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Otology

Metastastic potential of middle ear neuroendocrine 
tumours

Summary

Objective. Middle ear neuroendocrine tumours (MeNETs) are rare neoplasms of the temporal bone. 
Although the clinical behaviour of MeNETs is often indolent, a subset demonstrates aggressive 
progression with locally invasive and metastatic disease. This study aims to describe the clinical 
presentation, progression, and outcomes of middle ear neuroendocrine tumours in 3 patients with 
particularly unfavourable clinical courses. 
Methods. We retrospectively reviewed 3 patients diagnosed with MeNETs who developed locally 
invasive tumours and distant metastases. Data on clinical features, diagnostic findings, manage-
ment and long-term outcomes were reviewed.
Results. All 3 patients described in this report developed distant metastases over a period of 6 to 
16 years after initial diagnosis. Two of the 3 patients eventually died from their disease. No distinct 
clinical features could be identified that were predictive of an unfavourable course.

Cover figure. 68 Ga-DOTATATE-PET/CT demonstrating intense uptake of the left recurrent 
middle ear neuroendocrine tumour at the level of the jugular foramen. The tumour extends into 
the hypoglossal canal, carotid canal, and the vertebral canal of C1. 
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Conclusions. A subset of MeNETs can follow an aggressive clinical course with metastatic spread and, in some cases, tumour-related death, even after an 
initial period of seemingly benign behaviour. Comprehensive diagnostic work-up and prolonged follow-up are essential for patients with MeNETs.
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Introduction
Middle ear neuroendocrine tumours (MeNETs) comprise a 
rare and diverse group of tumours of the temporal bone. In a 
recent review of the literature, only 198 reported cases were 
identified  1. Although most MeNETs are characterised by 
benign biological behaviour and an indolent growth pattern, 
some studies have reported locally invasive and metastatic 
spread, suggesting that these tumours should be considered 
a low-grade malignancy 2-13. This malignant behaviour is ex-
ceedingly rare, only 13 of the 198 cases reported worldwide 
showed metastatic disease, both regionally and at distance. 
Currently, reliable prediction of the aggressiveness of 
MeNETs remains elusive due to lack of prognostic fac-
tors 1. Here, we will discuss 3 patients with MeNETs who 
developed distant metastases. All three cases are character-
ised by a prolonged course of the disease, the occurrence of 
metastases at distance, and resistance to therapy.

Case reports

Case 1
A 38-year-old woman was seen elsewhere with a left-sided 
facial nerve paralysis and presumed otitis media with ef-
fusion. The facial nerve function recovered after steroid 
treatment, but the otitis media persisted despite of tym-
panostomy tube placement and local antibiotic treatment. 
Computed tomography (CT) demonstrated an opacification 
of the middle ear and mastoid air cells without evidence 
of bone invasion. An exploratory mastoidectomy revealed 
granulation tissue in the mastoid, antrum and epitympanum. 
The histopathology report concluded an adenocarcinoma. 
The patient was referred to a tertiary referral centre for de-
finitive management. Magnetic resonance imaging (MRI) 
demonstrated an infiltrative tumour, affecting the tympano-
mastoid segment of the facial nerve and the midcranial fos-
sa tegmen, without intracranial extension (Fig. 1). Nuclear 
imaging was negative for metastasis or concurrent tumours. 
An en-bloc tumour removal was performed by means of a 
subtotal temporal bone resection including resection of the 
mandibular condyle and facial nerve trunk in the stylomas-
toid foramen, superficial parotidectomy, and selective neck 
dissection 14. The facial nerve was reconstructed with a hypo-
glossal-facial nerve interpositional-jump graft and the resid-

ual cavity was obliterated with abdominal fat and temporalis 
muscle flap. Histopathology showed an infiltrative tumour 
with positive resection margins at the infratemporal bone and 
midcranial fossa dura. Postoperative locoregional radiation 
therapy (66 Gy total dose) was given. Six months after radio-
therapy, a follow-up 18 fluorodeoxyglucose PET/CT scan was 
performed which showed no pathological uptake. 
After 6 years of follow-up, a cervical lymph node and he-
patic and bone metastasis were identified on MR and CT, 
which were avid on 68 Ga-DOTATATE-PET/CT. Liver bi-
opsy and cervical lymph node cytology confirmed the 
diagnosis of metastasis and histopathology showed neu-
roendocrine characteristics on immunohistochemistry. Ret-
rospective immunohistochemical analysis of the primary 
middle ear tumour showed corresponding neuroendocrine 
characteristics, expressing synaptophysin and chromogra-
nin A. The final diagnosis was revised from primary ad-
enocarcinoma to metastasised neuroendocrine tumour of 
the mastoid and middle ear. No mitoses were seen and the 
Ki-67 labelling index was less than 2% in both the primary 
tumour and liver metastasis. 
Longacting release octreotide treatment (OCT-LAR) en-
sued and two large liver metastases were embolised. After 
one year of stable disease, progressive liver metastases and 
rising chromogranin-B levels indicated OCT-LAR refrac-
tory disease. Peptide radionuclide receptor therapy (PRRT) 
was given and resulted in a partial response. Fifteen months 
after the start of PRTT, cross-sectional imaging revealed 
progressive disease in the liver and peritonitis carcinoma-
tosis. Three courses of chemotherapy with carboplatin and 
etoposide were administered, but the patient developed pro-
gressive disease and finally died of the disease 11 years af-
ter the initial diagnosis.

Case 2 
A 53-year-old male presented with right-sided otalgia. He 
had been surgically treated 15 years earlier for an ipsilateral 
cholesteatoma. Physical examination revealed a tumour 
in the operated mastoid cavity, which was removed via a 
mastoidectomy. Histopathology showed an adenomatous 
neuroendocrine tumour. The patient was referred to a ter-
tiary referral centre where the histological diagnosis was 
confirmed. Examination of the right ear showed no mac-
roscopic evidence of tumour residue. Because the patient 
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had no complaints and the tumour was considered benign, 
active surveillance was opted for. 
Three years after initial presentation, follow-up CT and MR 
imaging revealed an enhancing middle ear mass in the oper-
ated mastoid cavity and external ear canal. The tumour was 
macroscopically removed with a modified canal wall down 
mastoidectomy. Histopathology confirmed recurrence of 
the neuroendocrine tumour. 
In the following year, the patient developed a facial nerve 
palsy. CT and MR imaging showed a mass suspect for re-
currence in the right stylomastoid foramen (Fig.  1). Re-
peated fine needle aspiration biopsies of the palpable mass 
showed necrotising inflammation. The facial nerve function 
recovered after cortisone treatment. It was decided to con-
tinue monitoring with regular CT imaging.
Three years later, lymph node metastases in the ipsilateral 
parotid gland and neck were noted. A subtotal petrosectomy, 
ipsilateral parotidectomy and modified radical neck dissec-
tion were performed. The ear canal and middle ear were filled 
with tumour, accompanied by cholesteatoma adherent to the 
horizontal portion of the facial nerve. Macrosopical total re-
section was achieved. No infiltration of the dura was observed, 
although MRI suggested growth in the temporal lobe (Fig. 1). 
Histopathology of specimens taken from the mastoid, cervical 
lymph nodes and parotid revealed a neuroendocrine tumour, 
the mastoidal biopsies showed infiltration of the surrounding 
bone. The mitotic activity was elevated in comparison with the 
primary tumour. Postoperative locoregional radiotherapy of 
60 Gy was administered. The following 2 years MRI showed 
an unchanged mass in the middle fossa, suggestive for sta-
ble residual disease. At that time a palpable mass developed 
in the abdomen. CT imaging of the abdomen demonstrated 
multiple liver metastases and an enlarged para-aortal lymph 
node, which were histologically confirmed metastases of the 
neuroendocrine tumour. These metastases were considered 
inoperable. An I-123 meta-iodobenzylguanidine (MIBG) scan 
was performed which showed sufficient accumulation for I-
131-MIBG therapy. I-131-MIBG treatment was started, but 
the patient developed progressive liver and bone metastases. 
Palliative care was given and the patient died of the disease 9 
years after the initial diagnosis. 

Case 3
A 33-year-old male presented with complaints of left-sided 
conductive hearing loss, tinnitus and otalgia. Physical exami-
nation revealed a neoplastic lesion in the middle ear, extend-
ing into the external ear canal. Histopathology showed an ad-
enomatous neuroendocrine tumour. The tumour was removed 
with combined tympanoplasty and posterior tympanotomy. 

Nine years later, otoscopy revealed a recurrent tumour in the 
left ear. CT imaging showed a middle ear mass surrounding 
the stapes, which extended into the external ear canal. The 
tumour was removed with a combined tympanoplasty. Histo-
pathologic examination confirmed recurrence of a neuroendo-
crine tumour, with Ki-67 expression between 5% and 10%.
One year after the second surgery, a third look tympano-
plasty was performed, which showed no recurrent tumour. 
After this third look procedure, a fourth middle ear and mas-
toid inspection was performed because the patient suffered 
from progressive conductive hearing loss and CT imaging 
showed a middle ear mass encasing the stapes. During this 
middle ear inspection, a recurrence in the middle ear was 
identified and removed. After this procedure, four addition-
al procedures followed during a 3-year time interval, each 
revealing a recurrence. Histopathological examination con-
firmed the recurrence of the neuroendocrine tumour, with 
Ki-67 expression similar to the first recurrence.
Six months after the last ear surgery, the patient presented 
with ipsilesional glossopharyngeal and hypoglossal nerve 

Figure 1. CT and MR imaging of the middle ear neuroendocrine tu-
mours of patient 1 (A and B) and patient 2 (C and D). A) Axial T1-weighed 
MRI scan, demonstrating the primary tumour as a mass in the left mas-
toid with extension to the temporal fossa and preauricular region; B) 
Axial temporal bone CT, showing soft tissue in the left middle ear cavity 
with suspicion of erosion of the malleus and anterior temporal bone; C) 
Axial T1-weighed MRI scan, demonstrating the recurrent right middle 
ear mass at the level of the cochlea; D) Axial temporal bone CT, showing 
soft tissue completely filling in the right middle ear cavity. 

A B

C D
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palsy. MR imaging and 68Ga-DOTATATE-PET/CT re-
vealed an avid mass in the jugular foramen, extending into 
the hypoglossal, carotid and vertebral canal of C1 (Cov-
er figure). Because the tumour was deemed unresectable, 
the patient was treated with local radiotherapy (68 Gy to-
tal dose) and somatostatin analogue (SSA) therapy every 4 
weeks. Six months later, 68 Ga-DOTATATE-PET scanning 
showed stable local disease and no metastases. 
However, one year later, multiple liver lesions were identified 
on 68 Ga-DOTATATE-PET scan. Liver biopsies confirmed the 
presence of neuroendocrine metastases with a Ki-67 index of 
19%. It was decided to discontinue SSA therapy and initiate 
palliative PRRT. The patient is currently still under treatment.

Histopathology
In all three patients, the specimens of the tumour in the tem-
poral bone, the lymph nodes and liver metastasis showed 
the same basic histology. In patient 1, microscopic examina-
tion revealed a tumour composed of atypical epithelial cells 
with a cribriform growth pattern (Fig. 2). The cells showed 
pleiomorphism, sporadic nucleoli and sparse eosinophilic 
cytoplasm. The tumour invaded the petrosal bone including 
the cochlea. Immunohistochemistry showed positive stain-
ing for synaptophysin and chromogranin A. Mitotic figures 
were rare and the Ki-67 labelling index was < 2%. 
In patient 2, tumour cells were arranged in nests, trabecu-
lae and acini and showed a proliferation of atypic epithe-
lial cells with eosinophilic cytoplasm and hyperchromatic 
nuclei with granular chromatin. The cells contained round 
nuclei with occasionally one or more nucleoli. Immunohis-
tochemical stains were positive for keratin AE1/AE3, CD 
56, vimentin, chromogranin A, and synaptophysin and neg-
ative for S-100 protein. The original pathology report of the 
primary tumour described sporadic mitotic figures, but no 
specific mitotic count was provided. As the case dates back 
over two decades, re-analysis of the histological slides was 
no longer possible. The morphology of both the recurrence 
and the cervical metastases was well-differentiated. How-
ever, in contrast with the primary tumour, the recurrence 
and metastases exhibited a significant change in mitotic 
activity with a mitotic count of 2 per mm². Unfortunately, 
Ki-67 immunohistochemistry was not performed. Tissue 
from the previously presumed cholesteatoma removed prior 
could not be retrieved. 
In patient 3, microscopic examination revealed a tumour 
composed of epithelial cells with eosinophilic cytoplasm 
and hyperchromatic nuclei. Immunohistochemistry showed 
positive staining for CAM5.2, synaptophysin and chro-

mogranin A. Mitoses were not seen and the Ki-67 index 
was between 5% and 10%. 

Discussion 
The three cases described in this report illustrate that low-
grade, well-differentiated neuroendocrine tumours of the 
middle ear have the potential to develop into aggressively 
infiltrative and metastatic tumours. This malignant trans-
formation is rarely reported, but may not be a rare occur-
rence in MeNETs. In addition to the three cases reported in 
the current manuscript, 13 cases were identified in a recent 
review comprising 198 MeNET cases in total  5,7-9,12,13. All 
three patients reported in this case series had a protracted 
course of the disease during which they developed metasta-
ses, and two patients eventually died of the disease. 
In retrospect, we could not identify distinct clinical features 
at initial presentation that could be seen as predictive for an 
unfavourable course of the disease. In addition, there were 
no histopathological features or markers of the primary tu-
mour that differentiated these 3 patients from other MeNET 
cases. Two of three patients had local recurrent disease be-
fore the metastasis occurred, although in patient 1 the me-
tastasis was not preceded by local recurrence. Conversely, 
the review mentioned above also described patients with 
local recurrence who did not develop metastatic disease 1. 
Local recurrence therefore does not seem to be a predictor 
for MeNET metastasis per se.
The International Agency for Research on Cancer – World 
Health Organization (IARC-WHO) proposed a uniform clas-
sification system for neuroendocrine neoplasms, using the 
term neuroendocrine tumour (NET) for well-differentiated 
neoplasm and neuroendocrine carcinoma (NEC) for poorly 
differentiated neoplasm 15. Given the low-grade nature of the 
cytologic features and the lack of both necrosis and signifi-
cant mitotic activity, most MeNETs have been diagnosed as 
low-grade, well-differentiated NETs. However, morphology 
alone cannot predict tumour behaviour. Proliferative rate, 
as assessed by the Ki-67 index, has become a useful tool in 
identifying the aggressive subset of gastrointestinal and lung 
NETs  16,17. In our first patient, the Ki-67 index in both the 
primary tumour and metastases was less than 2%. In the lit-
erature, the Ki-67 values reported varied widely in metasta-
stic MeNET, ranging from 2% to 20% 1,5,9,12. This variety in 
proliferation rate indicates that Ki-67 index is not a reliable 
predictor of aggressive behaviour in MeNETs. 
In the past, neuroendocrine immunohistochemistry was not 
performed on all adenomatous tumours of the middle ear 
and the tumour has been mistaken for other middle ear le-
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sions such as adenocarcinomas, paragangliomas or cerumi-
nomas, as was the case in patient 1. Conforming the expres-
sion of neuroendocrine markers in adenomatous tumours of 
the middle ear is essential to distinguish MeNET from other 
middle ear tumours. Traditional neuroendocrine markers 
include synaptophysin and chromogranin A, with the for-
mer generally considered more sensitive and the latter more 
specific. Recently, it has been described that NETs from the 
middle ear are comparable to hindgut NETs and express L 
cell markers, such as SATB2 18. 

Surgical resection is the treatment of choice for MeNETs 1.
If surgery is not possible due to the extent of disease, sys-
temic therapy to suppress tumour growth and spread could 
be considered in NETs 19. Systemic therapy may not pro-
vide a cure but can induce stabilisation in inoperable or 
metastatic NETs, although the course of disease of patient 
1 illustrates that the duration of the response can be limited. 
Evidence for systemic treatment efficacy is primarily based 
on gastroentero-pancreatic NETs. Medical treatments in-
clude SSA, PRRT, targeted drugs such as everolimus and 
sunitinib and cytotoxic chemotherapy. SSA therapy can be 
considered as first-line systemic therapy for well-differen-
tiated, metastatic or inoperable symptomatic well-differen-
tiated NETs with avid disease on 68 Ga-DOTATATE PET/
CT 19,20. After progression on SSAs, PRRT is recommended 
as systematic therapy for patients with somatostatin recep-
tor (SSTR)-positive tumors. PRRT with a SSA allows tar-
geted delivery of radionuclides to tumor cells expressing 
high levels of SSTR. Chemotherapy, evorilimus or sunitinib 
may be offered to SSTR-negative patients and have demon-
strated clinically meaningful antitumour activity in patients 
with advanced (metastatic or unresectable) disease. 
The role of radiotherapy in NETs is debatable: whereas 
NETs were formerly believed to be radioresistant, recent 
publications have suggested that radiotherapy may play a 
role in the management of unresectable or metastatic le-
sions 21. Although there are several therapeutic options for 
NETs, determining the optimal therapeutic strategy remains 
uncertain, especially in recurrent and metastatic disease.

Conclusions
The clinical behaviour of well-differentiated MeNETs is 
often indolent and benign, but a subset of these neoplasms 
follow an aggressive clinical course with metastatic disease 
and sometimes tumour-related death, even after an initial 
period of seemingly benign behaviour. As of yet, there are 
no known clinicopathological factors that can predict ma-
lignant transformation of MeNETs. Surgery is the preferred 

treatment modality of primary MeNETs. Because of the 
possibility of recurrence and metastatic disease even after a 
prolonged period of time after initial presentation, we rec-
ommend to perform a comprehensive diagnostic work-up 
to identify possible metastases at initial presentation, and 
perform meticulous and prolonged follow-up even in pa-
tients who underwent seemingly successful treatment of the 
primary MeNET.
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Figure 2. Histopathological findings (haematoxylin and eosin) of the 
(A) primary middle ear tumour and (B) liver metastasis of patient 1. In 
both tumours features of middle ear neuroendocrine tumours can be 
observed: atypical epithelial cells with a cribriform growth pattern as-
sociated with fibrous stroma in the background. The tumour cells 
showed mild pleiomorphism, sporadic nucleoli and sparse eosinophilic 
cytoplasm. Immunohistochemical stains for synaptophysin show strong 
positivity within tumour cells. Mitoses were not seen and Ki-67 (MIB-1) 
staining showed < 2% positive tumour cells in both the primary tumour 
(C) and liver metastasis (D).
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