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Neuroendocrine syndrome in bronchial carcinoid tumors
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serotonin, histamine, bombesin or other types of hormones
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responsible for the development of a broad spectrum of
signs and symptoms, known as carcinoid syndrome. Data
of 98 patients submitted to surgery for bronchial carcinoid
tumors in the Thoracic Surgery Clinic of the ‘Marius Nasta’
Institute of Pneumophtisiology between 2014 and 2018 were
retrospectively reviewed. All patients were submitted to
paraclinical tests, imagistic studies (computed tomography
or magnetic resonance imaging), bronchoscopy and biopsy
in order to have a positive diagnostic of pulmonary carcinoid.
The most common clinical symptoms at the time of presenta-
tion were: Persistent cough followed by dyspnea and recurrent
pulmonary infections. The main neuroendocrine syndromes
found were Cushing and Carcinoid Syndrome. All patients
were submitted to surgery with curative intent consisting of
wedge resection (in 4 cases, 4.08%), lobectomy (in 79 cases,
80.61%), bilobectomy (in 5 cases, 5.1%) and pneumonectomy
respectively (in 10 cases, 10.2%). In all cases neuroendocrine
specific symptoms disappeared once the carcinoid tumor was
removed. In conclusion, bronchial carcinoid tumors have a
positive outcome in most cases. Specific neuroendocrine
markers as well as neuroendocrine syndrome disappears once
the tumor is removed.

Introduction

Carcinoid tumors are part of the neuroendocrine tumors
APUD (Amine Precursor Uptake and Decarboxylation)
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originating in the Kulchitsky cells (agent affine cells).
Pulmonary carcinoid tumors are part of bronchopulmonary
neuroendocrine neoplasms (bpNETs) along with large and
small cell pulmonary carcinoma (1). The first resection of
this type of tumor was performed by Eloesser (2) through
bronchotomy in 1939. The clinical syndrome associated
with bronchial carcinoid tumors was first described by
Stanford e al (3) in 1958. Arrigoni et al (4) described the
atypical carcinoid as a histopathological form of bronchial
carcinoid. Being a neuroendocrine tumor the bronchial
carcinoid is capable of producing a variety of peptides and
biological active hormones (5) thus leading to several endo-
crine syndromes.

Carcinoid syndrome is determined by secretion of sero-
tonin along with histamine and bombesin. It can present with
bronchoconstriction, flush, hemodynamic instability, tachy-
cardia and accelerated digestive transit (6). Cushing syndrome
is the second syndrome caused by carcinoid tumors and is
determined by the ectopic production of ACTH (adrenocor-
ticotropic hormone) (7). Another syndrome associated with
bronchial carcinoid tumors is that of an inadequate secretion
of AVP (arginine vasopressin) which may lead to sodium
depletion and water retention. Inadequate secretion of ADH
(syndrome of inappropriate antidiuretic hormone secretion)
or inadequate secretion of MSH (melanocyte stimulating
hormone) is two other examples of endocrine syndromes which
occur in bronchial carcinoid tumors. Bronchial carcinoid
tumors make up 10% of all carcinoid tumors and represent 4%
of pulmonary tumors (8).

From a histological view there are two types of carcinoids:
Typical and atypical carcinoids. Typical carcinoids are well
defined and differentiated, less aggressive tumors, which are
commonly located in a larger bronchus. Atypical carcinoids
are more aggressive, less differentiated lesions, having a
tendency to metastasize at the level of the local lymph nodes,
liver, bones or brain. Atypical carcinoids are more common in
elderly patients and most often located in the periphery of the
lung. Staging of the bronchial carcinoid is done in the same
manner as bronchopulmonary cancer using the TNM (tumor,
node, metastasis) system. When it comes to typical carcinoids,
which are considered less aggressive lesions, a clinical staging
is used, the TNM system being only utilized in atypical
pulmonary carcinoids.

The present study was approved by the Thoracic Surgery
Clinic of the ‘Marius Nasta’ Institute of Pneumophtisiology
(Bucharest, Romania). The aim of this study was to deter-
mine the frequency of bronchial carcinoid tumors associated
with neuroendocrine syndrome as well as the frequency of
symptoms associated with this type of pathology.

Patients and methods

A descriptive and retrospective study on a period of five years
(2014-2018) was realized; the study included 98 patients who
underwent surgery in the clinic with a confirmed diagnosis
of bronchial carcinoid tumor. All patients included in the
present study presented specific clinical syndromes (carcinoid
or Cushing syndrome) and were submitted to paraclinical
laboratory tests consisting of specific hormones urinary and
plasmatic dosage, imagistic investigations (thoracic computed

tomography-CT, brain magnetic resonance imaging-MRI,
chest X-ray), bronchoscopy and proved to have a histopatholog-
ical diagnosis of typical or atypical carcinoid (Figs. 1 and 2).

The final diagnostic of carcinoid tumor was established
on the specimens retrieved during bronchoscopy or on those
which were obtained after surgical resection.

The most commonly encountered clinical manifestations
were also monitored and correlated to the surgical procedure
performed. In patients with neuroendocrine syndrome an
ectopic secretion of ACTH was also investigated by dosing
the plasmatic levels of ACTH, plasmatic and urinary cortisol;
a suppression test with dexamethasone was also associated. In
cases presenting carcinoid syndrome dosing of neuron-specific
enolase marker, plasmatic and urinary serotonin were also
performed. Diagnosis was further confirmed by several inves-
tigations: Chest X-ray, bronchoscopy, thoracic and superior
abdomen CT, positron emission tomography (PET-CT) and
pituitary gland MRI.

Results

Of the 98 patients 39 (39.79%) were female and 59 (60.20%)
male. Patients were aged between 31 and 85 years with an
average of 59.89 years. Distribution on age groups is as follows:
30-39 years, 4 cases (4.08%), 40-49 years, 12 cases (12.24%),
50-59 years, 24 cases (24.48%), 60-69 years, 39 cases (39.79%),
70-79 years, 15 cases (15.30%), 80-89 years, 4 cases (4.08%).

From a histological point of view 68 cases (69.38%) were
typical carcinoids, of which 26 in women and in 42 men, and
30 cases (30.61%) were atypical carcinoids of which 13 cases in
women and 17 in men. Bronchoscopy revealed a normal bron-
chial tree in 9 cases (9.18%) while in the remaining 89 cases
(90.81%) bronchial lesions specific to carcinoid tumors were
found; in 29 out of the total number of cases (29.59%) a
bronchial biopsy was performed (Fig. 2). Neuroendocrine
syndrome was found only in 5 out of the 30 cases of atypical
carcinoids (16.66%). When compared with the total number of
cases of both typical and atypical carcinoid tumors, neuroen-
docrine syndrome was present in 5.1% of cases, in 4 females
and 1 male. From these, 2 cases presented clinical manifesta-
tions of Cushing syndrome (two women aged 64 and 70 years,
2.04%) and 3 cases with symptoms specific to carcinoid
syndrome (2 women, 1 male). In 17 patients (17.34%) the
diagnosis was confirmed preoperative through bronchoscopy
and biopsy of the tumor while in the remaining 81 patients
(82.65%) the diagnosis was established by the pathology
examination of the excised specimen obtained after surgery.
The most commonly encountered symptoms were represented
by: Cough, 90 cases, dyspnea, 45 cases, recurrent pulmonary
infections, 32 cases, hemoptysis, 27 cases, bronchospasm,
1 case, carcinoid syndrome, 3 cases, Cushing syndrome,
2 cases (Table I).

Association of two or more symptoms was also encoun-
tered: Cough with dyspnea and recurrent pulmonary infections
in 32 cases and cough, dyspnea and hemoptysis in 27 cases.

Most bronchial carcinoid tumors were filed under stage Ia,
19 cases, 19.38% (tumor <3 cm, with no pleural invasion and
without implication of the main bronchus, NOMO). 11 cases,
11.22% were stage IIb (tumor <5 cm, N1-mediastinal lymph
nodes present, M0O). Preoperatively only the patient with
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Figure 2. Bronchoscopical view of a carcinoid tumor in the left main
bronchus.

Cushing syndrome was staged as IIb, but after surgery N1 was
infirmed and the patient restaged to stage II a (T2bNOMO).
The remaining cases of atypical carcinoid were staged as la
and Ib.

Cushing syndrome was present in a 64-year-old woman,
smoker, from an urban area who was investigated for persistent
cough and severe dyspnea. The patient was obese and presented
with typical clinical signs: Purple stretch marks on the lower
abdomen and thighs, thin skin. Imagistic investigations (chest
X-ray and CT scan) revealed the presence of a % cm mass
in the right upper lobe associated with enlarged lymph nodes
in the mediastinum (measuring 2.5 cm in diameter). Blood
cortisol level was repeatedly measured at 00:00 and 9:00 a.m.
with values between 700 and 900 nmol/l (reference value
130-600 nmol/l). Also 24 h urinary free cortisol was
measured and demonstrated the presence of elevated values
2,350 nmol/24 h (reference value 100-380 nmol/24 h).
Plasmatic ACTH was dosed in the same way and demonstrated
the presence of elevated values 450 and 422 pmol/l (reference
value: 2.2-17 pmol/l). Dexamethasone test was negative. A
pituitary MRI was performed in order to exclude the presence
of a central cause for the hormonal imbalance but showed
no pathological modifications. The final diagnosis was of a
lung tumor in the right superior lobe associated with Cushing
syndrome, classifying the lesion as a neuroendocrine tumor
with ectopic secretion of ACTH.

Table I. Distribution of clinical manifestations in patients with
carcinoid tumors.

Cough 90
Dyspnea 45
Recurrent pulmonary infections 32
Hemoptisis 27
Carcinoid syndrome 3
Cushing syndrome 2

Treatment was surgical and consisted in a right upper
lobectomy with hilar and mediastinal lymphadenectomy.
Pathology examination of the lobe identified a pulmonary
atypical carcinoid tumor with no metastases in the lymph
nodes. Postoperatively the serum hormonal levels normalized.

The second patient with Cushing syndrome was a
70-year-old woman with no smoking history, who presented
for severe dyspnea and hemoptysis. Patient was obese and
also associated skin hyperemia. The thoracic CT scan in
association with bronchoscopy established the final diagnosis
of bronchial carcinoid tumor within the inferior bronchus.
Both morning and evening cortisol levels were elevated
(800-1,100 nmol/l) as well as urinary cortisol, with values
of 2,400 nmol/ h. Plasmatic ACTH was highly elevated:
743 pmol/l. Surgery consisted in left inferior lobectomy with
mediastinal lymphadenectomy; at one year follow-up the
ACTH serum level was normalized.

Carcinoid syndrome was found in 3 cases (3.06%),
patients presenting with tachycardia, high blood pressure,
flush, bronchospasm and an accelerated digestive transit.
Diagnosis was further confirmed by 5-hydroxyindoleacetic
acid dosing (serotonin metabolite). This metabolite was
found to be elevated between 25 and 43 mg/24 h (reference
value 2-9 mg/24 h). A 24 h urinary serotonin dosing also
showed elevated values of up to 500 u/24 h (reference value
50-250 u/24 h). Plasmatic serotonin levels were repeatedly
dosed and were also found elevated (600-850 u/1) with a
reference value of 80-400 p/1. In all 3 cases neuron-specific
enolase was also dosed and presented twice the reference
values (reference value <16 yu/ml). All the laboratory findings
together with imagistic investigations and bronchoscopy
led us to the diagnosis of neuroendocrine pulmonary
tumor with typical carcinoid syndrome manifestations.
From a histological point atypical carcinoid was found in
30 patients (30.61%) of which 5 (5.1%) were associated with
neuroendocrine syndrome.

All of the examined patients underwent surgery. Surgical
treatment consisted of pulmonary resections ranging from
wedge resection (4 cases, 4.08%), lobectomy (79 cases, 80.61%)
of which: Lobectomy with lymphadenectomy (6 cases), bron-
chial sleeve resections (21 cases), bilobectomy (5 cases, 5.1%),
and pneumonectomy (10 cases, 10.2%). Postoperatively in all
cases the neuroendocrine syndrome disappeared at one month
follow up. The long-term follow-up included performing chest
X ray, thoracic CT and bronchoscopy at every six months
while in cases diagnosed with atypical carcinoids with
neuroendocrine syndromes PET CT was associated.
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Discussion

Bronchial carcinoid tumors have a rate of occurrence of
10-20% out of all carcinoids, being rarer when compared with
intestinal carcinoids (9). Atypical carcinoid tumor appears
in 2% of all cases (10,11), the mean age at diagnostic being
45-55 years. In our patients the average age was 59.89 years,
however, for atypical carcinoids (30.61% of cases) the average
age was 51.5 years. Data from literature indicates that it occurs
more often in females. In our group of patients the ratio of
female to male was 1:2.26. In our study, bronchial carcinoid
tumors were more often found in male patients rather than
in female patients, as opposed to data found in literature.
Location of bronchial carcinoids in 75% of cases is in the main
respiratory tract (12).

In literature among the risk factors for developing a
carcinoid tumor, smoking is mentioned (13). Of our patients
55 were smokers (56.12%), but we cannot state with certainty
that smoking would contribute to the development of bronchial
carcinoid. It has been observed that this type of tumor is
more common in Caucasians compared with other ethnic
groups (14).

The differentiation of carcinoids in our group of patients
was made by the pathology examination. An important
parameter for differentiating carcinoids is considered to be the
distribution of tumoral cells in the ‘peritumoral aerian space’
(STAS, spread through air spaces). According to this the pres-
ence of even one cell beyond the margins of the tumor would
be suggestive. In typical carcinoids this phenomenon (STAS)
appears in 48% of cases, whereas in atypical carcinoids it is
present in 88% of cases (15).

In order to establish the diagnosing of carcinoid tumors
an important role is played by immunohistochemistry,
especially by Chromogranin A and Synaptophysin (16).
Regarding this, some authors proposed the determination
of a specific tumoral marker: Orthopedia homebox protein
which would be specific for bronchial carcinoid, both typical
and atypical (17). Another factor which may be considered a
tumoral marker for cell proliferation is Ki-67, thus having an
important role in establishing an outcome (18). This factor
is a mitotic index and a high number of >10 mitosis/2 mm?
suggests that the tumor is a neuroendocrine carcinoid (17),
whereas a number <4 mitosis/2 mm? would be suggestive of a
typical carcinoid while a value >4 mitosis/2 mm? for atypical
carcinoids. Previously atypical carcinoids were studied and
alteration of the cellular genome (3 transcriptional subtypes
with a specific genome alteration) similar to large cell bron-
chopulmonary carcinoma was observed. In carcinoid cells a
degradation of the ratio between KEAP1 and NFE2L2 genes
appears due to a promoter KEAP1 with effects on the hyper-
methylation process (19). It is known that KEAPI1 during its
interaction with NFE2 would dampen the oxidative stress
of the cell (19). Also, in non-small cell bronchopulmonary
carcinomas as well as pulmonary neuroendocrine tumors, an
elevated level of Pro-GRP (progastrin releasing peptide) is
found (11,20).

A case of a bronchial carcinoid associated with Cushing
syndrome and elevated Pro-GRP in relation with V1b (nega-
tive vasopressin receptor) was reported. With this data
the authors proposed a new subtype of typical bronchial

carcinoid (7). The American Clinical Oncological Society
proposed the association of all neuroendocrine tumors,
benign and malignant, under a new concept-NET (neuro-
endocrine tumor). There are 3 types of NETs in the lung:
Carcinoid (typical and atypical), small and large cell bron-
chopulmonary carcinomas (21).

Carcinoid syndrome is found in 1-5% of cases and
Cushing syndrome in 4% of cases of bronchial carci-
noid (18,22,23). In our study, carcinoid syndrome was found
in 3 patients (3.06%) and Cushing syndrome in two cases
(2.04%) of all bronchial carcinoids. The ectopic secretion of
ACTH in cases with Cushing syndrome would be responsible
for 10-15% of neurosecretant tumors (24,25). Both Cushing
and carcinoid syndromes appear in patient in the presence of
liver metastasis when they are capable of ectopic hormonal
production (4,10).

Treatment for bronchial carcinoid tumors is complex,
depending mainly on the histological type but also on the
TNM stage. Most authors agree that if the tumor is resectable,
surgical treatment is enough (26). Others consider that patients
with mediastinal lymph node involvement must receive
chemotherapy and radiotherapy in association with surgical
resection (4,27).

In our series of patients, surgical treatment varied and the
type of performed resection was chosen based on location of
the tumor, on the presence of secondary pulmonary suppura-
tive reaction, associated neuroendocrine syndromes as well
as on the presence of mediastinal lymph nodes. Therefore,
anatomical resections were performed in 95.91% of cases
while wedge resections were performed in only 4.08%, this
approach being allowed by the peripheral development of the
tumor.

Regarding atypical carcinoids, we performed anatomical
resections in 6 cases and wedge resections in 2 cases. The
wedge resections where performed for tumors located
peripherally with uncertain macroscopical or intraoperative
histological examination. On the contrary the treatment for
secretant atypical carcinoid tumors consist of anatomical
resection associated with mediastinal lymphadenectomy (27).

Patients with stage III atypical carcinoid tumors must go
through induction chemo- and radiotherapy. Bronchoscopy
resections of endobronchial carcinoid tumors are only viable
in selected cases while palliative treatment is reserved only
for unresectable or metastatic tumors; in such cases chemo-
therapy and somatostatin administration might be taken into
consideration (28,29) Octreotide or Lanreotide might also be
administered when the bronchial carcinoid has somatostatin
receptors or if the patient presents hormonal symptoms.
Somatostatin receptors may be observed through somatostatin
receptor scintigraphy (SRS) (30,31).

Previously, a Nd-Yag LASER was used for endobronchial
resection of a typical bronchial carcinoid tumor located at
the origin of the superior right bronchus (31); however, one
year later surgical resection in the form of a bronchial sleeve
lobectomy was performed.

In our series follow-up was done using mainly imagistic
investigations (chest X-ray and CT) and also through bron-
choscopy. In two cases PET-CT was used for patient that had
atypical carcinoids with neuroendocrine syndromes. Recent
studies have demonstrated that the factors which lead to a
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negative outcome are lymph node metastasis, the histological
differentiation degree, location of the tumor (central or periph-
eral) as well as tumor size (32).

There are patients with bronchial carcinoids which
presented with partial tumoral regression with no obvious
explanation (33,34).

In patients with carcinoid tumors in the absence of meta-
static disease the 5 year survival rate is very high at 97%, much
higher than in other pulmonary tumors such as non-small
lung cancer (35-37). In our study there were no recurrences or
metastasis while paraneoplastic syndrome disappeared in all
cases within the first month after resection.

Bronchial carcinoid tumors associated with neuroendo-
crine syndrome must be given surgical treatment similar to
bronchopulmonary carcinomas no matter where they are
located (central or periphery). In the short-term outcomes,
neuroendocrine syndrome is expected to disappear shortly
after surgery while a normalization of the serum markers is
to be expected; in for the long-term outcomes, this histopatho-
logical subtype seems to be associated with a significantly
better survival when compared with other histopathological
subtypes of bronchopulmonary malignancies.
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