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INTRODUCTION — Bronchial carcinoid tumors are a rare group of pulmonary neoplasms that 

are characterized by neuroendocrine differentiation and relatively indolent clinical behavior. 

Although originally referred to as bronchial adenomas, these tumors are now recognized as 

malignant neoplasms because of their potential to metastasize. 

Like other carcinoid tumors, bronchial carcinoids are thought to be derived from the diffuse 

neuroendocrine system, which is made up of peptide- and amine-producing cells which have 

migrated from the embryologic neural crest. Carcinoids can arise at a number of sites throughout 

the body, including the thymus, lung, gastrointestinal tract, and ovary. The gastrointestinal tract 

is the most frequently involved site, while lung is the second most common. (See "Clinical 

characteristics of primary carcinoid tumors"). 

The clinical features, diagnosis, and treatment of pulmonary carcinoid tumors will be discussed 

here. Carcinoid tumors arising in other sites are discussed elsewhere. (See "Clinical 

characteristics of primary carcinoid tumors" and see "Treatment of carcinoid tumors and the 

carcinoid syndrome"). 

EPIDEMIOLOGY AND RISK FACTORS — Bronchial carcinoid tumors account for 

approximately 1 to 2 percent of all lung malignancies in adults and roughly 20 to 30 percent of 

all carcinoid tumors [1-4] . Bronchial carcinoids are the most common primary lung neoplasm of 

children, typically presenting in late adolescence. Typical carcinoids are about four times more 

common than atypical carcinoids. 

Globally, incidence rates range from 0.2 to 2 per 100,000 population per year, and most series 

suggest a higher incidence in women as compared to men, and in whites compared to blacks [1-

3,5-7] . 

• In a nationwide, registry-based Swedish series, the annual incidence rates of bronchial 

carcinoid among men and women were 0.2 and 1.3 per 100,000 population [3] .  

• In data from the United States Surveillance, Epidemiology and End Results (SEER) 

database, the annual incidence rates of bronchial carcinoids among white males and white 

females per 100,000 population between 1992 and 1999 were 0.52 and 0.89, respectively 

[2] . The corresponding values for black males and black females were 0.39 and 0.57, 

respectively.  



Although several reports suggest that the incidence of bronchial carcinoid tumors might be 

increasing over time [2,3,7] , this is at least partly related to the heightened use of advanced 

medical viewing techniques that detect asymptomatic tumors. 

The average age of an adult diagnosed with a typical bronchial carcinoid tumor is 45 years, while 

in many series, individuals with atypical carcinoids generally are approximately 10 years older 

[8-10] . 

Risk factors — Whether there is an association between bronchial carcinoids and smoking is 

unclear. In many studies, between one-third and two-thirds of all patients have been smokers 

[11-15] . Some note a higher prevalence of smoking in patients with atypical carcinoids [5,14] . 

Despite these reports, causality is not proven, and the epidemiologic data linking smoking with 

the development of atypical carcinoids are nowhere near as convincing as they are for 

bronchogenic cancers. (See "Cigarette smoking and other risk factors for lung cancer"). 

No other known carcinogens or exposure to environmental agents has been implicated in 

carcinogenesis. 

Inherited predisposition — Although rare, familial carcinoids are reported. Patients with the 

autosomal dominant syndrome of multiple endocrine neoplasia type 1 (MEN 1) have a high 

frequency of endocrine malignancies, and foregut carcinoids (ie, thymus, lung, stomach, or 

duodenum) arise in approximately 2 percent of cases. (See "Definition and genetics of Multiple 

Endocrine Neoplasia type 1"). 

Familial pulmonary carcinoids not associated with the MEN syndrome have also been described 

[16] . 

CLASSIFICATION, HISTOLOGY, AND HISTOCHEMISTRY — Histologically, bronchial 

carcinoids are part of a spectrum of neuroendocrine tumors arising in the lung which are 

characterized by strikingly different biologic behavior. At one end of the spectrum are typical 

carcinoids, which are low-grade, slowly-growing neoplasms which rarely metastasize to 

extrathoracic structures. At the other end of the spectrum are the high-grade neuroendocrine 

tumors, typified by small cell lung cancer (SCLC), which behave aggressively, with rapid tumor 

growth and early distant dissemination. The biologic behavior of atypical carcinoids is 

intermediate between typical carcinoids and SCLC. (See "Pathobiology and staging of small cell 

carcinoma of the lung"). 

Despite their heterogeneous clinical behavior, lung tumors with neuroendocrine differentiation 

share certain morphologic and biochemical characteristics. These include: 

• The capacity to synthesize neuropeptides  

• The presence of submicroscopic cytoplasmic dense core (neuroendocrine) granules, 

which can be visualized by electron microscopy  



WHO classification — Pulmonary neuroendocrine tumors have been the subject of considerable 

controversy, resulting in multiple competing and confusing classification schemes. In the 2004 

World Health Organization (WHO) classification, the spectrum of neuroendocrine tumors of the 

lung ranges from hyperplastic neuroendocrine cell lesions (carcinoid tumorlets and diffuse 

idiopathic pulmonary neuroendocrine cell hyperplasia [DIPNECH]) to the high-grade small cell 

(SCLC) and large cell neuroendocrine tumors (show table 1). (See "Pathology of lung 

malignancies"). 

However, this classification scheme has not been widely adopted in the US, for unclear reasons 

[17] . 

Histology — Typical low-grade carcinoid tumors are composed of cytologically bland cells 

containing regular round to oval nuclei with finely dispersed chromatin and inconspicuous small 

nucleoli. The cells are usually polygonal in shape and are arranged in distinct organoid, 

trabecular, or insular growth patterns with a delicate vascular stroma (show histology 1A-1B). 

Mitotic figures are scarce (<2 per 10 high-powered fields [HPF]), and necrosis is not seen. 

Peripheral typical carcinoids have a prominent spindle cell growth pattern, and up to 75 percent 

have foci of neuroendocrine cell hyperplasia (DIPNECH) and/or tumorlets (carcinoid foci 

smaller than 5 mm in diameter) in the adjacent lung parenchyma. Coexpression of these 

preinvasive neuroendocrine cell lesions does not seem to affect prognosis, although the number 

of series with long-term follow-up is limited [18,19] . (See "Pathology of lung malignancies", 

section on DIPNECH and carcinoid tumorlets). 

Histologic criteria for intermediate-grade atypical carcinoids include the presence of carcinoid 

morphology and either necrosis (show histology 2A-2B) or 2 to 10 mitoses per 10 HPF. 

Cytologic atypia is also characteristic but insufficiently diagnostic in the absence of these 

features. However, at the individual patient level, none of these features enables a reliable 

prediction of clinical outcome [20] . 

Detailed discussions of the pathology of neuroendocrine lung tumors are presented separately. 

(See "Clinical characteristics of primary carcinoid tumors", section on Pathology, and see 

"Pathology of lung malignancies", section on Non-small cell neuroendocrine tumors). 

Atypical carcinoids present more often with hilar or mediastinal nodal metastases (20 to 60 

percent versus 4 to 27 percent), and they have a higher recurrence rate compared with typical 

carcinoids. (See "Prognosis" below). 

Histochemistry — Most carcinoids can be tentatively identified on routine light microscopy. 

Histologic staining patterns for secreted products and certain cytoplasmic proteins provide 

confirmatory support for the diagnosis. 

Historically, one of the most important was silver staining. Like other foregut carcinoids, 

bronchial carcinoids take up silver but do not reduce it (argyrophilic reaction); other carcinoids 

both take up and reduce silver (argentaffin reaction) (show table 2). More recently, 



immunohistochemical identification of secreted and cytoplasmic products such as synaptophysin, 

neuron-specific enolase (NSE) and chromogranin has now replaced silver staining as the most 

reliable method to confirm neuroendocrine differentiation [21] . 

CLINICAL FEATURES  

Presenting signs and symptoms — The majority of tumors arise in the proximal airways, and 

most are symptomatic from an obstructing tumor mass or bleeding due to its hypervascularity. 

Patients may have a cough or wheeze, hemoptysis, chest pain, or recurrent pneumonia in the 

same pulmonary segment or lobe due to bronchial obstruction. The diagnosis is often delayed, 

and patients may receive several courses of antibiotics to treat recurrent pneumonia before the 

carcinoid is diagnosed. 

The one-fourth of patients whose tumors originate peripherally in the lung are usually 

asymptomatic. These tumors are frequently discovered on a routine chest x-ray. 

Fewer than 5 percent exhibit hormonally-related symptoms such as the carcinoid syndrome, 

reflecting the low incidence of hepatic metastases [21] . 

Peptide production and paraneoplastic syndromes — Bronchial carcinoid tumors are thought to 

arise from a specialized bronchial cell (the Kulchitsky cell) which belongs to a diffuse system of 

neuroendocrine cells. These cells, which include the enterochromaffin cells of the 

gastrointestinal tract (the presumed cell of origin for gastrointestinal carcinoids), have the ability 

to take up and modify amine precursors like L-DOPA or 5-hydroxytryptophan. As a group, 

tumors that arise from these cells (eg, carcinoids, Merkel cell carcinomas, pheochromocytomas, 

medullary thyroid carcinomas, and pancreatic neuroendocrine [islet cell] tumors) have been 

referred to as amine precursor uptake and decarboxylation (APUD) tumors (or apudomas). All of 

these tumors can synthesize, store, and secrete biologically active neuroamines and 

neuropeptides. 

Not all carcinoids secrete high levels of bioactive peptides. In contrast to midgut tumors, foregut 

carcinoids (including those arising in the lung) generally have a low serotonin content (show 

table 2). This is because foregut carcinoids often lack aromatic amino acid decarboxylase and 

can't make serotonin and its metabolites (show figure 1). 

Although they can produce a variety of other peptides and hormones within the cell (gastrin 

releasing peptide [bombesin], 5-hydroxytryptophan, and chromogranins), bronchial carcinoids 

only occasionally secrete bioactive amines. As a result, elevated plasma or urinary hormone 

levels are rarely detected. 

Serum levels of chromogranin A (CGA) are lower with bronchial carcinoids than they are with 

other neuroendocrine tumors, and they overlap with those seen in patients who have 

nonmalignant conditions associated with increased CGA levels (ie, chronic renal failure, proton 

pump inhibitor therapy, chronic atrophic gastritis) [22] . However, measurement of serum CGA 

levels can be useful to follow disease activity in the setting of advanced or metastatic disease 



[22-25] . (See "Clinical features of the carcinoid syndrome" and see "Management of metastatic 

gastroenteropancreatic neuroendocrine tumors", section on Biochemical monitoring). 

Carcinoid syndrome — Carcinoid syndrome is caused by systemic release of vasoactive 

substances such as serotonin. Acute symptoms include cutaneous flushing, diarrhea, and 

bronchospasm; long-term sequelae of prolonged elevated hormone levels include venous 

telangiectasias, right-side predominant valvular heart disease, and fibrosis in the retroperitoneum 

and other sites. (See "Clinical features of the carcinoid syndrome" and see "Carcinoid heart 

disease"). 

As noted above, bronchial carcinoids produce lesser quantities of serotonin than do midgut 

carcinoids, accounting for a lower rate of carcinoid syndrome (1 to 5 percent overall) (show table 

2). In localized disease (the vast majority of cases of typical carcinoid), carcinoid syndrome is 

encountered only rarely with tumors of large size (>5 cm) [26] . However, it is encountered in 

over 80 percent of patients with liver metastases from bronchial carcinoid. 

When the carcinoid syndrome occurs in the setting of a bronchial carcinoid, symptoms may be 

atypical, with episodes of flushing and related manifestations that are particularly prolonged 

and/or severe and accompanied by other symptoms. These include disorientation, anxiety tremor, 

periorbital edema, lacrimation, salivation, hypotension, tachycardia, diarrhea, dyspnea, asthma, 

and edema. (See "Clinical features of the carcinoid syndrome", section on Bronchial carcinoid 

variant syndrome). 

For the rare patient in whom carcinoid syndrome is suspected, urinary excretion of 5-HIAA may 

be elevated [23,24] , but it is not as sensitive a test as it is in patients with midgut carcinoids. 

Bronchial carcinoids occasionally secrete 5-hydroxytryptophan, but assays for 5-

hydroxytryptophan are not available in clinical laboratories in the United States. Measurement of 

urinary serotonin levels may be of value. It is presumed that DOPA decarboxylase in the renal 

parenchyma converts the 5-hydroxytryptophan to serotonin in these patients, resulting in high 

levels of urinary serotonin. (See "Diagnosis of the carcinoid syndrome and tumor localization", 

section on Biochemical testing for the carcinoid syndrome). 

Carcinoid crisis — Rarely, biopsy or manipulation of an actively secreting bronchial carcinoid 

can induce a carcinoid crisis (acute carcinoid syndrome) due to massive systemic release of 

bioactive mediators [27,28] . Patients acutely develop flushing, diarrhea, and 

bronchoconstriction, along with other severe manifestations, which can include acidosis, severe 

hypertension or hypotension, tachycardia, or myocardial infarction. The outcome may be fatal. 

(See "Treatment of carcinoid tumors and the carcinoid syndrome", section on Carcinoid crisis). 

In contrast to other carcinoids (particularly in the setting of extensive liver metastases), the risk 

of a carcinoid crisis with pulmonary carcinoids is so low that most clinicians do not recommend 

prophylactic administration of octreotide prior to tumor manipulation (biopsy or resection). 

Nevertheless, all clinicians caring for these patients should be aware of the potential for 

carcinoid crisis with manipulation of an actively secreting tumor and the life-saving benefits of 

octreotide in this setting. (See "Management of metastatic gastroenteropancreatic neuroendocrine 

tumors", section on Prevention and management of carcinoid crisis). 



Cushing's syndrome — Both typical and atypical bronchial carcinoids can cause Cushing's 

syndrome due to ectopic production of adrenocorticotropic hormone (ACTH) [29-32] . Bronchial 

carcinoid is the most common cause of ectopic ACTH production; other malignant causes 

include SCLC and disseminated neuroendocrine tumors of unknown primary site. (See 

"Overview of the risk factors, pathology, and clinical manifestations of lung cancer" and see 

"Neuroendocrine carcinoma of unknown primary site"). 

Symptoms of Cushing's syndrome are seen in 1 to 2 percent of patients with bronchial carcinoid 

tumors and can be the initial reason for seeking medical attention. The onset is usually acute, and 

hypokalemia is often present. The diagnosis may be difficult because the production of ACTH 

by bronchial carcinoids can be suppressed by dexamethasone, unlike other tumors that produce 

ectopic ACTH [33] . (See "Establishing the cause of Cushing's syndrome" and see 

"Dexamethasone suppression tests", section on Low-dose dexamethasone suppression tests). 

The majority of bronchial carcinoid tumors in patients who present with Cushing's syndrome are 

small (<2 cm), making it even more difficult to establish the correct diagnosis [34,35] . High-

resolution CT with 1 mm sections may be particularly helpful in such cases to identify the 

primary tumor (show figure 2). Another option is somatostatin receptor scintigraphy [36] . (See 

"Other imaging procedures" below). 

At least some data suggest that ACTH-producing bronchial carcinoids are more aggressive than 

hormonally quiescent tumors [37,38] . However, others conclude that outcomes are not worse as 

long as patients undergo formal anatomic resection with complete mediastinal lymphadenectomy 

[35] . 

Acromegaly — Acromegaly from the ectopic production of growth hormone releasing hormone 

(GHRH) is a rare manifestation of a bronchial carcinoid [9,39-46] . However, bronchial 

carcinoid tumors are the most common cause of extrapituitary GHRH secretion. (See "Diagnosis 

of acromegaly", section on Other causes of acromegaly). 

DIAGNOSIS AND STAGING  

Radiographic appearance — Approximately 75 percent of bronchial carcinoids have an abnormal 

chest x-ray. Most tumors appear as round or ovoid opacities that range in size from 2 to 5 cm, 

and may be associated may be a hilar or perihilar mass (show figure 2) [47-49] . If a central 

tumor results in bronchial obstruction, atelectasis and mucoid impaction are the visible features. 

Cavitation is rare. Pleural effusions are unusual but may occur with postobstructive pneumonia. 

The remainder present in the periphery as an asymptomatic solitary pulmonary nodule (show 

figure 3 and show figure 4). 

CT scan — Compared to a chest x-ray, CT provides better resolution of tumor extent, location, 

and the presence or absence of mediastinal adenopathy. CT gives an excellent morphologic 

characterization of peripheral and especially centrally located carcinoids, which may be purely 

intraluminal (polypoid configuration), exclusively extraluminal, or more frequently, a mixture of 

intraluminal and extraluminal components (an "iceberg" lesion). CT may also be helpful for 



differentiating tumor from postobstructive atelectasis or bronchial obstruction-related mucoid 

impaction. 

Tumors may have lobulated or irregular borders and punctate or eccentric calcification [50,51] . 

Contrast-enhanced CT scans frequently show marked enhancement due to the vascular nature of 

the tumors. 

Between 5 and 20 percent of typical bronchial carcinoids are associated with hilar or mediastinal 

adenopathy, but lymphadenopathy may also represent a local inflammatory reaction. While the 

sensitivity of CT for detecting hilar or mediastinal nodes is high, specificity is as low as 45 

percent [24] . The positive predictive value of CT-detected lymphadenopathy as an indication of 

nodal metastases was only 20 percent in one study [52] . 

Bronchoscopy and biopsy — Aboout three-fourths of bronchial carcinoids are centrally located 

and amenable to biopsy at the time of bronchoscopy. The bronchoscopic appearance is a 

typically pink to red vascular mass with intact overlying bronchial epithelium. Carcinoids are 

generally attached to the bronchus by a broad base but can be polypoid and create a ball-valve 

effect (show picture 1). 

The bronchoscopic appearance may be sufficiently characteristic for an experienced 

bronchoscopist to make a presumptive diagnosis, although it is preferable that brushings or 

biopsy be performed to confirm the diagnosis. 

Cytologic study of bronchial brushings is more sensitive than sputum cytology, but the 

diagnostic yield of cytology is low overall (4 to 63 percent) [53-55] . The intact bronchial 

mucosa overlying the carcinoid tumor prevents cells from exfoliating. Furthermore, the cells may 

be too few in number or benign in cytologic appearance for an accurate diagnosis. The 

preoperative diagnosis of atypical carcinoid is particularly difficult. 

Bronchial carcinoids are vascular, and there has been concern for bleeding in the past, 

particularly after flexible bronchoscopy with biopsy [56] . However, in many contemporary 

series, the incidence of serious bleeding complications during bronchoscopic biopsy is very low 

[5,24,57] . The administration of a diluted epinephrine solution before and after biopsy of a 

suspected endobronchial carcinoid may have reduced the risk of severe bleeding. (See "Flexible 

bronchoscopic equipment and procedures"). 

Peripheral tumors — For peripheral carcinoids that present as solitary pulmonary nodules, CT-

guided transthoracic needle aspiration is often the initial diagnostic maneuver. The primary risk 

with this approach is pneumothorax. Sometimes, patients with a solitary pulmonary nodule 

proceed directly to surgical excision if the likelihood of malignancy is high. (See "Diagnostic 

evaluation and initial management of the solitary pulmonary nodule"). 

Staging system — Pulmonary carcinoids are generally staged using the TNM classification for 

bronchogenic lung carcinomas (show table 3). Typical carcinoid tumors most commonly present 

as stage I tumors, while more than one-half of atypical carcinoids are stage II 

(bronchopulmonary nodal involvement) or III (mediastinal nodal involvement) at presentation. 



However, the prognostic relevance of the current TNM staging system is questionable, 

particularly for typical carcinoids. Larger tumors (eg, T3N0, stage IIB) have a similar prognosis 

as do stage IA lesions, and 10-year survival is close to 90 percent even with N1 or N2 disease. 

The proposed modifications for the 7th edition (show table 4 and show table 5) are better for 

predicting prognosis for bronchial carcinoids [58] , and the International Association for the 

Study of Lung Cancer (IASLC) has recommended that this version be applied to this set of 

tumors. 

Other imaging procedures — A number of other imaging procedures have a more limited role in 

patients suspected of having a bronchial carcinoid tumor but are useful in selected patients: 

MRI — Preoperative MRI may be needed to differentiate a small contrast-enhancing peripheral 

carcinoid from pulmonary vessels, or to characterize vascular involvement by a centrally located 

lesion. The scans characteristically show high signal intensity on T2-weighted images and short 

T1-inversion-recovery images [59] . 

Somatostatin receptor scintigraphy — Approximately 80 percent of bronchial carcinoids express 

somatostatin receptors and can be imaged with radiolabeled octreotide (indium-111 

pentetreotide, Octreoscan) [21,52,60-62] . However, specificity is limited because scintigraphy is 

positive in many other tumors, granulomas, and autoimmune diseases. (See "Localization of 

pancreatic endocrine tumors (islet-cell tumors)", section on Somatostatin-receptor scintigraphy). 

One benefit of somatostatin receptor scintigraphy (SRS) over other modalities is that it can 

image the whole body and identify metastatic disease, particularly outside the lung [52] . 

Guidelines from the National Comprehensive Cancer Network (NCCN) suggest "considering" 

SRS in patients with a bronchial carcinoid. However, due to the rarity of extrathoracic metastatic 

disease (5 percent in one series of 525 bronchial carcinoids [1] ), we do not routinely order 

preoperative SRS unless there is a suspicion for metastatic disease. (See "Management of 

metastatic gastroenteropancreatic neuroendocrine tumors", section on Somatostatin receptor 

scintigraphy). 

PET scans — Positron emission tomography (PET) scanning with fluorodeoxyglucose (FDG) as 

a means of identifying a solitary pulmonary nodule as a carcinoid has yielded conflicting results, 

probably related to the small size of these tumors and the fact that they are often hypometabolic 

[12,63-65] . In a retrospective review of 16 patients with surgically resected bronchial carcinoids, 

PET detected 12 (75 percent) [63] . (See "Diagnostic evaluation and initial management of the 

solitary pulmonary nodule"). 

The use of other tracers, such as 11C-L-DOPA and 11C-5-hydroxytryptophan (11C-5-HT), 

improves sensitivity for imaging neuroendocrine tumors [66] . In a study of 42 patients 

(including seven bronchial carcinoids), 11C-5-HT PET scanning detected more tumor lesions 

than somatostatin receptor scintigraphy or CT. The drawback is the short half-life of 20 minutes 

of the compound, which necessitates a cyclotron adjacent to the imaging facility. Because of this 

limitation, neither of these compounds is in routine clinical use. 



Liver imaging — The most common metastatic site with all carcinoid tumors is the liver. If 

metastatic disease is suspected, an abdominal CT scan or somatostatin receptor scintigraphy 

(SRS) may be ordered to rule out liver metastases. CT scans should be performed both before 

and after the administration of IV contrast, because carcinoid liver metastases are often 

hypervascular, becoming isodense relative to the liver parenchyma after contrast administration. 

Liver MRI is more sensitive than either CT or SRS for the detection of hepatic metastases. Many 

authorities now consider MRI to be the imaging study of choice for the detection of metastatic 

carcinoid. (See "Management of metastatic gastroenteropancreatic neuroendocrine tumors", 

section on Magnetic resonance imaging). 

None of these studies is recommended preoperatively in patients who are thought to have an 

isolated bronchial carcinoid. Typical pulmonary carcinoid tumors only rarely metastasize. While 

atypical carcinoid tumors have a greater tendency to metastasize, the diagnosis is almost never 

made preoperatively. 

TREATMENT AND PROGNOSIS — Surgical resection is the preferred treatment approach for 

patients whose overall medical condition and pulmonary reserve will tolerate it. For patients 

whose condition does not permit complete resection and for exceptional cases where the lesion is 

entirely intraluminal, bronchoscopic resection may be an alternative. (See "Endobronchial 

management" below). 

Surgical resection — Surgery is the treatment of choice for carcinoid tumors and the only 

therapeutic option offering a real chance of cure. The goal is en bloc resection of the entire 

neoplasm with preservation of as much functional lung as possible. Attempts to preserve lung 

parenchyma by the use of bronchoplastic techniques (eg, sleeve, wedge, or flap resection) to 

avoid lobectomy, bilobectomy, or pneumonectomy are justified and safe [67-69] . 

Since carcinoids, unlike bronchogenic carcinomas, tend not to spread submucosally, a surgical 

margin as small as 5 mm is considered adequate. Intraoperative frozen section analysis is critical 

to the success of this approach. Although long-term survival has been reported in patients with 

positive margins [56,68] , wider resections should always be performed if there are positive 

margins [67,70] . 

• Proximal tumors — For polypoid tumors of the main-stem bronchus or bronchus 

intermedius, a simple bronchotomy with wedge or sleeve resection of the bronchial wall 

and complete preservation of distal lung parenchyma could be performed [71] . However, 

such completely parenchyma-sparing procedures are only rarely possible because of the 

frequency of "iceberg" lesions (in which the tumor appears entirely intraluminal 

bronchoscopically but has a significant extraluminal component that is evident with high-

resolution CT scanning). (See "CT scan" above).  

Tumors with more extensive central involvement, those that are associated with severe distal 

parenchymal disease (ie, nonfunctioning lung parenchyma), and atypical carcinoids require more 

extensive surgery (eg, lobectomy or pneumonectomy). 



• Peripheral tumors — For peripheral lesions, the ideal surgical approach is debated, and 

there is no consensus. Segmental sleeve resections are associated with a greater risk of 

postoperative stenosis compared with bronchoplastic procedures in wider bronchial 

segments. This has led some to advocate lobectomy in the case of a tumor involving the 

orifice of a segmental bronchus, while others suggest that a more limited resection (eg, 

wedge resection or segmentectomy) is appropriate for typical carcinoids because of the 

low likelihood of a local recurrence [72] .  

• Lymph node dissection — Between 5 and 20 percent of typical carcinoids, and 30 to 70 

percent of atypical carcinoids metastasize to lymph nodes [21] . A complete mediastinal 

lymph node dissection at the time of initial treatment is indicated, with surgical resection 

of nodal metastasis whenever feasible. Metastatic involvement of mediastinal lymph 

nodes does not preclude a full surgical resection or cure.  

Prognosis — Typical bronchial carcinoids have an excellent prognosis. Reported five-year 

survival rates are 87 to 100 percent; the corresponding rates at 10 years are 82 to 87 percent 

(show table 4) [5,10,21,24,72-78] . 

The prognostic impact of nodal involvement for typical bronchial carcinoids is controversial. 

Some studies show a worse outcome [79,80] , while many do not [18,81,82] . Incomplete 

resection is the only widely accepted feature associated with negative prognostic significance. 

Atypical carcinoids have a greater tendency to metastasize (16 and 23 percent in two large series 

[78,83] ) and to recur locally (3 and 23 percent in the same two series [78,83] ). Five-year 

survival rates range widely from 30 to 95 percent; the corresponding rates at 10 years are 35 to 

56 percent (show table 6) [10,11,21,24,74,76,77,80,81,84-86] . 

In contrast to typical carcinoids, most series report an adverse influence of nodal metastases on 

prognosis [73,76,83,84] . This is best illustrated by the experience at the Mayo Clinic [73] . 

Nineteen of 23 patients with typical bronchial carcinoids and lymph node involvement (83 

percent) remained alive and well, while four failed distantly, two of whom died. In contrast, only 

four of the 11 patients with atypical tumors and lymph node involvement were alive without 

disease, while seven developed distant metastases and six died. 

Adjuvant therapy — The role of adjuvant therapy after complete resection of a bronchial 

carcinoid is undefined. Due to their favorable long-term outcome even in the presence of 

mediastinal nodal metastases, most authorities agree that adjuvant therapy is not indicated for 

completely resected, typical bronchial carcinoids [70] . 

In contrast, the worse long-term outcomes among patients with atypical carcinoids and 

mediastinal (N2) node disease have led some (including the National Comprehensive Cancer 

Network [NCCN] [87] ) to suggest postoperative adjuvant therapy with chemotherapy, radiation 

therapy (RT), or both [24,88-92] . However, many of the series which purport to show a benefit 

for adjuvant therapy included patients with large cell neuroendocrine tumors whose outcome is 

significantly worse than that of patients with atypical carcinoids [76] . The role of chemotherapy 

and radiation in the setting of small cell and large cell neuroendocrine lung cancers is discussed 



elsewhere. (See "Thoracic radiotherapy in the treatment of limited stage small cell lung cancer" 

and see "First-line chemotherapy for small cell lung cancer"). 

There are no prospective trials that directly address the benefit of adjuvant therapy for patients 

with bronchial carcinoids (typical or atypical), and there is only scant experience from a single-

institution retrospective series. The following represents the range of findings: 

• A report from Sloan Kettering Cancer Center included 25 patients with node-positive 

disease (12 typical and 13 atypical carcinoids) [82] . Nine of the 15 patients with N2 

disease received adjuvant RT. The five-year overall survival rate was 75 percent, and it 

was not better in those who received adjuvant RT. The use of RT also did not influence 

the failure pattern; most recurrences were distant and correlated with cell type.  

• M D Anderson reported their experience in 73 surgical patients with bronchial carcinoids, 

seven of whom received adjuvant RT and/or chemotherapy because of positive margins, 

local invasion, and/or lymph node involvement [92] . Only one of the seven patients who 

underwent surgery followed by RT was alive without evidence of disease 10 years later.  

• In an Italian series of 42 patients with pulmonary carcinoids (26 typical, 16 atypical), RT 

and/or systemic therapy (four cycles of cisplatin and etoposide) was administered to all 

seven patients with stage III disease and to one patient who had a T3N1 tumor (show 

table 3) [24] . Despite the use of adjuvant therapy, five of the seven patients who had 

received adjuvant therapy recurred and died of their disease, all of whom had atypical 

histology. Among the four patients who recurred after systemic chemotherapy, all failed 

with distant disease, none locally.  

Summary — Consensus guidelines from the National Comprehensive Cancer Network (NCCN) 

suggest the use of chemotherapy and radiation therapy for resected stage II or III (show table 3) 

atypical carcinoids but not for typical carcinoids [93] . 

However, due to the lack of data and uncertainty as to benefit, we do not routinely recommend 

adjuvant therapy for completely resected typical or atypical carcinoids, with or without regional 

nodal involvement. Radiation therapy is a reasonable option for atypical carcinoids if gross 

residual disease remains after surgery [88] , although whether this improves outcomes is 

unproven. 

Endobronchial management — Bronchoscopy is the procedure of choice to obtain a preoperative 

histologic diagnosis. (See "Bronchoscopy and biopsy" above). In some cases, a polypoid tumor 

may appear entirely intraluminal and amenable to bronchoscopic resection. However, 

endobronchial resection with a Nd:YAG laser is not considered curative for the vast majority of 

patients with central lesions because most tumors extend into or through the wall of the 

bronchus. Bronchoscopic resection may be considered in the following clinical scenarios: 

• For patients with central airway occlusion who are poor surgical candidates, 

bronchoscopic laser resection is a valuable palliative maneuver [94-96] . (See "Overview 

of the management of central airway obstruction", section on Laser therapy).  



• Laser bronchoscopic removal of an obstructing lesion may be useful for the surgeon to 

plan the most appropriate surgical procedure [97] . (See "Surgical resection" above).  

• Bronchoscopic resection alone may provide prolonged recurrence-free survival for highly 

selected patients with a polypoid bronchial carcinoid [15,74,80,98] . These are patients 

who present with a polypoid intraluminal tumor, good visualization of the distal tumor 

margin, and no evidence of bronchial wall involvement or suspicious lymphadenopathy 

by high resolution CT.  

In the largest series of 72 patients treated with this approach (57 typical and 15 atypical 

carcinoids), initial bronchoscopic management resulted in complete tumor eradication in 33 (46 

percent) [15] . Surgery was required in 37 (including 11 of the 15 atypical carcinoids), two for 

delayed recurrences at nine and 10 years. At a median follow-up of 65 months, 66 (92 percent) 

remained alive, and only one of the deaths was tumor-related. 

Close posttreatment follow-up is an integral component of bronchoscopic resection. In the series 

described above, patients underwent high-resolution CT and flexible bronchoscopy with 

bronchoscopic ultrasonography within six weeks after endobronchial resection and referred for 

surgery for any evidence of residual disease [15] . Repeat evaluation was performed every six 

months for two years and annually thereafter. 

• The utility of bronchoscopic cryotherapy was addressed in a small series of eighteen 

isolated endoluminal typical bronchial tumors [99] . There was only a single recurrence 

seven years after initial treatment, and the procedure was safe and not associated with 

later development of bronchial stenosis.  

Summary — Bronchoscopic resection is not considered standard potentially curative treatment 

by many clinicians because of the concern about leaving substantial tumor behind either within 

or beyond the endobronchial lumen. Because of the slow growing nature of carcinoid tumors, it 

may take years before a recurrence develops. Until more data is available, bronchoscopic 

treatment is best reserved for selected elderly or debilitated patients. 

Locally advanced unresectable disease — Although carcinoid tumors have been considered 

relatively radiation-resistant, definitive radiation therapy (RT) can provide effective palliation of 

a locally unresectable primary tumor [88,100] . It is not a curative option, however. 

Some recommend that patients with locally advanced unresectable pulmonary carcinoids 

undergo chemotherapy plus RT, in a manner similar to treatment for intrathoracic small cell lung 

cancer (SCLC) [101] . However, response rates seem to be lower than are seen with SCLC, and 

whether this approach is superior to RT alone remains uncertain. (See "Thoracic radiotherapy in 

the treatment of limited stage small cell lung cancer" and see "First-line chemotherapy for small 

cell lung cancer"). 

POSTTREATMENT SURVEILLANCE — Despite their low malignant potential, long-term 

follow-up of patients with bronchial carcinoids is warranted because local or distant disease 

recurrence may occur many years after initial treatment. 



The optimal posttreatment surveillance strategy is not defined, and there is no consensus on what 

tests should be ordered. We perform history and physical examination and chest CT annually for 

patients with resected typical carcinoid and every six months for resected atypical carcinoids for 

the first two years, then annually. Others perform a chest CT every six months regardless of 

histology. Guidelines for posttreatment surveillance for bronchial carcinoids are not available 

from the NCCN [93] . 

Although some authors recommend somatostatin receptor scintigraphy in the follow-up of 

patients with bronchial carcinoid tumors [102] , we do not routinely order SRS unless there is 

suspicion for metastatic disease. Similarly, measurement of serum levels of chromogranin A 

(CGA) can be useful to follow disease activity in the setting of advanced or metastatic disease, 

but we do not routinely monitor CGA levels postoperatively. (See "Other imaging procedures" 

above and see "Peptide production and paraneoplastic syndromes" above). 

MANAGEMENT OF METASTATIC CARCINOID AND THE CARCINOID SYNDROME —

 The most frequent site of metastatic disease is the liver; other sites include bone, adrenal glands, 

and brain. The rarity of bronchial carcinoids has prevented the design of prospective trials, and 

few data are available regarding treatment for relapsed or advanced disease. In most cases, 

treatment principles are extrapolated from the experience with the more common gastrointestinal 

carcinoids. 

Liver-directed therapy — The liver is the predominant site of metastatic disease. Hepatic 

resection is indicated for the treatment of selected patients with isolated, limited volume, 

metastatic liver disease. Although the majority of cases will not be cured by surgery, symptoms 

of hormone hypersecretion are effectively palliated, and prolonged survival is often possible, 

given the slow-growing nature of these tumors. (See "Management of metastatic 

gastroenteropancreatic neuroendocrine tumors", section on Hepatic resection). 

Other liver-directed therapies for hepatic-predominant disease include hepatic artery 

embolization and chemoembolization, radiofrequency ablation, and cryoablation. (See 

"Management of metastatic gastroenteropancreatic neuroendocrine tumors", section on 

Nonsurgical liver-directed therapy). 

Somatostatin analogs — Control of symptoms caused by secretion of biologically active amines 

or peptides may be achieved in 60 percent of cases by somatostatin receptor analogs such as 

octreotide (or where available, lanreotide), with or without interferon-alfa. Although these drugs 

can also slow tumor growth, radiographic regression of disease is rare. (See "Treatment of 

carcinoid tumors and the carcinoid syndrome", section on Control of symptoms, and see 

"Management of metastatic gastroenteropancreatic neuroendocrine tumors", section on 

Octreotide and lanreotide). 

Radiation therapy — As noted above, carcinoid tumors have been considered relatively 

radiation-resistant. However, radiation can provide useful pain relief for patients with bone 

metastases [100,103] . 



Chemotherapy — For metastatic carcinoid tumors as a group, multiple cytotoxic drugs have been 

tried in various combinations, but randomized trials have revealed only minor activity. As a 

result, there is no standard regimen, and the role of chemotherapy for advanced carcinoid tumors 

in general continues to be debated. (See "Management of metastatic gastroenteropancreatic 

neuroendocrine tumors", section on Combination chemotherapy for carcinoid tumors). 

There are some data to suggest that bronchial carcinoids have somewhat different chemotherapy 

sensitivity compared to carcinoids originating at other sites, although the reasons why this should 

be so are unclear: 

• Patients with metastatic disease from bronchial carcinoid are often treated with regimens 

that are typically used for SCLC. Although chemotherapy responsiveness is not as 

predictable as it is with SCLC, objective partial responses have been documented using 

cisplatin plus etoposide with or without paclitaxel.  

• At least some data suggest activity with single agent temozolomide [104] . A study of 

patients with metastatic or inoperable malignant neuroendocrine tumors included 13 

bronchial carcinoids (10 typical and 3 atypical); all received oral temozolomide for five 

consecutive days every 28 days [104] . Four (31 percent) had a partial response, while 

four others (31 percent) had stable disease.  

This topic is addressed in detail elsewhere. (See "Management of metastatic 

gastroenteropancreatic neuroendocrine tumors", section on Single agent therapy). 

Novel approaches — The limited efficacy of chemotherapy has prompted investigation of novel 

therapeutic approaches for patients with advanced carcinoids. These include targeted 

radiotherapy (eg, therapeutic I-131 MIBG, 177Lu-octreotate), inhibitors of angiogenesis (eg, 

bevacizumab) and small molecule tyrosine kinase inhibitors (eg, sunitinib). These treatments are 

all discussed in detail elsewhere. (See "Management of metastatic gastroenteropancreatic 

neuroendocrine tumors", section on Novel treatment approaches). 

SUMMARY AND RECOMMENDATIONS — Bronchial carcinoid tumors are malignant 

neoplasms that are characterized by neuroendocrine differentiation and indolent clinical 

behavior. Typical bronchial carcinoids rarely metastasize and have an excellent prognosis even 

when regional lymph nodes are involved; atypical carcinoids have a higher likelihood of 

metastases and a worse prognosis, particularly if mediastinal nodes are involved. (See 

"Classification, histology, and histochemistry" above and see "Prognosis" above). 

• Most patients have a centrally-located tumor and are symptomatic from the tumor mass 

with coughing, hemoptysis, wheezing, or a recurrent postobstructive pneumonia. 

Peripheral lesions present most often as an asymptomatic solitary pulmonary nodule. (See 

"Clinical features" above).  

• Computed tomography is the most useful imaging procedure, and the diagnosis is 

generally confirmed either by bronchoscopic biopsy (for central lesions) or by 

transthoracic needle biopsy for peripheral lesions. (See "Diagnosis and staging" above).  



Additional preoperative staging studies such as somatostatin receptor scintigraphy or hepatic 

imaging are not indicated unless there is a clinical suspicion for metastatic disease. (See "Other 

imaging procedures" above). 

Localized disease  

• For patients with either a typical or atypical bronchial carcinoid whose medical condition 

and pulmonary reserve will tolerate it, we recommend surgical resection and a complete 

mediastinal lymph node dissection (Grade 1B). The presence of mediastinal lymph node 

metastases does not preclude cure. (See "Surgical resection" above).  

For most patients, endobronchial resection is a suboptimal method of definitive treatment. 

However, initial bronchoscopic management is a reasonable alternative to immediate surgical 

resection in patients who present with a polypoid intraluminal tumor, good visualization of the 

distal tumor margin, and no evidence of bronchial wall involvement or suspicious 

lymphadenopathy by high resolution CT. Close posttreatment follow-up is an integral component 

of such treatment. (See "Endobronchial management" above). 

• Although others disagree, we suggest not administering postoperative adjuvant therapy 

for a completely resected bronchial carcinoid of any stage or histology (Grade 2C). (See 

"Adjuvant therapy" above).  

• Despite their low malignant potential, long-term follow-up of patients with bronchial 

carcinoids is warranted. Although the optimal posttreatment surveillance strategy is not 

defined, we suggest an annual history and physical examination as well as chest CT for 

typical carcinoids and every six month history and physical examination and chest CT for 

atypical carcinoids (Grade 2C). We reserve postoperative somatostatin receptor 

scintigraphy for patients who have a clinical suspicion for metastatic disease. (See 

"Posttreatment surveillance" above).  

Locally advanced and metastatic disease  

• For patients with surgically unresectable but nonmetastatic disease, options for local 

control of tumor growth include radiation therapy and palliative endobronchial resection 

of obstructing tumor. (See "Locally advanced unresectable disease" above and see 

"Endobronchial management" above).  

• For patients who have a limited, potentially resectable liver-isolated metastatic carcinoid, 

we recommend surgical resection (Grade 1B). Although the majority of cases will not be 

cured by surgery, given the slow-growing nature of the tumor, extended survival is 

sometimes possible.  

Other treatment options for patients with unresectable hepatic-predominant metastatic disease 

include embolization, chemoembolization, RFA, and cryoablation. (See "Liver-directed therapy" 

above). 



• For patients with more advanced metastatic disease, first-line therapy with a somatostatin 

analog is reasonable. In progressing cases, a cisplatin-based chemotherapy regimen such 

as that used for small cell lung cancer or single agent temozolomide are reasonable 

options. (See "Chemotherapy" above).  

Use of UpToDate is subject to the Subscription and License Agreement .  

REFERENCES  

1 

Quaedvlieg, PF, Visser, O, Lamers, CB, et al. Epidemiology and survival in patients with 

carcinoid disease in The Netherlands. An epidemiological study with 2391 patients. Ann 

Oncol 2001; 12:1295. 

2 
Modlin, IM, Lye, KD, Kidd, M. A 5-decade analysis of 13,715 carcinoid tumors. Cancer 

2003; 97:934. 

3 
Hemminki, K, Li, X. Incidence trends and risk factors of carcinoid tumors. Cancer 2001; 

92:2204. 

4 
Hauso, O, Gustafsson, BI, Kidd, M, et al. Neuroendocrine tumor epidemiology: contrasting 

Norway and North America. Cancer 2008; 113:2655. 

5 

Fink, G, Krelbaum,T, Yellin, A, et al. Pulmonary carcinoid: presentation, diagnosis, and 

outcome in 142 cases in Israel and review of 640 cases from the literature. Chest 2001; 

119:1647. 

6 
Gatta, G, Ciccolallo, L, Kunkler, I, et al. Survival from rare cancer in adults: a population-

based study. Lancet Oncol 2006; 7:132. 

7 

Yao, JC, Hassan, M, Phan, A, et al. One hundred years after "carcinoid": epidemiology of 

and prognostic factors for neuroendocrine tumors in 35,825 cases in the United States. J Clin 

Oncol 2008; 26:3063. 

8 
Zuetenhorst, JM, Taal, BG. Metastatic carcinoid tumors: A clinical review. Oncologist 2005; 

10:123. 

9 
Filosso, PL, Donati, G, Rena, O, Oliaro, A. Acromegaly as manifestation of a bronchial 

carcinoid tumour. Asian Cardiovasc Thorac Ann 2003; 11:189. 

10 

Skuladottir, H, Hirsch, FR, Hansen, HH, Olsen, JH. Pulmonary neuroendocrine tumors: 

incidence and prognosis of histological subtypes. A population-based study in Denmark. 

Lung Cancer 2002; 37:127. 

11 
Beasley, MB, Thunnissen, FB, Brambilla, E, et al. Pulmonary atypical carcinoid: predictors 

of survival in 106 cases. Hum Pathol 2000; 31:1255. 

12 
Erasmus, JJ, McAdams, HP, Patz, EF Jr, et al. Evaluation of primary pulmonary carcinoid 

tumors using FDG PET. AJR Am J Roentgenol 1998; 170:1369. 

13 

Kayser, K, Kayser, C, Rahn, W, et al. Carcinoid tumors of the lung: immuno- and 

ligandohistochemistry, analysis of integrated optical density, syntactic structure analysis, 

clinical data, and prognosis of patients treated surgically. J Surg Oncol 1996; 63:99. 

14 
Froudarakis, M, Fournel, P, Burgard, G, et al. Bronchial carcinoids. A review of 22 cases. 

Oncology 1996; 53:153. 

15 Brokx, HA, Risse, EK, Paul, MA, et al. Initial bronchoscopic treatment for patients with 



intraluminal bronchial carcinoids. J Thorac Cardiovasc Surg 2007; 133:973. 

16 
Oliveira, AM, Tazelaar, HD, Wentzlaff, KA, et al. Familial pulmonary carcinoid tumors. 

Cancer 2001; 91:2104. 

17 
Modlin, IM, Moss, SF, Chung, DC, et al. Priorities for improving the management of 

gastroenteropancreatic neuroendocrine tumors. J Natl Cancer Inst 2008; 100:1282. 

18 
Aubry, MC, Thomas, CF Jr, Jett, JR, et al. Significance of multiple carcinoid tumors and 

tumorlets in surgical lung specimens: analysis of 28 patients. Chest 2007; 131:1635. 

19 

Ruffini, E, Bongiovanni, M, Cavallo, A, et al. The significance of associated pre-invasive 

lesions in patients resected for primary lung neoplasms. Eur J Cardiothorac Surg 2004; 

26:165. 

20 

Rugge, M, Fassan, M, Clemente, R, et al. Bronchopulmonary carcinoid: phenotype and 

long-term outcome in a single-institution series of Italian patients. Clin Cancer Res 2008; 

14:149. 

21 
Gustafsson, BI, Kidd, M, Chan, A, et al. Bronchopulmonary neuroendocrine tumors. Cancer 

2008; 113:5. 

22 
Campana, D, Nori, F, Piscitelli, L, et al. Chromogranin A: is it a useful marker of 

neuroendocrine tumors?. J Clin Oncol 2007; 25:1967. 

23 
Granberg, D, et al. Experience in treatment of metastatic pulmonary carcinoid tumors. Ann 

Oncol 2001; 12:1383. 

24 
Divisi, D, Crisci, R. Carcinoid tumors of the lung and multimodal therapy. Thorac 

Cardiovasc Surg 2005; 53:168. 

25 
Nehar, D, Lombard-Bohas, C, Olivieri, S, et al. Interest of Chromogranin A for diagnosis 

and follow-up of endocrine tumours. Clin Endocrinol (Oxf) 2004; 60:644. 

26 
Fischer, S, Kruger, M, McRae, K, et al. Giant bronchial carcinoid tumors: a 

multidisciplinary approach. Ann Thorac Surg 2001; 71:386. 

27 
Karmy-Jones, R, Vallieres, E. Carcinoid crisis after biopsy of a bronchial carcinoid. Ann 

Thorac Surg 1993; 56:1403. 

28 
Mehta, AC, Rafanan, AL, Bulkley, R, et al. Coronary spasm and cardiac arrest from 

carcinoid crisis during laser bronchoscopy. Chest 1999; 115:598. 

29 
Limper, AH, Carpenter, PC, Scheithauer, B, Staats, BA. The Cushing syndrome induced by 

bronchial carcinoid tumors. Ann Intern Med 1992; 117:209. 

30 
Jones, JE, Shane, SR, Gilbert, E, Flink, EB. Cushing's syndrome induced by the ectopic 

production of ACTH by a bronchial carcinoid. J Clin Endocrinol Metab 1969; 29:1. 

31 
DeStephano, DB, Lloyd, RV, Schteingart, DE. Cushing's syndrome produced by a bronchial 

carcinoid tumor. Hum Pathol 1984; 15:890. 

32 

Scanagatta, P, Montresor, E, Pergher, S, et al. Cushing's syndrome induced by 

bronchopulmonary carcinoid tumours: a review of 98 cases and our experience of two cases. 

Chir Ital 2004; 56:63. 

33 

Malchoff, CD, Orth, DN, Abboud, JA, et al. Ectopic ACTH syndrome caused by a bronchial 

carcinoid tumor responsive to dexamethasone, metyrapone, and corticotropin-releasing 

factor. Am J Med 1988; 84:760. 

34 Vincent, JM, Trainer, PJ, Reznek, RH, et al. The radiological investigation of occult ectopic 



ACTH-dependent Cushing's syndrome. Clin Radiol 1993; 48:11. 

35 
Deb, SJ, Nichols, FC, Allen, MS, et al. Pulmonary carcinoid tumors with Cushing's 

syndrome: an aggressive variant or not?. Ann Thorac Surg 2005; 79:1132. 

36 

Tsagarakis, S, Christoforaki, M, Giannopoulou, H, et al. A reappraisal of the utility of 

somatostatin receptorscintigraphy in patients with ectopic adrenocorticotropin Cushing's 

syndrome. J Clin Endocrinol Metab 2003; 88:4754. 

37 

Shrager, JB, Wright, CD, Wain, JC, et al. Bronchopulmonary carcinoid tumors associated 

with Cushing's syndrome: a more aggressive variant of typical carcinoid. J Thorac 

Cardiovasc Surg 1997; 114:367. 

38 
Pass, HI, Doppman, JL, Nieman, L, et al. Management of the ectopic ACTH syndrome due 

to thoracic carcinoids. Ann Thorac Surg 1990; 50:52. 

39 

Scheithauer, BW, Carpenter, PC, Bloch, B, Brazeau, P. Ectopic secretion of a growth 

hormone-releasing factor. Report of a case of acromegaly with bronchial carcinoid tumor. 

Am J Med 1984; 76:605. 

40 
Dabek, FT. Bronchial carcinoid tumour with acromegaly in two patients. J Clin Endocrinol 

Metab 1974; 38:329. 

41 

Carroll, DG, Delahunt, JW, Teaue, CA, et al. Resolution of acromegaly after removal of a 

bronchial carcinoid shown to secrete growth hormone releasing factor. Aust N Z J Med 

1987; 17:63. 

42 

Garcia-Luna, PP, Leal-Cerro, A, Montero, C, et al. A rare cause of acromegaly: ectopic 

production of growth hormone-releasing factor by a bronchial carcinoid tumor. Surg Neurol 

1987; 27:563. 

43 

Athanassiadi, K, Exarchos, D, Tsagarakis, S, Bellenis, I. Acromegaly caused by ectopic 

growth hormone-releasing hormone secretion by a carcinoid bronchial tumor: a rare entity. J 

Thorac Cardiovasc Surg 2004; 128:631. 

44 
Osella, G, Orlandi, F, Caraci, P, et al. Acromegaly due to ectopic secretion of GHRH by 

bronchial carcinoid in a patient with empty sella. J Endocrinol Invest 2003; 26:163. 

45 
Bhansali, A, Rana, SS, Bhattacharya, S, et al. Acromegaly: a rare manifestation of bronchial 

carcinoid. Asian Cardiovasc Thorac Ann 2002; 10:273. 

46 

Zatelli, MC, Maffei, P, Piccin, D, et al. Somatostatin analogs in vitro effects in a growth 

hormone-releasing hormone-secreting bronchial carcinoid. J Clin Endocrinol Metab 2005; 

90:2104. 

47 
Nessi, R, Basso Ricci, P, Basso Ricci, S, et al. Bronchial carcinoid tumors: radiologic 

observations in 49 cases. J Thorac Imaging 1991; 6:47. 

48 
Abdi, EA, Goel, R, Bishop, S, Bain, GO. Peripheral carcinoid tumours of the lung: a 

clinicopathological study. J Surg Oncol 1988; 39:190. 

49 
Jeung, MY, Gasser, B, Gangi, A, et al. Bronchial carcinoid tumors of the thorax: spectrum 

of radiologic findings. Radiographics 2002; 22:351. 

50 
Magid, D, Siegelman, SS, Eggleston, JC, et al. Pulmonary carcinoid tumors: CT assessment. 

J Comput Assist Tomogr 1989; 13:244. 

51 
Zwiebel, BR, Austin, JH, Grimes, MM. Bronchial carcinoid tumors: Assessment with CT of 

location and intratumoral calcification in 31 patients. Radiology 1991; 179:483. 



52 
Granberg, D, Sundin, A, Janson, ET, et al. Octreoscan in patients with bronchial carcinoid 

tumours. Clin Endocrinol (Oxf) 2003; 59:793. 

53 
Aron, M, Kapila, K, Verma, K. Carcinoid tumors of the lung: a diagnostic challenge in 

bronchial washings. Diagn Cytopathol 2004; 30:62. 

54 
Okike, N, Bernatz, PE, Woolner, LB. Carcinoid tumors of the lung. Ann Thorac Surg 1976; 

22:270. 

55 
Nguyen, GK. Cytopathology of pulmonary carcinoid tumors in sputum and bronchial 

brushings. Acta Cytol 1995; 39:1152. 

56 
Todd, TR, Cooper, JD, Weissberg, D, et al. Bronchial carcinoid tumors: twenty 

years'experience. J Thorac Cardiovasc Surg 1980; 79:532. 

57 
Kurul, IC, Topcu, S, Tastepe, I, et al. Surgery in bronchial carcinoids: experience with 83 

patients. Eur J Cardiothorac Surg 2002; 21:883. 

58 

Travis, WD, Giroux, DJ, Chansky, K, et al. The IASLC Lung Cancer Staging Project: 

proposals for the inclusion of broncho-pulmonary carcinoid tumors in the forthcoming 

(seventh) edition of the TNM Classification for Lung Cancer. J Thorac Oncol 2008; 3:1213. 

59 
Douek, PC, Simoni, L, Revel, D, et al. Diagnosis of bronchial carcinoid tumor by ultrafast 

contrast-enhanced MR imaging. AJR Am J Roentgenol 1994; 163:563. 

60 

Reubi, JC, Kvols, LK, Waser, B, et al. Detection of somatostatin receptors in surgical and 

percutaneous needle biopsy samples of carcinoids and islet cell carcinomas. Cancer Res 

1990; 50:5969. 

61 

Weiss, M, Yellin, A, Husza'r, M, et al. Localization of adrenocorticotropic hormone-

secreting bronchial carcinoid tumor by somatostatin-receptor scintigraphy. Ann Intern Med 

1994; 121:198. 

62 
Yellin, A, Zwas, ST, Rozenman, J, et al. Experience with somatostatin receptor scintigraphy 

in the management of pulmonary carcinoid tumors. Isr Med Assoc J 2005; 7:712. 

63 

Daniels, CE, Lowe, VJ, Aubry, MC, et al. The utility of fluorodeoxyglucose positron 

emission tomography in the evaluation of carcinoid tumors presenting as pulmonary 

nodules. Chest 2007; 131:255. 

64 
Rege, SD, Hoh, CK, Glaspy, JA, et al. Imaging of pulmonary mass lesions with whole-body 

positron emission tomography and fluorodeoxyglucose. Cancer 1993; 72:82. 

65 
Chong, S, Lee, KS, Kim, BT, et al. Integrated PET/CT of pulmonary neuroendocrine 

tumors: diagnostic and prognostic implications. AJR Am J Roentgenol 2007; 188:1223. 

66 

Orlefors, H, Sundin, A, Garske, U, et al. Whole-body (11)C-5-hydroxytryptophan positron 

emission tomography as a universal imaging technique for neuroendocrine tumors: 

comparison with somatostatin receptor scintigraphy and computed tomography. J Clin 

Endocrinol Metab 2005; 90:3392. 

67 
Terzi, A, Lonardoni, A, Feil, B, et al. Bronchoplastic procedures for central carcinoid 

tumors: clinical experience. Eur J Cardiothorac Surg 2004; 26:1196. 

68 

El Jamal, M, Nicholson, AG, Goldstraw, P. The feasibility of conservative resection for 

carcinoid tumors: is pneumonectomy ever necessary for uncomplicated cases? Eur J 

Cardiothorac Surg 2000; 18:301. 

69 
Lucchi, M, Melfi, F, Ribechini, A, et al. Sleeve and wedge parenchyma-sparing bronchial 

resections in low-grade neoplasms of the bronchial airway. J Thorac Cardiovasc Surg 2007; 



134:373. 

70 
Morandi, U, Casali, C, Rossi, G. Bronchial typical carcinoid tumors. Semin Thorac 

Cardiovasc Surg 2006; 18:191. 

71 
Cerfolio, RJ, Deschamps, C, Allen, MS, et al. Mainstem bronchial sleeve resection with 

pulmonary preservation. Ann Thorac Surg 1996; 61:1458. 

72 
Ferguson, MK, Landreneau, RJ, Hazelrigg, SR, et al. Long-term outcome after resection for 

bronchial carcinoid tumors. Eur J Cardiothorac Surg 2000; 18:156. 

73 
Thomas, CF, Tazelaar, HD, Jett, JR. Typical and atypical pulmonary carcinoids: outcome in 

patients presenting with regional lymph node involvement. Chest 2001; 119:1143. 

74 
Cardillo, G, Sera, F, Di Martino, M, et al. Bronchial carcinoid tumors: Nodal status and 

long-term survival after resection. Ann Thorac Surg 2004; 77:1781. 

75 
Ducrocq, X, Thomas, P, Massard, G, et al. Operative risk and prognostic factors of typical 

bronchial carcinoid tumors. Ann Thorac Surg 1998; 65:1410. 

76 
Asamura, H, Kameya, T, Matsuno, Y, et al. Neuroendocrine neoplasms of the lung: a 

prognostic spectrum. J Clin Oncol 2006; 24:70. 

77 

Soga, J, Yakuwa, Y. Bronchopulmonary carcinoids: An analysis of 1,875 reported cases 

with special reference to a comparison between typical carcinoids and atypical varieties. 

Ann Thorac Cardiovasc Surg 1999; 5:211. 

78 

Matilla Gonzalez, J, Garcia-Yuste, M, Moreno-Mata, N, et al. Typical and atypical carcinoid 

tumors (NEC grades 1 and 2): Prognostic factiors in metastaes and local recurrence 

(abstract). Lung Cancer 2005; 49 (2 suppl):S60. 

79 
Chughtai, TS, Morin, JE, Scheiner, NM, et al. Bronchial carcinoid--twenty years'experience 

defines a selective surgical approach. Surgery 1997; 122:801.. 

80 
Harpole, DH, Jr, Feldman, JM, Buchanan, S, et al. Bronchial carcinoid tumors: A 

retrospective analysis of 126 patients. Ann Thorac Surg 1992; 54:50. 

81 
Fiala, P, Petraskova, K, Cernohorsky, S, et al. Bronchial carcinoid tumors: long-term 

outcome after surgery. Neoplasma 2003; 50:60. 

82 
Martini, N, Zaman, MB, Bains, MS, et al. Treatment and prognosis in bronchial carcinoids 

involving regional lymph nodes. J Thorac Cardiovasc Surg 1994; 107:1. 

83 
Kaplan, B, Stevens, CW, Allen, P, et al. Outcomes and patterns of failure in bronchial 

carcinoid tumors. Int J Radiat Oncol Biol Phys 2003; 55:125. 

84 

Gould, PM, Bonner, JA, Sawyer, TE, et al. Bronchial carcinoid tumors: Importance of 

prognostic factors that influence patterns of recurrence and overall survival. Radiology 

1998; 208:181. 

85 

Travis, WD, Rush, W, Flieder, DB, et al. Survival analysis of 200 pulmonary 

neuroendocrine tumors with clarification of criteria for atypical carcinoid and its separation 

from typical carcinoid. Am J Surg Pathol1998; 22:934. 

86 
Filosso, PL, Rena, O, Donati, G, et al. Bronchial carcinoid tumors: Surgical management 

and long-term outcome. J Thorac Cardiovasc Surg 2002; 123:303. 

87 
National Comprehensive Cancer Network (NCCN) guidelines available online at 

http://www.nccn.org/professionals/physician_gls/f_guidelines.asp (Accessed May 12, 2009). 

88 Mackley, HB, Videtic, GM. Primary carcinoid tumors of the lung: a role for radiotherapy. 



Oncology (Williston Park) 2006; 20:1537. 

89 
Marty-Ane, CH, Costas, V, Pujol, JL, et al. Carcinoid tumors of the lung: do atypical 

features require aggressive management?. Ann Thorac Surg 1995; 59:78. 

90 
Cooper, WA, Thourani, VH, Gal, AA, et al. The surgical spectrum of pulmonary 

neuroendocrine neoplasms. Chest 2001; 119:14. 

91 
Carretta, A, Ceresoli, GL, Arrigoni, G, et al. Diagnostic and therapeutic management of 

neuroendocrine lung tumors: a clinical study of 44 cases. Lung Cancer 2000; 29:217. 

92 
Perkins, P, Kemp, BL, Putnam, JB Jr, Cox, JD. Pretreatment characteristics of carcinoid 

tumors of the lung which predict aggressive behavior. Am J Clin Oncol 1997; 20:285. 

93 

National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology 

available at http://www.nccn.org/professionals/physician_gls/f_guidelines.asp (Accessed 

May 12, 2009). 

94 

Berendsen, HH, Postmus, PE, Edens, ET, Sluiter, HJ. Irresectable bronchial carcinoid with a 

32-year natural history. A report of two cases treated with Neodymium-YAG-laser, initially 

misinterpreted as small cell lung cancer. Eur J Respir Dis 1986; 68:151. 

95 
Diaz-Jimenez, JP, Canela-Cardona, M, Maestre-Alcacer, J. Nd:YAG laser photoresection of 

low-grade malignant tumors of the tracheobronchial tree. Chest 1990; 97:920. 

96 
Orino, K, Kawai, H, Ogawa, J. Bronchoscopic treatment with argon plasma coagulation for 

recurrent typical carcinoids: report of a case. Anticancer Res 2004; 24:4073. 

97 

Schreurs, JM, Westermann, CJ, Van der Bosch, JM, et al. A twenty-five follow-up of ninety-

three resected typical carcinoid tumors of the lung. J Thorac Cardiovasc Surg 1992; 

104:1470. 

98 

Van Boxem, TJ, Golding, RP, Venmans, BJ, et al. High-resolution CT in patients with 

intraluminal typical bronchial carcinoid tumors treated with bronchoscopic therapy. Chest 

2000; 117:125. 

99 
Bertoletti, L, Elleuch, R, Kaczmarek, D, et al. Bronchoscopic cryotherapy treatment of 

isolated endoluminal typical carcinoid tumor. Chest 2006; 130:1405. 

100 
Chakravarthy, A, Abrams, RA. Radiation therapy in the management of patients with 

malignant carcinoid tumors. Cancer 1995; 75:1386. 

101 
Wirth, LJ, Carter, MR, Janne, PA, Johnson, BE. Outcome of patients with pulmonary 

carcinoid tumors receiving chemotherapy or chemoradiotherapy. Lung Cancer 2004; 44:213. 

102 

Krenning, EP, Kwekkeboom, DJ. Bakker, WH, et al. Somatostatin receptor scintigraphy 

with [111In-DTPA-D-Phe1]- and [123I-Tyr3]-octreotide: the Rotterdam experience with 

more than 1000 patients. Eur J Nucl Med 1993; 20:716. 

103 

Zuetenhorst, JM, Hoefnageli, CA, Boot, H, et al. Evaluation of (111)In-pentetreotide, 

(131)I-MIBG and bone scintigraphy in the detection and clinical management of bone 

metastases in carcinoid disease. Nucl Med Commun 2002; 23:735. 

104 
Ekeblad, S, Sundin, A, Janson, ET, et al. Temozolomide as monotherapy is effective in 

treatment of advanced malignant neuroendocrine tumors. Clin Cancer Res 2007; 13:2986. 

 


