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Abstract

Background: Middle ear adenomatous neuroendocrine tumors (MEANTs) are rare

temporal bone tumors. This study evaluates its clinical behavior and therapy outcome.

Method: Retrospective case review in a tertiary referral center evaluating his-

topathology, immunohistochemistry, treatment, and outcome.

Results: Nine patients were diagnosed with MEANT. One patient presented with

locally invasive tumor and underwent extensive en-bloc tumor resection with

adjuvant radiotherapy. Seven of eight patients with locally non-aggressive tumor

confined to the tympanomastoid space underwent tumor resection. Two patients

were disease-free, five presented recurrence, even after apparent successful sur-

gery. All tumors showed neuroendocrine features. Histopathology and immuno-

histochemistry did not yield prognostic tumor characteristics.

Conclusion: MEANTs are rare tumors with uncertain biological behavior and

subsequent unpredictable clinical course. The preferred treatment is complete

surgical tumor resection. They have a high tendency for recurrence,

irrespective of negative intermediary surgery. As of yet, there are no prognostic

biomarkers, including histopathology and immunohistochemistry.
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1 | INTRODUCTION

Middle ear adenomatous neuroendocrine tumors
(MEANTs) are rare epithelial-derived adenomatous
tumors with neuroendocrine differentiation. Historically,
reports of adenomatous tumors of the middle ear date as
far back as 1898.1 In 1976, Hyams et al and Derlacki et al
both published on this subject.2,3 In 1980, Murphy et al

reported on the histochemical and ultrastructural neuro-
endocrine features, further distinguishing MEANT from
other neoplasms of the temporal bone and surrounding
structures.4 Its terminology is still equivocal and com-
prises (neuroendocrine/amphicrine) adenoma and carci-
noid; however, all of these tumors share a common
phenotype and immunohistochemical profile.5-7 In the
fourth edition of the WHO Classification of Tumors of
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the Head and Neck, it is featured as Middle ear adenoma
(ICD-O code: 8140/0). In contrast to other organ systems
that may harbor neuroendocrine neoplasms (NENs), epi-
thelial neuroendocrine progenitor cells are not identified
in the middle ear. Here, embryologically enclosed plurip-
otent neural crest cells are the probable derivation.7

MEANTs are usually indolent tumors restricted to the
tympanic cavity, without infiltrative or otherwise aggres-
sive behavior. However, since 1999 some studies have
reported malignant behavior and metastasis, both in pri-
mary and recurrent tumors.8,9 Whether this behavior rep-
resents separate histopathological entities or reflects a
spectrum of disease is not entirely clear. Increasing evi-
dence for the latter is published for NEN in other tracts.10

As of yet, no reliable histopathological or immunohisto-
chemical predictors of tumor behavior or clinical out-
come have been identified.7 The low incidence and
unpredictable biological behavior are reflected in a lack
of consensus on diagnostic strategies and follow-up pro-
tocols. Surgical resection is the treatment of choice,
although the optimal extent remains subject to debate. In
this study, we present a single-center experience with
nine patients, illustrating the wide spectrum of tumor
behavior and clinical course.

2 | MATERIALS AND METHODS

Ethics Statement: approval by the institutional Medical
Ethics Committee was obtained.

In this retrospective single-center study, patients diag-
nosed with (neuroendocrine) adenoma, adenocarcinoma,
or carcinoid of the temporal bone at Amsterdam UMC,
location VUmc, were identified using the Otolaryngol-
ogy-Head and Neck Surgery and Pathology departmental
databases from the date of its inception in 1964 until
2019. Data extraction included patient demographics,
presenting symptoms, used imaging modalities, histopa-
thology, immunohistochemistry, treatment, and out-
come. Available histopathological slides were retrieved
and reviewed by a senior pathologist (EB). Histopathol-
ogy and immunochemistry of primary and recurrent
tumors and metastases were compared. Follow-up dura-
tion was defined as the period between histopathologic
diagnosis and last outpatient clinic visit. IBM SPSS Statis-
tics version 20.0 was used for data analysis.

3 | RESULTS

Nine patients with MEANT were identified, the first
patient was diagnosed in 1986. All patients were referred
after biopsy or (partial) tumor resection elsewhere.

Table 1 shows the patient characteristics, presenting
symptoms, imaging modalities, follow-up and outcome.
CT and/or MR imaging was used to evaluate the extent
of disease. Figure 1 shows CT-scan images of a non-
aggressive middle ear adenomatous tumor of the tempo-
ral bone (patient 8; T2bN0M0S011). PET and SPECT
scans were used to evaluate concurrent neuroendocrine
neoplasms and metastasis at presentation. Median
follow-up duration was 163 months (mean: 165; range:
33–381 months). In Table 2, we present the clinical
course of the individual MEANT patients, including the
surgical procedures and characteristics of the primary
and recurrent tumors, alongside the TNMS-classification
of the primary tumor as proposed by Marinelli et al.11

The primary surgical procedure for resection comprised
tympanotomy in four (44%) patients and canal wall up
procedure in five (56%) patients.

One patient (1/9; patient 7) was seen with an infiltra-
tive tumor and will be discussed later. Eight patients
(8/9) presented with non-aggressive tumor. One patient
(1/8; patient 4), with biopsy-proven local recurrence
13 years after incomplete resection elsewhere, refrained
from further surgical treatment, but clinical follow-up
has been continued. The other seven patients (7/8)

TABLE 1 Patient characteristics, presenting symptoms, used

imaging modalities, follow-up, and outcome of nine patients with

middle ear adenomatous neuroendocrine tumor

Sex Male/female 3/6

Age at onset Mean 36

Range 24–60

Presenting symptoms Hearing loss 9

Tinnitus 3

Otalgia 2

Otorrea 2

Aural fullness 1

Vertigo 0

Facial nerve paresis 1

Imaging CT 9

MRI 7

SPECT 5

PET 3

Follow-up (months) Mean 155

Range 21–381

Outcome

Malignant (1/9) Metastatic disease 1/1

Benign (8/9) Refused treatment 1/8

Disease-free 2/8

Local recurrence 5/8
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underwent additional surgical procedures in our center
(Table 2).

Two patients (2/7) were disease-free at the end of
the study period (patients 8 and 9; FU 96 and
177 months). Five patients (5/7) had one or more
recurrences, of which patients 1 and 3 are most note-
worthy. Patient 1 underwent diagnostic revision
tympanotomy 10 months after the third procedure and
appeared microscopically disease-free, including nega-
tive biopsies. However, recurrence manifested
15 months later. Ensuing revision procedures after
12 and 11 months, respectively, revealed residue
again. Patient 3 appeared disease-free at the third and
fourth procedures, including negative biopsies (FU 7
and 32 months). Even so, a recurrence manifested
142 months after the last procedure in which MEANT
was found. Tympanomastoidectomy 16 months after
microscopic re-excision showed recurrence again, which
was resected. Both patients 1 and 3 will undergo
protocolled surgery after 1 year.

In patient 6, concurrent cholesteatoma was
removed during the fourth procedure, necessitating a
canal wall down mastoidectomy. Resection of a small
recurrence was performed 29 months later. After a long
interval of 150 months with no signs of recurrence at
the outpatient clinic, a small cystic lesion was resected
from the mastoid cavity. This proved to be a small cho-
lesterol granuloma; no recurrence of MEANT was
encountered.

Patient 7 manifested with steroid-responsive facial
nerve paresis. Diagnostic work-up revealed an infiltra-
tive tumor, affecting the tympanomastoid segment of

the facial nerve and the midcranial fossa tegmen, with-
out intracranial extension. Biopsy showed adenocarci-
noma. Nuclear imaging was negative for metastasis
and concurrent tumor. Extensive en-bloc tumor re-
section was performed, consisting of a subtotal tempo-
ral bone resection (STBR), including resection of the
mandibular condyle and facial nerve trunk in the
stylomastoid foramen, superficial parotidectomy, and
selective neck dissection levels I–III. A hypoglossal-
facial nerve interpositional-jump graft was used for
facial nerve reconstruction and the residual cavity was
obliterated with abdominal fat and temporalis muscle
flap. Histopathology showed infiltrative tumor with
positive resection margins at the infratemporal bone
and midcranial fossa dura. Post-operative adjuvant
radiotherapy consisted of 46Gy with an additional
20Gy-boost on the infratemporal region. After 6 years
of follow-up, hepatic and bone metastasis occurred
(T1-2 and L1, ilium, acetabulum, ischium). The metas-
tases corresponded histopathologically with the pre-
ceding primary temporal bone tumor and showed
neuroendocrine characteristics on immunohistochem-
istry. Additional immunohistochemical analysis now
revealed the primary tumor to be neuroendocrine,
expressing synaptophysin and chromogranin A. Long-
acting release octreotide treatment (OCT-LAR) ensued
and two large liver metastases were embolized. Pro-
gressive liver metastases and rising chromogranin-B
levels indicated OCT-LAR refractory disease. The
patient was referred for Peptide Radionuclide Receptor
Therapy (PRRT), which outcome cannot yet be
evaluated.

FIGURE 1 CT images of the right temporal bone of a patient with non-aggressive middle ear adenomatous neuroendocrine tumor

(patient 8). (A) Axial view with complete opacification of the mastoid process with intact septae, subtotal opacification of the

mesotympanum, bulging intact tympanic membrane, and no bony erosion. (B) Coronal view with complete opacification of the mastoid

process with intact septae, complete opacification of the tympanic cavity with intact scutum, intact ossicular chain, intact tympanic

membrane, and no bony erosion
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All tumors were synaptophysin and/or chromagranin
A positive. No morphological or immunohistochemical dif-
ferences were found between primary tumors, recurrences,

and metastases, except for the local infiltration of the pri-
mary tumor in patient 7. No significant difference in
mitotic count and proliferation rate, as evaluated by Ki-67

TABLE 2 Surgical procedure, characteristics of primary tumor, and recurrences and TNMS-classificationa of nine patients with middle

ear adenomatous neuroendocrine tumor

Patient no.
Interval
(months) Procedure

Tumor
extent

Multifocal
recurrenceb

Structures
involved

Concurrent
pathology T N M S

Year of
diagnosis

1
2007

0 Ty ME, EAC n/a TM, ChT 2c 0 0 0

2 CWU, PT,
PORP

ME yes I, S

106 CWU, PT ME, EAC no TM, M,
PORP, S

116 CWU, PT,
PORP

c c c

131 eTy ME yes S

143 CWU, PT ME, MP,
tuba

yes TM, M

154 CWU, PT ME yes n/a

2
2004

0 biopsy EAC ME, EAC n/a TM 2c 0 0 0

5 rTy ME n/a TM, M

166 rTy ME, tuba no ChT, M, I, S

178 rTy c c c

3
2005

0 CWU ME n/a M, I 2a 0 0 0

3 CWU ME no M, I, S

10 CWU c c c

35 rTy, PORP c c c

152 rTy ME no S

168 CWU, PT MP yes n/a

4
2005

0 eTy ME n/a M, I, S 2a 0 0 0

5
2017

0 eTy ME n/a S 2a 0 0 0

4 CWU, PT ME no ChT, M, I, S

16 CWU, PT ME yes n/a

31 CWU, PT ME, MP yes n/a

6
1986

0 CWU N/A n/a n/a 2a 0 0 0

2 eTy ME no M, I, S

4 CWU ME, MP no M, I, S

55 CWD ME no M Cholesteatoma

84 CWD ME no S

234 CWD c c c Cholesterol
granuloma

7
2010

0 CWU ME, MP n/a n/a 3 0 0 0

1 See Results in main text for description

8
2012

0 CWU ME, MP n/a M, I, S 2b 0 0 0

5 CWU, PT c c c

18 Ty, PORP c c c

(Continues)
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and/or MIB-1 immunostaining, was found and tumor
necrosis was not encountered (data not shown).

4 | DISCUSSION

Our single-center experience with nine MEANT patients
illustrates an unpredictable tumor behavior, a high ten-
dency for recurrence and lack of predictive histopatho-
logical/immunohistochemical biomarkers. Five (71%) out
of seven patients treated for locally, non-aggressive
MEANT developed a recurrence. Previous studies report
recurrence rates between 13% and 22%. However, the
follow-up duration in these reports was generally short,
often not exceeding 24 months.5,9,12 Since 1999, reports
of aggressive local behavior and metastasis of MEANT
have been published, both in primary and recurrent
tumors. Concurrently, increased awareness of its poten-
tial for long-term recurrence arose, which can be up to
33 years due to its general indolent nature.7-9 Therefore,
the risk of recurrence has probably been underestimated
previously.12 In our study, multiple recurrences were
found, even in patients who were apparently disease-free
during (sequential) preceding surgery (patients 1 and 3).
Aware of our studies' preliminary findings, three asymp-
tomatic patients underwent a second look tympanotomy
(2018–2019). All three had (microscopic) growth of resid-
ual disease (patients 1, 3, and 5 after 17, 16, and
12 months, respectively).

In general, NEN behaves notoriously unpredictably.
Organ-specific grading schemes have aided in stratifying
relative aggressiveness in other organ systems, where a
dichotomous subdivision is made into NET and NEC
(Neuro Endocrine Tumor and Carcinoma, respectively;

the former with site-specific grading). This subdivision is
supported by clinical, epidemiological, and histological
differences, as well as genetic evidence at specific ana-
tomic sites.10 An equivalent prediction model would be
desirable for MEANT. However, the clinical parameters
that have prognostic value in other NEN types are insuffi-
ciently investigated in MEANT or do not seem to predict
the clinical outcome. Useful biomarkers for NEN in other
organ systems, such as morphology and Ki-67, also do
not seem to be associated with the clinical course or out-
come in MEANT. As a result, there is currently no
MEANT-specific grading system. In 2018, Marinelli et al
proposed a TNMS-staging system describing tumor exten-
sion and dissemination (S for neuroendocrine secre-
tion).11 Its feasibility has yet to be evaluated.

Because of the high recurrence rate, unpredictable
tumor behavior, and potential malignant transformation,
complete initial surgical tumor resection is essential. For
non-infiltrative MEANT confined to the tympanomastoid
space, the surgical approach should enable complete
tumor removal. Ossiculectomy may benefit outcome.12

When affected by tumor, the chorda tympani should be
included in the resection. More widespread or aggressive
disease warrants more extensive surgical resection, with
consequent morbidity; similar considerations apply for
local recurrence. The value of radio-/chemotherapy,
somatostatin analogues, and PRRT in MEANT is yet
unascertained.9,11 Current studies advocate long-term
follow-up, irrespective of tumor characteristics at presen-
tation, in order to facilitate early detection of recurrent
disease.6-9,11,12 This study, nor the literature, provides suf-
ficient information to define specific follow-up protocols.
The role and timing of both morphological and func-
tional imaging have yet to be elucidated. We perform a

TABLE 2 (Continued)

Patient no.
Interval
(months) Procedure

Tumor
extent

Multifocal
recurrenceb

Structures
involved

Concurrent
pathology T N M S

Year of
diagnosis

9
2005

0 ME biopsy ME n/a n/a 2b 0 0 0

3 CWU, PT ME, MP n/a TM, M, I, S

15 CWU, PT c c c Inclusion
cholesteatoma

39 eTy, PORP c c c

50 eTy, PORP c c c

69 eTy c c c

aTNMS-classification for primary tumor as proposed by Marinelli et al11.
bMultifocal recurrence defined as non-continuous tumor in multiple locations.
cNo recurrence.
Abbreviations: ChT, tympanic chorda; CWD, canal wall down procedure; CWU, canal wall up procedure; eTy, endaural tympanotomy; I, incus; M, malleus;
ME, middle ear; MP, mastoid process; n/a, not applicable; PORP, partial ossicular replacement prosthesis; PT, posterior tympanotomy; rTy, retro-auricular
tympanotomy; S, stapes; TM, tympanic membrane; Ty, tympanotomy.
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revision tympanomastoidectomy 1 year after primary
tumor resection. If no recurrence is found, outpatient
clinic follow-up with micro-otoscopy ensues, supported
by CT or MRI. Tympanotomy is performed when recur-
rence is suspected. Prospective studies are needed to fur-
ther clarify tumor behavior and optimize diagnostic,
treatment, and follow-up strategies.

5 | CONCLUSION

Middle ear adenomatous neuroendocrine tumors are rare
tumors with an elusive etiology, uncertain biological
behavior, and subsequent unpredictable clinical course.
The treatment of choice is complete surgical tumor resec-
tion. It has a high tendency for recurrence on the short
term and long term, even after apparent successful sur-
gery. Their malignant potential manifests in both pri-
mary aggressive local behavior with or without
metastasis and malignant transformation in recurrent
disease. There are no prognostic biomarkers as of yet,
including histopathology and immunohistochemistry.
Therefore, current studies advocate long-term follow-up.
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