neurology teams. After thy-
mectomy, patient’s medication doses were maintained for
a period of approximately 1 year (prednisone 60mg/day,
azathioprine 200mg/day, and pyridostigmine 90mg 4
times daily), and then prednisone dosage was gradually
decreased without recurrence of the symptoms. In last
clinics consultation, he was on prednisone 5mg/day,
azathioprine 200mg/day, and pyridostigmine 60mg 4
times daily. His daily function remains good, with no signs
of recurrence or metastasis.

Fig. 1 Chest computed tomography. Anterior mediastinal tumor, 26� 14 mm in diameter, no apparent lymph node enlargement.
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Discussion

MG is a heterogeneous disease with several possible autoan-
tigen targets at theneuromuscular junction, each theoretically
resulting in a different pathogenesis. Some can be associated
with thymic pathologies. The relationship between MG, anti-
AChR antibodies, and thymoma is well known, with 10 to 20%
of patients with MG having an associated thymoma. Most
paraneoplastic autoimmune diseases in other types of cancers
are triggeredbyautoantigen epitopes in the tumor cells,which
are alsopresent in the target organ.Generally, a smallminority
of cancer cases develop paraneoplastic syndrome (usually
<5%). However, higher incidence of paraneoplastic syndromes
is seen in tumors originating from the thymus (�50%), which
might be related to additional immunologic features.

AChRs are expressed in the healthy thymus, in noninner-
vated thymic myoid cells, and thymic epithelial cells,14 which
are needed to induce deletion of autoreactive T cells against
AChR.15 However, not all AChR-reactive cells are deleted, and

some can include the normal T cell reserve, being kept inactive
due to T cell anergy, “ignorance,” or control in the extrathymic
periphery by regulatory T cells.7 A breakdown of tolerance is
likely in patients with MG, which would mainly be due to the
abnormal expressionofmajorhistocompatibilitycomplexclass
II and accessorymolecules, changing the selectionofmolecules
via apoptosis. Conversely, MG-related thymomas likely gener-
ate and export autoreactive T cells owing to the abnormal
intratumorous microenvironment where thymocytes ma-
ture.15 In addition, such cases have defective expression of
the autoimmune regulator, which normally drives “promiscu-
ous”expressionofperipheral tissueautoantigens (including the
AChR α-subunit in medullary thymic epithelial cells).15

For thymus squamous cell carcinoma, the theory about the
emergence of MG is not well defined, given the rarity of the
disease and small numberof studies. Themajorityof studies on
this subject are case descriptions, series of cases, or cohort of
several thymic neoplasms that don’t approach directly the
association of squamous cell carcinoma and MG (►Table 1).

Fig. 2 Histopathological features of an epidermoid keratinizing squamous cell carcinoma, with a lobular growth pattern and mature
lymphocytes. Hematoxylin staining.

Table 1 Database search results for the relationship between myasthenia gravis and thymic carcinoma. Search performed on
September 15, 2019

Database Search strategy (descriptors) Articles found Articles included

MEDLINE (PubMed) (myasthenia gravis) AND (thymic carcinoma) 2,936 9

NOT (thymoma) 17 0

Cochrane Library (myasthenia gravis) AND (thymic carcinoma) 3 1

NOT (thymoma) 1 1

LILACS (myasthenia gravis) AND (thymic carcinoma) 37 0

NOT (Thymoma) 0 0
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One possible pathogenic mechanism is the development of TC
inside a thymoma, with the remaining lymphoid cells being
responsible for inducing antibody production, in a manner
similar thatofpure thymomas.When it arises fromathymoma,
develops in the necrotic tissue8, more frequently inside a
type B3 thymoma.12

In the present case, however, there was no evidence of any
thymomacomponent.Ourdataseemreliable, as the tumorwas
quite small,with allmargins free. It is possible thatmyasthenia
in squamous cell carcinoma could have a more usual paraneo-
plastic mechanism, resembling other types of paraneoplastic
syndromes.Then, the lower incidenceofMGinpatientswithTC
(compared with thymoma) could be justified by the lack of
autoimmunefacilitatorspresent in thymomapatients, a kindof
tumor that can have an incidence of paraneoplastic syndromes
up to ten times the incidence of other tumors.

Several factorsmaypredict theoutcomeofpatientswithTC:
completeness of resection, Masaoka stage, histology, tumor
size, and lymph node status.10 Although TC is aggressive, our
patient has some good prognostic factors and is progressing
well so far, from oncology and neurology perspectives. His MG
symptomsare similar to those inotherpatientswithanti-AChR
and generalized weakness. Some authors report better prog-
nosis of TCwhen it is associatedwithMG,10whichmay be due
to early diagnosis provided by the nonsilent manifestation. In
addition, MG seems to be associated with more differentiated
tumors, and the autoimmunity per se could have a protector
role. However, it is a conflicting point, as other studies have
shown that there is no difference in recurrence-free survival
between patients with and without myasthenia.11

In addition to illustrating a very rare diagnosis of thymic
malignancy with an even rarer association, this case report
suggests TC might elicit anti-AChR MG, probably in a differ-
ent way than by thymoma. A protective factor of MG for TC
may still be speculated, although further studies are neces-
sary for more robust evidence.
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