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Abstract: Neuroendocrine adenoma of the middle ear is a rare tumor of the middle ear. The origins, as well as
classification of the disease, are still controversial. We reported 2 cases of neuroendocrine adenoma of the middle
ear separately in a 60-year-old male and a 48-year-old patient who both presented with hearing loss. This article
reviewed the reported literatures and summarized the pathogenesis, clinical features, imaging manifestations,
pathological features, and biological behavior of neuroendocrine adenoma of the middle ear, so as to improve the

understanding of the disease.
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Introduction

Neuroendocrine adenomas of the middle ear
are rare tumors, accounting for less than 2% of
all middle ear tumors [1]. At present, the clas-
sification, etiology, and biological characteris-
tics of these diseases are not clear. The exist-
ing research tends to believe that it is a kind of
low-grade malignant lesion with mild cell mor-
phology and local recurrence, but there is still a
great controversy about the existence of dis-
tant metastasis [2]. To better characterize this
rare entity, we reviewed our case archive with
respect to clinical characteristics, pathological
features, and immunohistochemistry.

Case report
Case 1

A 60-year-old male patient was admitted to the
hospital for left ear fullness, tinnitus and con-
ductive hearing loss. A physical examination
showed a mass at the left lateral auditory mea-
tus and the tympanic membrane was not visi-
ble. Further computed tomography (CT) scan
depicted a mass with soft tissue density with-

out evidence of bone invasion (Figure 1A). The
medical record revealed the surgical history of
tympanitis in the right ear. Finally, the patient
received excisional biopsy and transcanaltym-
panoplasty. Intraoperatively, the tumor invades
the tympanic chamber of the left ear and perfo-
ration in the posterior upper quadrant of the
tympanic membrane could be seen. The tumor
was completely removed and sent to the pathol-
ogy department for further histopathological
examination.

The gross examination was described as fol-
lowed: the tumor was gray red and firm mea-
sured 1.5x1x0.5 centimeter in size. Under low
magnification, the tumor presented a growth
mode in which the adenoid structure coexisted
with trabecular (Figure 1B). In the glandular
growth mode, the lesion showed a typical dual
cell population with an inner, flattened cell sur-
rounded by abluminal basal cuboidal to colum-
nar cells. Eosinophilic amorphous secretions
could be found in the glandular cavity (Figure
2A). Mitoses are rarely to be seen and necro-
sis is absent. Consisting of columnar cells with
round nuclei, the trabecular structure also
showed moderate cellularity. The chromatin
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Figure 1. A. CT scan depicted a mass with soft tissue density without evi-
denceof bone invasion. B. At low magnification, the tumor showed coexis-

tence of various growth patterns (H&E 40x).

Figure 2. A. Histologic examination showed a typical dual cell population in
the glandular growth mode with eosinophilic amorphous secretions in the
glandular cavity (H&E 200x). B. The trabecular structure was mainly com-
posed of columnar cells with round nuclei with moderate cellularity (H&E pepper” pattern. The tumor

200x). C. Diffuse cytoplasm stain for Syn of abluminal cells (200x). D. Posi-

tive stain for CK of inner cells (100x).

tended to present a homogenous to finely gran-
ular morphology (Figure 2B).

By immunohistochemistry, the bilayered lumi-
nal-abluminal arrangement was confirmed with
CK staining the inner cells, as well as Syn stain-
ing the abluminal cells (Figure 2C, 2D). Ki67
varied from 1 to 2%, and CD56 is negative in
tumor cells.

Case 2

The 48-year-old male patient was admitted be-
cause of recurrent purulence in the right ear
and hearing loss for more than 10 years. The
symptoms could be alleviated after antibiot-
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ic treatment. Now, the patient
presented with hearing loss
in the right ear accompanied
by tinnitus. A physical exami-
nation revealed mucopurulent
secretions in the right lateral
auditory canal and there was a
perforation on the right tym-
panic membrane with prolifer-
ated granulation tissue around
it. CT scans showed a relative
lower soft tissue density in the
right middle ear canal and no
obvious destruction was ob-
served in ossicular bones. Th-
en the patient underwent right
transcanal tympanoplasty. Af-
ter a complete removal of the
tumor, the specimen was sent
to the pathology department
for examination.

Macroscopically, the tumor is
rubbery, unencapsulated, whi-
te grey and red brown. Mea-
sured 0.9x0.5x0.3 cm in size,
the irregular mass had a rou-
gh surface. Histologically, the
lesion predominantly showed
trabecular growth pattern com-
posed of cuboidal-to-columnar
cells with minimal pleomor-
phism (Figure 3A, 3B). The cy-
toplasm was eosinophilic and
tended to present a “salt-and-

was of moderate cellularity
without mitoses and necrosis.
In this case, the sparse inter-
vening stroma can be observed. Immunohisto-
chemistry showed consistent expression of
CgA and Syn (Figure 3C), while no CD56 expres-
sion was seen. Also, the proliferation index was
low (less than 1%) (Figure 3D).

Discussion

At present, the etiology and classification of
neuroendocrine tumors in the middle ear are
still controversial. Bell et al. suggested that
tumors may originate from undifferentiated
progenitor cells [2]. It has been suggested that
tumors are associated with undifferentiated
pluripotent stem cells derived from neural crest
[2-4]. Pelosi et al. asserted that tumors may
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The average age of tumorigen-
esis was about 50 years old
(14-80 years old) [4]. No signifi-
cant gender difference was
found. The most common and
main symptoms were progres-
sive hearing loss [7]. Other
common manifestations were
blockage or stress, tinnitus,
vertigo, etc [8]. Facial paralysis
can also occur in a few patients
[9]. It is believed that facial
paralysis is related to anatomi-
cal abnormalities or local com-
pression of tumors rather than
invasion of tumors. After surgi-
cal resection, the clinical symp-
toms can usually be alleviated

Figure 3. A. Histologically, the tumor presented trabecular growth pattern or even completely disap-

composed of cuboidal-to-columnar cells with the sparse intervening stroma
(H&E 100x). B. The cell morphology is mild with minimal pleomorphism
(H&E 200x). C. Positive stain for Syn of tumor cells (200x). D. Ki-67 prolif-

eration index was low in tumor cells. (200x).

originate from translocation or residual embry-
onic residues of glandular cells in the middle
ear mucosa [1]. Hyams and Michaels first pro-
posed the concept of middle ear adenoma in
1976 and described it. Among the 20 cases of
middle ear tumors reported, their morphology
was not consistent with paraganglioma or
known salivary gland tumors, so they named it
as middle ear adenoma [5]. In 1980, Murphy et
al. reported a similar middle ear tumor, which
was labeled carcinoid because of its ultrastruc-
tural and histochemical features. Since then,
similar cases have been reported, but these
tumors have been labeled with various names,
including middle ear adenomas, carcinoids,
adenomatous tumors, adenocarcinoids, and
amphoteric adenomas [5-7]. Currently, there is
a tendency to classify these tumors according
to their immunohistochemical markers and
metastasis [7]. Saliba et al. have proposed to
classify middle ear gland tumors into three
types, namely Saliba classification: type | is
middle ear neuroendocrine adenoma, account-
ing for 76% of tumors, positive immunohisto-
chemistry, without metastasis; type Il is middle
ear adenoma, accounting for 20%, immunohis-
tochemical expression is negative, no metasta-
sis; type Il tumor only accounts for 4%, is a
middle ear carcinoid, with positive immunohis-
tochemical expression and metastatic or even
has carcinoid syndrome [8].
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peared [3]. Otolaroscopy often
shows the complete tympanic
membrane. Usually tumors are
confined to the middle ear but
it can also extend to the tym-
panic chamber [1]. In a few cases, tumors can
penetrate the tympanic membrane and extend
into the external auditory canal or mastoid
bone [2, 9]. At present, only one case has been
reported to have paraneoplastic syndrome [6].

On the CT, the tumor is characterized by soft
tissue density in the mastoid bone without
blood vessels, which can be extended to the
middle ear and mastoid. The bone expansion is
common in the middle ear space, which is relat-
ed to bone remodeling and bone shell [1]. The
ossicular chain is usually embedded into the
tumor, but there is no bone erosion [4].

Grossly, the cut surface is white gray or reddish
brown; most tumors are less than 1 cm in diam-
eter. Under low magnification, with back-to-
back glandular pattern, adenoid structure pre-
dominates in diversed growth pattern [2, 4],
and the cavity often contains amorphous mucin
secretion. The lesions generally present as
bilayer cells with eosinophilic cytoplasm in the
inner cavity and columnar cubic cells in the sur-
rounding basement. This pattern can be better
confirmed by electron microscopy and immu-
nohistochemical staining [3]. Other common
growth patterns of tumors include solid, lamel-
lar, trabecular, cystic, nested and sieve-shaped,
pseudohemangioma-like, plasma cell-like, etc
[9]. It has been reported in literature that typi-
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cal plasma cell-like appearance is often seenin
the solid structure area [1]. Microscopically, cell
pleomorphism is often seen, but mitotic phe-
nomena rarely occur. Generally, there is no
necrosis [2]. Sometimes tumor cells may pres-
ent as Paget-like pattern [3, 9.

Tumors generally express broad-spectrum cyto-
keratin and neuroendocrine markers, including
CK7, CgA, NSE, and Syn [1, 2]. CK7 is strongly
and uniformly expressed in endoluminal cells
of adenoid structure, and also expressed in ot-
her growth structures to varying degrees. Ne-
uroendocrine markers are positive in basal cell
layer of adenoid structure, which to some ex-
tent proves the double-layer cell morphology of
adenoid structure. HPP was focally positive in
the lesions [3]. It has been reported that
CAMb.2, EMA, CD56, S-100, LEU-7, serotonin,
glucagon, adrenocorticotropic hormone, soma-
tostatin, various polypeptides as well as tran-
scription factors can also be expressed in dif-
ferent degrees in cancer cells [1, 3]. Abbas et
al. showed that ISL1 was strongly and diffusely
expressed in the nuclei of all neuroendocrine
tumors of the middle ear [9].

Middle ear neuroendocrine adenomas need to
be differentially diagnosed with a range of dis-
eases, including cervical tympanic gangliono-
ma, adenoid cystic carcinoma, endolymphatic
papillary tumor, meningioma with glandular
structure, acoustic neuroma, rhabdomyosarco-
ma as well as other primary and metastatic
adenocarcinoma of the ear. Similar to neuroen-
docrine adenomas of the middle ear, cervical
tympanic paraganglioma may also present with
progressive hearing loss, but the latter is al-
so characterized by pulsatile tinnitus. Mor-
phologically, typical paragangliomas are often
presented as “zellballen” pattern, with vascu-
lar-rich stroma, which can help to differentiate
it from neuroendocrine adenomas of the mid-
dle ear. Immunohistochemistry, negative ex-
pression of S-100, and strong positive expres-
sion of Keratin strongly support the diagnosis
of neuroendocrine tumors in middle ear [4].
Acinar rhabdomyosarcoma shows a pattern of
alveolar growth, but rarely occurs in the middle
ear. Immunohistochemical staining of smoo-
th muscle markers is positive and does not
express epithelial and neuroendocrine mark-
ers, which can help identify neuroendocrine
adenomas [10]. At the same time, it has been
reported that galanin is negative in carcinoid
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tumors, while positively expressed in some
paragangliomas [11]. Molecular pathological
examination of squamous rhabdomyosarcoma
may have chromosomal translocation t (2; 13)
(935; q14) [12]. The endolymphatic papillary
tumor presents a destructive invasive growth,
often accompanied by bone invasion or intra-
cranial extension. This invasive biological be-
havior is significantly different from that of the
middle ear neuroendocrine adenoma [1, 11].
Acoustic neurinoma’s histological morphology
is similar to that of schwannomas in which cell-
rich areas and cell-depleted areas alternate.
Verocay corpuscle-like structures can be found.
Immunohistochemically, S-100 showed diffu-
se positive. Microscopically, meningiomas with
adenoid structures may exhibit characteristic
spiral and gravel structures, while immunohis-
tochemical staining lacks neuroendocrine
markers [13]. Compared with middle ear neuro-
endocrine adenomas, other primary and meta-
static adenocarcinomas in the middle ear often
show significant cellular pleomorphism, increa-
sed necrosis and mitotic figures, and even in-
volvement of bone and adjacent tissues, which
neuroendocrine adenomas often lack these
invasive histological features [14].

It is noteworthy that Tomazic et al. reported a
case of neuroendocrine adenoma of the middle
ear in which the clinical manifestation present-
ed as chronic otitis media accompanied by
facial nerve paralysis. Therefore, the author
suggested that the diagnosis of neuroendo-
crine adenoma of the middle ear should be con-
sidered in the differential diagnosis of chronic
otitis media when conservative treatment was
ineffective and facial nerve paralysis occurred
[15]. Complete surgical excision, including the
removal of ossicles, is the main treatment for
neuroendocrine adenomas of the middle ear
[15]. When the ossicular chain is encapsulated
by tumors, patients with ossicular chain resec-
tion have better prognosis, while those without
ossicular chain resection have a recurrence
rate of 18-22% [4]. Although there is not enough
evidence to suggest that one operation is supe-
rior to another, the recurrence rate of tympano-
plasty (14%) is higher than that of radical mas-
toidectomy (9%). Adjuvant therapy with radio-
therapy, chemotherapy, or somatostatin ana-
logues is not recommended [4, 8]. Recurren-
ce is reported in about 15-20% of cases [3, 16].
Tumors extend directly to the parotid gland, but
do not constitute metastatic diseases [9].
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Literatures have reported metastasis and dea-
th: Mooney et al. first reported a patient with
metastases [16]. In the existing literature, two
patients developed cervical lymph node metas-
tasis 3.5 and 7 years after initial diagnosis and
operation respectively [3, 16]. Another case
report described a case of metatarsal metasta-
ses in a middle ear carcinoid tumor 10 years
after resection [17]. In a cohort of studies con-
ducted by Diana et al., one patient had cervi-
cal lymph node involvement and two patients
had distant metastases involving the liver and
bones respectively [2].

Therefore, the authors believe that although
the neuroendocrine adenomas of the middle
ear are low-grade malignant, long-term follow-
up is necessary to clarify its biological beha-
vior.
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