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Abstract The clinical features of thymic carcinoid (TC) and
bronchial carcinoid (BC) tumors as part of multiple endo-
crine neoplasia type 1 (MEN1) have been rarely described
and their importance in clinical practice is debated. The ob-
jective of this study was to describe the clinical presentation
and outcome of this uncommon manifestation of MEN1 in a
tertiary care center setting. We present the clinical features of
patients with MEN1 and either TC or BC evaluated at the
Mayo Clinic from 1977 to 2013. A total of 348 patients with
MENI were evaluated and the prevalence of TC was 2.0 %
(n=7) and of BC 4.9 % (n=17). The majority of the patients
with BC were men (61 %) diagnosed on routine screening
(77 %) and BC was not the confirmed cause of death in any
patient. In contrast, TC patients were all men and during
follow-up 43 % died due to TC complications. We conclude
that TC and BC tumors are uncommon, but important com-
ponents of MEN1. BC were most commonly diagnosed dur-
ing routine screening and associated with an indolent course.
TC were predominantly seen in men and associated with a
more aggressive behavior.
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Introduction

Multiple endocrine neoplasia type 1 (MEN1) is an autosomal
dominant tumor syndrome arising from an inactivating muta-
tion on a tumor suppressor gene located on chromosome 11.
Diagnosis of MENI1 can be established if an individual presents
with two or more primary MEN1-associated endocrine tumors
(parathyroid adenoma/hyperplasia, gastroenteropancreatic tu-
mor, and pituitary adenoma). In addition to these most common
findings, adrenal, bronchial carcinoid (BC), thymic carcinoid
(TC), and skin tumors may occur [1].

BC and TC tumors occur in 3.6-8.4 % of the patients with
MENI [2, 3]. BC in patients with MEN1 occur more frequent-
ly in women and have not been associated with increased
mortality [4, 5]. In reports from Europe and North America,
TC occurs almost exclusively in men; although also male-
predominant in a Japanese report, the gender association was
less exclusive [6-9, 1]. TC has also been associated with an
aggressive clinical course and increased risk of death [6-9].

Due to its rare occurrence, the literature is lacking on de-
scriptions of prevalence and clinical impact of BC and TC
tumors in patients with MEN1. Pending prospective and ran-
domized trials, important clinical questions regarding the
management of these patients (e.g., the need for tumor detec-
tion testing) can be indirectly answered in retrospective series
from different geographical areas and centers. To this end, our
goal was to describe the clinical presentation of patients with
MEN1 who also had TC or BC and who were treated at the
Mayo Clinic during a 36-year period.

Materials and Methods

This study was approved by the Mayo Clinic Institutional
Review Board with all patients consenting to participation in
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research. We performed an electronic search of the medical
records to identify patients with MEN1 who were seen at
Mayo Clinic in Rochester, Minnesota from 1977 to 2013. This
initial group of records was reviewed and a diagnosis of
MENI1 was confirmed based on the clinical presentation in-
cluding two or more of the tumors associated with MENT,
patients with one tumor and documented MEN1 germline
mutation, and those patients with a positive family history
and documented MENI germline mutation [1]. Within this
group, patients with BC and TC were identified based on
histopathological findings. All the demographic and clinico-
pathologic information was extracted from these records.
This was a retrospective study based on 36 years of clinical
experience. The evaluation and treatment of patients with
MENI was determined by the treating physician. There was
no specific protocol used to determine the need, methods, or
timing of screening for BC or TC. In addition, during this
time frame, the availability of imaging technologies also
changed.

Continuous variables (e.g., age) are summarized as mean=+
standard deviation. Categorical variables are described as
percentages.

Results

A total of 348 patients fulfilled the diagnostic criteria for
MENI1. Mean age at diagnosis of MEN1 was 37.2 years
(range, 11 months—78 years). The majority of the patients
were female (56.0 %). Mean duration of follow-up from the
time of diagnosis was 7.6+8.3 years. BC were the found in 17
cases (4.9 %) and TC in seven (2.0 %) in this cohort of 348
MENI patients.

Bronchial Carcinoid Tumors

We identified 17 cases of BC in our population of patients
with MEN1. Four patients were excluded from our descrip-
tive analysis since they had their initial surgery at a differ-
ent institution and both their pathology slides and surgical
reports were not available for our review. Detailed clinical
and surgical characteristics of the 13 cases included are
shown in Table 1.

In patients with MEN1 and BC, the mean age at diag-
nosis of MEN1 was 41.2+11.0 years and for BC 45.1+
9.8 years. For BC, the majority of the patients were men
(61.5 %, n=8). BC was the presenting tumor of MENI in
four patients. The mean duration of follow-up was 8.6+
5.3 years. A history of smoking was present in six patients
(46.1 %).

Regarding other manifestations of MENI1, primary hy-
perparathyroidism was diagnosed in all the patients with
BC. Eleven patients had gastroenteropancreatic
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neuroendocrine tumors (eight nonfunctional, two
gastrinoma, and one insulinoma). Six patients had a pitui-
tary adenoma [three prolactinomas, two nonfunctional, and
one plurihormonal (prolactin and growth hormone)]. Five
adrenal adenomas were present in five patients, and one
patient had parathyroid carcinoma.

The majority of the patients were diagnosed on routine
screening (n=10, 77 %) with only three patients having symp-
toms at the time of diagnosis. When present, BC symptoms
included cough, shortness of breath, or gastroesophageal re-
flux. The initial imaging modality for diagnosis was a chest
roentgenogram (chest x-ray) in six patients and chest comput-
ed tomography (CT) in the remainder. A typical chest CT is
shown in Fig. 1.

All BC patients underwent surgical resection which varied
from wedge resection to lobectomy with mediastinal
lymphadenectomy.

Three patients died during the follow-up (23 %). One died
from a cause unrelated to his BC, and in the other two patients,
the cause of death was unknown.

None of the patients had distant metastasis at diagnosis nor
developed them during follow-up. One of the patients had
residual disease following the initial BC surgery and developed
cough. Four patients had clinically suspected local recurrence
of the disease with subcentimeter lung nodules. Three of them
were asymptomatic and one required an additional surgical
intervention (the exact cause for why intervention was offered
is not clear).

Thymic Carcinoid Tumors

Seven patients were diagnosed with a TC. One of the patients
had his initial surgery in an outside institution, but all of his
records and pathology slides were retrieved so he was included
in the descriptive analysis.

All TC patients were men and three were smokers
(43 %). The mean age at diagnosis of MEN1 was 38+
9.9 years and the mean age at diagnosis of TC was 43+
12.4 years. One patient had thymic carcinoid as his first
presenting tumor of MENI1. The clinical features are de-
scribed in Table 2.

Of note, all patients had primary hyperparathyroidism
as a manifestation of MEN1. Four patients were diag-
nosed based on symptoms (57.1 %) that led to further
evaluation. The initial imaging used for diagnosis was a
chest x-ray, which showed a mediastinal mass in six pa-
tients. The remaining patient was diagnosed during para-
thyroid surgery. A typical CT scan showing a TC is shown
in Fig. 2.

Mortality was reported in four patients (57 %) during fol-
low-up. Three of these patients died from known complica-
tions related to their thymic carcinoid, and in one case the
cause was not known. In one patient, there was local
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Fig. 1 Smooth and spherical 1.1 cm endobronchial/partially
endobronchial nodule (arrow) within a subsegmental bronchus
branching off the anterior segmental bronchus of the right upper lobe,
which proved to be a bronchial carcinoid tumor

progression complicated with pleural effusions and superior
vena cava syndrome. Metastatic disease was present in the
other two fatalities. In addition, recurrence and advanced dis-
ease were common. The treatment and outcomes for each of
the patients are described in Table 3.

A comparison between the clinical features of TC and BC
tumors is shown in Table 4.

Discussion

In the present study, we analyzed the clinical features of thy-
mic and bronchial carcinoids identified in a cohort of 348
patients with MEN1. The prevalence of BC was 4.9 %
(3.7 % if only cases with histology verified at our institution
are included) and 2.0 % for TC based on histology.

Bronchial Carcinoid Tumors

A previous study that reported the presence of BC in members
of the Tasman MENI1 kindred found a prevalence of 5 % in a

—

Fig.2 Left 6.8%6.4 cm anterior mediastinal mass (arrow), which proved
to be a thymic carcinoid tumor

total of 129 patients, of which only 28 % had chest CT. In their
series, 83 % of the cases occurred in women [5]. A study from
the Dutch MENI1 database found a prevalence of BC tumors
of 13 % when using both imaging findings and pathology as
the basis for diagnosis. When the analysis was restricted to
diagnosis based on pathology, 16 cases were found out of 323
MENI patients (5 %) [4]. The prevalence of BC in our cohort
is similar to the Tasman kindred and the Dutch series (based
on pathology); we also found a male predominance with 67 %
of our cases occurring in men. Our findings are consistent with
those in the Tasman kindred regarding the clinical presenta-
tion with the majority of our patients diagnosed by routine
screening and no patient developing metastatic disease during
follow-up [5]. In addition, in the Dutch cohort, no patient died
from a complication of bronchial carcinoid and the 10-year
survival was noted at 71 % [4]. In our cohort, three of the
patients died during follow-up, but the cause of death was
not known in two cases and not related to a carcinoid tumor
in the other. We did find patients with local recurrence in our
series, but only one of them required further surgical interven-
tion which eventually resolved his symptoms.

Table 2  Clinical features of patients with thymic carcinoid (TC) tumors in patients with multiple endocrine neoplasia type 1 (MENT1)

Case Age at diagnosis ~ Age at diagnosis MENI features Symptoms Tumor size (cm)
of MENI1 (years) of TC tumor (years)

1 53 55 PHP/AA Chest pain/dyspnea 10x10%3

2 36 36 PHP/gastrinoma Thymic resection at the time of parathyroidectomy 9x1.5x1

3 47 39 PHP/NF NET/AA Screening (chest x-ray) 5.5x1.5x%1

4 31 32 PHP/insulinoma Screening (chest-x-ray) 11x6x7

5 27 41 PHP Chest pain Tx6x4

6 43 65 PHP/VIPoma/ZE/AA Chest pain 8x7.5%5

7 29 33 PHP/insulinoma/AA/PRL  Chest pain 5.5

PHP primary hyperparathyroidism, A4 adrenal adenoma, NF' NET nonfunctional neuroendocrine tumor, ZES Zollinger Ellison syndrome, PRL

prolactinoma
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Table 3  Treatment and outcomes of patients with thymic carcinoid (TC) tumors

Death

Follow-up
(years)

Recurrence

Therapy

Extent of disease at diagnosis

Case

Yes, due to TC

Residual tumor with local progression

SR+RT

Local extension with tumor in entire anterior

mediastinum and pleural cavities
No local extension or distal metastasis

Yes, unknown cause

10

At 6 years postoperatively, anterior mediastinal mass

SR at diagnosis; at time of recurrence 5-FU+RT+

2

with pericardial effusion; at 8 years, metastatic

disease to sacrum and ribs
At 4 years postoperatively with bone and brain metastases

somatostatin analog

Yes, due to TC

No

4

SR; brain resection of metastatic lesion+WBRT 4200

SR
SR

No local extension or distant metastasis®

3
4

11

Local recurrence at 11 years postoperatively

No local extension or distant metastasis

Yes, due to TC

At 6 years postoperatively brain metastases and at 7 years

Local extension with positive surgical

lung metastases

No

margins, vascular and lymph node invasion

No local extension or distant metastasis

No

SR

6

No

3

At 3.5 years postoperatively, mediastinal and lung nodules

Cisplatin+etoposide followed by SR and RT; at time

Local extension with positive surgical margins

of recurrence started on tyrosine kinase inhibitor

SR surgical resection, R7 radiation therapy, SFU 5 fluorouracil, WBRT whole brain radiation therapy

#Screening chest roentgenogram showed a mediastinal mass that was resected and reported as a benign thymic tumor. Four years later, the patient presented with neurologic symptoms and metastatic

disease to the brain was diagnosed

Table4 Clinical features of thymic (TC) and bronchial carcinoid (BC)
tumors in multiple endocrine neoplasia typel (MENI)

Feature BC (n=13) TC (n=17)
Mean age at diagnosis, years 45.1 43.0
Men, % 61 % 100 %
BC or TC as initial feature of MEN1 31 % 143 %
Symptoms at diagnosis 23.1 % 571 %
Death * 0% 57.1 %
Distant metastasis 0% 57.1 %

In the BC tumor group, there were two deaths of unknown cause. In the
TC group, the cause of death in one patient was unknown

Thymic Carcinoid Tumors

The prevalence of TC in patients with MEN1 has been re-
ported to be between 2.6 and 8 % [4, 6-9]. In a prospective
study performed at the National Institute of Health (NIH),
seven patients (8 %) with TC were identified from a group
of 85 patients who were followed prospectively [7]. On the
other hand, in a study that looked at a European registry,
seven cases (2.6 %) of TC were identified in a group of 761
patients with MEN1 [8]. This variation in prevalence is like-
ly explained by the prospective nature of the NIH study in
which patients were systematically screened in comparison
to the retrospective studies.

TC has been reported as having an almost exclusive male
predominance in most of the case series with the exception of
a Japanese series in which 36 % of the patients were women
[9]. In our series, all the patients were men which is consistent
with other Western series; the cause for this sex distribution is
not clearly understood [6-8, 10, 11].

The majority of the patients were diagnosed based on
initial symptoms (57 %) followed by an abnormal chest x-
ray. This is similar to previous retrospective series in which
the majority of the patients were symptomatic in comparison
with the NIH prospective series in which 71 % of the pa-
tients were asymptomatic at the time of diagnosis [6-8].
This discrepancy with the NIH study can again be explained
by the prospective study design.

TC were associated with increased morbidity and mor-
tality. Only one of the patients was free of recurrence after
5 years of follow-up. From the six remaining patients,
three had locally advanced disease and three had recur-
rence. Four patients died during follow-up, and in three
of them (43 %), the cause of death was related to TC.
The morbidity associated with TC is consistent with the
current literature in which local invasion, distant metasta-
sis, and recurrence during follow-up are common [4, 6, 7,
10]. On the other hand, we again see significant mortality
in the retrospective studies but not in the NIH prospective
study [4, 6-8, 10].
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Limitations

The present study has several limitations related primarily to its
retrospective nature. Although we studied a large number of pa-
tients with MEN 1, not all of the patients were screened for thymic
and bronchial carcinoids, which can result in decreased detection
of early cases and a perceived aggressive behavior due to a late
diagnosis. We do not have information regarding the number of
patients in which screening was performed and no abnormalities
were found. In addition, the imaging technology and the frequen-
cy of screening have changed during the last 36 years. Due to the
retrospective nature of our study, measurement bias is present
since the decision to screen for these tumors as well as the deci-
sion to treat (in case of pulmonary nodules) was based on the
physician and patient’s preferences and not in a predefined pro-
tocol. In addition, we also present a single tertiary center experi-
ence that might be prone to referral bias and identification of a
more severe spectrum of disease, which might impact the gener-
alizability of our results. It is interesting to note that even with
these caveats we were able to find different behaviors between the
bronchial and thymic carcinoid tumors in this population.

Implications for Practice and Research

The clinical presentation of TC and BC is overall poorly un-
derstood with a limited number of studies available. A summa-
ry of identified studies are listed in Tables 5 and 6. Our findings
support the current available literature, with TC and BC tumors
occurring in a small proportion of patients with MEN1 with a
prevalence of 4.9 and 2.0 %, respectively. BC were most com-
monly diagnosed during routine screening and were not asso-
ciated with distant metastasis and rarely with local recurrence.
On the other hand, TC tumors were predominantly seen in men
and were symptomatic at the time of diagnosis. TC were asso-
ciated with locally advanced disease, recurrence, and mortality.

Further studies are needed to explore the indications for
surgical management of bronchial carcinoid tumors since the
prevalence of these tumors based on imaging can be up to 13 %
of patients with MEN1 but mortality is not significantly in-
creased [4, 5]. In addition, the imaging modality and frequen-
cy of screening for these tumors should be investigated with
prospective multicenter studies that will be less prone to bias.
However, until future studies provide the needed guidance, the
current recommendation [1] to periodically screen patients
with MENI1 for both TC and BC (every 1-2 years using CT
or MRI) is reasonable because these neoplasms can be asso-
ciated with morbidity and mortality.
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