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Abstract. Myasthenia gravis (MG) is a heterogeneous auto‑
immune disease, which is characterized by a postsynaptic 
neuromuscular transmission defect, with antibodies directly 
targeting the acetylcholine receptor (AChR) or other struc‑
tural proteins of the neuromuscular junction. The majority of 
MG cases are associated with thymic pathologies, including 
thymoma, thyroiditis, autoimmune diseases or malignant 
hematologic neoplasia. The present study reported a rare case 
of AChR‑positive and late‑onset ocular MG, which rapidly 
progressed to a generalized myasthenic syndrome as an 
initial presentation of a pancreatic neuroendocrine neoplasia 
(pNEN). Following complete surgical resection of the pNEN, 
the myasthenic syndrome was improved and the anti‑AChR 
antibody titers were reduced. It has been reported that MG 
is a paraneoplastic syndrome in thymic neoplasms and less 
common in hematologic malignancies. However, currently, 
only few cases of MG as initial presentation of a solid tumor, 
and more particular of a neuroendocrine neoplasm, have been 
reported in the literature. In conclusion, surveillance for extra‑
thymic solid malignancies in newly diagnosed patients with 
MG could promote the early diagnosis of associated tumor 
diseases.

Introduction

Neuroendocrine neoplasms (NENs), originating from neuro‑
endocrine cells, represent a rare heterogenic group of solid 
tumors, which can be involved in hormone homeostasis via 
the release of bioactive peptides (1,2). NENs can develop in 
several organs and more common in the lungs, the intestine 
and pancreas (1). Depending on the primary tumor, the occur‑
rence of metastasis, histological grading, hormone production 
in case of secreting NENs and their association with heredi‑
tary syndromes, such as multiple endocrine neoplasia or von 
Hippel‑Lindau syndrome, the clinical presentation of NENs 
varies from asymptomatic patients to patients with specific 
and non‑specific symptoms (3,4). Pancreatic NENs (pNENs) 
are commonly non‑secreting. However, when hormones are 
produced, peptides, such as insulin, glucagon, vasoactive 
intestinal peptide (VIP) and pancreatic polypeptide (PP) are 
the most common, eventually resulting in hormone‑specific 
symptoms (3,5). The treatment options for pNENs include 
the surgical resection of the primary tumor, administration of 
somatostatin analogues, targeted therapy with tyrosine kinase 
inhibitors and the mammalian target of rapamycin (mTOR) 
inhibitor everolimus, peptide‑receptor radiotherapy (PRRT) 
and chemotherapy in metastasized disease (6‑8). Chromogranin 
A (CgA) and neuron specific enolase (NSE) are the most 
commonly used established biomarkers for therapy moni‑
toring and clinical management of patients with pNEN (9,10). 
Myasthenia gravis (MG) is an autoimmune neuromuscular 
junction (NMJ) disorder, which is associated with the secre‑
tion of autoantibodies directly targeting key molecules at the 
NMJ, including acetylcholine receptor (AChR) in ~85% of all 
patients with MG, muscle specific kinase (MuSK), titin and 
LDL receptor related protein 3 (LRP3) (11‑13). In ~10% of 
patients with MG no autoantibodies are detected (seronegative 
MG) (12). It has been reported that in AChR antibody‑positive 
MG, the thymus affects the development of autoreactive T 
cells targeting AChR and the induction of AChR‑antibody 
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producing B cells, which are involved in the symptoms of 
MG (13,14). Therefore, in the majority of cases, MG is asso‑
ciated with thymic pathologies, such as thymoma or thymic 
hyperplasia. Less frequent other autoimmune diseases, such 
as thyroiditis, lupus erythematosus, rheumatic arthritis and 
hematologic neoplasia are also associated with MG (15,16). 
Previous studies also demonstrated that several MG cases were 
associated with extrathymic solid tumors, while the associa‑
tion between MG and pNEN has only been described in three 
cases worldwide (17‑20). The clinical presentation of ocular 
MG (OMG) commonly includes weakness of the extraorbital 
muscle, accompanied by fluctuating ptosis and diplopia (21). A 
previous study also showed that generalization of MG could 
lead to exercise‑induced fatigue and muscle weakness in 
50‑60% of MG cases within the first two years (21). Therapy 
schemes for OMG include symptomatic treatment with acetyl‑
choline esterase inhibition, long‑term immunosuppression 
for generalized MG and thymectomy in younger adults with 
thymic pathologies (22,23).

Case presentation

The present study presents a case of a 76‑year‑old patient with 
a history of age‑related macular degeneration was presented. 
Physical examination at the Ophthalmologic Department of 
University Hospital Tuebingen revealed an asymmetric ptosis 
of the left eye and an anamnestic progressive weakness of the 
left eyelid over the course of one week. Besides recurrent throm‑
boembolic events in the past, treated by anticoagulation with 
rivaroxaban, no underlying diseases were detected. The initial 
cerebral computed tomography (CT) and magnetic resonance 
imaging (MRI) scan revealed no evidence of thromboembolic 
events. In addition, no endocardial thromboembolic vegetations 
or persistent foramen ovale were diagnosed. Interestingly, during 
the Simpson's test, accentuating ptosis in upward gaze (after one 
minute), as well as horizontal non‑exhaustive nystagmus of the 
left eye in leftward gaze were observed. The patient showed 
no signs of muscle weakness or autonomic dysfunction. Deep 
tendon reflexes were within normal ranges. Further neurological 
examination, including electrophysiological testing (ENG) 
of facial nerve/orbicularis oculi muscle showed a significant 
decrement in low frequency repetitive nerve stimulation, thus 
indicating a neuromuscular transmission defect (Table I). In 
addition, serological tests revealed high levels of anti‑AChR 
autoantibodies (66 nmol/l) and the presence of anti‑titin anti‑
bodies (Fig. 1C and D), supporting the diagnosis of OMG.

After starting a symptomatic treatment with pyridostig‑
mine (180 mg/daily), the patient underwent diagnostic tests 
for thymic pathologies, autoimmune diseases and malignant 
neoplasms. A CT scan showed a 11x9‑mm lesion in the 
pancreatic cauda. At three weeks after initial presentation, 
the patient reported progressive diplopia, difficulty in main‑
taining head posture, as well as progressive weakening of 
the limbs. Furthermore, dysarthria worsened throughout the 
day. Therefore, the patient was treated with an additional 
immunosuppressive therapy with 500 mg/three days methyl‑
prednisolone (following gradually reduction) and azathioprine 
(2 mg/kg/day). Following further escalation of the pyridostig‑
mine dose (220 mg/daily), the progressive symptoms declined. 
Furthermore, the somatostatin receptor (SSR)/positron 

emission tomography (PET)/computed tomography (CT) scan 
showed that the lesion in the pancreas intensively expressed 
SSR (Fig. 1A; indicated by arrow). However, extrapancreatic 
lesions were not identified. Interestingly, the levels of CgA 
(Fig. 1E) and NSE were moderately elevated, with values of 
508 µg/l and 13 µg/l, respectively. However, the serum levels of 
the bioactive peptides, insulin, gastrin, glucagon, VIP and PP, 
and the urine levels of 5‑hydroxy‑indole acetic acid (5‑HIAA) 
were within physiological ranges. Therefore, the SSR‑positive 
pancreatic tumor was surgically resected. The histopathology 
results revealed a neuroendocrine tumor of 1.3 cm in diameter 
with a proliferation rate (Ki67 staining) of 0.7% (Fig. 1B). The 
initial tumor stage was pT1 pN0 cM0 L0 V0 Pn0 R0 G1.

After the surgical resection, the patient experienced 
a myasthenic crisis with worsening dyspnea. Therefore, 
the patient received symptomatic treatment that required 
pyridostigmine dose escalation, combined with neostigmine 
perfusion and a 5‑day course of intravenous immunoglobulins 
(0.4 mg/kg body weight). Following three days of intensive 
care monitoring, the patient rapidly improved. Of note, the 
anti‑myasthenic therapy was continued with pyridostigmine 
and azathioprine. Post‑interventional SSR/PET/CT scan did 
not display any SSR‑positive lesions. Furthermore, the clinical 
symptoms in terms of ptosis and dysarthria improved quickly. 
At three months after the surgical resection, the patient showed 
no residual symptoms. Additionally, the antibody titers, as well 
as the levels of the tumor marker CgA were steeply declined 
immediately after surgery (Fig. 1C‑E).

Discussion

In the present case report the patient was diagnosed with 
MG based on the typical clinical presentation of fluctuating 
oculo‑bulbar weakness, elevated anti‑AChR antibody titer 
and neurophysiological tests. The response to myasthenic 
therapy with pyridostigmine and immunosuppression led to 
the diagnosis of MG over other NMJ diseases, such as the 
Lambert‑Eaton myasthenic syndrome (LEMS). However, the 
differentiation between MG and LEMS proves to be chal‑
lenging, since several coexisting and overlapping syndromes 
have been reported in the literature (24,25).

The majority of neuroendocrine neoplasms of the pancreas 
are non‑secreting and patients are often asymptomatic or 
present with unspecific clinical symptoms (26). This poses a 
limiting factor for timely diagnosis and, therefore, tumors are 
usually diagnosed at advanced stages (26).

The present study reported a rare case of late‑onset MG, 
which led to the early diagnosis of an underlying pancreatic 
malignancy. Due to early diagnosis and lack of metastasis, 
the effective treatment of the pNEN by surgical resection was 
possible.

Furthermore, the underlying diseases of MG are 
commonly thymic pathologies or autoimmune diseases, and 
significantly less often, extrathymic solid tumors (15‑18). With 
the increasing improvement of the diagnostic approaches, the 
presence of extrathymic malignancies should be sought in all 
patients with MG without evidence of thymic pathology or 
autoimmune diseases.

Furthermore, ~90% of MG cases are seropositive, thus 
indicating that autoantibodies, such as anti‑AChR or anti‑titin, 
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are detectable in the blood serum of patients (11‑13). The 
present study detected anti‑AChR antibodies, which were 
significantly reduced after the surgical resection of the pNEN. 
Therefore, anti‑AChR antibodies, combined with established 
tumor markers in NENs, such as CgA and NSE, could be 
prospectively considered as additional biomarkers in patients 
with NENs and seropositive MG. However, there is currently 
no other available evidence to support this hypothesis.

Paraneoplastic MG may often lead to a distinctive clinical 
pattern characterized by more severe demonstration and 
commonly involves bulbar, respiratory and neck muscles (27), 
as shown in the current case. Paraneoplastic syndromes are 
associated with substances secreted by the tumor. However, 

these substances are not directly specific to their tissue of 
origin (28). The surgical resection of the pNEN improved 
the clinical symptoms and notably attenuated the titers of 
anti‑AChR antibodies in the present study. Therefore, the 
therapy of the underlying diseases should also be considered 
when planning the treatment approach for MG.

In conclusion, the present case study reported a rare case 
of MG as an initial paraneoplastic syndrome associated with 
pNEN. The early diagnosis of both pNEN and MG enabled the 
curative targeted treatment of the tumor and led to the efficient 
treatment of MG. In addition to early diagnosis, monitoring of 
the paraneoplastic syndrome could be a useful tool to manage 
the clinical course and treatment response of the underlying 

Table I. Electroneurography of repetitive facial nerve stimulation at first diagnosis.

 Amplitude CMAP 1 vs. 5
3 Hz frequency stimulation (facial nerve/left orbicularis oculi muscle) (%)

Decrement prior to stimulation ‑14.2
Decrement 5 sec after muscle stimulation (duration, 60 sec) ‑23.8
Decrement 1 min after muscle stimulation (duration, 60 sec) ‑14.8
Decrement 3 min after muscle stimulation (duration, 60 sec) ‑22.1

CMAP, compound muscle action potential.

Figure 1. PET imaging, histopathological examination of pNEN and serum levels of particular markers. (A) Preoperative PET‑computed tomography scan 
showing a somatostatin receptor‑positive lesion at the tail of the pancreas (white arrow). (B) Histopathological examination of the resected pNEN using H&E 
staining revealed a well circumscribed tumor within the pancreas with hemorrhage in the periphery and small sclerotic areas in the center (magnification, 
25x; left) and monotonous tumor cells with eosinophilic cytoplasm, oval nuclei and small nucleoli (magnification, 200x; middle). The cell proliferation rate 
was very low (Ki67 staining; black arrows; magnification, 200x; right). (C) The serum levels of anti‑AChR antibody were notably decreased after the surgical 
resection of the pNEN. (D) The serum levels of anti‑titin antibody after surgery are shown. (E) The serum levels of the tumor marker chromogranin A were 
reduced after the surgical resection of pNEN. PET, positron emission tomography; pNEN, pancreatic neuroendocrine neoplasia; AChR, acetylcholine receptor; 
H&E, hematoxylin and eosin.
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neoplasm. Since the efficient treatment of NENs is instru‑
mental in achieving a complete remission of MG, screening 
for rare neuroendocrine malignancies, including pNEN, could 
be considered in the diagnostic evaluation.
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