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The aim of the study was to evaluate type of surgery, long-term survival and factors influencing outcome of pulmonary
carcinoid tumors. We reviewed our database of 137 patients surgically treated for typical or atypical carcinoid tumors at our
department between 1998 and 2013. There were 95 (69%) patients with typical carcinoid (87 N0, 6 N1, 2 N2) and 42 (31%)
with atypical carcinoid (26 NO, 8 N1, 8 N2). Patients with atypical carcinoid were older than those with typical carcinoid
(median age of 57+8.1 and 50.5£15.8 years, respectively, p<0.00001). The resection performed consisted of 6 (4.4%) pneu-
monectomies, 110 (80.1%) lobectomies and bilobectomies, 15 (11%) sleeve lobectomies, 2 (1.5%) resections of main bronchus
and 4 (3%) wedge resections. Overall 5- and 10-year survival rates for different tumors were as follows: typical carcinoid:
97.2% and 89.9%, respectively; atypical carcinoid 71.1% and 62.2%, respectively. Statistical analyses indicated that histology
(typical carcinoid, p<0.00001), age (less than 45 years, p=0.004) and nodal status (NO, p=0.0002) were significant prognostic
factors for better prognosis. Histological sub-type and nodal involvement appear as the most important factors influencing
the prognosis. Systemic lymphadenectomy is recommended and should always be performed.

Key words: pulmonary carcinoid, lung resection, survival

Pulmonary carcinoid tumors constitute 0.5-3% of all
resected lung tumors and about 25% of all carcinoids [1,2].
They arise from Kultcitsky s cells, a specialized network of
neuroendocrine cells which synthesize bioactive amines, such
as serotonin, and peptide hormones. Depending on the degree
of mitotic activity and necrosis, tumors are further sub classi-
fied into typical and atypical carcinoids. In typical carcinoid
(TC), there are <2 mitoses per 2 mm? (10 x high-power field)
and no necrosis. In atypical carcinoid (AC), there is a dem-
onstration of necrosis and/or presence of 2-10 mitoses per 2
mm? (10 x high-power field) [3].

Carcinoid tumors can be “non-functioning” tumors,
presenting as a tumor mass, or “functioning” tumors second-
ary to the production of several biopeptides leading to the
carcinoid syndrome. Appropriate diagnostic and therapeutic
measures are very important. Proper patient management can
lead to cure, particularly if the tumor is fully resected with
significant prolongation of survival. For better understanding
of pulmonary carcinoid tumors, we reviewed our institutional
experience with these tumors. We aimed to determine the

clinical, pathological, and bronchoscopical characteristics,
long-term outcomes and prognostic factors of patients, who
underwent surgical resection of pulmonary carcinoid tumors
between the years 1998 and 2013.

Patients and methods

We retrospectively reviewed our prospective database of
137 patients surgically treated for carcinoid tumors at the
3. Department of Surgery, University Hospital, Prague from
1998 to 2013. The age, gender, smoking status (non smokers:
patients who had never smoked on regular basis; ex-smokers:
regular smokers who had stopped smoking with the initiat-
ing of their investigations into diagnosing their lung cancer
by a period in excess of 60 days before surgery; and current
smokers: patients who were smoking regularly till surgery),
presenting symptoms, localization, size (maximum diameter
in millimeters), presence of endocrine syndromes (Cushing s
and carcinoid syndrome), surgical procedure, postoperative
staging, histological type, and survival rates were recorded.
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Preoperative evaluation included radiological investigations
(chest X-ray, chest computer tomography, abdominal ul-
trasound), and bronchoscopy. According to bronchoscopy,
the tumors we classified as central if presented directly at
bronchoscopy or peripheral, when the tumor was not visible
at endoscopy. Some patients underwent analysis of the expres-
sion of somatostatin receptors in the primary tumor and/or
in secondary localizations by using Octreotid marked Indium

Table 1. Clinical characteristics

111 (Octreotide-scan). The tumors were classified accord-
ing to the 1999 WHO criteria including Travis s criteria for
atypical carcinoid tumors and their distinction from typical
carcinoid tumors [3]. The epidermal growth factor receptor
(EGFR) was not routinely examined so we did not use it in
our statistical analysis.

The statistical analysis was performed with the SPSS
programme (Statistical Package for Social Sciences), version

Total, n (%) TC, n (%) AC, n (%) p-value
Patients 137 (100%) 95 (69.3%) 42 (30.7%)
Sex
Male 69 (50.3%) 48 (50.5%) 21 (50%) 0.95
Female 68 (49.7%) 47 (49.5%) 21 (50%)
Age (median y, + SD) 54.5 £14.5 50.5+15.8 57+8.1 <0.0001
BMI (median) 27 27 28 0.67
FEV1 (%) 78.4 79.7 77.5 0.54
Location
Central 88 (64.2%) 66 (69.5%) 22 (52.4%) <0.05
Peripheral 49 (35.8%) 29 (30.5%) 20 (47.6%)
Tumor size (median,mm * SD) 23+12.9 20£10.7 28+15.8 0.005
Symptoms
Asymptomatic 49 (35.8%) 29 (30.5%) 20 (47.6%) 0.25
Fever 57 (41.6%) 43 (45.2%) 14 (33.3%)
Cough 43 (31.4%) 29 (30.5%) 14 (33.3%)
Hemoptysis 13 (9.5%) 11 (8%) 2 (4.8%)
Carcinoid syndrome 1(0.7%) 0 (0%) 1(2.3%)
Cushing’s syndrome 5 (3.6%) 3 (3.2%) 2 (4.7%)
Preoperative verification 78 (56.9%) 58 (61%) 20 (47.6%) 0.14
Type of surgery
Lobectomy 90 (65.5%) 65 (68.4%) 25 (59.5%) 0.30
Bilobectomy 20 (14.6%) 11 (11.6%) 9 (21.4%)
Sleeve lobectomy 15 (11%) 12 (12.6%) 3(7.2%)
Pneumonectomy 6 (4.4%) 1(1.1%) 5(11.9%)
Wedge resection 4 (3%) 4 (4.2%) 0 (0%)
Bronchial resection 2 (1.5%) 2(2.1%) 0 (0%)
Stages
1 115 (83.9%) 86 (90.5%) 29 (69%) 0.0048
11 14 (10.3%) 7 (7.4%) 7 (16.7%)
111 7 (5.1%) 2 (2.1%) 5(11.9%)
v 1(0.7%) 0 (0%) 1(2.4%)
Lymph nodes- N status
NO 116 (84.7%) 87 (91.6%) 29 (69%) <0.0001
N1 13 (9.5%) 6 (6.3%) 7 (16.7%)
N2 8 (5.8%) 2(2.1%) 6 (14.3%)
Survival
5-year survival 89.3% 97.2% 71.1% <0.0001
10-year survival 81.6% 89.9% 62.2% <0.0001
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12.0. Survival was estimated according to the Kaplan-Meier
method. The statistical difference between the survival curves
was determined using the log-rank test. Association between
categorical variables were determined by using the chi-square
test. Multivariate analysis by Cox proportional hazard model
was used to investigate the relative importance of different
prognostic factors. The parameters evaluated were age, sex,
localization (central or peripheral), type of surgery, nodal
status and histology. A p-value lower than 0.05 was considered
significant. A p-value lower than 0.01 was considered highly
significant.

Results

The demographic, pathological and surgical data of our
patients are summarized in Table 1. The 137 patients consisted
of 69 male (50.5%) and 68 female (49.5%). Their ages ranged
between 15 and 81 years (median age 50.3 + 14.5 years).
There were statistically significant differences between the TC
and AC groups in terms of median age, with patients in the
AC group tending to be older (50.5 vs. 57 years, p<0.0001).
Bronchial carcinoid tumors occur in patients that are on
average a decade younger than patients with non-small cell
lung cancer. There were no significant differences in gender,
BM]I, performance or spirometric values between histological
subtypes groups.

On the basis of bronchoscopic findings 88 carcinoids
(64.2%) were centrally located. The percentage of central
tumors were higher in TC than in AC (69.5% vs. 52.4%,
p<0.05) Endoscopic biopsy was performed in 79 patients. In
central carcinoids bronchoscopic biopsy permitted a correct
preoperative carcinoid tumor diagnosis in 71 (89.9 %) pa-
tients. Eight specimens (9.1%) were diagnosed as non-small
cell lung cancer. In 4 patients (3%), a laser—assisted resection
of the endoluminal component of the tumor was used to re-
lieve the obstructive symptoms and to better locate the base
of carcinoid.

Out of the 137 carcinoid tumor cases, 78 patients (57%)
were non-smokers, 59 patients (43%) were current or ex-
smokers. In the current or ex-smoker group, 35 of the patients
were TC (37% of all TCs), and 24 of them were AC (57% of
the all ACs). Comparison of smoking habits between the TC
group and the AC group showed significant differences, with
more smoking history in the AC group (p=0.04).

Table 2. Multivariate Cox regression analyses of prognostic factors

HR (95%CI) P
Sex (male) 2.17 (0.832-5.656) 0.11
Age 1.09 (1.035-1.163) 0.001
Histology (AC) 529 (1.714-16.150) 0.003
Lymph node positivity (N1,2) 2.5 (0.897-6.500) 0.048

1.51 (0.598-3.815) 0.38
(AC-atypical carcinoid, N1,2-nodal involvement)

Tumor location (central)

Symptoms were present in 88 patients (64.2%). The most
frequent presenting symptoms were recurrent respiratory in-
fection in 57 patients (41.6%), persistent cough in 43 (31.4%),
hemoptysis in 13 (9.5%) patients. Carcinoid syndrome was
observed in 1 (0.7%) and Cushing’s syndrome in 5 (3.7%)
patients. Forty-nine patients (35.8%) were asymptomatic at
the time of presentation.

The lesions ranged in size from 5 to 80 mm. Median lesion
size was 23 + 12.9 mm. Atypical carcinoids were larger than
TCs (28 vs. 20 mm, p=0.005).

Carcinoid tumors were located in the right lung in 84
(61.3%) patients. The most common site was the left upper
lobe (27.6%). Most of the tumors arose in the major bronchi
(66.2%). Six (6.8%) tumors were located in the mainstem
bronchi and eighty two (93.2%) in the lobar bronchi.

According to the histological findings there were 95 (69.3%)
patients with TC and 42 (30.7%) with AC. In Table 1 we show
the differences in pathological characteristics between these
two histological subtypes. Fourteen (10.2%) had involvement
of the hilar lymph nodes (N1) and 10 (7.3%) had positive
mediastinal N2 lymph nodes. Patients with TC had a lower
rate of nodal involvement compared with patients with AC
(8.4% vs. 38%, p<0.0001).

Opverall 5- and 10-year survival rates were 89.3% and 81.6%
(Table 1). Overall survivals were of significant difference
between two types of histology (p<0.0001). For TC and AC,
5- and 10-year survival rates were 97.2% and 89.9%, 71.1% and
62.2% respectively (Figure 2). Overall survival rates differed
significantly between N0 and N1,2 groups (p<0.0001). Patients
with no nodal involvement (NO) had 5- and 10-year survival
rates of 95.1% and 91%. Survival rates of patients with nodal
involvement (N1,2) were 72.6% and 59% (Figure 2).

Univariate analysis regarding the effects of demographics,
stage, and treatment on overall survival was conducted using
Cox proportional hazards regression. Multivariate models
then were created using covariates significant under univari-
ate analysis at the p <0.05 level. Multivariate Cox regression
analyses of overall survival of all 137 patients indicated that
atypical carcinoid (p=0.003), age (p=0.001) and nodal status
positivity (p=0.048) were significant prognostic factors for
worse prognosis in multivariate analyses (Table 2).

Discussion

Surgery represents the cornerstone of treatment for pul-
monary carcinoids and is the treatment of choice, achieving
a long-term survival in the case of radical operation. In the
present study, carcinoid tumors were found in 1% of malig-
nant pulmonary tumors. The majority were typical carcinoids
tumors (69.3%). Their histological nature, characterized
by cellular organization in nests, and the rich fibrovascular
stroma allow recognition of their neuroendocrine phenotype
through routine microscopic techniques. The possibility of
demonstrating the cells” neurosecretory capacity contrib-
utes to a strengthening of neuroendocrine differentiation in
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Figure 1. Overall survival by histology.
Figure legends: TC-typical carcinoid, AC-atypical carcinoid.
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Figure 2. Overall survival by nodal status.
Figure legends: NO- no nodal involvement, N1+2- nodal involvement.

these tumors. On the basis of these facts, typical and atypical
carcinoids are included in the spectrum of neuroendocrine
neoplasm of the lung.

In our study we confirmed the relationship between the
increase in mean age and histological degradation [2,4,5].
The difference in mean age between our patients with typical
and atypical carcinoid tumors was 9 years. Our study did not
confirm other studies that the incidence of these tumors dif-
fers between the sexes and we did not find the link between

an increased incidence in males and a higher degree of ma-
lignancy [2,5].

We found a significant difference between the AC and TC
group with respect to smoking history with a higher number
of patients with a smoking history in AC group (p=0.04).
There are studies showing no relation between the incidence
of tobacco and histological aggressiveness of the disease [4,6]
as well as reports showing the possible relationship between
AC and smoking history [7,8].
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In the most of the published series, the majority of the pa-
tients with carcinoid tumors have symptoms (55-85%) [4,7,8].
Two-thirds of our patients had symptoms. The recurrent
respiratory infection was the most common one. This corre-
lates with the finding that two-thirds of carcinoid tumors are
localized centrally causing bronchial obstruction. Our study
confirmed, similar to other reports, that TC develop a central
location more frequently than AC [7,9]. A significant differ-
ence in size was found in our study between TC and AC. The
correlation of this finding with the results of other reports
reafirms the existing relationship between increased tumor
size and advanced histological deterioration [2,4].

Surgery represents the cornerstone of treatment for pul-
monary carcinoids and it is the treatment of choice, achieving
a long-term survival in case of radical operation [5]. Despite
this, there are some trends to be discussed. Last period can be
characterized by a significant increase in the number of sleeve
resections or bronchoplastic procedures in centrally localized
tumors, with significant decrease of pneumonectomies. This
is due to good surgical results of such parenchyma-sparing
procedures which do not alter the oncological result and
guarantee a better quality of life. At our department we prefer
sleeve resection to wedge bronchoplasty. From the oncologi-
cal point of view they are comparable, with reference to free
margin of resection. Wedge resection may be more likely to
lead to kinking of the bronchial tree, which may be the reason
for complications such as atelectasis, stenosis or dehiscence
[10].

There is a lack of comprehensive randomized studies to
compare a lobectomy or greater resection and sublobar re-
section [11]. There is a tendency for sublobar resections to
be performed in either early stage typical carcinoid patients
or patients with preoperative pulmonary function tests that
preclude conventional anatomical resection. Afoke suggests
that sublobar resection with lymph node dissection for ac-
curate staging might be sufficient for patients with typical
carcinoids [11]. Similar results were published by Fox [12].
In their study they performed retrospective review of 3 270
patients diagnosed with typical or atypical carcinoid. The mean
overall survival was slightly better in lobectomy group com-
pared with those undergoing sublobar resection (86 vs. 83 mo;
p=0.008). By using multivariate analysis, sublobar resection
was not inferior to lobectomy with regard to disease-specific
interval (p<0.05). Very often wedge-sublobar resections are
performed in patients with a peripherally-located lesion. The
surgical management then depends on the results of the frozen
section. The differentiation between atypical carcinoid and
large cell neuroendocrine carcinoma during frozen section
may be challenging for neuroendocrine tumors of the lung.
Thus, the intraoperative decision-making process for the ap-
propriate oncological treatment can be difficult

Carcinoid tumors belong to the non-small cell lung cancer
classification group, so there is a risk of lymphatic spread.
Cardillo reported study of 163 patients with carcinoid tumor.
In the TC group the percentage of lymphatic spread was 11.6%

(N1) [13]. In the AC group there were 43% positive N1 nodes
and 21% positive N2 nodes. Mineo 2005 emphasized the rel-
evance of micrometastasis detection by immunohistochemical
techniques: from 17 to 28% increase in TC group and from 50
to 88% increase in AC group [14]. Literature shows a similar
percentage of N2 patients in TC group (0-5%) like in our
study (2.1%) [2,5,8,9,15]. In AC group, the higher percentage
of N2 patients (11-25%) was confirmed by our study (19%).
Due to these results, in both groups, we recommend to per-
form a systemic nodal dissection as a routine procedure with
pulmonary resection.

Overall survival for TC in our study at 5- and 10- years was
97.2% and 89.9%, respectively. Similar results were reported
by other authors (89%-97% and 73.3%-92%, respectively)
[7,8,9]. Overall survival for AC in the present study at 5- and
10- years was 71.1% and 62.2%, respectively. These results are
comparable with results from other studies (70%-79% and
56%-67%, respectively) [2,8,9]. Pulmonary carcinoid tumors
have better biological behavior and prognosis, compared with
other lung cancers. However, atypical carcinoids tend to be
more aggressive, associated with higher rate of nodal involve-
ment and a worse survival rate.

Surgical resection remains the mainstay of treatment for
pulmonary carcinoids. Initial bronchoscopic treatment can
be applied to improve presurgical condition, to obtain tissue
samples for proper histological classification, and to ensure
less extensive parenchymal resection. There are some reports
of bronchoscopic treatment using ablation techniques. Berto-
letti reported their experience on a series of 18 patients with
intraluminal typical carcinoids, treated bronchoscopically by
cryotherapy with single local recurrence [16]. In the recent
study by Brokx, initial bronchoscopic treatment with Nd:YAG
laser or electrocautery and mechanical removal was applied
in 72 patients with intraluminal bronchial carcinoids [17].
Successful tumor eradication was achieved in 33 of 72 (45%)
cases. Patient selection for endobronchial removal is impor-
tant, because only about 5-10% are polyp like endobronchial
structures without extension through the cartilaginous wall
[1,17]. Bertoletti reported that among 10 patients showing
strictly endoluminal TC who were potentially eligible for bron-
choscopic treatment, surgery discovered N1 and N2 lymphatic
spread in 2 of them (20%) [16]. In our opinion bronchoscopic
treatment of carcinoid should be restricted to elderly patients
or patients with a high operative risk.

Approximately 20% of all carcinoid tumors present as
purely intraluminal polyp-like endobronchial lesions without
gross radiological detectable involvement of the bronchial
wall and lung parenchyma [1]. One choice of radical treat-
ment are endoscopic resection techniques, as mentioned
above. Another possibility is resection of the central airway
without removal of any parenchyma for endobronchial car-
cinoid tumors. Nowak published a retrospective study of 13
patients with pure bronchoplastic resection [18]. There were
five resections of the main stem bronchus, four resections of
the intermediate bronchus and three sleeve resections of the
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middle lobe bronchus. Twelve tumors were typical carcinoids,
and there was one atypical carcinoid. In this case, a tumorlet
was identified at 5 years in contralateral airway and viewed as
ametachronous new lesion. In our series, we performed two
resections of the left main stem bronchus with no postopera-
tive complications and recurrence. We think, that resection
of the main stem bronchus should be the treatment of choice,
especially in the case of typical carcinoids. In the presence
of atypical carcinoid the situation may by different, because
of a higher metastatic and malignant potential. Further
randomized studies are needed to assess the postoperative
morbidity, long-term survival and disease recurrence between
these two approaches.
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