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Radically Resected Endobronchial Carcinoid

Tumors
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Background. Endobronchial carcinoids may recur even
if radically resected. This retrospective study investigates
the clinical and prognostic relevance of lymph node
micrometastasis in these neoplasms.

Methods. Fifty-five patients underwent standard ana-
tomic resection (lobectomy or pneumonectomy) with
systematic routine (hilar and mediastinal) lymphadenec-
tomy. After an evaluation of conventional prognostic
factors, we reanalyzed lymph nodes of pNO patients for
micrometastasis using immunohistochemistry (anti-cy-
tokeratin AE1/AE3 and anti-chromogranin A antibodies).

Results. We performed 9 pneumonectomies, 41 lobec-
tomies, and 5 bilobectomies. Histologic examination
showed 47 (85%) typical carcinoid and 8 (14.5%) atypical.
Twelve patients were pN1 (8 typical, 4 atypical); after
reanalysis another 8 revealed micrometastasis, 6 N1 mi-
crometastasis (5 typical, 1 atypical), and 2 N2 microme-
tastasis (2 atypical), increasing subjects with nodal in-
volvement (pN1 and N micrometastasis) from 12 (21.8%)
to 20 (36.4%; p = 0.01). Micrometastases were more
frequent in atypical carcinoids (p = 0.002). Local recur-

Carcinoid tumors are rare, low-grade malignant neo-
plasms derived from neoplastic proliferation of the
diffused neuroendocrine cells throughout the body. In
3.5% of cases they develop in the lung, where in the 80%
of cases that are endobronchial, they arise from the
mainstem bronchus or the proximal portion of the lobar
bronchi [1, 2]. In 1999 the World Health Organization [3,
4] proposed a new classification based on histologic
criteria considering two different subtypes: typical (TC)
and atypical (AC) carcinoid. Typical carcinoids are more
frequent and benign than ACs, although both can me-
tastasize to regional lymph nodes or distant organs [3],
influencing survival and therapeutic strategy. At present,
surgery is the treatment of choice, although ideal exten-
sion of resection and opportunity of lymphadenectomy
are still controversial [5, 6].
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rence developed in 3 (5.4%) patients: 2 pN1 (1 typical, 1
atypical) and 1 N1-micrometastasis (1 typical). Distant
relapse occurred in 2 (3.6%) patients, both N2 microme-
tastasis (2 atypical). After reanalysis, recurrence rate in
patients with nodal disease increased from 16.7% to 25%
(p = 0.01). All patients with recurrence died: all had pN1
or N micrometastasis. No patient confirmed as NO had
recurrence. Only histologic pattern and node status sig-
nificantly influenced disease-free (p = 0.002 and p = 0.05)
and overall survivals (p = 0.02 and p < 0.001), respec-
tively. Micrometastasis worsen both disease-free (p <
0.0001) and overall (p < 0.001) survival rates at 5 and 10
years.

Conclusions. Routine systematic lymphadenectomy
with immunohistochemical detection of lymph node
micrometastasis contributes to identification of a larger
population at risk with a higher recurrence rate, allowing
a more accurate staging of endobronchial carcinoids.

(Ann Thorac Surg 2005;80:428-33)
© 2005 by The Society of Thoracic Surgeons

Lymph node metastases represent the most accurate
prognostic factor in patients undergoing complete surgi-
cal resection for lung cancer [7]. Recently, individual or
clustered tumor cells in lymph nodes, defined as micro-
metastasis and previously undetectable with conven-
tional histopathologic techniques, have now been re-
vealed by immunohistochemistry using specific
monoclonal antibodies [8]. Presence of lymph node mi-
crometastasis has been associated with reduced disease-
free survival in non-small-cell lung cancer [9].

To date, the impact of lymph node micrometastasis in
endobronchial carcinoid tumors has not yet been inves-
tigated. We reviewed the records of 55 patients who
underwent radical surgery with systematic lymphade-
nectomy and reanalyzed the previously negative lymph
nodes for occult metastatic tumor cells.

Our purpose was to evaluate the impact of lymph node
micrometastases on disease-free and overall survival
after radical surgical procedures for endobronchial car-
cinoids. Correlations with conventional prognostic fac-
tors were also investigated to detect a new category of
patients at risk of recurrence.

0003-4975/05/$30.00
doi:10.1016/j.athoracsur.2005.02.083
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Material and Methods

Study Design

We retrospectively reviewed 55 consecutive patients op-
erated on in our institution between 1980 and 2000 for
endobronchial carcinoid tumors. There were 33 male
(60%) and 22 female (40%) patients with a mean age of
46.9 * 16.8 years (range, 9 to 82 years). Study inclusion
criteria required sessile, central, and endoluminal mass,
visualized by bronchoscopy (Fig 1) and treated by radical
surgery. This implies a standard anatomic resection (lo-
bectomy or pneumonectomy) with systematic routine hilar
and mediastinal lymphadenectomy. All patients under-
went preoperative pulmonary and cardiac evaluation.

Presenting symptoms were recurrent pulmonary infec-
tions in 25 (45.4%) cases, major or minor hemoptysis in 12
(21.8%), dyspnea in 7 (12.7%), and cough in 6 (10.9%),
whereas in 5 (9%) asymptomatic subjects, tumors were
detected on occasional chest roentgenograms. Length of
symptoms before presentation varied from 1 to 5 years.
No patient presented the carcinoid syndrome.

All patients were evaluated by total body computed
tomography. No clinical evidence of N2 disease was
found so that mediastinoscopy was never accomplished.

Fiberoptic bronchoscopy was performed before sur-
gery in all patients. In 22 cases we also performed rigid
bronchoscopy with biopsy, and diagnosis was accurate in
10. No biopsy was complicated by relevant hemorrhage.

Intraoperative frozen-section analysis of resection
margins was performed in all patients, and none dis-
closed viable residual of disease. Tumors were classified
according to the classification by Travis and colleagues
[3], and were retrospectively reviewed according to the
World Health Organization and International Associa-
tion for the Study of Lung Cancer criteria for neuroen-
docrine neoplasms [4]. Staging was performed according
to the 1997 revisions in the International System for
Staging Lung Cancer [9].

Conventional prognostic factors considered were age,
sex, symptoms, tumor size, location, surgical procedure,
and World Health Organization classification.

Hospital mortality included all intraoperative and 30-
day postoperative deaths. Follow-up ranged from 16
months to 25 years (mean, 150 *= 83 months), and it was
carried out by an outpatient annual visit including fiber-
optic bronchoscopy and total body computed tomogra-
phy scan until the patient’s death.

Lymph Node Reanalysis

We reconsidered hilar and mediastinal lymph nodes
previously negative (pNO0) by conventional histopatho-
logic technique and reanalyzed for occult metastatic
tumor cells by immunohistochemistry with AE1/AE3
anti-cytokeratin and anti-chromogranin A monoclonal
antibodies. The former specifically recognizes the epithe-
lial normal and neoplastic cells, whereas the latter is
widely used as a general neuroendocrine cell marker.
Immunohistochemical examinations were performed
by a standard avidin—biotin peroxidase technique, using
formalin-fixed, paraffin-embedded material [10]. Five
4-pm slices of single paraffin-embedded lymph node
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Fig 1. Location of endobronchial carcinoid tumors.

sections were transferred on glass slides. Monoclonal
antibodies to wide-spectrum cytokeratin (AE1/AE3, dilu-
tion 1:50; Dako Corporation, Carpinteria, CA) and chro-
mogranin (CgA, dilution 1:100, Dako Corporation) were
used. Hematoxylin and eosin was used as a routine
counterstain. A positive staining within the section of the
lymph node was accepted as evidence of micrometastatic
tumor cells.

Micrometastasis is defined as tumor cells implantation
of a size of 2 mm or less in the organ involved with
extravasation, proliferation, and stromal reaction often
detected by immunohistochemistry and not previously
evidenced by traditional histopathologic staining [11].

Statistical Analysis

Patients were evaluated for demographic, surgical, and
pathologic variables. The distributions of these variables
were compared using the x test or Fisher’s exact test for
discrete variables and unpaired Student’s t test for con-
tinuous variables. Quantitative data were expressed as
the mean * standard deviation. Survival and tumor
recurrences were measured from the date of operation.
Overall and disease-free survivals were calculated by the
Kaplan-Meier method, and the log-rank test was used for
comparisons [12]. A p value less than or equal to 0.05 was
considered significant. All data were analyzed by Systat
9.0 (SPSS, Inc, 1999, Chicago, IL).

Results

Clinical features of the study group are summarized in
Table 1. Pulmonary resections included 9 (16.4%) pneu-
monectomies (5 right, 4 left), 41 (74.5%) lobectomies (18
right superior, 12 right inferior, 3 middle, 2 left superior,
4 left inferior, and 2 lingula), and 5 (9.1%) bilobectomies.
Pneumonectomy was necessary because of severe dam-
age of the obstructed lung (n = 5) and positive resection
margins (n = 4). There were no postoperative major
complications or deaths. All patients had a complete
mean follow-up period of 150.4 = 86.1 months (range, 16
to 302 months).

Of 55 carcinoid tumors, 47 (85.5%) were TC and 8
(14.5%) AC. Twelve patients were staged pN1 and 43
pNO. When we reanalyzed lymph nodes of pNO patients,
8 (8 of 43, 18.6%) revealed nodal micrometastasis (Nmi), 6
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Table 1. Study Group: Clinical Features and Significances
According to Subtypes

Typical Atypical
Carcinoids ~ Carcinoids
Variable (n = 47) (n=8) p Value
Mean age (y) 47 +17.3 46 +15.3 0.1
Sex
Male 27 6 0.3
Female 20 2
Side of operation
Right 37 6 0.8
Left 10
Surgical Procedure
Pneumonectomy 7 2 0.4
Lobectomy 35 6
Upper lobectomy 18 2
Lower lobectomy 15 1
Middle lobectomy 2
Lingulectomy 1 1
Bilobectomy 5
Stage
I 35 3 0.04
n-1v 12 5
Tumor stage
pT1 39 6 0.6
pT2 8 2
Nodal stage
pNO 39 4 0.002
NOmi 34 1
N1mi 5 1
N2mi e 2
pN1 8 4
Recurrences
Local 2 1 0.001
pN1 1 1
N1mi 1 ..
Distant RN 2
N2mi 2

mi = micrometasis.

N1mi and 2 N2mj, significantly increasing the number of
subjects with nodal involvement (pN1 and Nmi) from 12
(12 of 55, 21.8%) to 20 (20 of 55, 36.4%; p = 0.01).

In the TCs, 8 (17.0%) patients were pN1; in the remain-
ing 39 subjects staged pNO, 5 (12.8%) revealed N1mi (1
pT1,1pT2, 3 pT3). In the ACs, 4 (50%) patients were pN1;
in the remaining 4 pNO subjects, 3 (75%) disclosed
micrometastasis: 1 N1mi (pT3) and 2 N2mi (1 pT1, 1 pT3).
A significantly higher frequency of lymph node micro-
metastasis was evidenced in ACs with respect to TCs
(37.5% versus 10.6%; p = 0.002). No further relationship
was demonstrated between the presence of micrometas-
tasis and main clinical factors, namely tumor stage and
size (data not showed).

Disease-Free Survival

Recurrent disease was evident in 5 (9.1%) patients after a
postoperative mean interval of 90 + 32.4 months. Two

Ann Thorac Surg
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were pN1 (2 of 12, 16.7%), whereas 3 pNO (3 of 43, 7%)
after reanalysis were 1 N1mi and 2 N2mi, significantly
increasing the recurrence rate in patients with nodal
disease from 16.7% to 25% (5 of 20; p = 0.01). None of the
patients confirmed as NO had recurrence.

Local recurrence occurred in 3 (5.4%) patients, 2 pN1 (1
TC and 1 AC) and 1 N1mi (1 TC), all sited in the proximity
of the bronchial stump. One patient underwent endo-
bronchial laser resection after a postoperative interval of
130 months, whereas the other 2 were treated by com-
pletion pneumonectomy after 90 and 100 months.

Distant relapse occurred in 2 (3.6%) patients, both
N2mi (2 AC) and were localized in liver (n = 2), bone (n
= 1), and breast (n = 1). Both patients were treated by
chemotherapy (cisplatinum 45 mg/m? on days 2 and 3
and etoposide 100 mg/m? on days 1 to 3 for six cycles with
an interval of 4 weeks) after a postoperative interval of 40
and 90 months.

Among conventional prognostic factors, only histologic
pattern (TC or AC) and nodal status (pNO or pN1)
significantly influenced disease-free survival (p = 0.002
and p = 0.05, respectively).

Disease-free survival rate of patients with nodal in-
volvement (pN1+Nmi) was 83.3% at 5 years and 55.6% at
10 in comparison to 100% without (p < 0.0001; Fig 2).

Overall Survival

Seven patients (12.7%) died within a mean period of 98 +
34.9 months after surgery. Four were pN1 (4 of 12, 33.3%)
whereas 3 pNO (3 of 43, 7%) resulted at reanalysis as 1
N1mi and 2 N2mi. All 5 patients with recurrence died; the
remaining 2 patients, both pN1, died without evidence of
recurrence. Three patients with micrometastasis had re-

100 N negative
TTTY L pNO
= 80 Ll PN
g oo
2
3 %0 ___Npositive
8
E 40
§ p<0.0001
a 20
| | | g
0 60 120 180 240
Patients at risk  (n.) Months
N negative 35 35
N positive 20 18 11 8 5

Fig 2. Kaplan-Meier disease-free survival and log-rank test for pa-
tients with positive (N positive = pN1 + Nmi) and negative (N
negative = NO) lymph node micrometastasis. Survivals with tradi-
tional pathologic nodal staging (pNO and pN1) are also reported.
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currence (3 of 8, 37.5%) and died. All patients confirmed
as NO at reanalysis survived.

Four TC patients (4 of 47, 8.5%) died, all for reasons not
directly related to the primary disease, within a mean
period of 104 = 35 months. One N1mi patient had a
second local recurrence 23 months after endobronchial
laser resection and was retreated by laser resection but
died after 10 months of acute myocardial infarction. One
pN1 patient died of massive pulmonary embolism 50
months after completion pneumonectomy. The remain-
ing 2 patients, both pN1, died after 68 and 73 months of
pulmonary failure.

Three AC patients (3 of 8, 37.5%) died of disease after
local (1 pN1) and distant (2 N2mi) recurrences, within a
mean period of 85.5 *+ 40 months.

Among conventional prognostic factors, only histologic
pattern (TC or AC) and nodal status (pNO or pN1)
significantly influenced overall survival (p = 0.02 and p <
0.001, respectively).

Overall survival rate of patients with nodal involve-
ment (pN1+Nmi) was 66.7% at 5 and 10 years in com-
parison to 96.6% without (p < 0.001; Fig 3).

Comment

Endobronchial carcinoid tumors are considered low-
grade, malignant neoplasms arising from enterochromaf-
fin cells of the bronchial epithelium [2]. Both histologic
subtypes, TC and AC, can rarely metastasize to regional
lymph nodes or distant organs [3]. These neoplasms are
classified in the wide spectrum of neuroendocrine tumors
that also include large cell and small cell lung cancer [4].

Radical surgical therapy is widely indicated as the
definitive treatment, although there is still much contro-
versy as to the most appropriate extension of resection [5,
13-15] or the opportunity of systematic lymphadenec-
tomy [16, 17] to reduce the risk of recurrence.

Conservative surgery (bronchoplastic procedures) re-
ported good disease-free survival in early stage TCs [6, 18].
Endoscopic laser resection is an alternative technique re-
served for palliative bronchial unobstruction in patients not
suitable for surgery [17] or for well-pedunculated masses
without apparent nodal disease [19].

In our institution, we preferred to approach endobron-
chial carcinoids, TCs or ACs, as primary bronchogenic
carcinoma, performing intentional standard anatomic
resection, lobectomy, or pneumonectomy, with system-
atic routine hilar and mediastinal lymph node dissection.

Despite aggressive surgical resection, local or distant
recurrences are present in a consistent percentage of
cases. Main series report a rate of recurrence from 2% to
11.4% for TCs and from 18.5% to 50% for ACs [5, 6, 17,
20-22]. Neither stage I nor pNO seem to be absolute
negative predictors of recurrence. Indeed, in TC pNO
patients, recurrence rate ranges from 2.9% to 3.2% [6, 17].
We also experienced unexpected recurrences in about
7% of pNO patients in both subtypes. This observation
was the reason of our retrospective study.

We hypothesized that the observed recurrences were
probably the result of tumor spread to locoregional
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Fig 3. Kaplan-Meier overall survival and log-rank test for patients
with N positive (pN1 and pN1 + Nmi) and negative (pNO and NO)
lymph node micrometastasis. Survivals with traditional pathologic

nodal staging (pNO and pN1) are also reported.

lymph nodes before surgery, considering micrometasta-
sis the first step of cancer diffusion [23]. Detection of
nodal micrometastasis may allow a more accurate staging
of bronchial carcinoids, thus providing a larger number
of patients at risk of recurrence.

On the basis of recent advances in immunohistochem-
ical techniques for detection of occult nodal dissemina-
tion in lung cancer, we decided to research lymph node
micrometastasis in our bronchial carcinoid specimens by
using specific neuroendocrine assays. Chromogranin A is
a glycoprotein located in the core of secretory granules of
neuroendocrine cells, and it is used as general neuroen-
docrine histologic marker [24]. Cytokeratin is a compo-
nent of the intermediate filament of the cytoskeleton in
epithelial cells and presents high specificity in tumors
derived from epithelial and neuroendocrine cells [25].

In our series, only histologic pattern and nodal status
proved capable of influencing disease-free and overall
survivals. In particular, nodal reanalysis contributed to
refine the staging of our patients with 8 new patients with
micrometastasis, 2 of which revealed mediastinal in-
volvement. Almost 15% of the study group was under-
staged. Moreover, 3 of the 5 patients who had recur-
rences disclosed micrometastasis, justifying the
unexpected recurrences in pNO patients. Analysis for
micrometastases contributes to identification of a larger
population at risk with a higher recurrence rate.

Hilar nodal metastases were likely associated with risk
of local recurrence, probably owing to the anatomic
proximity to the bronchial stump. On the other hand,
mediastinal disease, discovered as micrometastasis in 2
AC patients, developed into fatal distant relapse. As
non-small-cell lung cancer, mediastinal nodal involve-
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ment may indicate an already disseminated disease. The
significantly higher frequency of micrometastases and
the more aggressive nodal spread could justify the severe
clinical behavior of ACs. Interestingly, nodal microme-
tastasis was not correlated with tumor stage and size,
indicating that even distally located and small masses
may metastasize. Therefore, systematic routine lymphad-
enectomy should be performed in any endobronchial
carcinoid patient.

All patients with recurrence died, indicating that the
progression of disease is strongly related to a poorer
prognosis. Similarly, all patients who died showed either
pN1 or Nmi, evidencing that nodal disease is a highly
sensitive negative prognostic factor that could be more
accurately detected. Indeed, one quarter of the subjects
with nodal disease and one third of those with microme-
tastases had recurrences and died. On the contrary, none
of the NO patients at reanalysis had a recurrence or died,
confirming the predictive value of nodal invasion.

The limitation of our study is mainly because of the
relative rarity of the disease that implies the retrospective
type of the analysis and justifies the relatively small
sample size, especially in the AC group.

In conclusion, the specific immunohistochemical assay
is a reliable method to evaluate early lymphatic spread of
endobronchial carcinoid tumors. Detection of microme-
tastases contributes to identifying a larger population of
patients at risk of recurrence. Lymph node micrometas-
tases worsen recurrence rate and prognosis with a sig-
nificant reduction of disease-free and overall survivals.
On these bases, systematic lymphadenectomy should be
routinely performed, allowing a more accurate staging of
these neoplasms and influencing surveillance and ther-
apeutic strategies. In TCs, the presence of N1 involve-
ment may predispose to local recurrence, thus suggesting
a more extensive surgical resection or a differentiated
follow-up program. Atypical carcinoid tumors have a
worse survival rate and tend to develop distant recur-
rences, justified by the higher probability of N2 micro-
metastases. Atypical carcinoids or any patient with N2
involvement may configure a high-risk subset in which a
stricter clinical follow-up should be carried out and
adjuvant chemotherapies hopefully tested.

This study was supported by a grant from the Italian Ministry of
Health and Regione Lazio Project “Profilo genetico associato al
fenotipo metastatico ed alla prognosi nei tumori polmonari.” We
thank Davide Mineo, MD, for the statistical review and Gian
Luca Vanni, MD, for histological reanalysis.
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